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LOI NOI PAU

Trong qué trinh nghién ctru, xuat phét tir nhu ciu truyén mau ngdy cang ting &
Viét Nam cho céc ca cp ciru va diéu tri, trong khi thuc trang ngudn mau tir cac phong
trao hién mau tinh nguyén chi dap ung duogc 30% nhu cau. Bén canh d6, nguy co lay
nhidm bénh rat cao khi truyén méu dong loai va khé khin trong cong tic bao quan
ngan hang mau. Bai vay phuong phap truyén méau hoan hdi da tré thanh nhu cau tat
yéu cung v&i su phat trién manh mé cua khoa hoc k¥ thuat dic biét 1a k¥ thuat trong y
té. Nguyén ly chung ctia phuong phap truyén mau hoan hoi nay 1a thu hdi lién tuc mau
toan phan chay ra tir bénh nhan trong qua trinh phau thuat rdi quay ly tim nham thu lai
thanh phan hong ciu va truyén lai cho chinh bénh nhan d6. Nhu vay, chat luong mau
thu hoi sau xtr 1y c6 tot hay khong va thoi gian xir Iy ¢6 t6i wu hay khong thi mo-dun
quay ly tdm 13 quan trong nhét trong hé théng nay. N6 dam bao téc d6 quay va thoi
gian quay ly tim dé thu hoi t6i da lugng hong cau trong mau toan phan.

Véi muyc tiéu gop phan cho qué trinh thiét ké ché tao ra thiét bi hd tro qua trinh
truyén méau hoan hoi tai Viét Nam. Vi vay, chiung em lya chon dé tai do an tot nghiép:
“Phan tich, thiét ké hé thong tw dpng lam sach mdu chdy ra trong qud trinh phéu
thudt dé tdi siv dung cho bénh nhén”.

Chung em xin chan thanh cam on sy huéng din cua Tién si Nguyén Thai Ha va

Thac si Pham Manh Hung d3 gitip em hoan thién d6 an nay.
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CHUONG 1: SINH LY MAU VA TiNH CHAT LY HOA CUA MAU

1.1 Mau la gi?

Mau 1a mot td chuc di dong duogc tao thanh tir thanh phz‘in hitu hinh 14 cac té bao
(hong cau, bach cau, tiéu cu) va huyét twong. Chic ning chinh ctia mau 13 cung cap
cac chét dinh dudng va céu tao cac to chirc cling nhu loai bod cac chét thai trong qua
trinh chuyén hoa ciia co thé nhu khi carbonic va acid lactic. Mau ciing 1a phuong tién
van chuyén cua céc té bao (cic té bao co chirc ning bao vé co thé 1an té bao bénh 1Y)
va cac chat khac nhau (cac amino acid, lipid, hormone) giita cac t6 chlrc va co quan
trong co thé. Cac rdi loan vé thanh phan cdu tao ciia mau hay anh huong dén su tuan
hoan binh thuong ciia nd co thé dan dén rdi loan chirc ning cta nhicu co quan khéc

nhau.

Hong cau

N\ oy

‘\ )
Bach cau ~+& % \a ’

Huyet —
teong

Tiéu cau

Hinh 1.1 — Cdc thanh phan mdu

1.2 Thanh phan ciia mau.

Mau dugc ciu tao boi mot sd loai té bao khac nhau hay con goi 1a thanh phan
hiru hinh va huyét twong. Thanh phan hiru hinh chiém dén 45% thé tich mau toan phén.
Trén lam sang, thanh phan nay thuong phan anh bang khai niém Hematocrit, mot xét
nghiém don gian dé phat hién thiéu mau. Huyét twong chiém 55% thé tich con lai cua
mau. D6 PH cua méau dong mach thuong xap xi 7.40 (dao dong tir 7.35 dén 7.45). PH
mau giam xudng dudi 7.35 dugc xem 13 toan mau (thudng do nhiém toan) va PH trén

7.45 dugc goi 1a kiém mau (thuong do nhiém kiém). PH mau cing véi cac chi sé ap
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luc riéng phan cua carbonic (Partial pressure of carbon dioxide - PaCO,), bicarbonate
(HCOs -) va kiém du (base excess) 1 nhing chi sé xét nghiém khi mau cé y nghia
quan trong trong viéc theo ddi cin bang toan-kiém cta co thé. Ty 1é thé tich mau so voi
co thé thay doi theo Itra tudi va tinh trang sinh Iy bénh. Tré nhé c6 ty 1é ndy cao hon
ngudi truong thanh. Phu nit ¢o thai ty 18 nay cling ting hon phu nit binh thudng. O
nguoi trudng thanh phuwong Tay, thé tich mau trung binh vao khoang 5 lit trong d6 ¢
2,7 dén 3 lit huyét twong. Dién tich bé mit cua cac hong cau (rit quan trong trong trao

d6i khi) 16n gap 2000 1an dién tich da co thé.

Cdc thanh phan hitu hinh gom:
Té bao mau:

« Hong cau: chiém khoang 96%. O dong vat c6 vi, hong cau truong thanh mat
nhan va cac bao quan. Hong cau chira haemoglobin va ¢ nhiém vu chinh 14 van
chuyén va phan phbi 6xy.

« Bach cau: chiém khoang 3% la mot phan quan trong ctia hé mién dich c6 nhiém
vu tiéu diét cic tac nhan giy nhiém trung va phat dong dap tmg mién dich cua
co thé.

o Tiéu cau: chiém khoang 1%, chiu trach nhiém trong qua trinh dong mau. Tiéu
cau tham gia rat som vao viéc hinh thanh nut tiéu cau, budc khoi dau cua qua

trinh hinh thanh cuc mau déng trong chan thwong mach mau nho.

Huyét twong 13 dung dich chira dén 96% nudc, 4% la cac protein huyét twong va rat
nhiéu chat khac véi mot lugng nho, doi khi chi ¢ dang vét. Cac thanh phén chinh cua
huyét twong gom:

o Albumin

« Céc yéu tb dong mau

« Céc globulin mién dich (immunoglobulin) hay khang thé (antibody)

o Cac hormone

o Céc protein khac
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« Cac chit dién giai (chu yéu 1a Natri va Clo, ngoai ra con c6 Canxi, Kali,
Phosphate).
o Céc chat thai khac cua co thé.
Trong co thé, dudi tic dong cua co tim, hé than kinh thuc vat va cac hormone, méau
lru thong khéng theo quy ludt cia luc trong truong. Vi du ndo 13 co quan ndm cao nhat
nhung lai nhan lugng mau rat 16n (néu tinh theo khdi luong t6 chirc nao) so voi ban

chan, dac biét 1a trong lic lao dong tri oc¢.

1.3 Chirc ning cia mau

Ho hép: Huyét sic t6 1y oxi tir phdi dem cung cap cho té bao va van chuyén khi
CO2 tir té bao ra phoi dé thai ra ngoai.

Dinh duéng: Mau van chuyén cic chat dinh dudng: Axit amin, axit béo, glucose tir
nhirng mao rudt non dén cac té bao va cac to chirc trong co thé.

Bai tiét: M4au dem cin bé cta qua trinh chuyén hoa dén cac co quan bai tiét.

Piéu hoa hoat dong ciia co thé: Mau chtra cac hormon do c4c tuyén ndi tiét tiét ra
co tac dung diéu hoa trao d6i chat va cac hoat dong khac.

Piéu hoa than nhi€t: Mau chua nhiéu nude cd ty 1€ nhiét cao, c6 tac dung diéu hoa
nhiét & cac co quan trong co thé.

Bao vé co thé: Trong mau c6 nhiéu loai bach ciu c6 kha ning thyc bao, tiéu diét vi

khuan. Mau chtra khang thé va khang ddc td c6 tac dung bao v¢ co thé.

1.4 Nhom mau

Méu con ngudi duge chia 1am nhiéu nhdm - dwa theo mot sé chit cacbohidrat
va protein dic thu trén hong cau. Co khoang 46 nhém khac nhau, nhung nhitng nhém
chinh 14 O, A, B va yéu t6 Rhesus (Rh). Vi nhitng 1y do chua dugc khdm pha, mau cua
mdi nhom co thé c6 khang thé chéng lai nhing nhom kia. Do d6, khi truyén méau khéc
nhom vao, khang thé ctia ngudi nhan c6 thé pha hiy mau giy tac hai cho co thé. Co
tong cong 30 hé nhom mau ngudi duoc to chic qudc té vé truyén mau (ISBT) ghi

nhan.
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M6t nhém méau hoan chinh ¢6 thé bao gém mot bd 30 chét trén bé mit cla céac
hdng ciu (Red Blood Cell — RBC) va mdt nhom mau cua cd thé 13 mét trong nhiing su
két hop ciia mot sé khang nguyén nhom mau. Trong s6 30 nhém méu, c6 hon 600 chat
khang nguyén nhém méau khac nhau d3 duoc phat hién, nhung da sd trong chung rat

hiém hodc chu yéu duoc tim théy trong cac nhom bd toc nhét dinh.
1.4.1 Phén logi theo hé thong ABO:

Bang 1.1 — H¢ mdau ABO cua cha me va con:

Me/Cha O A B AB
O O O, A O,B A B
A O, A O, A O,A B, AB A, B, AB
B O,B O, A, B,AB O,B A, B, AB
AB A B A, B, AB A, B, AB A, B, AB

Con nguoi ¢6 4 nhém mau : O, A, B, AB . Nhung trudc ddy ta mdi biét vé hai ¥ nghia
cuano la:

- Pé truyén mau khi can. Cu thé 1a: Nhém mau O c6 thé truyén cho ca 4 nhém
nhung lai chi nhan dugc nhém cua minh 1a O. Nguoc lai AB co thé nhan duge ca 4
nhom nhung chi truyén dugc cho nhém cua minh 13 AB. Con 2 nhém A, B thi vira
phai, nghia 1a nhan 2 va cho ciing 2, cu thé 1a nhém A nhan dugc A va O nhung cling
cho dugc A va AB. Nhom B nhan dugc B va O, cling cho duoc B va AB.

- Pé phuc vu cho nganh phap y trong van dé xac dinh, loai trir toi pham..., hi¢n
khoa hoc di tién xa hon bang cach xac dinh bang DNA (Deoxyribo Nucleic Acid).
Nhung gan day cac nha khoa hoc M§, qua nhitng cong trinh nghién ctru ti mi va rong
rai di cho biét thém 2 y nghia m&i:

< Biét dugc nhom mau cua minh dé di€u chinh cach song sao cho tot nhat.
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< Dé phong va chita nhiéu nhém bénh mét cach hiéu qua nhat. Mot cong
trinh nghién ctru trén 20.635 ngudi gdm 15.255 nit va 5.380 nam du moi

Itra tu61 da cho ty 1€ nhoém mau sau:

44.47% Mhdm mau O
B Mhdm mau A
Nhom mau B

B Mhom mau AB

Hinh 1.2 — 77 [é cdc nhom mdu hé ABO

Nho nhiing tién bo vé khoa hoc, ngudi ta mdi phat hién thém trong mdi nhom
mau co 2 tiéu nhom duge goi 1a: xuat tiét (Secretor) va khong xuét tiét (Non-secretor),
vi du trong loai xuét tiét thi chi can xét nghiém nude bot cling c¢6 thé xac dinh dugc
nhdm mau, vi cac khang nguyén ciia nhém mau do6 tiét qua cac dich cta co thé nhu
nudc bot, chat nhiy va ca tinh dich. Con loai khong xuat tiét doi hoi phai tién hanh xét
nghiém mau truc tiép. Noi chung cac loai xuat tiét co kha ning giup co thé chéng bénh
cao hon va thich nghi d& hon vdi hoan canh so véi loai khong xuit tiét. Trong 2 tiéu
nhom nay, mdc du cung thuéc mot nhém mau nhung cling c¢6 vai khac biét trong viéc

lIwrra chon thire an.
1.4.2 Phan loai theo hé théng Rh:

Rh viét tit cta chir Rhesus, nghia 1a phin loai mau theo yéu té Rhesus. Can ct
vao su khac biét khi nghién ciru vé sy van chuyén oxy cta hong ciu thi cac hong cau
c6 thé mang & mit ngoai mot protein goi 1a Rhesus hay ky hiéu 1a Rh. Trén 14m sang,
day 1a hé thong nhom méu quan trong nhat sau ABO. Hién nay trong hé thong nhom
mau nay da xac dinh dugc 50 loai khang nguyén. Trong d6 5 khang nguyén C, ¢, D, E
va e 1 quan trong nhét, dic biét 1a khang nguyén D véi tinh sinh mién dich cao va tinh
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khang nguyén manh. Trang thai Rh am tinh hay duong tinh & ddy chinh 1a trang thai
am tinh hay duong tinh v&i khang nguyén D. Néu c6 khang nguyén D thi 1a nhém Rh*
(duong tinh), néu khong c6 1a Rh™ (&m tinh). Cac nhém mau A, B, O, AB ma Rh" thi
duoc goi la am tinh A", B", O", AB". Rhesus 1a mdt dac diém di truyén cuia mdi ca nhan
va ton tai sudt cudc doi. Trong d6, nhém mau Rh’ rat hiém gap. O Viét Nam, nhom
mau Rh™ chi chiém 0,04%o, con Nhém Rh" chiém dén 99.96%. Dic diém cua nhom
mau Rh nay 1a chiing chi c6 thé nhan va cho ngudi cing nhém mau, dic biét phu nit co
nhém méau Rh™ thi con rat dé tir vong.Ngudi c6 nhom mau Rh* chi co thé cho nguoi
cling ¢c6 nhém mau Rh* va nhan ngudi c6 nhém mau Rh™ hodic Rh". Nguoi ¢6 nhom
mau Rh™ ¢6 thé cho ngudi c6 nhom méau Rh™ hodc Rh™ nhung chi nhan dugc nguoi co
nhom mau Rh™ ma thoi.

Truong hop nguoi c6 nhém mau Rh” duge truyén mau Rh', trong lan dau tién s&
khong c6 bt ky phan tng tirc thi ndo xay ra. Tuy nhién sau thoi gian 2-4 tuan co thé
clia ngudi mang nhom mau Rh™ s& san sinh ra luong khang thé (khang D) di 16n dé 1am
ngung két hong ciu Rh* duoc truyén vao co thé. Sau 2-4 thang ndng d6 khang thé s&
dat muc t6i da, khi d6 néu tiép tuc truyén mau Rh" 1an tht 2 s& gay ra nhitng hau qua
nghiém trong do tai bién truyén mau.

Bdng 1.2 — So do truyén mau.
(+): C6 thé cho/nhdn va (-): Khéng thé cho/nhdn

A B” AB” AB’ B A

©)
+

Nhéan/Cho

O+

A+ + - - - - +

B+

+| 4+ +| +

AB*

n
n

AB’ - - - - + + +
+

B - - - - -

A i i ] i i ; +

+
+| +| +| +| +| +| +| +| O

O R R - - - - -
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1.5 Tinh chat ly héa ciia mau

1.5.1 Khéi lwong mdu

Khdi luong méu phu thude vao trong luong co thé, tudi va trang thai co thé. O
ngudi trudng thanh, binh thuong méau chiém 7- 9% (hay 1/13) toan bo trong luong co
thé. Téng s6 mau trong co thé c6 khoang 4 -5 it hay 70 — 90 ml/kg thé trong. Luong
mau & tré so sinhchiém khoang 14%, tré dang bt 11%. Thuong luong méu ting 1én sau
bita an. Khi d6i hay khi mat nudc thi khéi lwong mau giam. O phu nit ¢6 thai, lugng
mau cling tang.

Trong trang thai sinh 1i binh thuong, chi c6 50% luong mau dugc luu thong
trong hé théng mach mau, con lai 50% lugng mau dugc gitr trit ¢ cac t6 chuc. Trong do
lugng mau trir ¢ lach khoang 16%, & gan khoang 20% va & cac mach mau dudi da
khoang 10%. Lugng mau nay c6 thé dugc huy dong trong nhing truong hop co thé can
nhiéu mau

Ti 1€ luong mau trit co thé thay doi tuy thudc trang thai hoat dong cua co thé.
Khi nghi ngoi hodc ngii, lwong mau trir ting 1én, con khi bi mat mau, khi lao dong co
bap kéo dai, khi bi s6t nong, khi bi ngat thd hay xtic dong manh thi lugng méau luu
thong tang.

Khi bi mat mau c6 thé gay nguy hiém cho co thé. Néu mat nhanh dot ngot 30 %
mau dong mach hoic mat nhanh 30 — 35% tong lugng mau thi co thé s& chét ngay Vi

bi giam huyét ap dot ngot.
1.5.2 Ti trong va do quanh ciia mdu

Ti trong méu toan phan 16n hon nuéc. O ngudi, ti trong ciia mau bang 1.050 —
1.060 (Trong d6 ti trong cua riéng huyét twong 1a 1.028 — 1.030, cia riéng hong cau 1a
1.09 — 1.10). Ti trong cua mau nam cao hon ti trong cia mau nir (nam 1.057, nir 1.050).
Ti trong ctia méau c6 thé thay doi phu thudc vao nong do protein va hong cau co trong
mau; vao trang thai co thé va tuy theo loai. Ti trong ctia mau c6 thé ting 1én khi bi mat

nuodc va giam khi co thé b1 mat mau.
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Do nhét (46 quanh) cua mau 16n gap 5 1an so véi nudce, thuong dao dong trong
khoang 4-5. Trong d6 d6 nhét cua huyét twong 1a 1.2 -2. D6 quanh ctia mau phu thudce
vao ham luong protein va mudi khoang trong huyét tuong. O tré so sinh, d6 nhét cia

mau ting khi co thé bj mit nudc.
1.5.3 Ap sudt tham thiu ciia mdu (thdm dp)

Ap suét tham thiu (ASTT) ctia méau phu thudc vao hai yéu t6 chinh 13 luong
khoang hoa tan trong mau, khoang 0,9 — 1,0% (goi 1 ap sudt thim thau tinh thé) va
luong protein hoa tan trong huyét twong (goi 1a 4p suit keo, tri s6 khoang 25 mmHg).
Ap suat keo tuy nhé nhung lai ¢6 vai trd quan trong trong viéc giit va trao doi nudc
gitta mao mach va mé, do dé né quyét dinh sy phan phdi nuéc cho co thé.

O ngudi, trong diéu kién binh thuong ASTT ciia mau toan phan khoang 7,6 —
8,1 atmotphe (at). Sy 6n dinh ASTT méu ¢ ¥ nghia sinh 1y quan trong, dam bao cho
hong cau thyc hién chirc ning sinh li. Néu ASTT cua hong cau va huyét tuong bang
nhau thi hong cau giit nguyén hinh dang va kich thuéc. Trong dung dich nhuoc truong,
c6 ASTT thap hon ASTT ciia hong cau, nude s& thim vao trong hong cau lam v& hong
cau. Trong dung dich wu truong, cd6 ASTT cao hon ASTT cua hdng cau, nuéc trong
hdng cau s& thim ra ngoai, hong ciu bi teo lai va cling bi huy. Nhu vy trong ca hai
truong hop mau déu bi pha hay. D6 1a hién tuong tiéu huyét. Hién tuong tiéu huyét con
xay ra khi méau tiép xtc voi clorofooc, ether, con, tia cuc tim, tia X, cac chat phéng xa,

doc tb cua vi trung, giun san, noc nhén, ong, bo cap, ran doc...
1.5.4 D¢ pH ciia mau

Do pH cua mau dao dong trong khoang 7.35 — 7.39. NG 1 chi s6 on dinh. Su
thay ddi nhiét 6 co thé khong 1am thay doi pH ctia mau. Su 6n dinh pH ctia méu dam
bao cho sy hoat dong ctia h6ng cau va clia cac co quan it bi bién doi. Chi can thay doi
pH = 0.2 ¢6 thé gay r6i loan hoat dong co thé va co thé tir vong.

bJ pH cua mau phu thudc vao néng do ion H+ va ion OH-, nghia la phu thudc

vao su can bang axit — bazo trong mau. Qua trinh trao doi chat luon bién dong lién tuc
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nén nong do ion H+ va ion OH- ciing bién dong. Nhung pH cuia mau ludn 6n dinh,

d6 1a nho hé dém trong mau.
1.5.5 H¢ dém ciia mau

Hé dém cua mau gém nhiéu doi dém. Mdi doi dém do mét axit yéu va mot mudi
kiém manh, hodc mot mudi mono-axit va mudi di-axit tao nén.

H¢ dém mau duoc hinh thanh ngay trong thang dau sau khi sinh. Nho hé dém
ma d6 pH trong mau luon duoc 6n dinh. Tuy nhién kha ning dém cta méau ciing co
mot giéi han nhat dinh. Néu ham luong axit hodc kiém trong mau ting qué cao s& lam
cho co thé trang doc.

Trong mau cé nhiéu do6i dém, trong d6 c6 3 hé dém quan trong 1a h¢ dém bicacbonat,

hé dém photphat, h¢ dém protein.
1.5.5.1 Hé dém bicacbonat

Hé dém bicacbonat chiém khoang 7- 9% kha ning dém cua mau. Tham gia hé
dém nay gdm co axit cacbonic vi mudi kiém bicacbonat natri hay bicacbonat kali.
Néu trong cac san pham cta qua trinh trao d6i chat chuyén vao mau chira nhiéu axit thi
s& xay ra phan tng trung hoa cac ion H+ bdi mudi bicacbonat, axit cacbonic thira s&
dugc phdi thong khi ra ngoai vi su ting ndng do H+ s& kich thich trung khu hé hip,
con néu trong mau chira nhiéu bazo thi s& xay ra phan ng trung hoa cac ion OH- bai
axit cacbonic.

Cong thuc tong quat : H,CO3/ B.HCO; (Trong d6 B 13 ion Na™ hodc ion K*)

Vi du: axit lactic duoc tao ra trong qua trinh duong phan di vao mau, s& két hop
v6i NaHCO3 dé tao thanh lactatnatri va axit cacbonic. Axit cacbonic 1a mot axit yéu s&
duogc thai ra ngoai qua dudng ho hip

AXit lactic + NaHCO3; => lactat natri + H;CO4
H,CO; =>CO,+ H,0
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1.5.5.2 Hé¢ déem photphat:

Hé¢ dém photphat ciling hoat dong tuong tu nhu hé d€ém bicacbonat nhung tac
dung yéu hon. Tham gia hé dém ndy gébm c6 mudi photphat monoaxit va mudi
photphat diaxit. Néu trong cic san phim cua qua trinh trao doi chat chuyén vao mau
chtra nhiéu axit thi s& xay ra phan (mg trung hoa cac ion H+ béi mubi photphat diaxit,
con néu chira nhiéu bazo thi s& xay ra phan tng trung hoa cac ion OH- boéi mudi
photphat monoaxit.

