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Linh vire ky thuét dwge dé cap

Sang ché dé cap toi phan tmg c¢6 12n ring (n 1 sé nguyén duong) dugc bd
tri theo hudng chu vi va cudn diy phan tng quén ddng tAm quanh mdi mot trong s6
cac rang nady, va cu thé hon t&i phan ung tao nén mdy dién quay véi phén tir tir co
(124+2)n cuec.

Tinh trang k¥ thuit ciia sang ché

" Céc dong co thuong gip phai cac vén d& véi cac luc kich thich theo huéng
quay cua n6 (dudi ddy goi tam thoi 1a “cac luc kich thich quay™). Céc luc kich thich
quay duoc chia réng rai thinh md men xodn chét ham véi khong c6 dong dién tac
dong, va su thang gidng m6 men quay c6 dong dién tdc dong.

Pa biét réng khi N biéu thi sd lugng céc ranh va P biéu thi sb lugng céc cuc
(N va P 1a cac sb nguyén duong), bic cic séng hai ctia md men xo#n chét ham 1a
b6i s6 chung nhé nhit ctia N va P.

Chéng han, cac bac tuong ung duoc so sanh gitta ddng co ¢6 8 cuc va 12
ranh va déng co ¢6 10 cuc va 12 rianh. Boi sb chung nho nhét ctia 8 va 12 cia céc
cuc va cac ranh 1 bang 24, trong khi bdi s6 chung nhé nhit cia 10 va 12 ctia ching
bang 60. Do bac ctia md men xoén chbt ham theo vong quay cuia ciia dong co sau 12
16n hon so véi trude do, gia tri dinh cia md men xoin chdt ham cita dong co duoc
giam di.

Nhu vay, cdc ddng co véi (12+2)n cac cuc va 12n ring (dudi ddy goi tam
thoi 1a “cac dong co day 12 khe”) duoc nhan ra nhu céc dong co trién vong it rung
va bén. Cu thé 13, tir truong ma & d6 viée truyén &m md men xo&n 1a can thiét

(chiang han, diéu khién dién ning (EPS) ding cho cic xe cO va cic dong co din
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dong quat) vén cin céc luc quay kich thich thap hon. Vi vdy, cac dong co day 12
khe duoc sir dung trong tir trudng nay (ching han, tai lidu sang ché 1 biéu thi dudi
day).

Tuy nhién, do cac chiéu quén va nbi cac phan tng quin dong tAm trong cc
dong co day 12 khe 13 phirc tap hon chiéu quin va ndi cac phan ing quan dong tam
& cac dong co c6 8 cuc va 12 ranh, gip phai van dé gin véi giém nang suit cong
nghiép.

Dé khic phuc vin @ nay, trong tai liéu sang ché 2 mé ta dudi day, hai khe
* nbi duge tao ra cho mdi pha, nhd d6 cac cudn diy phan ng twong tmg duoc quin
song song theo céc chidu nguoc nhau. Do d6, cac cudn ddy phin Gng c6 thé dugc
quén v6i cac khe hd nbi hoat dong theo cing chiéu, vi vy cho thiy ring tai liéu
sang ché 2 boc 16 k§ thuat 1am ting ning suit.

Céc tai liéu sang ché

Tai liéu sang ché 1: Cong bd don yéu ciu clp patent Nhat s 2001-204147

Tai liéu sang ché 2: Cong bd don yéu ciu cap patent Nhat s6 2010-193675

Tai liéu sang ché 3: Cong bd don yéu ciu cip patent Nhat sb 2014-73047

Tai lidu sang ché 4: Patent Nhat s 4670868

Tuy nhién, & tai lidu sang ché 2, cac cudn diy phin tng duoc quin theo cach
phirc tap, ching han nhur:

(i) khicic cudn diy phin mg dugc quin quanhhai ring nim lién k&
theo huéng chu vi 1a déng pha, cac chiéu cubn 1a ngugce nhau so v6i tim phan tng;-

(ii) khi cac cudn diy phin ung dugc quin quanh hai rang nim lién ké
theo huéng chu vi 1a khéc pha, cac chiéu cudn 13 cling chiéu so véi tim phan tng;
va

(iii) khi cac cudn ddy phén tmg dugc quin quanh hai ring nam dbi dién truc

tiép v6i nhau (nghia 1a dich chuyén géc 180 do theo hudng chu vi), cac chidu quén
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1a nguoc nhau so véi tim phén tmg.

Hon nita, cin phai quin cudn ddy phan ng quanh mdi mot trong sd céc ring
¢6 hinh dang ddng nhét. Vi vdy, viéc quén céc cudn diy phin (mg ddng pha song
song v6i nhau quanh céc rang nim lién ké theo huéng chu vi s& lam giam hé s6
khoéng khéng cta cic cudn ddy phan tmg. Néu tranh viéc gidm niy, thi viéc quin
cac cudn ddy phan tmg theo cac khoang thoi gian lai lam gidm nang suét.