Cong thirc téng quat : B.H,PO, / B,.HPO, (Trong dé B 13 ion Na* hoic ion K*)

1.5.5.3 Hé dém protein (P)

Hé dém protein gdm c6 cac loai protein trong huyét twong va hemoglobin, hoic
oxi hemoglobin trong hong cau. Pay 1a hé dém quan trong nhat trong cac hé dém cua
mau. Chiém t&i 1/6 hé dém cia mau va chiém 3/4 lugng axit cacbonic ciia mau.

Cong thuc tong quat: H.P / B.P va H.Hb / B.Hb hay H.HbO, / B.HbO, (Trong d6 B 1a
ion Na+ hodc ion K+)
Phan tng duoc biéu thi bang cong thirc tong quat sau:

B.P+ H,CO3=>H.P + B.HCO;

Hé dém protein ¢ hiéu qua nhat 13 huyét cau t6 hemoglobin (Hb) chua trong
hong cau. Hb c6 kha ning dém gap 10 lan cac protein khac cua huyét twong.

H,CO; trong mau tang cao s€ thdm vao héng cAu va tranh cation ctia Hb, vdn 1a mot
axit rat yéu, nén bién thanh bicacbonat
B.Hb + H,CO3=>H.Hb + B.HCO;

Kha ning gan véi cac cation cia hemoglobin 16n gap 3 1an so véi protein huyét

tuong va luong hemoglobin nhiéu gip hon 3 1an protein huyét twong, nén hé dém

hemoglobin 16n gap 10 1an hé dém protein trong huyét twong.
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1.6 Chéng déng mau ngoai co thé
Cdc giai doan dong mau:

- Men Prothrombinase (do gan tiét ra) + prothrombin --> thrombin

- Thrombin + fibrinogen (dang hoa tan) --> fibrin (dang khong hoa tan, né 1a soi
to huyét, goi cac thanh phan mau lam cho mau déng lai)
Bién phdp chong déng mdu:

- Ngédn ngtra hinh thanh thrombin

- Giam sy tic dung cua thrombin trén fibrinogen (lam mét hoat tinh cua
thrombin)
Cdc phirong phdp chong déng madu ngodi co thé:

- Dung binh chtra mau duogc trang silicon, ngan can hoat hoa do tiép xtic bé mat
ctia yéu to XII va tiéu cau---> Mau s& dong lai

- Str dung thubc chdng déng mau nhu heparin, axit citrate dextrose (ACD)...

- Dung cac chét lam giam ndng d6 Ca++ nhu kalioxalat, amonioxalat,...

- Mudi trung tinh (NaCl...) véi néng d6 cao ciing lam bat hoat thrombin nén
chéng déng mau.

- Bao quan mau & nhiét do thip (4°C - 6°C) 1am ngimg hoat dong cua cac enzym

gay dong mau.

1.7 Phalodng mau

Pha lodng méau duoc tién hanh bang cach chich 1dy mau tinh mach cta nguoi
bénh ngay trudc lic md. Thé tich mau 14y ra duoc tinh toan trude va bu lai dong thoi
bang dung dich cao phan tir hodc dich tinh thé sao cho muc hematocrit sau khi chich
mau bang 30% va bénh nhan giit nguyén thé tich tudn hoan, binh 6n vé huyét dong.
Khi ngudi bénh mit mau do md xé 13 mau dd “lodng”, mau lay ra ban dau sé& duoc
truyén lai cho ngudi bénh d6 sau khi dd hét mat mau ngoai khoa va ciing chi truyén dé

duy tri hematocrit — 30% vao giai doan hdi tinh.

Pha loing mau ddng thé tich con co thé dugc tién hanh don gian hon 1a khong

c6 chich mau trudc moé ma chi bu lugng méu mat trong mo bang cac dung dich cao
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phan tir hodc dich tinh thé v6i muc tiéu duy tri 6n dinh huyét dong va hematocrit & mtc
30%. Chi truyén mau hodc hdng cau loai khi hematocrit < 25%. Trong trudng hop nay
mau mat trong mo s& “ddc” hon so véi trudng hop c6 chich mau trude mo trén day.
Yéu cdu co ban dé ap dung k¥ thuit nay 1a phai c6 phuong tién - dé theo dbi chit ché
vé huyét dong bao gdm: huyét ap dong mach, 4p luc tinh mach trung wong, dién tim,
mach va bao hoa oxy mao mach (SpO2). Phuong phap pha loang mau thuong chi dinh
v6i bénh nhén 1a nguoi 16n khong c6 bénh nhidm trung tién trién, khong thiéu mau

hodc suy cac chirc nang khac.
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CHUONG 2: PHUONG PHAP TRUYEN MAU HOAN HOI

2.1 Tiéu chuin cia truyén mau hoan hdi:

Truyén mau hoan héi 1a phwong phap dugc ap dung nhd nhing tién bo cua khoa
hoc k¥ thuat hién dai. N6 gitip giai quyét dugc van dé thiéu mau cho bénh nhan. Hién
nay, tinh trang suy than chiém ty 1& khong nho, dong thoi cac ky thuat ghép tang ciing
ngay mot phat trién. Chinh vi thé truyén mau hoan hoi 1a mét lya chon t6i wu nén no co
nhirng tiéu chuan nhu sau:

- Mau chdy ra tir cac tang nhu gan, lach, mach mau trong chin thuong bung kin
hodc tran mau mang phdi trong chan thwong nguc 12 mau sach nén c6 thé ap dung duoc
phuong phap truyén méau hoan hoi.

- Khéng c6 ton thuong phdi hop cac tang ban nhu v& thuc quan, thung da day,
v& bang quang. Truyén mau chi duoc thuc hién sau khi da loai trir cac ton thuong nay

- Thoi gian tir khi bi tai nan dén khi ldy mau t6t nhét 14 dudi 6 tiéng. Tuy nhién,
thoi gian nay c6 thé kéo dai hon tiy mirc d6 ton thuong va loai ton thuong.

- Khong c6 hién twong tan huyét khi ly tim mau mau thu hoi (huyét twong phai

dugc phan cach rd rang vdi khoi huyét cau va phai c6 mau vang nhat)

2.2 Cac phuong phap truyén mau hoan hoi
2.2.1 Phwong phap thi cong

Phuong phap nay duogc thuc hién bang cach thu héi mau trong phiu thuat, pha
thém 50ml Natri citrate 4% cho 250ml mau thu hdi. C6 thé pha mau thu hdi véi cac
dung dich mubi dang truong véi ti 18 1/1 dé dé truyén va tiét kiém mau. Sau d6 ding
day truyén c6 mang loc dé truyén mau lai cho bénh nhan sau khi dam bao tiéu chuin
truyén.

Uu diém:

- Chi phi ré

- C6 thé truyén bat ky lac nao néu c6 méau trong ngan hang mau
Nhuege diém:

- Ngan hang méu khan hiém
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- Mat rat nhiéu thoi gian tir khi thu gom mau tur nhi€u ngudn, nhi€u nguoi khac
nhau, qua thoi gian xu 1y, kiém tra, xét nghi¢m, luu tri....
- Nguy co mac bénh truyén nhiém cao.

Cac phuong phap loc mau:

Phwong phap loc mau (Blood fillter)
Loc mau la phuong phap loai bo cac chat phé thai, chat khoang va nudc du thira
trong mau. Mau sach chira cac té bao mau, cic chat dinh dudng dugc dua quay tré lai

bénh nhan. Nguyén 1y ctia phuong phap nay dugc trinh bay nhu hinh veé:

__Theo dai ap suat tinh mach
Dung dich =) / Phat hién va loai bot khi
mudisinhly ) W/ Mau sach sau xe It
A
Dich loc | =
: \ ] A\ 4
Chatthai __ / | _ )) =
Teodsidp [ (| A @ (> 4
suat dau v?ao el )? ’ s <_._ u
= _q [
.d“ |
Bomma \
/ |
: .’ Theo di a ap ‘ :
B?m Ch?t chqng suat dong mach ~OnS méu ra
dong ngan ngira can dwoc loc
hién twong dong
mau

Hinh 2.1- Phuwong phap loc mau
Mau duoc léy tur tinh mach 16n (tinh mach canh trong, tinh mach dudi don, tinh
mach ben) ctia bénh nhén, qua hé théng bom nhim dam bao lwong mau qua qua loc 1a
thoa dang. Mau duoc loc & qua loc (dialyser), chat rira mau (dialysate) duoc luu thong
quanh qua loc nham l4y cac chit thai nhu ure, creatinine,...theo nguyén 1y khuéch tan,
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tham thAu, hép phu, siéu loc. Sau d6 mau sach dugc dua quay tré lai bénh nhan b?mg

duong khac.
2.2.3 Phwong phdp quay ly tém riva té bao mdu

Nguyén 1y chung cua phuong phap nay 13 mau da duoc thu hoi sin trong binh
chtra thong thudng, sau d6 duoc cac bac sy, y ta cho vao cic dng thir (vat tu tiéu hao)
roi dit vao cac khoang ly tim clia may va setup cac ché do cua may: thoi gian quay ly
tam, toc do quay ly tAm...nhdm thu hoi té bao hong cau voi ti 16 Hematocrit v6i dung
dich mudi sinh 1y thém vao vin dam bao d6 huyét dong, do pH...cia mau. Phuong
phap nay goi 1a phuong phap ban tu dong (vi van can sy can thiép clia con ngudi).

O Viét Nam hién nay dang str dung phuong phap ndy kha pho bién & cac bénh vién
tuyén tinh va trung wong. Trong loai may ly tim nay, mau duoc tu dong xét nghiém
test Commb va rira té bao méau. Phuong phap overflow duoc sir dung dé tang kha ning
rira huyét cau. D6 13 phuong phap rira trong d6 nude man sinh 1y dugc tiém lai vao ong
thir sau khi quay li tdm sao cho mdt chit nudc man sinh 1y s€ tran ra ngoai. Xét nghiém
test Commb nham phat hién sy c6 mat cua khang thé trong huyét thanh, két hop véi
khang nguyén twong (mg va bam trén bé mat hong cau nhung khong 1am ngung két
hdng cau. Thudc thor Commbs (AHG — Antihuman Globulin) phan Gmg v&i khang thé
bam trén bé mat hong cau tao ngung két co thé nhin thay bang mét thuong.

Nhu vay, phuong phap nay ¢ cac wu va nhuge diém nhu sau:

Uu diém:

- Téc do ly tAm cao va siéu cao

- Méy nho gon, c6 thé dit 1én ban
Nhueoe diém

- VAn can sy can thiép cta con nguoi (ban ty dong)

- Méu toan phan thu hdi tir bénh nhan hoic tir cdc ngudn khac nhu hién mau

tinh nguyén dén lic mau sau khi xir 1y can phai dugce bao quéan, luu trit trude

khi truyén lai cho bénh nhan.
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2.2.4 Phwong phap dung mady Cell saver

Phuong phéap nay dua vao nguyén 1y quay ly tAm b kit chira mau — thiét bi tiéu
hao - cho phép tach cac thanh phén mau, loc, rira chinh mau ctia bénh nhan trong qua
trinh phiu thuit nhim thu hoi lai thanh phan hdng cau dé truyén lai cho bénh nhan.
bam bao héng cau thu duoc 1a héng cau sach, tranh duoc mét sd tai bién do loc khong
sach ctia phuong phap thu cong. Pac biét thuat tién, tiét kiém mau va tranh cic bénh

lay truyén. Tuy nhién, gia thanh trang bi con cao nén chua duoc ap dung rong rai.

Khoang thu D

Muéi dang MO méu[ Tai dwng Chét chéng
treong

mau sach dong mau

o ¥
- el

Khoang

‘ ’ chat thai

Khoang ly tam

Hinh 2.2 — So' d6 nguyén Iy co ban ciia truyén méau hoan hoéi ding mdy Cell Saver
Uu diém cia tw dong truyén mau (Autotranfusion)

- D6 2,3-DPG cao (2,3-DPG 1a chit duogc lam tir cac té bao hong cau. no diéu
khién van chuyén oxy tir cac té bao hong cau dén cdc md, cang nhiéu chét nay
thi oxy dugc van chuyén di cang nhiéu va nhanh)

- Duy tri nhi¢t d6 binh thuong

- Do pH tuong d6i 6n dinh

- Nguy co mac bénh nhiém trung thap hon

- Céc té bao chirc ning cao

- Loai bo K t6t hon (ham luong K cang 16n cang lam nguy co tim nglmg dép).
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Tiét kiém ngudn mau, khic phuc t6t cho trudng hop ngan hang mau khan hiém
dac biét ti€n loi cho nhitng bénh nhan thugc nhém mau hiém nhu nhém Rh.
Pép tmg nhanh trong céc truong hop cip ctru khan cip va mat mau 6 at.

Tinh linh hoat, cai dat d& va nhanh

Hoan hdi méu tré vé bénh nhan nhanh, khéng phai bao quan méu chay ra.
Toan b qua trinh hoan toan tuy dong tur khi thu hdi mau trong khi phau thuat
dén luc xtr Iy mau va sau khi xtr Iy roi truyén lai cho bénh nhan. Qua trinh ty

dong lap di lap lai cho dén khi mau xu 1y xong.

Nhugec diem cua ty dong truyén mau:

Chi phi dat

Lam hut can sach tiéu cau va bach cau. Hé théng tu dong rira va truyén mau loai
b6 plasma va tiéu cau, dé loai bo cac yéu to gy dong mau s& giy ra bénh dong
méu néu ching duogc truyén tré lai bénh nhan. Nhuoc diém nay chi c6 hai khi
lugng mau mat trong phau thuat 1a rit 16n. cac béc si theo ddi lwong mau mat va
s& dua ra quyét dinh truyén plasma dong sach (fresh frozen plasma) va tiéu cau
khi mau mat va quay tré lai nhiéu hon. Pic biét bénh nhan s& yéu cau truyén
FFP va tiéu cau khi luong mau mat ude luong vugt qué nira thé tich mau bénh
nhéan. Khi cac kiém tra chan doan xong nén duogc thuc hién dé xac dinh c6 can

thiét cho bat ky cac thanh phan mau nhu hong cau dic (PRBC), FFP, tiéu cau. ...
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CHUONG 3: NGHIEN CUU HE THONG TRUYEN MAU HOAN HOI
- CELLSAVER 5+

3.1 Gi6i thi€u chung

Ngay nay, trude nhitng nguy co cua truyén mau dong loai nhu nhiém khuén, dic
biét 14 nhiém siéu vi rGt, cing v6i nhitng bién chimg vé mién dich, do d6 truyén mau
d6ng loai ngdy cang giam va truyén mau hoan hodi dan dugc thay thé. Hon nira, ngan
hang mau ctia bénh vién c6 nhitng dot cung cap mau khong déu do thiéu mau, cing véi
gid mau ngay cang cao...Tai cic co so y té, trong qua trinh thuc hién phau thuit tang
ho cho bénh nhan thuong lam cho bénh nhan bi mat mau nhicu. Theo két qua thong keé
ciia BO Y té, trung binh mdi bénh nhan khi thyc hién phau thuit tim m& c6 thé mat tir
0.5 - 2lit mau. Do vay, trudc khi thuc hién phau thuat cho bénh nhan, cic co so y té
phai yéu cau ngudi nha hién mau hodc lay tr ngan hang méau dy trir dé san sang bo
sung mau cho bénh nhan trong va sau phau thuat. Tuy nhién qua trinh nay khong phai
lac nao ciing thuan lgi do phai tim duoc ngudn mau co cac yéu té phi hop vi mau cia
bénh nhan. Hon nira, hang nam ching ta phai td chirc rat nhiéu dot hién méau nhan dao
nhung ciing ludn trong tinh trang thiéu mau, khéng dap tng dugc nhu cau cho cac co
s0 y té. Pic biét d6i voi nhitng bénh nhan c6 nhom mau véi yéu to Rh am tinh thi kha
nang tim méau phu hop dé bo sung 1a rat kho khan, tham chi 1a khong c6. Trong khi do,
vo1 luong mau bi ro trong qua trinh phﬁu thuét, néu duoc 1am sach va dem tai sir dung
cho bénh nhan thi kha ning mat mau ciia bénh nhan la khong dang ké. Bénh nhan
khong can phai bo sung mau tir ngudi khac ma sir dung chinh méau ctia minh nén c6 thé
loai bo dugc hoan toan cac yéu td khong phu hop vé khac ngudn mau gy ra, tranh kha
ning lay nhiém bénh tat. Bén canh do, véi nhitng bénh nhan c6 nhém mau dic biét thi
giai phap tai st dung lai mau ctia chinh minh s& 13 bién phéap t6i wu nhit dé ciru chinh

ho.

Trong cac thoi diém ngan hang mau khan hiém trén dién rong thi may Cell
Saver dit biét hitu ich vi c6 thé hoan hdi du luong Hb can thiét cho co thé, han ché tdi

da nhu cau truyén mau, 1am giam 4p luc thiéu mau cho bénh vién néi chung va thanh
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phé noi1 riéng. Bén canh do, thoi gian cd duge tii mau dé truyén lai cho bénh nhan
trong nhitng trudng hop sdc mit mau luong 16n duoc rut ngin dang ké, khoang 15 phut
tir lac khoi dong may va vira truyén hoan hdi may vira hoat dong, so voi cach truyén
mau cb dién can nhiéu thoi gian dé xét nghiém, nhan vién ton thoi gian di ldy mau.. .
Ddng thdi, gop phan tiét kiém ngan sach nha nudc khi khong can trg cip tién xét

nghiém ton kém ma van khong loai bo hét cac yéu to nguy co.

May Cell Saver hoat dong quay ly tdm dé thu hoi lugng hong cau trong méau da
va dang chay tai phiu trudng cua phiu thuat vién, nén phu thudc rat nhiéu va khi
luong méu thu thap duoc chir khong phu thudc vao téng luong mau mét cta bénh
nhan. Trung binh tong lwong mau mat cta bénh nhan 13 1970 + 572,4ml thi thu hdi
dugc khoang 1526,4 + 515,6ml va qua may xir 1y s& truyén lai cho bénh nhan 885,5 +
300,4ml mau c6 nong d6 Hb cao (17,5mg/dl). Nhu vay theo nguyén tic hdi sirc boi
hoan lugng mau mat, mot phﬁn ba lugng mau mét 12 mau va hai phén ba la cac dich

khac, hoi hoan dén 45% so véi yéu cau 33,3%.

Thay duoc nhitng loi ich to 16n cta hé théng cell saver trong y té dic biét trong
phong mo, khoa Cép ctru hoi stc, Viét Nam dang dan dau tu va nghién ciru dua hé
théng nay vao st dung va chi dinh trong mot $6 truong hop md hé. Nam 2008, bénh
vién Nhan dan Gia Dinh 13 bénh vién dau tién & Viét Nam dua may cell saver vao st

dung. Sau d6 1a bénh vién Bach Mai....
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3.2 H¢ thong CellSaver
3.2.1 8o do khoi va chivc néing tieng khoi

Chét chéng
Ghi cha: y doéng
[ cru ‘
[ M™b dun diéu khién LQCA l
[ ] Chétchéng dong so bd Khoang
I Dich mubi chira )
[ Giaotiép Khoang chira mau > f \
[ Ngudn mau toan phan sach
I Cam bién

(O Bomvuétcachly

X Van kep v ( H
(¥ Budngly ta
uong ly tam Hé théng YE k‘?P

l
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—— Duwong tin hiéu ﬁ
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khén . khién van ke
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iao . A R
%iép > NGt didu khién e thena dicy. M°°'“'I‘ydt§:] khién | \V\W/'
o e thon ieu
Vol oA g ~ Khoang ly tam
nguoi Béo hiéu, ) khién trung tam |
stP < LCD A
dung
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chét thai
_Lﬂ Ngudn bom hat ‘—»

Hinh 3.1 — So do khoi hé thong truyén mdu hoan hoi Cell Saver
Loc so bg: Tién xir Iy mau dé loai bo nhing thanh phan cé kich thudc 16n nhu cac cuc
mau doéng hodc cidc mo bi dut trong qua trinh phau thuat. Kich thudc 16 loc ¢&

micromet va thuong dugc két hop ludn vao khoang chira mau can lam sach.

Khoang chira mdau céan lam sach (Collection reservoir): Hit mau nho nguén hut tao ra
ttr khdi bom hut chan khong tao 4p luc &m. nhd bom chan khong tao ap luc am sé hut
khi ra khoi binh chira mau va tao 4p suét trong binh nhé hon ap suét khi quyén. Mau
duge huat cach ly véi khdi bom chan khong vi thé dam bao an toan cho méau. Bom hut

chan khong dugc diéu khién boi hé thong trung tdm. Cach bd tri cac dau rat mau tir
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bénh nhan va dau vao tao ap luc am tranh hién twong dong mau chay nguoc lai bénh

nhan.

Bom chén khéng: Khi bom hoat dong, rotor quay cung chiéu kim dong hd, rotor quay
tir 1-4 phut thé tich budng ting, 4p suit trong d6 giam, khong khi dwgc hut vao budng
qua miéng hit, rotor tiép tuc quay, thé tich budng tir 5-8 phut s& giam dan, khong khi
dugc nén lai va day khi ra ngoai miéng day. Trong qua trinh 1am viéc nhu vay, 4p suét

& miéng hit ngay cang giam dan, tao nén do chan khong ngay cang cao trong dng hut.

Bom vuét cach ly (Bom nhu dpng - Peristaltic Pump): Chic ning bom vudt mau
(dich) vao binh chira mau trong budng ly tim va nguoc lai. Bom chat chong dong, bom
nuéc mudi min sinh 1y ciing ding bom nay. Téc do bom trong ché do tu dong tir
25ml/phat dén 1000ml/phat (mdi 1an tang 25ml/phuit). D6i voi ché do bang tay diéu
chinh téc do tir 0 — 1000ml/phut. Tuy theo thé tich cia timg loai binh chita mau trong

khoang ly tim ma téc d6 bom 1a khac nhau.

Bom nhu dong 1a loai thiét bi c6 thé dap ung dugc cac yéu cau nhu chiu sy an
mon cao, thoi gian hoat dong dai, ddm bao do tin cdy va an toan, tdc do bom vira phai
va 6n dinh, dic biét 1a dinh luong chinh xéac lugng dich can bom. May bom nhu dong
hoat dong giéng nhu hién tuwong nhu dong (co va din) cia dng thuc quan va rudt dé
day thirc an va cic chat thai trong hé thong tiéu hoa ciia con ngudi. Ong thuc quan va
rudt ¢6 thé co dan duoc chinh 1a nho ¢6 su co bop cia cac 16p co mong bao quanh vach
thanh dng cua chung. Bo phin chinh ctia may bom nhu dong 1a mot dng mém co tinh
chat dan hoi va chiu duoc dn mon hoa chat (cua mot sb loai axit, bazo va mét s loai
dung moi). ()ng mém duoc dit trong va doc theo than vé may bom ¢ dinh. Ong duoc
nén tir bén ngoai bai con lan hay con trugt. Chat long trong dng duoc day di khi con
lan vira chay vira ép doc theo dudng dng. Phia sau con lin 6ng lai phinh ra nhu cii va
hut chat 16ng vao may bom. Nhd mét co cau dit biét ma con lan s& quay vong trd lai va

thuc hi¢én mot chu ky bom méi.

H¢ théng diéu khién trung tdm — CPU: Chuc ning diéu khién va kiém soat toan bd

qué trinh roa mau tr khau thu hoi dén khi mau duoc lam sach roi quay trd lai bénh
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nhan. Tai hé thong trung tAm c6 cai dit cac chuong trinh rira tily timg yéu cu cua cac

ca phau thuat.

Ban phim diéu khién, LCD, LED, cinh bdo an toan: La cac thiét bi ngoai vi cung cép
thong tin canh bao va trang thai hoat dong cuia may cho k¥ thuat vién, gitp giao tiép

v6i may dé dang. Dong thoi diéu khién van hanh hé thong.

Modun ly tém téc dé cao: Bao gdm dong co c6 diéu khién vé toc do, mot khoang chira
binh ly tim mau (vat tu tiéu hao) va nhiéu hé thdng dam bao an toan khac. Pong co s&
duoc k¥ thuat vién diéu khién nhd nhitng chuong trinh ty dong trong may hoic c6 thé

ti cAu hinh riéng tly timg ca phau thuat.

(b)

Hinh 3.2 — Binh chita mdu trong khoang ly tam (a) 70ml, (b) 125ml, (c) 225ml
Khoang chiva chdt thdi: La mot tai c6 dung tich da 16n (101it) dé chira chat thai trong

qua trinh xtr ly méu.

Nguon da cdp: Pay 12 bd ngudn cach Iy dam bao an toan tuyét ddi cho bénh nhan, 6n

dinh muc dién ap va dong cho may hoat dong t6i uu trong sudt ca phiu thuat.
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3.2.2 MO-dun ly tam toc dp cao trong Cell Saver
3.2.2.1 Phdn logi mét s6 may ly tam hién nay

Phuong phép li tdm 14 qua trinh tach riéng cac phan tir trong hon hop dung luc li
tam do quay motor tdc d6 cao dua vao trong luong phan tr, kich thudc, thé tich, mat do
ctia cac phan tir trong hdn hop, d6 nhdt cia moi truong va toe do quay. Trong sinh hoc,
cac hat thuong 1a cac té bao, cac biao quan cua té bao, virus, cic phan tir 16n nhu
protein va axit nucleic. bé don gian hoéa thuat toan, chung t6i s€ coi tat ca cac vat liéu
sinh hoc nhu céc hat hinh cau. Li tim gom 2 pha co ban:

- Lang dong: thudng 13 cac cdu trac khong dong déu (hat ning, hat nhe)
- Phan tach nho luc ly tam:
Li tim mau méu (Rira mau) 1a myc dich tach cac thanh phan mau khoi plasma va

huyét twong (serum), chit chdng déng méu. ..., tach hdng cau khoi bach cau, tiéu cau.

a) Phan loai ly tam theo muc dich:

- Ly tadm phan tich - Analysis Centrifuge

- Ly tdm chuan bi - Preparative Centrifuge
Ly tam phan tich

Trong ly tdm phan tich, miu quay ly tAm dugc theo ddi lién tuc & thoi gian thyc
thong qua hé thong phat hién quang, sir dung hién twong hap thu anh sang cyc tim va

mot hé thong cam nhan chi s khic xa quang hoc. Diéu nay cho phép

Ly tdm phan tich lién quan dén viéc do cac dic tinh vat 1y cta cac hat lrflng dong
ching han nhu hé s6 ling dong tram tich hodc trong lwong phan tir. Phwong phap tdi vu
dugc stir dung trong siéu ly tam (ultracentrifugation) phén tich. Cac phan to dugc quan
sat boi hé thdng quang hoc trong qua trinh ly tdm, cho phép quan sat cua cac dai phan
tir trong dung dich khi chang di chuyén trong trudong hip didn. Cac miu dugc ly tim
trong cac éng co cira s6 thach anh (Hinh 3.3) ndm song song voi mit phang quay cia

dau rotor.
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Hinh 3.3 — Cdu tao ciia may Iy tam phan tich
Khi quay, hinh anh cta té bao (protein) duoc chiéu boi mot hé thong quang hoc
trén phim hodc mot may tinh. Nong d6 cua dung dich tai cac diém khac nhau trong té
bao dugc xac dinh bdi sy hap thu cua anh sang ciia cac budc song thich hop (dinh luat
Beer). biéu nay cé thé dugc thuc hién bing cach do muc do den cua mot bd phim hinh

anh va dua vao mdt may tinh.

Cha y: Ly tdm phan tich thuong st dung nhitng mau nho va twong ddi tinh
khiét.
Ly tdm chudn bi

Céc hinh thie khac cia ly tim dugc goi 1a ly thm chuan bi va muc tiéu 1a dé co
1ap cac phan tir dic trung ma co thé duoc tai str dung. Ly tdm chuédn bj dung dé tach
bao quan va tach phan tir, c6 thé xir Iy mot khéi lwgng chat 1ong rat 16n (c6 thé tir 1 lit
dén vai nghin lit) va khong c6 hé théng quang hoc. Pic trung chung ctia loai ly tdm
nay 1a budng quay ly tam dang dng hinh tru.

Ly tim goéc nam ngang lam cho 6ng bam chit cac chdt vi thé dong co s& dinh

huéng lai vé hudng nim ngang khi dong co gia toc. Pong co goc ¢d dinh duge lam tir
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cac khdi kim loai don va giit cho dng trong cac khoang duge bao boc ¢ goc xac dinh
trude. Pong co zonal duogc thiét ké dé chua luong mau thé tich 16n. Mot sb loai dong

co nay c6 kha ning tai dong va khong tai mau trong khi dong co dang quay vdi téc do

v

Cao.

’ | e

Hinh 3.4 — Ly tam géc nam ngang
Véi loai dong co nay, cac hat phai di chuyén doan dai hon trude khi ling dong
nén thoi gian ling dong dai hon nhung kha ning phan tach t6t hon. D& dang rit phan

ndi bén trén ma khong anh hudng dén phan ling dong phia dudi.

O Phan no1

o Phan lang
%‘(_ dong

Hinh 3.5 — Ly tdm goc cé dinh

Véi loai dong co ndy, thoi gian ling dong ngin hon vi cac hat phai di chuyén

doan ngan hon trude khi ling dong.

38



Phan loai ly tim theo thé tich mau ly tam, dung tich binh ly tdm va téc do ling
dong I6n nhat:
- Vi ly tim (Microfuge): dung dé phan tach méu protein véi thé tich 0.5-1.5cm?
va G=10000g
- Ly tam chuén bi thé tich 16n: Thé tich 5-250cm® va G = 3000g-7000g
- Ly tam lam lanh téc d6 cao: Thé tich mau 5-250cm® va G=100000g. Su phan
tach vi sai cac nucleus, mitochondrial (enzym), protein precipitate (protein két
tua), large intact organelle (vi co quan con nguyén ven), cellular debris (manh
vun té bao). ..
- Ly tam tdc dd cao: thé tich mau 5-250cm® va G= 600000g, phuong phap nay
dung dé phéan tach cac mau microsomal vesicles, ribosome. Do toc do quay ly
tam rat 16n nén can phai c6 hé thong lam giam nhiét d6 dong co tao ra bsi dién

tré ma xat, cac budng cach ly, budng lam lanh, budng chan khéng. ..
3.2.2.2 Nguyén ly quay ly tam

Céc hat duoc tach ra bi lo lung trong mot moi trudong chét long cu thé, chua
trong 6ng hodc chai va dugc dat trong bo phan quay ctia may i tim. Nhitng hat nay co
hinh dang, kich thudc va mat do khac nhau.

Ta c6 tdc d6 lang cua hat phu thudc vao truong ly tim (G):
G=Z= ok (1)
® - Van tdc goc cua hat quay vong ( 1 vong tron = 2r Radian)

r - Ban kinh cta quy dao quay (cm)

Truong hop ly thm quay 1 vong trong 1 pht thi van toc goc sé la:

1 X2m .
® == (radian/s) (2)

Tir (2) thay vao (1) ta c6 gia tdc trong trudng ly tim: G = o’r=4 7° . r / 3600
Gia toc G thé hién nhu bdi s6 cta truong hip dan trai dat g = 981 cm/ s?

Dai luong boi s6 d6 1a luc 1i tam twong d6i - RCF (Relative Centrifugal Force)
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Hinh 3.6 — Vdn téc dai tiép tuyén véi qui dao quay cia hat va khi ciing vin téc géc o

thi van toc dai cua hat nam xa tam sé lon hon

RCF=G/g=4x".r/ (3600 x 981) =1.11786 x 10 x r (3)
Téng quét tng vdi tbe d6 n vong trén phit: RCF = 1.11786 x 10° x n® x r (4)
Téc da B4n kinh Ban kinh Ban kinh
RPM x 1000 nhé nhat trung binh lén nhat
s f ~ Pl
A | 7 1
. /;’;,/;
0 /94,‘ |
25 f/, :
- / —
O 7',
IS S
1 i R. Min. 470 mm
3 ] R Av. 77.1 mm
| 25 50 IS o ECSSF %\zulﬁls 200 Zis 250 275 W |, B Max. 107.3
ol L1 11 11 11
t

Hinh 3.7 — M6i quan hé giita kich thude hat, toc do quay va liee ly tém twong doi

Nhu vay nghia 1a RCF 1a ty 1¢ trong luong cua hat trong truong ly tdm va trong
lwong cua hat d6 trong truong hap dan. Do d6 téc d6 cua rotor, ban kinh quy dao va
thoi gian ctia rotor phai duge xac dinh trong sudt qué trinh ly tim. Hon nita ty 1& lang
khong chi phu thudc vao truong ly tdm ma con phu thudc vao :

1. Khoi luong cua hat

2. Mat do hat

3. Mat d6 va do nhdt cua cac dung moi dugc sur dung
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4. Mirc 46 ma hinh dang cua n6 khong phai hinh cau
Tinh todn toc dé quay (rpm), luc ly tdm twong doi (RCF hodc g lwc) cho mot
may ly tdm cu thé. RCF ¢0 thé dwgc tinh tir ban kinh ly tam (r) cm va téc do quay

n(rpm):
Theo phuong trinh (4): RCF = 1.11786 X 1075 * r * n?

Suy ra téc do quay: n(rpm) = \/RCF /[(1.11786 x 107>) * r (cm)]
Theo dinh luat II Newton vé chuyén dong, luc ly tam tac dung vao hat:
F=M.a=M. o’
Trong d6 M la Khéi luong cta hat.
a = o’r : Gia tbc trong chuyén dong goc.
Luc nay giy ra su lang dong cua hat xudng dng ly tim. Tuy nhién c6 luc ngin
can lai chuyén dong lang dong nay 13 luc ma sét (frictional force) va lyc noi (buoyant
force/ displacement force).
Lwc ma sat:
Frs = f(v) = f(dr/dt) (5)
f: Luc ma sat
dr/dt: ty 1€ léng dong duoc thé hién nhu su thay ddi cua ban kinh quy dao

theo thoi gian (van toc v)

D6i v6i mot phan tir hinh cau thi lyc ma sat

f= 6m n Ry(dr/dt) (6)
n: hé s6 nhét ciia dung moi
Rp: Ban kinh cua hat bi léng

Hé s6 ling dong: S= v/o*r @)
Trong d6 v: van tdc (v = dr/dt)
(7) => S = (dr/dt)/ o*r

Luee néi: Buoyant force=w*rVd, (8)
V: Thé tich hat chét tan

dn: mét do cia dung moi (g/ml)
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Trong khi ling dong, van toc ciia hat ting 1én cho dén khi bang véi luc ma sét
chdng lai chuyén dong cta n6 trong dung moi. Pay 1a mot trang thai can bang khi céc

hat dirng lai dé lo ling hoic lang dong.

s &

]

Y QD

\
Fc

Hinh 3.8 — Cdc luc tic dung 1én hat c6 khoi luong m trong truong ly tam gom: lyc ly
tam Fc, luc noi Fg ciia hat trong moi truong va lyc ma sat Fy cua hat voi moi truong.
Xét theo phuong ngang doc theo 6ng dung mau thi ta c6 su can bang luc (hé quy chiéu

gin v6i dng dung mau):
Luc ly tam = Luc ma sat + Luc noi
Thay (6), (7), (8) vao phuong trinh trén ta co:
M. o’r = 6nnR, (dr/dt) + Vd,o’r
<=> 431 R,’d,’r = 67nR, (dr/dt) + 4/31 R,® dy o’
<=> 431 R, (dy-dy) ®°r = 67nR, (dr/dt)

<=> dr/dt= isz (dy- i) @°r

- _2p2 2
<=> v—;Rp (dp-dp) ©°r

dr/dt =V - van toc cia hat ling dong

M = Khéi luwong riéng x Thé tich =D x V
dp = Khdi luong riéng cua hat
dm = Khéi luong riéng ctia dung moi
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Tu phuong trinh trén, van tde ty 1€ thuan voi kich thude cua no, sy chénh 1éch
vé mat do khoi gitra hat - dung méi va truong ly tim. N6 bang khong khi mat d6 khi
ctia hat va dung méi bang nhau. N6 giam khi d6 nh6t dung méi ting.

bdi voi hat ¢o dang hinh vudng thi kich thudc cua hat anh huong té1 van tbe
nhiéu hon.

D6i v6i mot hat: He sb do nhét cia dung mdi - n; Ban kinh cia hat - Ry; Khéi
luwong riéng cua hat - dy; Khéi luong riéng ctia dung méi - dm va van téc goc o déu 1a

hang s6 thi ta co:

dr _ 2 2 2
U=E——an (dp-dm)wr
__dar _ 2 2 2
_>7_;Rp (dp-dm) o dt
Rbﬂ
Re r

t 2
=> = fo o RI% d, — d,)w? dt

— Rp _ 2 2 2
—>InR—lt’—%Rp (dy-dy) ®* t

Rp
91’] X ll'lR—t

2R3 (dp— dm)w?

Trong do:
t: thoi gian lang (s)
R: : khoang cach tir truc quay t&i mit chat 1ong

Ry: khoang cach tir truc quay xudng dudi day ong.

Ro rang riang mot hdn hop ciia cic hat hinh cau khong dong nhit khoing

c6 thé dwge tach ra bing cach ly tAm trén co sé ciia mat dd, kich thuwéc ciia ching.
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3.2.2.3 Quy trinh tdch cdc thanh phan méu, thu hoi thanh phan Héong cdu trong

may CellSaver

Dé loai bé nhitng thanh phan khong dung dugc trong qua trinh ly tim can c6
khoang chira mau ly tdm dic biét. D6 1a binh Latham. Khi mau toan phan tir khoang
chira mau tam thoi duge bom vao binh Latham va motor ly tdm quay khién binh
Latham quay theo dong thoi xuat hién su phan 16p. Mdi 16p 1a mot pha chira cac chit

c6 tinh chét vat Iy giéng hodc tuong ty nhau (Vé khdi luong, kich thudc, hinh dang).

Puong dau vao

/ - e Dl{c‘)’ng‘dﬁu ra
g . — Phan dau binh

/ Phan than binh

Kich thudc:
70ml

125ml
X > 225ml

Hinh 3.9 — Binh Latham dung cho may CellSaver 5+

Qua trinh rira mau cua hé thong Cell Saver 5+ nhu sau:

Dau tién mau toan phan dugc bom vao trong binh Latham. V&i ciu tao dic biét
khién cho mau c6 thé bom lién tuc trong khi than binh van quay va phan dau binh ding
yén. Khong khi trong binh Latham s& bi chiém chd boi mau toan phan nén bj day ra tai
dung chit thai. Qu4 trinh phan 16p xay ra khién cac té bao hong cdu nim xa truc cla

binh va cac thanh phan nhe thi nam gan hon.
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Mau tir binh
thu gom mau

g =T

L
/ .
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T

Khong khi bi day vao
tui chat thai day

Khong khi

Thanh phan nhe
can loai bo

Hong cau

N [

Hinh 3.10 — Giai doan dau ciia qud trinh ly tdm mdu

Qua trinh bom méau vao binh Latham dién ra lién tiép lam cho thanh phan céc té

bao hong cau khong nging ting 1én vaday khong khi cting cc thanh phan nhe vao tai

chat thai.
Mau duoc > = Thanh phén
bom lién tuc nhe bi day vao
vao binh l i' tui chat thai
[ Sl
e

Hinh 3.11 — Thanh phdn nhe bi loai bo va dcfy ra tui dung chat thdi

Qua trinh bom mau vao binh s& dimg lai khi luong hong cau trong binh Latham

bi dﬁy hoac binhchira mau toan phﬁn bi hét. Luong héng cau trong binh dugc nhan biét

nhd cam bién quang hoc dit trong khoang ly tam.
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Ngung bom >
mau khi cam
bién bao
hdng cau day
binh hodc
binh chtra hét
mau

=

Thanh phan nhe bi
loai bé

Cam bién

Hinh 3.12 — Qud trinh bom mdu vao binh Latham dimng khi mau hét hodc lwong hong

cau trong binh Latham day

Tiép theo, dung dich mubi dugc bom vao trong binh Latham véi muc dich pha

lodng lugng mau va dich bén trong. Luc nay téc do quay ly tdm nhé hon dé dung dich

mudi dé dang pha loang khién cho thanh phan dich ngay sat véi bé mat phan cach 16p

hong cau va thanh phan nhe loang ra khién cho viéc loai bo chung tro 1én dé& dang hon.

Téc d6 ly tim dan tang 1én va dung dich mubi dugc bom lién tuc vao binh Latham.

Dung dich
mudi duogc
bom vao
binh Latham

Mot phan
dung dich
mudi va cac
thanh phan
nhe lo lung bi
loai bd

Hinh 3.13 — Dung dich muéi dwoc bom vdo trong binh Latham dé pha lodng va bi loai

ra ngodi cung mot so tap chat.
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Thong thudong khi chua bom dung dich mudi dé rira mau thi Hematocrit nho
(Hematocrit 13 ti 1 phan tram thé tich cua t& bao mau chu yéu 1a hdng ciu trong méu).
Nguyén nhéan 13 boi van con 1 lugng thanh phin nhe chua bi loai bo hoan toan ra

ngoai. Bé Hematocrit ting 18n thi viéc pha lodng thanh phan nhe bang dung dich mudi

\

Hinh 3.14 — Luwong Hematocrit tiang lén sau khi dung dich muéi dwgc bom vao binh

va loai bo ching 1a can thiét.

Dich con
lai di ra thi
chat thai

Dung dich >0
muoi duoc
bom vao binh

Latham dé rira mdu
Khi qua trinh rira két thiic, binh Latham ngimg quay va qué trinh bom mau quay

tré lai bénh nhan dugc dién ra.Hematocrit ctia mau lic nay dat hon 50%.

Hong cau duoc it
bom vao tui <t Khong khi
chira mau sach
dé truyén cho
bénh nhan

Hong cau lo
ltrng trong
dung dich
mudi

Hinh 3.15 — Hong cau lo ling trong dung dich mudi sinh 1y dwoc bon téi tii chira mdu

sach dé truyén cho bénh nhan trong qud trinh phdu thudt
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Bdng 3.1 — Thé tich mudi dimg cho xir Iy mdu phu thudc vao thé tich binh Latham

Loai binh Latham | Thé tich dung dich mudi twong timg
70ml 300ml
125ml 500ml
225ml 1000mi

Chu y: Dung dich mudi néi ¢ trén hay con goi 1a mudi sinh 1y c¢6 tén khoa hoc 1a
“Isotonic Saline”. Pay la dung dich c¢6 0.9% NaCl (9g NaCl pha vao 1000ml nudce tinh
khiét) va day 1a méi trudng dang truong tirc 13 moi truong ma ndng do chat tan bang
vo1 moi truong ndi bao. Khi do, néng dd cac chat khuyéch tan thu dong vao va ra khoi
té bao 13 nhu nhau. Tic 14 4p suat tham thau cua dung dich mudi xap xi dich bén trong
co thé. Dung dich mudi ¢ thé dung dé truyén cho bénh nhéan trong cic truong hop

thiéu mau hodc rira vét thuong.

3.2.2.4 Phuong phdp diéu khién toc dé quay ly tdm trong qud trinh tich cdc

thanh phdan mau

Diéu khién dong co bao gdm thay d6i tbc 6 quay va chiéu quay cua dong co.
Thong thuong, tdc do quay cua mot dong co dién mot chiéu ty 1€ voi dién ap dat vao
no, va ngiu lyc quay ty 1& voi dong dién. Diéu khién téc d6 cua dong co co thé bang
cach diéu khién cac diém chia dién ap, diéu khién bd cAp ngudn thay d6i dugc, dung
dién tro hodc mach dién tir...Chiéu quay cua dong co c6 thé thay ddi duoc bang cach
thay ddi chiéu ndi day ciia phan kich tir, hodc phan tng.

Pong co dung trong Cell saver 1 loai dong co mot chiéu 3 pha khong chdi quét.
bay la loai dong co co nhiéu vu diém véi hiéu suit 1am viéc 16n va d6 6n dinh cao.
Viéc diéu khién dong co sir dung phuong phap diéu ché d6 rong xung — PWM. Phuong
phap nay diéu chinh dién ap tir ngudn ra tai hay noi cach khac 1a phuong phap diéu ché
dua trén sy thay doi do rong cua chudi xung vudng dan dén su thay doi dién ap ra. Cac
xung khi bién ddi thi c6 cing 1 tin sd va khac nhau vé d6 rong cua sudn duong hay

hoac la suon am.
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Hinh 3.16 — Dé thi dang xung diéu ché PWM. Véi d6 réng xung twong g 1a 30%,
50% va 90%

3.2.2.5 Nguyén 1y ciia phwong phdp diéu ché dé rong xung PWM dé diéu khién

dong co

Pay 1a phuong phap duoc thuc hién theo nguyén tic dong ngat ngudn voi tai va
mot cach c¢6 chu ki theo luat diéu chinh thoi gian dong cat. Phan tir thuc hién nhién vu
d6 trong mach cic van ban din. Xét hoat dong dong cat ciia mot van ban dan. Dung
van déng cit bang MOSFET.

12v

12v
Microcontroller — ?
—
i

|

JL 1

D
Driver
off On Off | s
G
PWM —

Hinh 3.17 — Nguyén Iy hoat déng ciia phirong phdp PWM dwa trén sw dong ngdt mach

On

dién va dwoc diéu khién boi vi xur ly
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Hinh 3.18 — Gidn do xung tin hiéu diéu khién ciia chan vi xit Iy va dang dién dp dau ra
khi dung PWM. Trong do T la chu ky tin hiéu, ty la khoang thoi gian xung o murc cao
tiee la luc dong mach dién.

Trong khoang thoi gian 0 dén to ta cho van G mo toan bo dién 4p ngudn Ud
dugc dua ra tai. Con trong khoang thoi gian tedén T cho van G khoéa, cat ngudn cung
cap cho tai. Vi vy véi to thay d6i tir 0 cho dén T ta s& cung cap toan bd , mot phan hay
khoa hoan toan dién ap cung cép cho tai.

Goi t; 1a thot gian xung ¢ suon duong (khéa mé ) con T 1a thoi gian cua ca suon
am va duong, Una 12 dién 4p ngudn cung céap cho tai.

Cong thuc tinh gid tri trung binh cua dién ap ra tai :

_ ty _
Ud - Umax XF - Umax x D

. 1 10 1A A 4:2 s \ . N
Voi D= Fl 1a hé s6 diéu chinh va dugc tinh bang %
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| Hiéu suat 30%

|

Us=12x30% =3.6 V

I
I
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t

Hiéu suat 50%

Ud=12x50% =6V

t

Hiéu suit 90%

Us=12x90% = 10.8V
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Hinh 3.19 — D6 thi dang xung diéu ché PWM. Véi @6 réng xung dau ra twong g va
duoc tinh bang % do ching ta diéu khién. Dién dp trung binh trén tdi sé la 3.6V (véi
D =30%); 6V (Voi D = 50%); 10.8V (voi D = 90%)

Kénh N Kénh P

Hinh 3.20 — MOSFET kénh N va kénh P

P6i vé6i MOSFET kénh N: Ugs > 3V thi MOSFET bio hoa hay dan — MOSFET
tuong duong véi mot khoa mo. Khi Rpg bé, dién ap chan G bé hon rat nhiéu so véi
chan S nén MOSFET doéng, khi d6 né tuong duong véi mot khda dong.

Dbi v6i MOSFET kénh P: Ugs < 3V thi MOSFET dén va n6 twong dwong véi
mot khoa mo.

Dbi voi mach cong sudt 16m, tai thiét bi can tdn sb dong ngat 16n nhu dong co
quay ly tdm cua hé théng Cell saver thi ngudi ta dung cac linh kién cong suat nhu

MOSFET hay IGBT.
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Pau tién, ching ta xét mdt mach diéu khién dong co DC dung MOSFET kénh N
nhu hinh 3.20. Ban dau MOSFET khéng duoc kich, khong c6 dong dién trong mach,
dién 4p chan S, Us=0. Khi MOSFET duoc kich, dién tré dan DS rat nhé so voi tré
khang ctia motor nén dién 4p chan S gan bang dién ap ngudn 1a 12V. Do yéu cau cla
MOSFET, dé kich dan MOSFET thi dién 4p kich chan G phai 16n hon dién ap chan S it
nhat 3V, nghia 13 it nhat 15V trong khi ching ta dung vi diéu khién dé kich cho
MOSFET, rat kho tao ra dién ap 15V (thuong phai dung con kich xung nhu Opto
P521). Nhu thé MOSFET kénh N khong phu hop dé lam khoa phia trén trong mach
cau H. MOSFET loai P thuong dugc dung trong truong hop ndy. Tuy nhién, mot
nhuoc diém cia MOSFET kénh P 1a dién tré dan DS cua nd 1én hon MOSFET loai N.
Vi thé, du dugc thiét ké t6t, MOSFET kénh P trong cac mach cau H dung 2 loai
MOSFET thudng bi néng va dé hong hon MOSFET kénh N, cong suat mach cunnniing
bi gidm phén nao. Hinh sau day thé hién mot mach cau H dung 2 loai MOSFET tuong
dong.

|

1K Q01 1

it

Hinh 3.21 — Mach cau H diing 2 MOSFET twong dong.
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Trong mach dung 2 MOSFET kénh N 1a Q1, Q2 va 2 MOSFET kénh P la Q3,
Q4 1am khoéa cho mach cdu H. cac MOSFET loai nay chiu dong khé cao (c6 thé 1én dén

30A) va dién 4p cao nhung c6 nhugc diém 13 dién tré dan twong ddi 16n.

Phén kich cho cac MOSFET bén duéi c6 thé dung vi diéu khién kich truc tiép
vao duong L2 va R2. V6i MOSFET phia trén dung thém BJT dé lam mach kich. Khi
chua kich BIT, chan G cia MOSFET dugc ndi truc tiép v6i VS bang dién tré 1K, dién
ap chan G vi thé bang dién ap nguén VS nén MOSFET nay khong dan. Khi kich cac
duong L1 hodc R1, cac BIT lam dién ap chan G ciia MOSFET sut xudng gan bang 0
(vi khéa BIT nay dong mach). Khi d6, dién ap chan G nho hon nhiéu so véi dién ap
chan S nén MOSFET dan.

Phwong phdp Tao tin hiéu diéu ché dé réng xung PWM

- Phuong phap dién tu twong tu
Tin hiéu PWM duoc tao ra béng cach so sanh mot song hinh tam giac voi tin hiéu

dong di¢n mot chiéu DC.

B0 tao song
tam giac

Tin hiéu PWM

Mikc dong DC | i PWM

Hinh 3 - 1: Nguyén Iy tao tin hiéu PWM la so sanh tin hiéu dién dp hinh rang cua voi
mét tin hiéu dién dp khong doi
- Phuong phap tao xung vuong Dung IC: cac IC tao xung vudng nhu: 555,
LMS556, SG1524, MAXO038...
- Tao xung vuéng bang phan mém (phwrong phép s6)
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3.2.3  M0O-dun thu hoi mdu trong phiu thugt

Viéc thu gom mau sir dung su chénh léch 4p sudt bén trong va ngoai khoang
chtra mau toan phan. Ap suat trong khoang giam di nhd bom hat chan khong. Hé théng
két ndi dic biét gitp mau dugc thu gom an toan. Ap suit tao ra trong binh nhé hon 4p
suat khi quyén tir 80mmHg — 120mmHg. Véi mirc 4p suat nay s& khong anh huéng dén
bénh nhan khi thu gom mau trong khoang bung.

Khoang chura

Bom hat mau toan phan
chén khong

Van kep _;r'%u- Cam bién

g ﬂ """" > lwong mau
=
=
=

Cam bién

ap suat
= A =R :
L» CPU dieu khien BUS o
. tlép Ghi chu:
gtao 1 Nguén
] cpu
[ ] Bomhat
—» Nguén5VDC —» X Vankep
Khdi nqudn O Cam bién ap suat
9 X . — Duworng tin hiéu
—» Nguon bom hut ———» @&» puyong khi

Hinh 3.22 — M&-dun diéu khién thu gom mdu toan phan dong thoi tién xir Iy
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3.2.4 MO-dun bom vuét va van kep

M6-dun bom vubt va van kep cé chirc ning phdi két hop bom mau va dich vao

trong khoang ly tim. Yéu cdu ctia hé bom vudt phai dap tmg kip thoi (dich,mau) cho

khoang ly tam. Nhu vy d6i hoi luu lwong ciia bom vubt phai duge 6n dinh va da 16n.

Luu luwong ctia bom vudt khac nhau Gng véi timg giai doan xtr 1y ctia khoang ly tAm va

tirng loai thé tich binh chira mau trong khoang ly tam khac nhau.

Badng 3.2 — Théng sé luu lwong ciia bom vudt cach ly

Trang thai Loai 70ml Loai 125ml Loai 225ml
FILL 125 ml/phut 300 ml/phat 600 ml/phat
WASH 100 ml/phut 300 ml/phat 500 ml/phat
EMPTY 100 ml/phut 100-75 ml/phat | 300-250 ml/phat
8US V_REF
giao Clock D v
tié I
vé’? CPU Diéﬁ k'L? e 0 D _J
z 5 Div lié }
kndi € didu LMG29 " > g
dieu khién Didu khién | ( DAC 12bit
i e 3h
m'ﬁ; Drten ™ 1 Giai ma L5378
tam /\
Encoder <« — Motor 4
» Nguon déng co (12V DC) —> \\/
Khoi nguon
» Nguon 5V DC —

Hinh 3.23 — Mo-dun diéu khién bom vuét trong hé thong CellSaver
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CHUONG 4: COSOLY THUYET

Trong qua trinh nghién ctru, phan tich hé théng truyén mau hoan hdi. Nhom tap
trung thiét ké mo-dun diéu khién ly tim. Pong co st dung trong thiét ké 1a dong co
mot chiéu khong chéi than. Pong co dap tmg duoc nhirng yéu cau cua thiét ké hé théng
truyén mau hoan hoi nhu: tudi tho cao, tiéng 6n nho, kha ning ting toc va phanh

nhanh...

4.1 Pong co dién mdt chiéu khong choi than — Brushless DC motor

bong co BLDC la “dong co mdt chiéu khong choi than” nhung nd thuéc nhém
dong co dong co dong bo nam cham vinh ciru chit khong phai dong co mét chiéu.
Pong co nam cham vinh ctru 12 dong co xoay chiéu dong bd c6 phan cam 1a nam cham
vinh ctru.

Cho dén nay dong co di¢én mot chiéu van chiém mot vi tri quan trong trong hé
diéu chinh tu dong truyén dong dién, n6 dugc st dung rong trong hé théng do1 héi ¢co
d6 chinh xac cao ving diéu chinh rong va qui luat diéu chinh phirc tap. Pong co mot
chiéu dyoc str dung v6i mot sé luong 16n trong ki thuat thiét ké bai vi nhimg dic trung
toc do quay (toc d6 xoan) kha thi véi nhitng cau hinh dién khac nhau. Toc d6 dong co
mot chiéu co thé kiém soat mot cach ém 4i va trong da sd cac trong hop cé thé dao
nguoc chiéu quay. Pong co dién ndi chung va dong co dién mot chiéu néi riéng 14 thiét
bi dién tir quay, lam viéc theo nguyén 1y dién tur, khi dat vao trong tur truong mot day
dan va cho dong dién chay qua day dan thi truong s& tac dung mot luc tir vao dong dién
(vao day din) va lam day din chuyén dong. Pong co dién bién d6i dién ning thanh co
nang.

Do tinh vu viét ciia hé théng dién xoay chiéu: dé san xuét, dé truyén tai..., ca may
phat va dong co dién xoay chiéu déu cé cau tao don gian va cong suat 16n, dé van hanh
ma may dién (dong co dién) xoay chiéu ngay cang duogc sir dung rong rii va pho bién.
Tuy nhién dong co dién mot chiéu van giltt mot vi tri nhét dinh nhu trong cong nghiép
giao thong van tai, va néi chung & cac thiét bi can diéu khién téc do quay lién tuc trong

pham vi rong (nhu trong mdy can thép, may cong cu 16n, dau may dién...). Mic du so
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v61 dong co khong déng b dé ché tao dong co dién mat chiéu cung c& thi gia thanh
dit hon do str dung nhiéu kim loai mau hon, ché tao bao quan cb gop phirc tap hon ...
nhung do nhitng wu diém cta né ma may dién mot chiéu van khong thé thiéu trong nén
san xuét hién dai.

Uu diém cua dong co dién mot chiéu 1a c6 thé dung 1am dong co dién hay may
phat dién trong nhitng diéu kién lam viéc khac nhau. Song wu diém 16n nhat cia dong
co dién mot chiéu 1a diéu chinh tdc d6 va kha nang qua tai. Néu nhu ban than dong co
khong ddng bo khong thé dap umg dugc hodc néu dap ung dugc thi phai chi phi cac
thiét bi bién doi di kém (nhu bo bién tan....) rat dat tién thi dong co dién mot chicu
khong nhiing c6 thé diéu chinh rong va chinh xdc ma cAu trac mach luc, mach diéu
khién don gian hon dong thoi lai dat chat luong cao.

Ngay nay hiéu sudt cua dong co dién mot chidu céng suit nho khoang 75% +
85%, & dong co dién cong suét trung binh va 16n khoang 85% + 94% . Cong suat 1on
nhét cua dong co dién mot chiéu vao khoang 100000kw dién 4p vao khoang vai tram
cho dén 1000v. Huéng phat trién 1a cai tién tinh nang vat lidu, nang cao chi tiéu kinh té
ctia dong co va ché tao nhitng may cong suit 16n hon d6 1a ca mot van dé rong 16n va
phtc tap vi vay véi von kién thirc con han hep cua minh trong pham vi dé tai ndy em
khong thé dé cap nhiéu van dé 16n ma chi dé cap tdi van dé thiét ké bo diéu chinh tdc
do c6 dao chiéu cua dong co mat chiéu kich tir doc 1ap. Phuong phap dugc chon 1a bo
bam xung ... ddy c6 thé chua la phuong phap mang lai hiéu qué kinh té cao nhat nhung
n6 duge sir dung rong rii boi nhitng tinh ning va dic diém ma ta s& phan tich va dé cap

sau nay.
Tam quan trong cua dong co dién mot chiéu

Trong nén san xuat hién dai, dong co mot chiéu van duoc coi 1a mot loai may
quan trong mac du ngay nay co rat nhiéu loai mdy moc hién dai st dung nguon dién
xoay chiéu thong dung .

Do dong co dién mot chiéu c6 nhi€u vu diém nhu kha nang di€u chinh toc do rat
tot, kha nang mo may 16n va dac bié¢t 1a kha nang qué tai. Chinh vi vy ma dong co mot
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chiéu dugc ding nhiéu trong cac nghanh cong nghiép c6 yéu cau cao vé diéu chinh tdc
d6 nhu can thép, hAm mo, giao thong van tai ...ma diéu quan trong 14 cac nghanh cong
nghiép hay doi hoi ding ngudn dién mot chiéu .

Bén canh d6, dong co dién mat chiéu cling c6 nhitng nhugc diém nhét dinh cua
n6 nhu so v6i may dién xoay chiéu thi gia thanh dat hon ché tao va bao quan cb gop
dién phuc tap hon (dé phat sinh tia lira dién)... nhung do nhiing wu diém cta n6 nén
dong co di¢n mot chiéu van con c6 mot tim quan trong nhét dinh trong san Suét.

Cong suat 16n nhit ctia dong co dién mot chiéu hién nay vao khoang 10000
KW, dién ap vao khoang vai trim cho dén 1000 V. Hudng phat trién hién nay la cai
tién tinh nang cua vat li€u, ndng cao chi ti€u kinh té cua dong co va ché tao nhirng
dong co ¢ cong suat 16n hon.

Pong co dién mot chiéu thong thuong c6 hi¢u suit cao va cac dic tinh cua
chung thich hop véi truyén dong servo. Tuy nhién, han ché duy nhat 13 trong ciu tao
ctia chung can c6 ¢6 gop va choi than, nhirng thar d& bi mon va yéu cau bao tri, bao
dudng thuong xuyén. Pé khic phuc nhuoc diém nay ngudi ta ché tao loai dong co
khong can bao dudng bang cach thay thé chirc ning cua cd gdp va chdi than boi
chuyén mach st dung thiét bi ban dan (chéng han nhu bién tan st dung transitor cong
suat chuyén mach theo vi tri rotor). Nhitng dong co nay dugc biét dén nhu dong co
dong bo kich thirc bang nam cham vinh ctru hay con goi 13 dong co mét chiéu khong
chdi than (BLDC). Do khong ¢6 c¢6 gop va choi than nén dong co nay khic phuc duoc
hau hét cac nhugce diém ciia dong co cd vanh gop thong thuong. Mic du ngudi ta noi
rang dic tinh cua dong co mot chidu khong chdi than va dong co mét chiéu thong
thudng giong nhau, thuc té chiing c6 nhitng khac biét dang ké & mot vai khia canh. Khi
so sanh hai loai dong co nay vé mat cong nghé hi¢n tai, ta thuong dé cap td1 su khac
nhau hon 13 gidng nhau giira ching. Khi n6i vé chirc ning cua dong co dién, khong
dugce quén ¥ nghia ddy quan va su doi chiéu. Doi chiéu 1a qua trinh bién doi dong dién
mot chidu & dau vao thanh dong xoay chiéu va phan bd mot cach chinh xac dong dién
nay toi mdi ddy quan & phan tng dong co. O dong co mot chiéu thong thuong, su d6i

chiéu dugc thyc hién bdi c6 gop va chdi than, nguoc lai & dong co di€n mot chiéu
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khong chdi than thi viéc ddi chiéu duoc thyc hién bang cach st dung cac thiét bi ban

dan nhu transitor, MOSFET, GTO, IGBT.
Bang so sanh dong co dién mot chiéu thong thudng véi dong co mot chiéu

khong chdi than:

Bdng 4.1 — So sdnh dong co mét chiéu théng thuong va dong co mot chiéu khéng chéi

than

Noi dung

Pong co mot chiéu thong
thuong

Pong co mot chiéu khong choi
than

CAu tric co khi

Mach kich tir ndm trén
stator

Mach kich tir nam trén rotor

Tinh nang dac biét

Dap (mg nhanh va d& dicu
khién

bap tmg cham hon khi khoi dong
nhung nhanh hon khi dé dat toc
do on dinh. D& bao dudng

So do ndi day

Noi vong tron.

Pon gian nhat 1a nbi A

Ba pha ndi Y hoic A. Binh
thuong ndi diy 3 pha nbi Y c6
diém trung tinh ndi dat hoic ndi
4 pha. Pon gian nhét 1a ndi 2
pha.

Phuong phap chuyén

Tiép xtc co khi gitra choi

Chuyén mach dién tur sir dung
cac ban dan: MOSFET,

dinh v1 tri rotor

mach than va ¢6 g6p transistor, IGBT...
o s Str dung cam bién vi tri: Cam
Phuong phap xac Tu dong xac dinh bang bidn .tirgtru(‘)‘ng Hall. cam bién
choi than ’

quan hoc (Encoder)

Phuong phap dao
chiéu

bao chiéu dién ap nguon
(cap cho phan ung hoac
mach kich tir)

Sap xép lai tht ty cta cac tin
hiéu logic
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4.2 Cau tao BLDC

Dua vao dang song cia stc phan dién dong trén cudn ddy stator do sy phan bd tir
treong phan cam va ddy quin phan tng, nguoi ta chia dong co 1am 2 loai:

- Pong co (séng) hinh sin co cau tai ddy quan va cyc tir phire tap

- Dong co (séng) hinh thang co ciu tao ddy quin va cuc tir dong gian
Dang song cua stc phan dién dong nay phu thudc vao cach bd tri va quan day stator.

bong co BLDC la loai dong co song hinh thang.

Pong co dién mdt chiéu ¢ thé phan thanh hai phan chinh : phan tinh va phan dong.

minh hoa cu tao dong co mat chiéu ba pha khong chdi than dién hinh:

+ O— A Py
- / \T/r’f \‘;‘ Dong co
BLDC
Chuyén Cém bien
mach dién tir V1 tri

Hinh 4.1 — So do khoi diéu khién déng co BLDC
Ta thiy, BLDC 1a su két hop cua dong co xoay chiéu dong bo kich thich vinh
clru va bo do6i chiéu dién tir chuyén mach theo vi tri rotor. Viéc xac dinh vi tri rotor
dugc thyc hién thong qua cam bién vi tri, hau hét cac cam bién vi tri rotor (Cyc tu) la
phan tir Hall. Nhu viy, BLDC c6 3 phan chinh d6 la: Stato, Rotor va bd phan ddi
chiéu. ngoai ra con cd cam bién vi tri dé x4c dinh vj tri rotor so véi pha dong dién, b

ma hoéa so I¢ch (encoder) dé do tdc do rotor ciia dong co.
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4.2.1 Phén tinh - stator

Day 1a dimg yén ctia may , bao gdm cac bd phan chinh sau:
a) Cuc tir chinh:

La bo phén sinh ra tir truong gém c6 131 sét cuc tir (cac 14 thép ki thuat dién ghép
cach dién v6i nhau) va day quin kich tir 10ng ngoai 15i sit cuc tir. Lai sit cuc tir 1am
bang nhitng 14 thép k§ thuat dién hay thép cacbon day 0,5 dén 1mm ép lai va tan chit.
Trong dong co dién nho c6 thé dung thép khdi. Cuc tir duwoc gin chit vao vo may nho
cac buldng. Day quan kich tir duge quan bang diy dong boc cach dién va mdi cudn day
déu duoc boc cach dién k¥ thanh mdt khéi tam son cach dién trude khi dit trén cac cuc

tur. Cac cudn day kich tir dugc dat trén cac cuc tr nay dugc noi ti€p véi nhau.

b) Cuyc tir phu:

Cuc tu phu dugc dat trén cac cuc tu chinh va dung dé cai thién d6i chiéu. Loi
thép cuia cyc tir phu thuong lam bang thép khdi va trén than cuc tir phu ¢6 dit diy quan
ma ciu rao gidng nhu day quén cuc tir chinh. Cyc tir phu duoc gin vao vo may nho
nhitng buldng.

c) Gong tu:

Gong tir ding 1am mach tir ndi lién cic cuc tir, dong thoi lam vo may. Trong
dong co dién nho va vira thuong ding thép day udn va han lai. Trong may dién 16n
thuong dung thép duc. Co6 khi trong dong co dién nho dung gang lam vo may.

d) Céac bo phan khac:
- Nip mdy : Dé bao vé may khoi nhirng vat ngoai roi vao lam hu hong ddy quin
va an toan cho ngudi khoi cham vao dién. Trong may dién nho va vira nip may
con c6 tac dung lam gia d& 6 bi. Trong truong hop nay nap may thuong lam

bang gang.
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Hinh 4.2 — Cac ld thép cua stator dwgc ghép cach dién voi nhau

\
3 3 3 7 9 1
Agigininteby,

Hinh 4.4 — Stator sau khi qudn déy xong
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4.2.2 Phin quay - rotor.

Bao gdém nhirng bd phan chinh sau :
a) Loi sat phan tng :

Dung dé din tir. Thudong dung nhitng tim thép k¥ thuat dién day 0,5mm phu
cach dién mong ¢ hai mat roi ép chit lai dé giam t6n hao do dong dién xoay giy nén.
Trén 14 thép c6 dap hinh dang rinh dé sau khi ép lai thi dat diy quin vao.

Trong nhitng dong co trung binh trd 1én nguoi ta con dip nhitng 16 thong gid dé
khi €p la thanh 161 st c6 thé tao duoc nhiing 16 thong gid doc truc.

Trong nhiing dong co dién 16n hon thi 15i sat thuong chia thanh nhitng doan
nho, gitta nhitng doan iy c6 dé mot khe hé goi 1a khe hé thong gi6. Khi may 1am viéc
gi6 thdi qua cac khe hé 1am ngudi ddy quéan va 15i sit.

Trong dong co dién mot chiéu nho, 15i sit phan tng duoc ép truc tiép vao truc.
Trong dong co dién 16n, gitta truc va 13i sat ¢ dat gia roto. Dung gia roto c6 thé tiét

kiém thép k¥ thuat dién va gidm nhe trong lugng roto.
b) Day quén phan tng.

D4y quan phan ung 12 phan phat sinh ra suat dién dong va c6 dong dién chay
qua. Day quan phan tng thudng 1am bang ddy dong c6 boc cach dién. Trong may dién
nho c6 cong sudt dudi vai kW thuong ding day co tiét dién tron. Trong may dién vira
va 16n thudng dung day tiét dién chir nhat. Dy quin dugc cach dién can than véi rinh
cua 161 thép.

Dé tranh khi quay bi vang ra do luc li tim, & miéng rinh c6 dung ném dé de
chit hodc dai chit day quan. Ném c6 1am bang tre, gb hay bakelit.
c) Céac bd phan khéc.
- Canh quat: Dung dé quat gi6 1am ngudi may. May dién mot chiéu thudng ché
tao theo kiéu bao vé&, ¢ hai dau nip may c6 15 thong gio. Canh quat lap trén truc
may, khi dong co quay canh quat hut gid tir ngoai vao dong co. Gid di qua vanh

gop, cuc tur 161 sat va day quan réi qua quat gio ra ngoai lam ngudi may.
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- Tryc may: Trén d6 dat 16i sat phan ung, c6 gop, canh quat va 6 bi. Truc may

thudng 1am bang thép cacbon tdt.

Hinh 4.6 — So do cdu tao bén trong ciia déng co BLDC
4.2.3 Cam bién Hall:

Khong giéng nhu dong co mot chiéu dung choi than, chuyén mach cia dong co
mét chiéu khong choi than duoc diéu khién bé‘mg dién ta. Tuc la cac cudn day cua stato
s& duoc cap dién nho sy chuyén mach cia cic van ban dan cong suit. dé dong co lam
viéc, cudn day cua stato dugc cép dién theo thir tu. Ttc 1a tai mot thoi diém thi khong
ngau nhién cép dién cho cudn day nao ca ma phu thude vao vi tri ctiia rotor dong co &

dau dé cap dién cho chung. Vi vay, di€u quan trong la can phai bi€t vi tri cia rotor dé
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tién tGi biét duoc cudn day stato tiép theo nao s€ duoc cép dién theo thu tu cép dién, vi
tri cua roto duoc do béng cic cam bién sur dung hiéu tng Hall dugc dat an trong stato.
Hau hét tit ca cac dong co mdt chiéu ba pha khong chdi than déu c6 3 cam bién hall
dat an trong stato, & phﬁn dudi truc ciia dong co. Mdi khi cac cuc nam cham cua roto di
qua khu vuc gan cac cam bién Hall, cac cam bién nay s& giri ra tin hiéu cao hodc thap
ung vai khi cuc Bic hoic Nam di qua cam bién. Dya vao to hop cua céc tin hi¢u tur 3
cam bién Hall, thtr tu chuyén mach chinh x4c duoc xac dinh. Tin hiéu ma cic cam bién
Hall nhan duogc sé dya trén hiéu ting Hall. D6 1a khi ¢c6 mot dong dién chay trong mot
vat dan dugc dit trong mot tir trudng, tir trudng sé tao ra mot luc nam ngang 1én cac
dién tich di chuyén trong vat din theo huéng day chung vé mot phia cta vat dan. S6
luong cac dién tich bi déy vé mot phia s€ can béng vl miac d0 anh hudng cua tir
truong. diéu nay dan dén xuat hién mot hiéu dién thé gitta 2 mit cia vat dan. Su xuét
hién ctia hiéu dién thé c6 kha niang do dugc nay duoc goi 1a hiéu tng Hall, 13y tén

nguoi tim ra n6 nam 1879.

Hinh 4.7 — Ba cam bién HI, H2, H3 giup xac dinh vi tri cua rotor
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Dong 3
diép 1 Vi) Dién ap
chicu . Hall
/ .
T4m Hall T
(ban dan loai P)

Nguén DC

Hinh 4.8 - M¢t dong dién i di qua tam kim logi day d va vuéng géc véi tir truong B sé
xudt hién dién dp chénh léch o 2 mat bén cua tam Hall do sw phan bé dién tich trai dau

giita 2 mdt bén. Pién dp Hall sé thay doi khi tie trieong tac dung 1én tam Hall thay doi.

Cuon day stator

\
Cam = "—_7""\— ST
bién Hall = J

Cuc S cta nam
cham trén Rotor

Cuc N cua nam
cham trén rotor

Truc phu

',
Nam cham phuy \
cua dong co .

£ Y 2 Pau truc
./ dongco
Hinh 4.9 — Cdu triic nam ngang ciia dong co BLDC
Dua vao vi tri vat Iy ciia cam bién Hall, c6 2 cach dat cam bién. cac cam bién
Hall ¢6 thé duge dit dich pha nhau cac gbc 60° va 120° tuy vao s6 doi cuc. dua vao
diéu nay, cac nha san xuat dong co dinh nghia cac chu trinh chuyén mach ma can thuc

hién trong qu4 trinh diéu khién dong co.
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Cac cam bién Hall can dugc cip ngudn. Pién 4p 4-24V, dong 5-15mA. Khi thiét ké bo
diéu khién, can dé y dén dic diém k¥ thuit twong tmg cua timg loai dong co dé biét

dugc chinh xac di¢n ap va dong ctia cac cam bién Hall dugc dung.

4.3 Nguyén ly hoat dong ciia dong co dién mét chiéu khong chdi than BLDC

Khi dit 1 nam chiam 1én tryuc dé n6 co thé quay duoc, sau d6 di chuyén nam
cham thtr 2 vong quanh nam cham 1. Nam cham 1 sé€ b1 kéo theo nam cham 2 béi vi ¢
luc twong tac tir ton tai giita 2 nam cham, két qua 1a nam cham 1 quay dong bd véi nam

cham 2. Minh hoa ¢ hinh dudi:

( USs
( ( \‘;; Rotor
o =

_ Nam cham
T I —— vinh ctru B

Hinh 4.11 - Nguyén Iy quay dong bé ciia mét nam cham dién va mét nam cham vinh

cuwa
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Trong hinh 4.10 minh hoa céch tao ra nam cham A bang viéc cho dong dién di
qua cudn diy quin quanh mét 13i thép, luc nay nam chdm A 13 mot nam cham dién.
Hai dau cudn day dugc ndi v6i ngudn dién DC dé tao ra dong dién chay trong cudn day
va sén sinh ra céac cuc tir Nam va Bic.

Khi nam cham dién A quay, nam chim B quay theo. Cach sip xép nay xem nhu
khong thuan loi boi vi ddi twong thir nhat (nam cham dién) van phai quay dé kéo dbi
tugng thir 2 (nam cham vinh ctru B). Hon nita, dé ngin chin cac ddy ndi tir nguén DC
khoi bi xodn, ngudn dién phai quay cing téc d6 v6i nam cham dién, diéu nay giy ra
nhiéu bat lgi.

Tuy nhién néu cyc tinh cta nguén DC thay d6i nhu hinh 4.11, vi tri cua cuc
nam va cuc bac trén nam cham dién A thay d6i va nam chim B quay duoc 1/2 vong.
Do d6, cach sip xép nay cho phép nam cham B quay nhung khong can phai quay nam
cham A. Bang cach nbi ghép 2 nam cham dién, 2 ngudn dién DC va thay ddi cuc tinh
ctia ngudn dién, diéu nay cho phép nam chadm B quay ma khong can phai quay bat ky

phan tir khac.

Hinh 4.12 - Nguyén 1y quay dong bé ciia mot nam cham vinh civa va hai nam chdm

dién. Nam chdm vinh ciru la phdn quay, nam cham dién la phan dimg yén
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Hinh 4.13 — Pha dong dién diéu khién déng co
Khi dong dién dugc cung cip vao 2 nam cham dién theo thir ty nhu hinh 4.13,
s& tao ra 1 nam cham dién quay A, két qua 1a nam cham B quay theo. D6 chinh 1a
nguyén 1y co ban cia tt ca cac loai dong co dién quay.
Dé thay ddi chiéu quay ciia nam chdm B ta phai cung cip dong dién vao cac cudn day

nam cham nhu hinh 4.15:

Hinh 4.14 - Déi chiéu dong dién dé doi chiéu dong co
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Hinh 4.15 -Dong dién diéu khién dong co DC khi doi chiéu
Céc dong co dién ndi chung va DCMCKCT ndi riéng hoat dong dua trén nguyén ly
cam Ung dién tur cua Faraday nhu sau:
- Mot stre dién dong cam Ung E xuét hién gitra hai dau cudn day, néu tir thong
moéc vong qua cudn day 1a ham s6 cia thoi gian

- (Gia tr1 cua suc dign dong cam Ung ti 1€ thuan vai toc do bién thién cua tu

théng
Strc dién dong cam ing duogc tinh nhu sau:
A
At
-3
& (mwb)

“\T

T
{ms)

e —————

g

N = 100 TURNS

200 |

1

T
{ms)

Hinh 4.16 — Nguyén ly cam vung dién tir
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Néu nam cham quay nhu hinh 4.13 va hinh 4.15 cac dudng sirc tir ciia nd s& gy
ra mot suc dién dong cam Ung trong cudn day cua nam cham dién, né dugc goi la cudn
day stator vi n6 khong bao gio quay. Piéu niy sé giy ra dong dién chay trong cudn day
stato khi 2 dau cudn day dugc ndi ngén mach, do dé san sinh ra mét tir trudng khac. Su
tuong tic gitra tir trudng stato va tir truong nam chim quay sé tao ra luc can chuyén
dong quay ctua nam cham. Pay 1a nguyén 1y co ban cia Dynamometer dé tao momen
can.

Cong co khi dugc tao ra bat ky khi nao c6 lyc F tac dong lam di chuyén mot vat
qua mdt khoang cach d, va cong dugc dinh nghia boi cong thirc sau:

W=F xd(Nm)
Tudng twong rang vat thé di chuyén xung quanh mét truc ¢é ban kinh r do mo
luc F gdy ra. Lic nay momen T tac dong 1én vat dugc xéc dinh theo cong thirc:
M=F xr(Nm)
Néu vat thé quay véi téc dd n (vong/phuat), thi cong co hoc sé& 1a:
P=M x 21n/60 = (M x n) /9.55 (W)

4.4 Piéu khién dong co dién mot chiéu bing phwong phap diéu ché d6 rong
xung - PWM

Vi ¢6 stc dién dong hinh thang nén DPCMCKCT trong cac phuong phap diéu
khién truyén thong tai mdi thoi diém chi hai pha duoc cip dién dong thoi va diéu chinh
toc d6 duoc thuc hién bang cach diéu chinh dién ap cap cho cac pha. Trong diéu kién
d6 momen va toc do cua dong co dap mach manh dang ké, nhat 1a & vung tdc do thép.

Nguyén ly diéu khién dong co BLDC la dao pha ¢ 3 dau diy dong co theo 6
trang thai dao pha. Toc do dong co phu thudc vao toc do ddo pha nay. Ta dung phuong
phap diéu ché d6 rong xung dé diéu khién téc d6 dong co BLDC.
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Hinh 4.17 - So do thé hién s dao pha & ba dau ddy déng co
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Hinh 4.18 - Chiéu ciia 6 trang thdi dao pha ciia BLDC

Dang don gian nhét cua diéu khién dong co la diéu khién mach hé, ma don gian
1a diéu khién gia tri dién ap va nhimg dic trung ciia dong co va xac dinh tai dé diéu
khién van téc va momen. Nhung hau hét van dé quan tam phu thudc loai diéu khién tu
dong nao dé noi dién ap tu dong duoc thay doi dé sinh ra chuyén dong mong mudn.
bay duoc goi 1a mach kin hodac mach diéu khién phan hdi va nd phu thudc vao van tbe
dau ra / hodc momen cam bién toi nhitng gia tri dau ra phan hdi dé lién tuc so sanh dau
ra thuc té toi mot gia tri mong mudn goi 1a diém tap hop. Khi d6 bo diéu chinh thay doi
dau ra cua dong co dich chuyén sat t¢i diém tap hop. Bo diéu chinh van toc dién tir co
hai kiéu: bo khuyéch dai tuyén tinh va bo bién d6i do rong xung. Mic dau ca hai hé
thdng c6 thé duoc thiét ké cho mot chirc ning tot hon, cac bd diéu chinh bién doi bé
rong xung c6 cai tién ma chung diéu khién céc tranzitor cong suit ludng cuc nhanh
chong giita cac gidi han va sy can bang noi thao tac rat hidu qua (ton that cong suat 1a
t6i thiéu) hodc bat va tit FET. B6 khuéch dai phu khuéch dai cong suat tuyén tinh 1am
thoa man nhung phu thudc ton that nhiét tir 46 nd hoat dong trong vung tuyén tinh ciia
thao tac tranzitor. Ta s& tim nhiing bd diéu khién phu kinh té, sit dung nhimg bod

khuéch dai tuyén tinh, nhung bdi vi yéu ciu cong suét thép, dé ché tao, kich thudc nho,
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va gia thanh thap, ching ta sé& tap trung thiét ké bo khuéch dai, d6 goi 1a bo khuyéch

dai bién doi chiéu rong xung.

Nhu da dé cap o trén, tdc do dong co phu thudc vao dién ap qua nd. Do do, vdi
phuong phap diéu ché d6 rong xung PWM, bang cach thay doi do rong xung tirc 1a
thay ddi thoi gian “dy xung” (“on”) thi dién 4p trung binh thay d6i do d6 dién ap qua
dong co (hay cong suat trung binh cip cho motor) thay doi, dan dén téc do thay doi.
Mach diéu khién mé to bang phuong phap PWM hoat dong dua theo nguyén tic cap
ngudn cho moé to bang chudi xung déng mé voi toc d6 nhanh. Ngudn DC duge chuyén
d6i thanh tin hiéu xung vudng (chi gom hai mic 0 volt va xap xi dién ap hoat dong).
Tin hiéu xung vudng nay duoc cip cho mo to. Néu tan sé chuyén mach di 16n mé to sé

chay v61 mot toc do déu dan phu thudc vao mé men cuia truc quay.

Nguyén 1y hoat dong ciia may khuéch dai PWM dugc biéu dién ¢ hinh 4.19.
Mot dién ap mot chiéu cung cdp cong sudt nhanh chong dugc chuyén thanh mot tan sb
f ¢6 dinh gitta hai gia tri (vi du “ Bat ” va “ Tt ). Tan s6 ndy thuong 16n hon 1 KHz.
Gia trj cao dugc gitr trong thoi gian mot xung t trong thoi gian chu ky T ¢6 dinh
1

T==
f

Song dugc tao ra c6 mot chu ki cong suat, dugc dinh nghia nhu ty sé gitta thoi
gian ON va chu ki song, thong thuong dugc tinh theo phan tram:
.t
Chu ki cong suat — ; x 100%
Trong khi chu ki cong sudt dugc thay doi bai bo diéu chinh, dong dién trung
binh chay qua dong co s& thay ddi, gay ra nhitng su thay ddi vé& van toc va momen &
dau ra. N6 chii yéu thay doi vé chu ki cong suat chir khong phai 1a gia tri ciia dién ap

cung cap cong suat ma xac dinh nhiing dac trung dau ra ctia dong co.
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Hinh 4.19 - B¢ bién doi bé rong xung cua dong co dién mot chiéu

So dd khdi ciia mot mach diéu khién phan hoi tdc dd PWM cho dong co mot

chiéu duoc thé hién & hinh 4.20. Mot ap ké phat sinh mot tin hiéu ra tuyén tinh lién hé

dén toc do cua dong co. N6 dugc so sanh vai toc dd mong mudn da dat trude (mot dién

ap khéc c6 thé diéu khién bang tay hodc diéu khién bang may tinh). Su ¢b va dong dién

cua dong co dugc cdm nhan boi mot may di€u chinh én chiéu rdng xung ma phat sinh

do rong mot xung vuong da di€u chinh nhu mot tin hi€u ra. Tin hiéu nay dugc khuyéch

dai t6i mot murc thich hop cho dién ap diéu khién cho dong co.

TéC d@ + Ly

mong mudn

Khuéch dai
cong suat

g

B6 tao PWM

Bo do

bong co

Tdc d6 hoi tiép

Hinh 4.20 - So' d6 khéi ciia bé diéu khién phdan héi toc d¢ PWM cho déng co DC
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Trong diéu khién dong co PWM dién thé d6i chiéu nhanh qua phan ung, va
dong dién qua dong co bi tac dong boi tinh tu cam va khang tré ctia dong co. Mac du
c6 thé thiét ké va tao ra mot dia quay cho mot dong co phu diéu khién riéng va cac
thanh phan ning luong, nhung c6 mot vai thiét ké mach tich hop c6 kha ning tiét kiém
dugc nhiéu thdi gian va tién bac trong thiét ké may. Xét vé van dé co ban cua viée diéu
khién dong co mot chiéu. Myc dich cudi ciing ctia ban c6 thé 1a dé diéu khién téc do

chiéu quay, goc, va (hodc) momen quay.

Véi yéu cau diéu khién toc d6 ctia dong co mot chiéu, chung ta co thé phai thay
d6i dong cung cap cho dong co. Pé diéu khién hudng quay thi chiéu cua dong dién
cung cip cho dong co phai d6i chidu. Piéu d6 doi hoi mot b khuéch dai dong dién va
mot vai thiét bi dé chuyén hudng dong dién. Dé giai quyét yéu cau nay, ngudi ta dua ra
khai niém mach cau H (H-bridge). Nguoi ta sir dung 4 transistors xép theo hinh H xung
quanh dong co mot chiéu (nhu hinh v€ duoi) va 1an luot kich hoat ting cdp tai moi thoi

di€ém cho hudéng mong muodn ctia dong co.

I+V
@ o] k o]

Q2

Q4 —| Q4 \l/'_Q%
L

Hinh 4.21 — Ché dé quay thudn

Néu transistor Q1 va Q3 kich hoat, Q2 va Q4 tit thi dong di¢n sé truyén qua dong
co theo hudng nhu hinh v& va dong co s& quay theo 1 hudng. Tiép dén, khi Q2, Q4
kich hoat con Q1, Q3 tat thi dong co s& quay theo hudng nguoc lai. Nguoi ta c¢6 thé tao
ra mot H-bidge v6i ngudén BITs hoic MOSFET. Do d6 ta s& thyc hién mot giai phap
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st dung dudng truyén ctia khap chit ban dan cho cac IC diéu khién chuyén dong, giai
phap nay co thé duoc twong thich cho viée diéu khién dong co mot chiéu.

bong co khong déng bo la dong co dién ma tdc do quay cua rotor cham hon tdc
d6 quay cua tir truong quay stator. Vi du dong co 1dng soc. Stator duge quan cic cudn
day léch nhau vé khong gian (thuong 12 3 cudn day léch nhau goc 120°). Khi cap dién
ap 3 pha vao diy quin, trong 1ong Stator xuét hién tir truong Fs quay tron véi tan sd
S=60*f/p, v6i p 1a sb cip cuc cua diy quin Stator, f 13 tan sd.

T trudng ndy moc vong qua Rotor va gy dién 4p cam ung trén cac thanh dan
16ng soc cua rotor. Pién 4p nay gdy dong dién ngin mach chay trong cic thanh dan.
Trong mién tir truong do Stator tao ra, thanh dan mang dong I s€ chiu tac dong cua lyc
Bio-Savart-Laplace 16i di. C6 thé noi cach khac: dong dién I gdy ra mot tir truong Fr
(tr trvong cam Ung cua Rotor), tuong tac gitta Fr va Fs gdy ra momen kéo Rotor
chuyén dong theo tir trudng quay Fs cta Stato.

...1| ﬁ| 51 4 3| 2 | 1 |ﬁ...
+V——*——I——l———|-——*———
A Float - — — — L _ -L_ L.
v | | | | |
w_o___T”-7__ N A IR I
| | | | |
BFInat____ __I__ __I_____
N - - ) T Sy l _— -
Wemm=r === - | -Tr-=-=-
C Float - — _] -4 - _ -
Noe— - — | L e
| | | |
H o — . . —_ g — ok — — -
} } 1— -I- *—
SensorAL__L_J__J__ | | L.
He - —+ — } } -—|l-—-FF—71--
H - — - === - } } -_——-
Sensor C I I 1 I
| | | | | | |
Code 101 | 001 | 011 | 010 | 110 ; 100 | 101 | 001

Hinh 4.22 — So do dinh thoi dieu khién dong co BLDC sw dung Hall sensor (6 trang
thai cua Hall sensor va 3 day pha cua BLDC)
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Ta dung mach cau H dé déo pha 3 dau day dong co:

+Vy +Vy +Vyy
/’ - -\.\\\ --\,\\ /» -\-.‘\
AHigh _ | | BHigh / '\ C High \
control '.\ | control ; control )
S P 1
> ToA > ToB —» ToC
7 n N
A Low { B Low ‘ C Low 1 \
control | .' control . control /
\. Nl \ >/
Vu Vu Vu

Hinh 4.23 - Mach diéu khién - van déng mé dong qua cdc cuén ddy stator

MJi pha diéu khién bao gom mot mirc cao diéu khién diém cudi dong co, mot
mirc thap diéu khién diém cudi dong co, mot diéu khién left floating. Mdi thanh phan
nay diéu khién mirc cao, muc thap va diéu khién floating & mdi diém cudi ciia dong co.
Chu y ré“tng diéu khién mirc cao va thép khong dugc kich hoat cung mot luc, va nén
dung dién tro day kéo trude mdi dau vao didu khién nhim dam bao rang cac chirc ning
diéu khién nay sé& tat ngay lap tirc khi RESET b6 diéu khién khi cac dau ra bo diéu
khién dugc cdu hinh nhu cac dau vao tré khang cao.

Mot chi ¥ nita d6 1a diéu khién thoi gian chét — khoang thoi gian khi dich
chuyén cac dau ra tir mirc cao sang mirc thap va nguoc lai, khoang thoi gian dé tat diéu
khién murc cao phai duge bo qua trudce khi kich hoat diéu khién murc thip. Thuong thi

céc bo diéu khién co thoi gian tit 16n hon thoi gian bat.
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Ta sé& diéu khién cac tran thai dong mé van MOSFET theo bang sau:

Bdng 4.2 - Bang trang thdi ciia bg 3 cam bién Hall

Step [(1) [(2) [G) (D |5 [(6) (D) [(2)[B) [ (4 |(5) |(6)
Hall sensor| 101|001 |011|010|110|100] 101|001 (011|010 |110
Phase Ajf— o e o e
Hall B Y S o
Phase B-lebomddeo
Phase C
Hall | Hall | Hall | Plose | Pluse | Plose
Hieh switch |H3|HI[Hl | H2|H2|H3||-A | B | €| A | B | C
= , 1 0 1 | NC | Ve | Vet
Low switch |L2 |L2|L3|L3|L1|LI 1 1 0 0 | var | vae | N
1 1 0 | Vier | NC | Vie
0 1 0 | NC | Vier | Vi
0 1 1 | Ve | Vider | NC
0 0 1 | Ve | NC | Vier
Step (1) (2) (3) 4) (3) (6)
Hall sensor | 101 001 011 010 110 100
OVDCOND  n0100100(00000110[00010010(0001 100000001001 00100001

PWMS - H3 ”H”

[y

P“M4 - L3 e
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CHUONG 5: THIET KE MO-DUN PIEU KHIEN LY TAM

Xuat phat tir yéu cau trong thiét ké hé théng truyén méu hoan hdi, nhém nghién

ciru da xay dung dugc so khoi, so do chi ti€t cia mo-dun diéu khién ly tam. Két qua

thir nghiém d3 dap tmg duoc yéu cau dit ra va hoan toan cé thé ap dung cho hé théng

truyén mau hoan hoi.

5.1 So' @6 khoi mo-dun diéu khién ly tim

vvyY

Hinh 5.1 — So d6 khoi mé6-dun diéu khién déng co ly tam

Pong co 1 chidu
khéng chéi than
(Brushless DC Motor)

5.2 X4y dung mach diéu khién vong kin

Khéi ngudn » Ngudn 24V DC —>»
Céu MOSFET
B_us ; J OZJI;}Q,,J as
giao | | Thiétlap by
voi toc do ” By Bao vé 5
trung CPU > °
A 5 JELL H
= Didu khién CPU dieu el Jote _Jh}e
dieu == oA ¢
khién chirc nang khién
\
Clock
Giai ma |« ADC
Canh bao |« <
A
Didu khién ¢
vong kin |

Ghi chu:

[ cPu

] Ngudn
[_] Diéu khién
[ Bus

D abc

P> Knuéch dai
7] Baove
] Cambién

Kho khin chinh ctia diéu khién dong co BLDC la giai ma dit lidu tir cac cam

bién Hall va thyc hién mét s tinh ning quan trong nhu lya chon chiéu quay, ngat khi

qua dong, khoa mach khi dién 4p thap, ngit qua nhiét. Ta c6 thé sir dung cac phan tur

roi rac d€ thuc hién cac chirc ndng nay nhung nhu vay chi€ém qué nhi€u dién tich mach,

dac biét 1a doi1 voi dong co c6 mach di€u khién nam bén trong. Mot van dé khac 1a cac

transistor cong sudt hién nay khong du cong suat cho nhitng déng co 16n. Transistor
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cong suat ludng cuc khong duge ua chudng nita boi ching khong thé dugc didu khién
trye tiép tir mot IC didu khién va hién nay nhitng MOSFET cong suit c thé 1a lya
chon t6t nhat vi ching dé dang duoc diéu khién, hiéu qua cao va gia ré.

Mach diéu khién ba thanh phan chinh. MC33035 1a IC trung tdm va duoc coi
nhu bd ndo ciia mach, nd kiém soat tat ca cac hoat dong. MC33039 1a IC diéu khién téc
do vong kin (coi nhu tachometer dién tir). N6 dua thong tin tdc do cua dong co. Cubi
cung la MPM3003 1a mot cau ba pha chuyén ddi dién cho dong co va no6 duogc tao ra dé

diéu khién dong co don gian hon.
5.2.1.1 CPU diéu khién trung tam - 1C MC33035

M(C33035 12 IC diéu khién dong co BLDC. N6 ¢6 du céc tinh ndng néu trén. IC
nay giai ma vi tri cua rotor dé diéu khién MPM3003 gitip dong co quay. Pic tinh cia
IC MC33035:

- Bién 4p hoat dong 10-30V

- Khoa mach khi dién ap thap

- Tao dién 4p chuan 6.25V cung cip ngudn cho cam bién Hall

- Piéu khién dugc cau MOSFET 3 pha bén ngoai

- Mach han dong (cycle by cycle current limiting)

- Tinh ning cam bién dong

- Ngit khi qua nhiét

- Lya chon pha cho cam bién Hall 60°/300° hoac 120°/240°

- Co thé diéu khién dong co chdi than 1 chiéu hiéu qua vdé1 mach ciu H

MOSFET bén ngoai.
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Fwd/Rev E
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s 5
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Output Enable Iz
Reference Output E
Current Sense 9

Noninverting Input
Oscillator | 10/
Error Amp 1
Noninverting Input
Error Amp 12
Inverting Input

24 CTJ

23 | Brake

22 |60°/120° Select

21 |Ag
Bottom

20|85 > Drive
Eca QOutputs
o ]ve

17 Ve

16 | Gnd

15 Current Sense
Inverting Input

Era_uﬁ()utpu

13 Error Amp Out/

PWM Input

Hinh 5.2 - So d6 chén ciia MC33035
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Hinh 5.3 - So' d6 khoi bén trong ciia MC33035 ciing mét s6 bo phdn diéu khién dong
co BLDC
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Bang 5.1 - Bang moé ta chuc nang chdan cua MC33035

CHAN KY HIEU MO TA
1224 B Ba cong dau ra duoc thiét ké dé diéu khién ba MOSFET
o A PNP bén trén ctia cau 3 pha trong MPM3003.
3 Fwd/Rev Pau vao nay duoc st dung dé thay ddi chiéu quay
cua dong co
45.6 S .S..S Ba dau vao cua tin hiéu cam bién Hall dé diéu khién thw twr
i AR chuyén mach dau ra.
7 Gutpus bl Mt’rc logc cao 4] d?u vao cho pheg dong co hoaAt dong
Murc logic thap khong cho phép dong co hoat dong
Pau ra nay cung cap dong dién nap cho tu dién Cr cua
8 Reference Output bd dao dong dinh théi va tham chiéu cho bd khuéch dai
10i. N6 con cung cap nguon dién cho cam bién Hall
s . Mot tin hiéu 100mV lién quan téi chén 15, tai dau vao
9 N ol:::\{le[ m:;i put nay giéi han chuyén mach dau ra trong mot chu ky dao
dong nhat dinh. Chéan nay thudng két ndi véi phan trén
cua dién tré cam dong.
6 Ossillaiae Tan s6 dao dong dugc thiét 1dp bang gia tri Ira chon cua
thanh phan dinh théi R, Ct.
ii Error Amp Pau vao nay thuong két ndi véi mot chiét ap dé thiét lap
Noninverting Input toc do.
- Error Amp Pau vao nay thudng két ndi véi dau ra khuyéch dai 16i
Inverting Input trong Gtng dung vong moé
- Error Amp OuyPwM | Chan c6 chic nang bu trong umg dung diéu khién vong
Input kin
Pau ra nay s& & mirc logic thap trong nhitng truong
14 Fauli 6 hop: L6i ma cam bien Hall, chan Enable ¢ mirc 0, dau
2l s vao cam bién dong 16n hon 100mV, sut ap trong qua
trinh hoat dong. va qua nhiét.
15 Current Sense Inverting | Chan c6 dién ap tham ch_iéu bén trong 1a 100mV. Chan
Input nay thudong két ndi véi dau trén cua dién tré cam dong
16 Gnd Chan nbi dat cho IC
17 Vi Chan cép ngudn cho IC. B diéu khién hoat dong
trong pham vi toi thiéu 10 - 30V
Trang thai muc cao (VOH) cua dau ra cac chan lai
18 Ve Bottom duogc thiet lap boi dién ap chan nay. Bo dieu
khién hoat dong trong dai V¢ tir 10 -30V
T C. B. A 3 dau ra bottom duoc thiét ké dé két noi true tiép véi cac
T S cuc dudi cia khoi chuyén mach cong suat bén ngoai
- . Mic logic cua chan nay thiét lap hoat dong cho mach &
22 60" 120" select 60" (mirc cao) hoac 120° (mirc thap) doi véi pha cua cam
bién Hall.
Chén ¢ muc logic cao khong cho phép dong co hoat
23 Brake dong. Chan & mtc logic thap cho phép dong co hoat
dong, s€ phanh lai nhanh chéng khi dong co dang chay.
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a) B¢ giai ma vi tri rotor
Nhiém vu chinh cua bd gidi ma vi tri rotor 1a gidi ma tin hi€u tir cac cam bién
hiéu tng Hall va dé cung cép thr ty chinh xac cho viéc diéu khién dau ra Top Drive
va Bottom Drive. Tai ddy du vao twong thich TTL (Transistor — Transistor Logic),
v6i ngudng dic trung ¢ 2.2V. Didu d6 c6 nghia 12 0.0 — 0.8 V tmg véi muc logic 0 va
2.2 — 5V ung véi muc logic 1. Chi tiét bo giai mai cua dong co s& néu rd trong phan xir

1y chuyén mach.

b) Khuéch dai 16i — Error Amplifier
B0 khuéch dai 16i hiéu sut cao duge thiét ké nhu mot bo theo doi su tdng dién
ap duy nhat, né co thé tiép can voi ca hai dau vao va dau ra (Chan 11, 12, 13). Cau trac
nay cho phép kiém soat toc do trong diéu khién vong kin va vong mé. Trong hinh dudi

day, dau ra bo khuéch dai 16i dugc két ndi véi dau vao PWM.
111 Error Amp

12
Error Amp Out PWM

PWM Input 13 I | >

Hinh 5.4 - B¢ khuéch dai l6i

C) B¢ dao dong
Nhi¢m vu cua bo dao dong 1a “set” ca hai Flip flop R-S. Do d6 diéu khién cac
dau ra lai trén va 1ai dudi. Tan s6 ctia bd dao dong dugc thiét 1ap boi thanh phan dinh
thoi Ry (Ry) va Cr ( Cyp). Tu Cr duoc nap tir du ra tham chiéu ctia IC MC33035 (chan

8) thong qua dién tré Ry va phong béi mot ban dan bén trong.
d) Piéu ché @ réng xung — PWM
Piy 1a mot phuong phap c6 hiéu qua cao dé didu khién toc do dong co bang
cach thay d6i do rong xung cua dién 4p ap dung cho mdi cudn diy stator trong qua
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trinh dao mach. Boi Ct (C,) phong dién, dao dong rang cua diéu chinh ca hai chdt va
kiém soat dau ra top va bottom. Khi dién ap cua Ctting va trd 1én cao hon dau ra cua
bod khuéch dai 161, bd so sanh PWM sé& giam sy truyén cho dau ra bottom béng cach
reset chdt trén. Piéu ché do rong xung chi duoc thuc hién & cac dau ra bottom. So dd
thoi gian cua diéu ché d6 rong xung nhu ¢ hinh duéi.

Error Amp Out/ |

|
PWM Input |
|
|
|
|
|
|
[

Current
Sense Input

Latch “Set”
Inputs

Top Drive
Outputs

|

o

|

Bottom Drive
Outputs

Fault Output

L]
L

Hinh 5.5 - So do thoi gian ciia bé diéu ché dé réng xung
5.2.1.2 IC MC33039
IC MC33039 nhu mdt téc do ké dién tir co thé kiém soét diéu khién toc do vong
kin cua déng co BLDC ciing véi MC33035. N6 bao gdm ba bo dém dau vao, ba bd
phat hién canh (1én/xudng) s6, mot bo 6n dinh don kha trinh. IC nay c6 thé duoc ung

dung trong diéu khién toc do vong kin. So @6 khdi cia IC dugce minh hoa & hinh 5.6.
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To Rotor
Position
Sensors

Hinh 5.6 - So' d6 khoi ciia IC MC33039

Ba chan dau vao (chan 1, 2, 3) theo ddi vi tri cua rotor dong co BLDC. Tuong
ung tao ra tin hi€u dang xung & f,; (chan 5) voi mot bién d§ xac dinh va d§ rong xung
duoc thiét 1ap boi Ry va Cr & chan 6. Pién ap trung binh cia xung dau ra sé ting theo
tde do dong co. Khi qua mot bo loc thong thép hodc mot mach tich phan thi mot muc

dién ap 1 chiéu (DC) ti 18 thuan véi téc d6 dong co duoc tao ra.
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Hinh 5.7 - Ung dung diéu khién déng co vong kin déc trung

Nhu & hinh 5.7 minh hoa cac két ndi ciia mét img dung diéu khién dong co vong
kin dic trung st dung IC diéu khién dong co khong chdi than MC33035. Véi kha ning
duy tri tc do thap nhat 1a 100RPM tng véi dong co 3 pha 4 cyc nam chim.

Cong dao A (chan 4) duoc sir dung trong nhitng hé thong ma bd diéu khién va
pha cta cam bién trong rotor khong phu hop (khac 60%300° hodc 120°/240°). Bién do
xung dau ra Voy 13 hang s6 theo nhiét 46 va dugc diéu khién boi ngudn cip Ve (chan
8). Pién 4p hoat dong co6 thé giam xudng t6i 5.5V duoc bao dam khi qua nhiét. Dbi véi
hé théng khong co6 dién ap nguén 6n dinh thi dién ap 8.25V do sy phan cuc ngugc cua

diode zener bén trong IC s& dugc trd thanh ngudn cho IC MC33039.
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Sau ddy la mét sé dic tinh ciia MC33039:

Ll
E\i +1.6 [ I
Vep =625V -
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g Rr =10k L
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Hinh 5.8 - D¢ bién thién ciia foy theo suw thay déi ciia nhiét dé
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Vee . Nguén cung cép (V)
Hinh 5.9 - D¢ bién thién ciia foy theo sw thay doi ciia dién dp nguon
5.2.1.3 Khéi cong sudt MPM3003

MPM3003 13 mdt ciu 3 pha cong suit bao gom 3 MOSPET kénh P cho phan
ban dan trén va 3 MOSFET kénh N cho phan ban dan dudi. MPM3003 c6 thé dugc sir
dung truc tiép v6i nhiéu IC diéu khién dong co khong chdi than ma khong cdn mach

dém. Hinh dudi day thé hién so @6 mach dién trong MPM3003.
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Hinh 5.10 - So' d6 mach dién trong MPM3003
Dic diem ctia MPM3003

- MOSFET cong suat kénh P va kénh N dé dang diéu khién

- Bién 4p cach ly 1én téi 2kV

- Kha nang chiu dong dinh kha cao: 25A

- Bién 4p va dong lién tyc cao : 60V,10A

- Tiét kiém dién tich khong gian

- Kha ning chiu nhiét ot (dai hoat dong: -40°C t6i 150°C)

- C6 thé dugc diéu khién truc tiép boi IC diéu khién dong co BLDC MC33035,
MC33033.

Trong mach thiét ké khong sir dung transistor cong suét ludng cuc boi nd khong
duogc 14i truc tiép boi IC MC33035. Mach Darlingtons thi ¢6 dién ap “Mé” thudng qua
cao. MOSFET cong suét duong nhu 1a lya chon tot boi dé dang diéu khién, hiéu suét
cao. Boi vay MPM3003 dugc tich hop 6 MOSFET 1a mot lya chon hop 1y. 3 MOSFET
cong suit kénh P ¢o dién trod 0.28Q va 3 MOSFET cong suit kénh N c6 dién tré 0.15Q.
Nhitng MOSFET trong MPM3003 c6 3 thudc tinh manh mé hon so v&i céc thé hé
MOSFET trudc dy. Dau tién 1a chung c6 thé chiu dugc Gng suit trong suit qué trinh
chuyén mach cua diode S-D trong MOSFET. Nhitng MOSFET doi dau thinh thoang bi
hong khi diode ctua chung bi cudng buc khi c6 dong nguge. Thir hai, MOSFET méi it
nhay hon véi nhitng hu hai gy ra béi hién tuong qua do gitta mang-ngudn. Cudi cliing

MOSFET trong MPM3003 c6 chi dé (minimum) tir ctra téi ngudn (gate-to-source)
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khién dai dién 4p pha hong 1én dén 40V thay vi chuan cong nghiép hién nay 1a 20V.
Gi61 han dién ap pha hong 16n hon khong chi cai thién kha nang chiu sy phong dién va
nhing dién 4p dot ngdt cira — ngudn, ma con tang thoi gian sdng cho MOSFET & tat ca

cac dai dién &p hoat dong.

5.3 T6 hop mach dién
5.3.1 Thanh phén dinh thoi

Pong co BLDC sir dung néu ¢ 4 cip cuc nam cham vinh ciru. Do vay 4 chu ky
dién tuong tng v4i 1 vong co (hinh 5.11 ). Mdi cam bién Hall s& tao ra 4 xung va 3
cam bién Hall s& tao ra 12 xung. MC33039 sinh ra 1 xung véi ca suon 1én va xudng
nén tong cong sinh ra 24 xung. Trong hinh 5.12, R, va C; la thanh phan dinh thoi cia
MC33039. Gia tri cia Ry va C; s€ lua chon gia tri d6 rong xung foy (chan 5 cua
MC33039) va d6 1a gia tri 16n nhat cho téc do 16n nhéat cua dong co. Nhu vay thah

phén dinh tho1 s€ dugc lya chon tuy thude thiét ké tdc do 16n nhat cua dong co.

91



120

Fotor Electrical Posation {Daegrees)

180
|

240
I

300 360
I [ I

-4

i

600 720

L=t
|
80° Sansor
Elecirical ) |
Phasing g
Input |
|
e Be
|
o 0&
|
120* Sensor
Elecirical
Phasing < 95 |
Inpun
|
B
.
dg Output

:

:

B

—

|
|
|
Latch “Set” Input ”
|

o A s—

|-

RriCr /
faut Ouipun I_

'1
7

717
| | |
1 1 []

™
_T‘_,—_
=

1 []

Wi, = 0.67 Ve

-\‘N‘\
-

I

L

L
I

I_ L=[|- Vo [AVG)

|———Constart Motor Speed——————m=j-——— Incraasing Mot ———m=]
Speaad

Hinh 5.11 - So' d6 thoi gian tin hiéu cam bién Hall ciia dong co BLDC 3 pha

Néu dong co str dung c6 toc d6 dinh mirc 6300 vong /phut (tdc do téi da trong

dai momen 6n dinh). Twong tng véi tc d6 d6 1a 105 vong/gidy. Nhu vay MC33039 s&

tao ra 105 X 24 = 2520 xung/ gidy. Tan s6 xung s& 1a 2.52khz va do rong xung xap xi

0.4ms. Vay can chon gia tri R;va C; sao cho tao ra toc d6 rong xung nhé hon 0.4 ms dé

hoat dong duoc trong trudng hop dong co hoat dong & toc d6 tdi da.
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Hinh 5.12 - Bé rong xung fou ving voi gia tri Ry va Cy cua MC33039
Tur d6 thi ¢ hinh trén ta chon gia tri Ry = 10kQ va C; = 22nF. Két qua do rong
xung s€ 1a khoang 200us.
Tuong tu nhu vay, thanh phﬁn dinh thoi cua MC330351aR,=5.1kQva C, =
0.01uF s& tao ra tin s6 PWM la 24Khz .
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Hinh 5.13 - Dé thi givip lira chon tan sé dao déng ciia MC33035 théng qua Rt va Cy
5.3.2 Mach diéu khién
MC33035 c¢6 6 chan dau ra dung cho diéu khién. Ba chin diéu khién bén trén
(chan 1, 2, 24) dung 14i MOSFET kénh P. Ba chan diéu khién bén dudi (19, 20, 21)
dung 14 MOSFET kénh N. Chan diéu khién bén dudi dugc cap ngudn tir Ve (chan 18)
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nhu mot nguén doc lap cua Vcee. Khi Vcee 16n hon 20V, cuc Gate cia MOSFET s¢ bi

hong nén can mot diode zener két ndi v6i chan 18 (Zener 1N4746).
a) Mach diéu khién MOSFET kénh N

Néu ngudn cung cip 24V (18 to 30V), MC33035 co thé két ndi truc tiép voi
ngué)n dién &p do vi dai hoat dong cua IC 1a 40V. Véi tu héa C7 (1000uf), tu loc nhd
C8 (0.1 uf) duoc dit ngay sat IC dé giam thiéu nhitng hai ctia ngudn DC.

bé giam thiéu nho nhét sy hao hut cong suét cua IC, ba dau ra duoc 1ai véi
ngudn Ve (Chan 18) tir MC33035. Tu loc ngudn C4 (0.1uf) cung cap dong mo di qua
dién tré R; bi MOSFET hut dong trung binh nho va dong cao dé nap cho cac tu dau
vao ctia chung. Pién 4p roi trén Ry 1a 3V khi ngudn chinh cung cip thap nhét gia tri
18V trong hé théng 24V. 3 diode Schottky D4, D, D3 duoc dat vao gitta cuc Gate cua
MOSFET kénh N va dat dé ngan can st pha hong néu nhu dong vugt qua 50mA.

b) Mach diéu khién MOSFET kénh P

Tbi thiéu 7-8V ¢6 thé chap nhan duoc dé diéu khién cuc G cia MOSFET. Rs va
Re duoc lwa chon dé cung cap lai cuc G cia MOSFET kénh P véi gid tri 10V ngay ca
khi dién 4p cung cip c6 gia tri thap nhat (18V). Rs, Ri, V& Rz diéu khién bat toc do.
Tuong tu Rs, Ris, Ris diéu khién ngat tbc do. MOSFET kénh P hoat dong & tan sb
gidng nhu tan sé chuyén mach (thap hon tan s6 PWM), khong yéu cau tré khang thap
cho diéu khién cuc cong MOSFET kénh P.
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Hinh 5.14 - So' d6 mach diéu khién vong kin sir dung MC33035,MC33039, MPM3003

5.4 Pic tinh diéu khién
MC33035 khong c6 ¢o tinh ning diéu khién tdc do vong kin. IC nay khong theo

doi toc do cua dong co va tao ra tin hiéu ty I¢ vdi toc do dong co. Nhung néu tin hiéu

tbc d6 ctia dong co duge cung cdp cho IC thi MC33035 ¢6 thé thuc hién diéu khién

vong Kin.

5.4.1 Diéu khién toc dp vong mé

N6 khong yéu cau can bié€t toc do ciia dong co dé thuc hién diéu khién vong mo.

N6 cung cap mot tin hi¢u ty 1€ thuan véi toc d0 mong muodn cua dong co vao dau vao

khong ddo cua bo khuéch dai 15 (chan 11). Sau dé dau ra cua bo khuéch dai duge so
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sanh v61 dau ra cua b dao dong dé nhan dugc mot tin hicu PWM ti 1€ véi toc d§ mong

mudn ctia dong co trir khi diéu khién vong nay bi gidi han boi sy qua dong hoic 16i.
5.4.2 Diéu khién toc dp vong kin

Ddi véi diéu khién toe do vong kin, MC33035 yéu cAu mét dién ap dau vao ti 1
thuan voi tde do cua dong co. Bién ap dau vao nay duogc tao ra boi IC MC33039. Nhu
trong hinh 5.14, dién 4p tham chiéu 6.25V tir MC33035 (chan 8) cung cdp ngudn cho
MC33039 st dung tao ra dién ap phan hoi ty 1¢ thuan voi tdc do cua dong co ma khong
can dén tc d6 ké (tachometer). Ca hai IC MC33035 va MC33039 déu st dung tin hiéu
cam bién Hall nhu nhau. Mic dung MC33035 sir dung ching dé giai ma vi tri rotor,
con IC MC33039 sur dung tin hi¢u cam bién Hall dé nhan biét tbc d6 cua rotor.

Ung voi moi canh 1én va xuéng ctia tin hiéu cam bién Hall, MC33039 tao ra
mot xung véi bién do va chu ky duoc thiét 14p bang gia trj cua dién trd Ry va tu dién
C.. Xung dau ra tir MC33039 (chan 5) duogc tich phan bai bo khuéch dai 1i cua
MC33035 va tao ra mot dién &p DC c6 do 16n ty 1€ thuén voi tde do dong co.

Sau khi tao ra tin hi€u ty 1€ voi tde do dong co, tin hi¢u nay s¢€ thiét 1ap tin hi¢u
PWM ¢ chéan 13 cia MC33035 va dong dudng ndi chinh cia tin hiéu phan hoi, tin hiéu
nay dugc di vao cong dao (chan 12) bd so sanh cua MC33035. Tai dau ra cia
MC33039 12 mot bd loc thong thap béi Ry, Cs.

MC33035 mo rong do rong xung téi chin diéu khién néu téc do cua dong co
thép hon tdc do mong mudn khién téc d6 thuc té cua dong co tang, nguoc lai gidm do
rong xung néu nhu tdc d6 cua dong co 16n hon tde do mong mudn. Néu tdc do mong
mudn nhé hon tdc d6 dong co qua nhiéu thi 6 rong xung giam vé 0 va dong co co thé

giam sut xuong toc do mong muon.
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Hinh 5.15 - So' d6 khoi ciia hé théng mach diéu khién vong kin.

5.5 Chuyén mach

5.5.1 Gidi ma vi tri rotor

Tuong ng v6i ba dau vao tin hiéu cam bién Hall, 8 (23) mi dau vao co thé dugc
két hop nhung 2 ma (000 va 111) khong c6 gia tri nén chi c6 6 ma dau vao. B giai ma
c6 thé xac dinh vj tri ctia rotor bang cach st dung 6 ma trén. Huéng quay cua dong co
c6 thé thay ddi bang cach sir dung chan s6 3 (Forward/Reverse) s& lam dao dién ap t6i
cudn day stator. Thtr ty chuyén mach bi ddo khi dau vao chan 3 thay doi tir miic cao
sang muc thip v6i mad dau vao cua tin hiéu cam bién s& 1am hoan ddi chan diéu khién
Top va Bottom. (AT toi AB, BT t6i BB, CT t¢i CB). Thit ty nay khién thay doi chiéu
quay cua dong co. Chan Enable (chan 7) diéu khién bat/tit dong co. Ngudn dong
25mA cung cap thir tu chan 1ai Top va Bottom khi chan Enable bi ngat két nbi véi dat.
Khi bi ndi dat, dong co s& bj tit boi chan 1ai Top, ép chan lai Bottom xubng mirc 0 va
kich hoat dau ra Fault cta IC. Qua trinh phanh dugc thyc hién khi thiét 1ap chéan Brake
(chan 23) & mirc cao. Khién cho dau ra Top tit va bat dau ra Bottom 14 cho ngan dong

cudn day dong co va tao ra phan strc dién dong (Back EMF) lam cho dong co bi hdm
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lai ngay lap tirc. Chan vao Brake luén duoc wu tién sé mot so véi tat ca cac chan dau
vao khac.
5.5.2 Xt Iy chuyén mach

B giai ma chuyén mach ctia MC33035 nhén tin hiéu tir cam bién vi tri ung voi
vi tri cua dong co va dich chung thanh cac tin hi¢u chuyén mach dé cung cép cho khdi
cong sudt gdm cach chuyén mach dién tir. Trong hé thdng 14i 6 bude, 2 chuyén mach
duoc duoc kich hoat dé tao ra 2 pha cua stator va truong quay dugc thiét 1ap trong khe

ho béi su tuong tac tir truong dong dién trén 2 cudn day.

Vce
T1 T3 k T5

\ S
T2\, T4|b SN

B

A C

Hinh 5.16 - Minh hoa cho nguyén Iy chuyén mach cia déng co BLDC
Trong hinh trén, khi cong tdc T1 va T4, T1 va T6, T3 va T6...duge bat 1an luot
thi s& tao ra truong quay thuan theo chiéu kim ddng ho. Thir ty bat cong tic va hudng
cla trudng quay s& dugc minh hoa & bdng 5.2. Déi voi chiéu ddo (nguoc chiéu kim

d6ng ho) thi cong tic s& co tu dao lai.

Nhin chung, mot bd gidi ma vao 3 ra 6 (3 to 6) can cho mot hé théng voi 3 vi tri
cam bién va 6 cong tic ciu chuyén mach. 3 duong dau vao dugc két ndi voi du ra cia
cam bién va 6 dau ra duoc két ndi v6i khoa chuyén mach. Nhitng cam bién nay co thé
duoc thiét 1ap 1€ch nhau 30°, 60°, hoac 120° trong khong gian. B gidi ma dugc thiét ké
trong MC33035 cho trudong hop 60° va 120°.
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Bdng 5.2 — Bdng thir tir bdt cong tdic va két qua chiéu quay cia

dong co

Cuon day
dwoc kich hoat

Chiéu cla tir ﬁ* . 7 80¢ 80 &/ --— #
trudng quay

Khoa dirgce bat T1&T4 | T1&T6 | T3&T6 | T3&T2 | T5& T2 | T5 &T4

A&B A&C B&C B&A C&A C&B

Gbc quay 0-60 60-120 | 120-180 | 180-240 | 240-300 | 300-360

0 180 360

mant [ L |
Hanz [~ L

ﬁ
[a% ]
iH Decoder Circuit

Hinh 5.17 - Déng co Brushless DC Motor 4 cuwc nam cham vinh cieu véi 3 cam bién
Hall ddt 1énh pha 120°
Hinh trén minh hoa cho dong co véi 2 cdp cuc nam cham vinh ctru va cac cam
bién Hall. Mdi cam bién tao ra xung cao (muc logic 1) khi cuc nam ctia nam cham di
ngang qua va & mac thip (muc logic 0) khi cuc bic ciia nam cham di qua.Trong hinh
,cam bién S1 ndm & vi tri 0°, S2 ndm & vi tri 120° va S3 ndm & vi tri 240°. Bang 4.3 13

bang chan ly chuyén mach va thé hi€én ma dau ra ctia cam bién khi quay theo chiéu
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thuan va dao. V&i 6 chuyén mach logic khac nhau két hop trén mot vong dién va ma
logic cho ca 2 chiéu quay 1a nhu nhau nhung nguoc nhau vé tht ty.

Thi tu quay cta ca hai chidu, ma twong Gng véi chiéu quay mong mudn (chan 3
- F/R) duogc thém vao nhu mot dau vao cua bd gidi ma chuyén mach. Ma 1 va 0 duoc
Iira chon tuong tmg cho chiéu va chiéu nguoc (tuy chon). Nhitng dau vao khac cua b
gidi ma la dau ra cua cac cam bién va chan lya chon pha ciia cam bién.

Ham logic di€u khién céc cong tac:

T1=(F.Hl.H2)RHLH?2)

T2 =(F.HIL.H2)R.H1.H?2)

T3 =(F.H2.H3)(R.H2.H3)

T4 =(F.H2.H3)RH2.H3)

T5=(F.H3.H1)(R.H3.H1)

T6=(F.H3.H1)R.H3.HL)
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Bang 5.3 — Bang logic (tham khao thém datasheet MC33035)

Inputs (Note 2) Qutputs (Note 3)
Sensor Electrical Phasing (Note 4) Top Drives Bottom Drives
60° 120° Current
SA SB Sc SA SB SC FIR Enable Brake Sense AT Bt CT Ag Bg CE. Fault
1 0 0 1 0 0 1 1 0 0 0 1 1 0 0 1 1 {Note 5)
1 1 0 1 1 0 1 1 0 0 1 0 1 0 0 1 1 FIR=1
1 1 1 0 1 0 1 1 0 0 1 0 1 1 0 0 1
0 1 1 0 1 1 1 1 0 0 1 1 0 1 0 0 1
0 0 1 0 0 1 1 1 0 0 1 1 0 0 1 0 1
0 0 0 1 0 1 1 1 0 0 0 1 1 0 1 0 1
1 0 0 1 0 0 0 1 0 0 1 1 0 1 0 0 1 {Note 5)
1 1 0 1 1 0 0 1 0 0 1 1 0 0 1 0 1 FIR=0
1 1 1 0 1 0 0 1 0 0 0 1 1 0 1 0 1
0 1 1 0 1 1 0 1 0 0 0 1 1 0 0 1 1
0 0 1 0 0 1 0 1 0 0 1 0 1 0 0 1 1
0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 1
1 0 1 1 1 1 X X 0 X 1 1 1 0 0 0 0 {Note 6)
0 1 0 0 0 0 X X 0 X 1 1 1 0 0 0 0 Brake =0
1 0 1 1 1 1 X X 1 X 1 1 1 1 1 1 0 {Note 7)
0 1 0 0 0 0 X X 1 X 1 1 1 1 1 1 0 Brake = 1
v v v Vv ) ) X 1 1 X 1 1 1 1 1 1 1 {Note 8)
v v v Vv ) ) X 0 1 X 1 1 1 1 1 1 0 {Note 9)
V v v V v Y X 0 0 X 1 1 1 0 0 0 0 {Note 10)
v v v Vv ) ) X 1 0 1 1 1 1 0 0 0 0 {Note 11)
5.6 Quan ly loi

Nhiém vu cua chin Fault Output (chan 14) 1a canh bao IC dang trong tinh trang
16i hé théng. N6 kéo chan dau ra Fault xudng muc “thap” (mirc 0) bang cach cung cap
dong t6i da 16mA khi hé thong c6 161 va ¢ thé diéu khién dén LED D6 sang dé cach
bao co van dé 16i. V&i R11 = 2.2k trong hé thong ngudn 24V thi dong qua LED la
10mA. Nho phét hién 16i ma IC khong tao xung diéu khién chuyén mach. Co thé két
nbi chan dau ra Fault voi chan Enable (chan 7). Nhu vdy dong khoi dong dong co bi
gidi han hodc bi chét tat hé théng. Co thé tao ra 1 khoang thoi gian tré dé chét tat hé
théng cho trudng hop qua dong bang cac chén thém Ryo va Cg gitta chan dau ra Fault
(chan 14) va chan dau vao Enable (chan 7). Chét co thé bi tré khi chén Cg (47uf). Tré
nay duoc thiét 1ap boi mot hing sb thoi gian cua Ry va Cg trude khi chdt hé théng.
Dau ra Fault duoc thiét 1ap & mirc 0 khi mot trong nhiing trudng hop sau xuét hién:

1) Ma dau vao tir cam bién khong c6 nghia

2) Chan Enable ¢ muc logic 0
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3) Pau vao cam bién dong 16n hon 100mV
4) Sut ap
5) Qua nhiét (170°)

5.6.1 Phat hién qud dong

Hién tuong qua dong co thé xay ra trong khi dong co hoat dong lién tyc trong
thoi gian dai din dén qua nhiét va hu hong dong co. Néu do rong xung bi ting mot
cach dot ngdt 1am cho dong co bi gia tbe qua nhanh thi dong dién chay trong dong co
s& rat cao. Piu d6 sé& 1a nguyén nhan giy ra rung dong cho dong co va ca hé thong co
khi. Truong hop xau hon, né ¢ thé vuot qua pham vi gidi han dong cua thiét bi cong

suat gdy hong cho toan bo thiét bi.
5.6.1.1 Cdam bién qud dong

Dong tai 16n s€ bi phat hién boi by so sdnh cua MC33035. M4t tin hi€u lién
quan véi tat ca cac cuc ngudn cia MOSFET kénh N s& duoc dua vao bo so sanh tir
dién tré cam dong (Ry;). Gioi han bao v¢ 1a 100mV. Qua tin hi€u bd so sanh s€ di vao
Flip Flop RS va néu qua dong thi s& bi phat hién, dau ra diéu khién MOSFET cong suit
s& ngat. Tai ddy, dién tré cam dong R,y = 0.05Q va c6 dai cong sudt 1a 1W va dién thé
cam dong s& bi giam bai bo chia dién ap. BO chia dién ap gém dién tré Rg = 100Q nim
phia trén va Rg = 33Q nam phia dudi sé thiét 1ap ngat dong tGi 8A. Pé bao vé bd so
sanh qua dong véi nhidu hodc dong dién ching han nhu phuc hdi nhitng hai ngugc
bﬁng cach str dung mot tu dién nho Cs. Dé dang théy rﬁng khuéch dai 1 chiéu cua hé
théng dugc thiét 1ap bsi bo chia dién tré. Ham truyén dat ctia hé théng phan chia dién

tré va tu dién dugc mo ta nhu sau:

Trong mién tich phan s, mot tu di¢n C co thé duoc thay thé boi mot dan nap sC

hay 1 di¢n khang 1/sC

RL.J
sy Vo _ R/ Ze,  _ RysCi+l _ R,
V. R+(RIZe) L . R R,.R,.s.C,+R, +R,
87 Ry.s.Cs +1
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Rg+Hy
e —
Cs. Ry Ry

RQ RQ
R,R,sC.+R,+R, C.,R,.R,

T(t)=L'{T(s)}=L"

2]

Trong do V; la dién 4p qua dién tré cam dong va V, la dién ap tai dau vao cua

b0 so sanh.
5.5.1.2 Gidi han dong

Pham vi gidi han cua gia téc 1a chitc nang ciia IC. Tuy nhién, pham vi gi6i han
nay khong bao vé MOSFET dudi muc qué dong. Su pha huy c6 thé dugce ngin chin
khi stt dung phuong phap giéi han dong “cycle-by-cycle”. Phuong phap gidi han dong
Cycle-by-cycle dugc thuc hién bang cach theo ddi dong trén stator. Trong khi dong
dién dugc tich lily sau mdi 1an chuyén mach dau ra, va trén cam bién quéa dong, tirc thoi
ngat chuyén mach va gitt né ngat trong sudt suon 1én cua chu ky bo dao dong. Dong
dién stator dugc chuyén doi thanh dién ap boi Rs (Ry). Pién ap nay ti 1é thuan véi
dong tai cua dong co, nd s€ di vao bd so sanh (chan 9) cia MC33035. Sau do dién ap
nay duoc theo dai bai ddu vao cam dong (chan 9 va chan 15) va dugce so sanh véi dién
ap tham chiéu 100mV. Néu vuot qua mirc gidi han ndy, bo so sanh s& reset Flip Flop
va tit chan dau ra diéu khién khoi cong suit. Chan dau ra Fault s& duoc kich hoat trong

sudt qua trinh qua dong lam cho dén LCD sang. Gia tri cua dién trd cam dong 1a :

0.1V

S |

STATOR{MAX )

5.6.2 Khoa sut ap

MC33035 c6 chirc ning khoa sut 4p néu nhu gidi han din cua diu ra lai
MOSFET néu nhu xuat hién mot trong 3 diéu sau. Thir nhat dién ap khong thudc dai
hoat dong cua IC. Thur hai 1a dién &p 1ai cuc Gate cua MOSFET khong phu hgp. Thi
ba 1a MC33035 khong thé tao ra dién ap tham chiéu 6.25V. Néu bd so sanh phat hién

sut &p bdi mdt hoac nhiéu hon cac hi¢n tugng ndi trén, chan dau ra Fault sé dugc kich
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hoat, chan diéu khién Top s€ ngat va chan di€u khién Bottom s€& dugc giltra & mirc thap

(muc 0).
5.6.3 Ngit khi qud nhiét

Néu vuot qua dai nhiét d6 hoat dong (170°C) , tinh ning ngit qua nhiét bén

trong IC s€ dugc kich hoat. Piéu d6 kéo theo moi hoat dong cua IC va dong co bi ngét.

5.7 Phanh dién dong

Ché do phanh la ché do hoat dong khéc cua IC boi dong dién rat cao. Khi ¢ tin
hiéu phanh, tat ca cac chan diéu khién Bottom duoc bat, ngén dong cudn day dong co.
Boi dong chi chay trong cac cudn day mic thong qua MOSFET kénh N ma khong xuét
hién trén trdé cam dong va MC33035 khong thé phat hién ra dong dién 16n trong ché do
phanh. pé ngan cam sy pha hong, caic MOSFET phai dugc thiét ké dé chéng lai duoc
dong rat 16n néu nhu sir dung ché d6 phanh. Téc d6 dong co, tro khang cudn diy, ma
sat trong qua trinh hoat dong va quéan tinh ctia dong co tac dung khién thoi gian ton tai

dong gidam.
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5.8 Thiét ké mach diéu khién dong co'ly tAm
5.8.1 Xdy dung mach trén phin mém ORCAD
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Hinh 5.19 - So d6 mach vé trén phdn mém thiét ké mach Orcard
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5.8.2 Tao mach in

|4 ‘orRtver caro

Hinh 5.21 - Mach in [6p trén
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Hinh 5.23 - Mach in I6p dudi
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Hinh 5.24 - MGt dwéi sau khi phi dong

Bus két ni véi B gsuon

dau ra cam bién :

Hall cua dong co Bus két
néi voi 3
pha dong

co BLDC

"

&a]' .I m

807120 '
Ris é. ‘,Qaao
o3 &Y ‘J Nsaie
— X 4o
W) wmsers
N
470
INSeLe
2.2¢%

I_SENST

Hinh 5.25 - Mach dién sau khi hoan chinh
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CHUONG 6: THIET KE MACH PIEU KHIEN TRUNG TAM

6.1 So' @6 khoi mach diéu khién trung tim

Khdi nguén » Nguén 5V DC —» LCD
ﬁf
Khéi » Ban phim > ?us ket noi VO”I’\
giao P = mo-dun bom vuc’>t,
tiép Khoi diéu khién van kep, bom hat
Dot trung tam ,
st : sk
dung < Bao hiéu <« Timerl C?g:: Zlgn
A
. DAC Ghi chu:
o [ cpu
[ ] Nguén
O \ 4 v g zﬁza”i
Cam Tién Khuéch Bus ket noi véi [ pACiDC
bién |khuéch dai  dai dém mo-dun ly tam D Knuéch dai

Hinh 6.1 — So d6 khoi mach diéu khién trung tam

6.2 Diéu khién mo-dun ly tim sir dung tin hiéu s6

6.2.1 Diéu khién toc dp dpng co

Dé diéu khién téc do dong co cua BLDC, Driver Card sir dung chiét ap 10k gitra
chan s6 8 va chan 11 ciia IC MC33035. Chan s6 8 cua IC ludn c6 mic dién ap tham
chiéu 14 6.25V. Viéc diéu chinh bién trg giita chan 8 va 11 lam thay d6i dién ap dau
vao ctia chin 11 tir OV t&i 6.25V, tuong tng véi dicu do 1a tbe do cua dong co ting dan
tir 0 dén toc do t6i da. Nhu vay dé diéu khién sé cho dong co chinh can gan thém 1
mach chia 4p bang cac dién trd, gitp chia ra cic muc dién 4p twong Gng giita 2 chan 8

va 11 1am cho viéc diéu khién dong co duoc dé dang hon.

110



50V
16

12

o— P3

13 =i
Bcp,) ©1F2 4
Inputs | o] P S

15 wn

o— PO

Gnd Qp—o——

8L

Hinh 6.2 - So' d6 diéu khién so sit dung SN74LS145
Mach chia ap str dung IC 74L.S145 voi so dd va gia tri dién tr¢ nhu trén hinh ve.
Dién 4p s& duogc chia twong tng 0%, 10%, 20%.. gia tri ctia dién ap tham chiéu & chan

8 cua IC.
6.1.1.1 IC 74LS145

IC 74LS145 cia MOTOROLA dugc thiét ké dé€ nhén tin hi¢u dau vao BCD va
tao tin hiéu dau ra dé 1ai 10 chan cua IC véi cac mire 0 va 1 (thuong st dung trong quét
ma tran led). Cac chan dau ra bi ngit (mtc 0) phu thudc tin hiéu dau vao BCD. M&i khi
tin hiéu dau ra chuyén mirc cao xudng mirc thap s& tao ra tin hiéu dong xung 80maA.

Vcc Po Pt P2 P3 Qg Qg Q7

[16] [1s] [14] [1s] [v2] [11] [1o] [e]

) 741.S145

L Lo Lo [ef [s] (o] 120 Le]

Qp Q@ Q Q3 Qi Qs Qg GND
Hinh 6.3 - So' d6 chdn ciia IC 74LS145. Cdc chin Py, Py, Py, P3 la dau vao BCD. Cdc

chan Q, tdi Qg ld tin hiéu dau ra.
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Qs Q5 Qg Q7 Qg Qg}

OUTPUTS

Hinh 6.4 - So' d6 logic trong IC 74LS145

Véi H tuwong ving véi mike cao (mike 1) va L twong g véi mike thap (mike 0)

Bang 6.1 — Bang chan Iy cua IC 74LS145
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Két hop so dd mach diéu khién s voi cac thang dién tré va bang chan 1y ta c6 so dd

bang ma di€u khién sau:

Bdng 6.2 — Bang md diéu khién

Ma thap MaBED Buée ting PWM
phan P P, P Po

0 0 0 0 0 0%

1 0 0 0 1 10%
2 0 0 1 0 20%
3 0 0 1 1 30%
4 0 1 0 0 40%
5 0 1 0 1 50%
6 0 1 1 0 60%
7 0 1 1 1 70%
8 1 0 0 0 80%
9 1 0 0 1 90%
10 1 0 1 0 100%
11 1 0 1 1 100%
12 1 1 0 0 100%
13 1 1 0 1 100%
14 1 1 1 0 100%
15 1 1 1 1 100%

Giai thich:

Véi BCD =0000. Chan Q, & muc 0 nén chan 11 cia MC33035 nbi Gnd
V6i BCD =0001. Chan Q; ¢ murc 0 nén chan 11 s& nam giita 2 dién tro 40.4k va 100k

nén muc di¢n ap = 1.798 V

Tuong ty voi cac ma BCD tiép theo.
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6.1.1.2 Mach tao md BCD diéu khién:

M3 BCD duoc diéu khién bang vi xt Iy PIC16 véi cac nut bAm ting giam
PWM. Sau day la mach tao tin hiéu BCD diéu khién tc d6 dong co:

. u ,
& 51 i D RepLeD
) - : N
- o, W L
ONIOFF z
T C T G4
e 10000 10uf
o
| R . 3
] I
VCC_ARROW_=
CC_ARROW
VGC_ARROW
- i LCD 16x2
FE') Ut
: o LCDiER s =
: 9. BEREIEEE YEE. 2.
b B el e I I
CON_PICKIT
SWi_ RESET ut =
== 1
— Oﬂ—u— MCLR*VFP RETIPGD 3 L
1 3 REGFGE a5
T RE [
= T RE4 N
g 5 S Voo _ERRow  ?
1] " R
S RA4TD T R o 8
RAS/ANA/SSICZ0UT A31 oy = i
s REDINT A —t
gy s ] VRD*ANS T . ; - ”
cm et e 11 SN P T "
o i 0 b RE2/CSUIANT vesf——
uz 7| Ll — il . = | 4% BTk fTk
0l v .
g Ll 2y RDTFSFT s 4
= 1 RDEFEFD o
= 14 OSCHELKIN RO3PSFS (= —
; 7 05CHCLKOUT RO4PSFA
=l 15 - . b =
: 1 18 ICKI RCTIRKOT 50 e
i 7 il CCFL RCE ] sz | swi | Swe | sws
s — RoEDIDA 2 I:]
1 RouFsR) RDIPEFI (55
- ROUPSP! RB"PSP‘_| FR | Enzbe| Up | Down | Erzke
TSR PICTEFET
Digital Controfler
= VCC_ARROW =
7 Ed *
T ;
3] ke[ 3
]

=

Y o

Input_hall Output_hall

Hinh 6.5 - So d6 mach diéu khién toc dg so
M3i BCD s& duoc xuit ra tir chan D0-D1-D2-D3 cua vi diéu khién PIC. Khi 4n
nat bAm UP thi mirc PWM sé tang thém 10% va khi 4n nat bAm DOWN thi mic PWM
s€ giam di 10%. PIC duogc 1ap trinh véi ngdn ngir C trén trinh bién dich CCS.
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6.2.2 Diéu khién cdc chivc ning khdc
a) Diéu khién chan Enable

Chan Enable (chan sb 7) cuia MC33035 1a chan diéu khién viéc hoat dong cua
dong co. Nhu da trinh bay & phan trén, chan Enable ndi Gnd thi déng co khong hoat
dong, khi ngit ndi dat thi chan s6 7 ty dong 1én muc cao boi ngudn bén trong IC va tac
dong vao cac chan output diéu khién xung téi cac chan G cia MOSFET trong
MPM3003. Nhu vay dé diéu khién chan nay chi can ndi chan s6 7 véi cuc C cia
tranC828 (NPN), cuc E cua C828 duoc ndi dat va cuc B duge diéu khién badi vi xir ly
PIC. Khi d6 C828 hoat dong ¢ ché do khoa dién tir, chan 7 s& ndi dat khi c6 su chan
1éch dién ap gitra 2 cuc BC (B ¢ muc 1).

I +
Fwd/Rev © 3 I %

+
60°/T20° 022 : %
Enable 7] Cb 25 UA

Dig)de‘bzio VE -gm-
(néu can)

S
=LA )

Vi diéu khién

Hinh 6.6 - So d6 mach diéu khién chdn Enable ciia MC33035
b) Biéu khién chiéu quay dong co

Chan sé 3 ciia MC33035 ¢6 chirc ning dao chiéu quay cua dong co BLDC, khi
chan khéng dugc ndi Gnd thi chan tu dong 1én mirc 1 lam dong co quay theo chiéu
thuan. Khi dugc ndi dat, chiéu dong co bi dao nguoc lai va vige diéu khién nay cling

dung trans C828 nhu chan Enable cia MC33035.
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) BDiéu khién phanh

Chan s6 23 caa MC33035 c¢6 tac dung phanh dong luc hoc. Khi né ndi dat (murc
0 ) dong co s& quay binh thuong dudi su diéu khién caa MC33035. Khi chan nay
khong nbi dat, chan s& tu dong chuyén 1én mirc cao (mirc 1) tao ra dién 4p diéu khién
ca 3 chan bottom khién 3 cudn day trong BLDC bi ngén mach, tao ra dong dién rat 16m
va sinh ra phan sttc dién dong ngin quan chuyén dong quay cua dong co khién dong co

bi dirng lai nhanh chéng.

6.3 Po toc dp dong co véi cam bién Hall

Ban chat cta hién tuong Hall da dugc trinh bay cu thé & chuong trudce. Viéc do
tdc do stir dung cam bién Hall 13 mot linh vyc Gmg dung kha hay ctia cam bién thay cho
cac encoder thong thudng. Uu diém cua str dung cam bién Hall trong do tdc d6 so voi
encoder 13 khong tiép xuc voi rotor ciia dong co nén lam cho dong co khong phai chiu
thém tai. Pac biét ddi vai dong co BLDC, rotor 1a nam chdm c6 3 cam bién Hall bén
trong dé giai ma vi tri cta rotor giup tao xung diéu khién. Chinh vi thé thé dung cam

bién Hall dé do téc do dong co BLDC la lya chon tdi wu.
6.3.1 Chuyén tin higu Hall twong tw thanh tin hié¢u sé

Thong thuong tin hiéu Hall 1a c6 dang tuong tu, tin hiéu dau ra ctia cam bién 1a
dang dién 4p bién thién ti 1& thuan véi cudng do tir truong di vao vudng goc véi mat

trudc cam bién.
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Hinh 6.7 - Cam bién Hall A1302 - Allegro MicroSystems

1.4

280 17
16 ¥a
~
0% // E 2% 3 15 /
[OlY
2 ﬁ : _
& / 2 E 14
o 132 R | E— . b /
130 / \%l E 13 /
& 265 S 12
g 11
240 10
5 025 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 180 45 50 55
Nhiét 40 (°C) Nhiét 46 (°C) Bién 4p nguon (V)

Hinh 6.8 - Cdc do thi dac tinh ciia cam bién Hall

6.0

Tir d0 thi dic tinh ctia cam bién Hall ta thay khi khong c6 tir truong tac dong

vao cam bién. Dién 4p du ra 1a 2.5 V (¢ nhiét do 25°C). Mubn chuyén tin hiéu cia

cam bién Hall trong tu thanh cam bién Hall s thi ta dung thém IC 7414 (NOT). Tin

hiéu dién ap dau ra khi di qua 1 1an cong NOT thi s& & mic 0 (khi khong co tir truong

hodc tir trudng di vao mit trude cam bién Hall) va s& ¢ mirc 1 (khi co tir trudng di ra

ngodi mit trudc cam bién Hall).
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Bang 6.3 — Bang mirc dién dp chuyén trang théi cia IC 7414 tai 25°C

Mite ap (V) | Ngudn cap | Nhonhét | Trungbinh | Lon nhat *
4.5 1.2 1.41 1.9 v T \ Vi

IIInl"l"|'+ Vo
55 1.4 1.59 2.1 \
4.5 0.5 0.85 1.2

V1 —
55 0.6 0.99 1.4 Vo

V 4.5 0.4 0.56 -

H

5.5 0.4 0.60 -

Tan sé dap ung cua cam bién 1a 10kHz (nhiét do 25°C), tirc 1a c6 thé nhan biét
duge 10000 1an bién thién tir truong trong 1 don vi thoi gian. Vi du voi dong co co 8
cap cuc thi kha niang cam nhan bién thién tir trudng clia cam bién Hall co thé dap Gng
vé6i toe 6 dong co 1a 1250 vong/gidy.

Nhu vay tin hi¢u cam bién Hall dugc sb hoa va duge dua vao bd dinh thoi cua
cam bién PIC16 dé dém xung rdi tinh toan téc d6 dong co twong tng véi xung va sb

cap cuc cua dong co.
6.3.2 Do tin sé ciia tin higu Hall véi vi xi¢ Iy PIC16

Trong d6 an st dung PIC16F8xx, vai timerl (16 bit). Ung dung timerl (chan
C0) ctia PIC dé dém xung tir d6 tinh toan tin sd cua tin hiéu Hall. Gia tri dém t6i da
cia Timerl 13 65534. Po toc do dong co don gian chi 1a do tan sb cia tin hiéu Hall.
Gia st N 1a s cap cuc cua dong co thi s6 chu ky cua tin hiéu Hall ciing 14 N khi dong
co quay duoc 1 vong.

Tan s6 tin hiéu Hall

Toc do dong co = —— —
S0 cap cuwc cua dong co
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©1

e

Cam bién Hall

LCD 1602

{

W vo 2 : ID’

GHD

Hinh 6.9 - So d6 mach do téc do dong co su dung cam bién Hall

Timerl

PIC16

6.4 Hién thi thong so6 trang thai 1én LCD

LCD la thiét bi ngoai vi cho phép viéc giao tiép gitta ngudi sir dung va hé théng

dugc dé dang hon. Trong dd 4n str dung loai LCD 16x2 (tirc 13 16 cot va 2 dong).

6.4.1 Tim hiéu so lwgc vé LCD1602

_____________________

LI B IC

T ... A - R
: . Jdien Khien

1  Man hinh LCD

Pén man hinh

Hinh 6.10 - So' d6 khéi bén trong ciia LCD 1602
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Bang 6.4 — Bang tinh nang cac chan cua LCD

A Mikc
Chéan Ky hi¢u Tinh nang
dién ap
1 VSS oV Chan nbi dat ctia LCD
2 VDD +5.0V | Chan ngudn cho LCD
3 VO - Chan diéu chinh d6 twong phan man hinh
Tin hi¢u lya chon thanh ghi
4 RS H/L 1: Thanh ghi dir liéu (doc va ghi)
0: Thanh ghi ciu trac (ghi), Dia chi cd ban (doc)
R/W = “H”: ché do doc
5 R/W H/L ,
R/W = “L”: ché d6 ghi
6 E H/L Tin hiéu kich hoat dit li¢u doc hoac ghi
7 DBO H/L
8 DB1 H/L
9 DB2 H/L
10 DB3 H/L
Duong bus dit li¢u 8bit
11 DB4 H/L
12 DB5 H/L
13 DB6 H/L
14 DB7 H/L
15 LED+ +5V Nguon duong cho dén man hinh
16 LED- oV Chan ndi dat ctia ¢én man hinh
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Dé chinh dé twong phan ciia LCD ta mdc chan V0 ciia LCD nhuw hinh diwedi:

e VDD

Vo

GND V88§

Hinh 6.11 - Bién tré chinh d¢ twong phan ciia LCD
6.4.2 Giao tiép gita PIC16 va LCD1602
Trong dd an sir dung giao tiép 4bit dir liéu, tirc 1a chi dung 4 chan DB4 — DB7
ciia LCD cho duong bus dit liéu. Nhu vay giup giam bét dang ké luong chan cia vi
diéu khién ma khong anh hudng gi dén chirc nang hién thi caa LCD.

Lm0 Bl
=TEXRT=

L 1
-3 osctcLkin REOANT  f—aae -
-14 oscaicLkouT REA 4

REZ
-—= RagiaND REZPGM
S R RE4
] R 208N REF-ICYREF RES
j_i R348 M3 REF+ REBPGC [—2o
FRALTOCKIACT OUT RBETPGD
] RASANHESIC20UT
T RCOMOSOMIcK
—E REOIAMSFD RC1TI0SIHCCP2  |—16e
j—: RE1 FAMNEANE RCZCCP —1-7-E
RE2FAMTICS RCSMSCHMSCL
RCHSDISDA  f—ade
1 FACLRApRITHY RCS/ED0 ﬁ
RCEMHCK
RCTRADT |28
ROOPEPO L
ROAPSE 2
ROZPSP  —2L
RDIPSP3  |—22
RD4PSPa  |—2L
ROSPSPS  |—25
ROBPSPE  |—22
RO7REPT  —2
FICTEFB77 A,

Hinh 6.12 - So' d6 mach giao tiép giita PIC va LCD 4 bit
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6.5 Thiét ké mach diéu khién trung tim
6.5.1 Xdy dung mach diéu khién trén phin mém ORCAD

VCC_ARROW
. e i
L st ) REDLED
- L vl
2 i a R
ONIOFF z
T~ C T~ C4
12VDC ‘ 100007 ] 10uf
of
| R12 A 20k
A VCC_ARROW =
R ek VCC_ARROW
T 1 G VCC_ARROW
? i LCD 16x2
o [ 3 U
R 14 o Lcoen ws o
) N S¢ 858383885 %2Ew 8«
R |
Re N 12 3 o Mela@EHO ool S VCC_ARROW
1% CON_PICKIT
Wi RESET ut =
N 108k o vl e —
f R * JCLRYNFR RETIFGD L
{— LB XA~ REAFGC RE
R T RADAND RES
i = RATIANT Re4 2 30 10k
RAZANZV TCC_ARROW|
05 RAVANA\REF+ REYFGI A
RATOCKI/CIOUT RE2
RASIAN4/SS/C20UT RE( =
RBOINT = Rz - iy
+{ResR0ae 2 vee 5RARO RIT e RIS
REVWRI/ANS vOD 157 : RES
o REJICSYANT S
0 i = 4.7:7 b7k ok
g Vss ROTPSFT s
RD&PSPE
X0 = OSCH/CLKIN RDEPSFE
3 0SC2/CLKOUT RD4PSPY
10 Q2
g: RCOTIOSOTICKI  RCTRXDT
4 RCHTIOSICCR2 CATXCK
Se i HCot0 sw2 | swa | swe | sws CON1
gs CYSCK/SCL RC4/SDI/SDA
:
240+ RDAPSFO RDIPSF2 %f
B ROVPSPY ROZPSF2 FR | Enable| Up | Down | Brake
SNT4LS 145 PICIGFSTTA
Digital Controller J_;
= VCC_ARROW =

Input_hall

Output_hall

2

Hinh 6.13 - Mach diéu khién trung tam
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6.5.2 Thiét ké mach in

N30

ni

A

;Mﬁﬂi

IEH0 - ZC) HNIS

NHXAHO - ZE» HNIS A DL N3I0

DOWN BRAKE

ceLL saver K@)

Hinh 6.15 - Mach in mdt trén cia mach diéu khién s6
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Hinh 6.16 - Mt duedi ciia mach in diéu khién sé
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6.5.3 So do thudt todn diéu khién so

DISABLE =1;
COUNT =1,

KHOI PONG
DO TOC BO

DISABLE=0 |«

WHILE(1L)

A

NO
DISABLE ==1

A

NO

> YES
AN ENABLE
NO
A 4 - =
——T1 chiew avay
AN F/R 2 ES | POICHIEU «
: QUAY
NO
YES | GIAM TOC PO
QUAY L
THIET LAP
TOC BC
DISABLE = 1; 0C DO
NO COUNT = 1;
YES |TANG TOC PO|
QUAY
v A\ 4 A 4
NO > .
HIEN THI LCD <
YES e
7z DIEU KHIEN
AN BRAKE PHANK

Hinh 6.17 - So do6 thudt todn diéu khién cia mach diéu khién s6
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6.5.4 M6 phéng mach diéu khién sé

Mach dugc mé phong véi dén 1 thé hién chiéu quay cua dong co (diéu khién
chan sb 3 ctia MC33035 voi dén sang — quay nguoc va téi — quay thuan). Pén 2 thé
hién ché do phanh cua dong co (diéu khién chan 23 ctia MC33035 véi sang: khong
phanh va t6i — phanh). Pén 3 thé hién chirc ning khdi dong dong co (diéu khién chan
sd 7 ctia MC33035 véi sang — dong co khoi dong va tdi — dong co duoc kich hoat).
Dén 4,5,6,7 thé hién cho diéu khién dau vao cua 74LS145.

P i g

Hinh 97: Ban dau dong co chua hoat dong — mdc dinh quay theo chiéu thudn va toc dé

diéu khién 0%

Hinh 98: C6 thé chon chiéu quay ciia déng co khi chwa khoi dong
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Hinh 101: Tang toc do 1én 20%
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ree euawn ==guly™
aHEEE wEewE -

Hinh 103: Thay déi chiéu quay ciia déng co

Hinh 104: Phanh déng co — ngat néi dat chan 23 ciia MC33035

128



Hinh 107: Khi dn nit Enable thi dong co dwoc khoi dong tro lai va tang dan vdn téc

lén 100% bdoi ché do thiét lap téc dé van hoat dong.
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6.5.5 Mach sé va cdc tinh ning dd lap trinh

Hinh 58: Khéi dong hé thong diéu khién sé
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Hinh 59: Giao dién ciia hé thong diéu khién sé. Khi khoi dong mdc dinh & ché dé san
sang khéi dong (khi an Enable) va quay theo chiéu thudn. Ché dé do toc do dang ¢ ché

do cho

Hinh 60: C6 thé diéu chinh hiéu sudt PWM (%) va chiéu quay mong muén khi dong co
6 ché d DISABLE
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Hinh 62: Thiét Igp tinh ndng do toc do ciia mach trong qua trinh diéu khién dong co
v6i cam bién Hall A1302.
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Hinh 63: Thiét Idp hé thong dong co 1 chiéu c6 chéi than va dwoe gin thém nam cham
phu dé tao ra sw bién thién tir truong trong khi quay. Cam bién duoc dat hop Iy sao

cho cam nhan dwoc sy bién thién cua tur truong.

Hinh 64: Toc do dat dwoc ciia ddng co la 18rps (18 vong/gidy)
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Hinh 66: Sau khi phanh hé tho”'ng tré vé ché do DISABLE. Muon khéi dong lai dong co
thi dn niit ENABLE

134



CHUONG 7: THU NGHIEM TiNH NANG THIET KE

7.1 Chirc ning do toc dd sir dung cam bién Hall

Hinh 7.1 — Thit nghiém chikc nang do toc dé bang cam bién Hall A1302 trén déng co' 1

chiéu c6 choi than va dwoc ldp thém 1 nam chdm phu.

Hinh 7.2 — Chitc ndng do toc do ciia mach sir dung cam bién Hall. Tin hiéu Hall dwoc
qua mot mach so sach sw dung LM358 va s6 héa trude khi dwa vao mach dém xung

tinh toan gia tri téc do.
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7.2 Piéu khién dong co BLDC cong suat nhé
7.2.1 Dong co sw dung trong qud trinh thir nghié¢m

Hinh 7.3 — Béng co 1 chiéu khéng chéi than

Bdng 7.1 — Bang théng sé ciia ddng co sir dung trong qud trinh thir nghiém

Théng sb Gia tri

bién ap Vm =12VDC, Ve =5V

Dong dién c6 tai 1100 mA (Vy =12V, Ve =5V, 10900 rpm)
Dong dién khong tai | 350 mA (Vy = 12V, Ve = 5V)

Dong khéi dong 3500 mA (Vi =12V, Ve =5V)

Téc d6 khong tai 13700 rpm (Vy = 12V, Ve = 5V)

Momen khoi dong 185 gf-cm Min (Vy = 12V, Vcc = 5V)
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Hinh 7.4 — D6 thi dic tinh vé quan hé giita dong dién — momen va t6c dé - mdmen

7.2.2 Mt s6 hinh dnh trong qud trinh thir nghiém

Adme TRY1AC
. . . - .
\T\V\ \

Hinh 7.6 — Dang séng giita 2 pha A-B khi déng co ddo ngwoc chiéu quay 6 toc do
11020 vong/phut
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Hinh 7.8 — Médun diéu khién véi dong co ly tam céng sudt nho
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CHUONG 8: HUONG PHAT TRIEN DE TAI
8.1 Bdo vé dong ngwoc gay hai IC MC33035

Trong tam cua thiét ké 1a huodng to1 su 6n dinh va an toan vi n anh huong truc
tiép dén con ngudi trong qué trinh van hanh hé thdng xir Iy mau cua Cell Saver. Vi
Cell Saver, bd phan diéu khién dong co ly tdm 13 bo ndo cua hé théng xtr Iy mau thi
MC33035 lai 1a b ndo cua hé théng didu khién. MC33035 quyét dinh viéc diéu khién
ctia dong co. Vi vay can phai bao vé né dé tranh dong nguoc day hai cho IC.

Trong thiét ké cia dé tai, MC33035 két ndi truc tiép vdi khdi cong suit
MPM3003. Thuc chét 1a khong nguy hai dén MC33035 nhung ta van nén ding thém
mot bo dém giita chan diéu khién ciia MC33035 véi MPM3003. UDN5706 1a mot lya

chon tot véi chire ndng bao vé nay.

1 Yec
2 15
3 14
[ } 13]
5 112
6 11
7 ol 10
0

Hinh: So dé bén trong ciia IC UDN5706
UDNS5706 1a IC c6 chirc ning bao vé dau ra cta khéi l4i cong suat, dé tranh

dong nguoc. IC ¢ 16 chan v6i 4 bd dém dung cac cong logic NAND.
8.2 Ning cdp chirc ning chia toc dp véi IC AD7248

Trong dé tai su dung bd chia tde do b%lng IC 74LS145 v61 cac muc dién trd da
dugc tinh toan. V&i b chia nay tao ra 10 dang PWM véi hiéu sudt tir 0% — 100% dé
diéu khién tdc d6 tir nho nhat toi 16n nhat. Diéu d6 tao nén do phén giai tbe d6 khong

cao vi mdi lan diéu chinh hiéu suidt PWM ting 10%.
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Ban chat ctia bo chia toc do 1a tao ra mic dién ap véi bude tang du min dua vao
chan 11 (IC MC33035) dé thiét 1ap téc d6 mong mudbn cho dong co. Mudn giai quyét
van dé cai thién do phan giai téc do thiét 1ap cho mach diéu khién thi ta str dung IC
AD7248. IC nay chuyén tin hiéu sé (12bit) thanh tin hiéu twong tu, tic 13 tao ra dugc

4096 muc dién ap dé thiét lap tdc d6 cho dong co.

. 2R 2R
RFB
Vou
DAC
AGND ( v.
LDAC DAC LATCH
WR CONTROL q P AD7248
csise LOGIC
—_ = 4-BIT 8-BIT
CSMSE INPUT -t INPUT
1 LATCH LATCH

DB7 DBO DGND

Hinh: So d6 bén trong ciia IC AD7248
8.3 Ning cdp hé thong diéu khién véi cdc loai cam bién

Cam bién gitp kiém soat trang thai hoat dong cuia hé thong Cell Saver. Tir d6
tao ra 1énh diéu khién dong co li tim cho phu hop véi timg giai doan xir Iy mau, dam
bao cho hé thdng hoat dong an toan va chinh xac. Cam bién sir dung trong hé thong
nhu kiém soét nhiét do (LM235, LM35), kiém soat muc do dich, phat hién ro mau,
phat hién bot khi...s€ truyén dir li¢u qua bd khuéch dai dém roi tiép tuc dua vao vi xu
ly trung tdm thdng qua cac cong A va E. Néu xay ra nhitng bat thudong thi hé thong s&

diéu khién phanh va dimg dong co dé c6 thé kip thoi xir 1y.
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