Hon nita, trong sd cac dudong dé ndi cac cudn diy phan tng dugc quin
quanh cac rang khac twong ung (n6i chung goi 1a “cac duong dan chéo”), cac
dudng ndi cac cudn ddy phin tng ndm dbi dién truc tiép v6i nhau theo hudng chu
vi va ddng pha cin phai c6 dudng di vé6i chidu dai xép xi bang ntra chu vi ciia phan
ung doc theo huéng chu vi. Diéu nay gay ra vin dé ia lam ting dién trd cac cudn
day phén tng.

Tai liéu sang ché 3 boc 10 k§ thuat quin cic cudn day phén tng quanh cac
16i chia twong Gng theo cing chidu. Hon nita, tai lidu sdng ché 3 boc 16 k¥ thuat
foai trir dudng dan chéo biang cach nbi trong hd cac cudn diy quin véi ring trén -
ban mach ndi ddy nhiéu 16p, nhd vay van d& coa tai liéu sang ché 2 duogc khic.
phuc. |

Tuy nhién, sb lugng cac 16p diy cin cho ban mach ndi diy nhiéu 16p 13 bén.
Mic di tai liéu sang ché 3 mé ta ring sb lugng céc 16p diy d& dugce giam, song ban
mach néi day nhidu 16p vin c6 chi phi cao néu nhu s luong cac 16p 14 bén. Hon
nita, s6 lﬁgng céc chan cin d& ndi cac dudmg dan chéo tir cac cudn diy phan ting
gép ddi sb luong rinh (24 chan trong tii liéu sdng ché 3).

Hon nita, mic dit bdn cudn diy phan ung duoc tao ra cho mdi pha trong ca
tai liéu sang ché 2 13n 3, hai duong din dong dién duoc nbi song song vé mit pha.
Vi vy, hai dudng din dong dién nay doi khi khac nhau vé dién 4p cam ung.

Do dong dién vong chay & ddy, ton that Jun s& xuat hién. Hon nifa, c¢6 cac van dé
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v6i viéc giam dién 4p cam Gng trong toan bo pha va lam giam cac dic tinh md men
x04n va cac dic tinh suy hao cia dong co.
Tai li€u sang ché 4 md ta cac k¥ thuat twong tu c6 cic van dé giéng V01 céc
vén dé cﬁa tai lidu sang ché 3.
Ban chit ky thuit ciia sang ché
Sang ché dwoc dé xuit d& giai quyét cac vin dé néu trén, va dé xuét cac k§
thuat dé ndi cc cudn dy phan img cho mdi pha nédi tiép nhau va gidm s6 luong cac
chan cin dé ndi cac dudng dan chéo tir cac cudn day phan tng.
Phéan g (1) theo sang ché bao gdm: 12n rang (Tul dén Tu4, Tv1 dén Tv4,
Twl dén Tw4) dugc bb tri theo huéng chu vi; va cudn ddy phan tmg quén dong
tam quanh moi mot trong s6 cac rang (Tul, Tu2), va tao két cAu may dién quay
v6i phin tir tir (2) ¢6 (12+2)n cue, n 1a sb nguyén duong.
Theo khia canh thi nhét, 12n rang dugc chia thanh 6n cdp rang, mdi mot
trong sb cac cap rang (Tua) c6 hai ring (Tul, Tu2) lién ké theo huéng chu vi.
Mdi mdt trong sb cac ring bao gém phan dau thi nhit (Tuli, Tu2i) nim
cach xa phin tir tir, va phén dAu thit hai (Tulo, Tu20) nim gan hon phan tir tir.
Cubn day phan ﬁﬁg (Lua) dugc quin lién tuc quanh mdi mdt trong s6 céc
“cip rang va bao gdm: ddu quén thir nhat (Luas) c6 & phén diu thir nhét (Tuli) cta
mét trong sb hai rang (Tul); dau quan tht hai (Luae) c6 & phan dau thir nhat (Tu2i)
“ clia rang kia trong s hai ring (Tu2); phén cét nhau (Luab); phin quin thi nhat
(Lul) duoc quin quanh‘m(f)t trong sb hai rang gitta diu quén thir nhét va phén cét
nhau; va phan quin tht hai (Lu2) dugc quin quanh cic ring kia trong s6 hai ring
giita phan cit nhau va dau quén thir hai.
Cudn ddy phin Gng trong phan quin thir nhit duge quén theo chidu quén thir
nhét (Rul) so vé6i chidu (Dul) thu dugc khi nhin phén dau tht hai tir phan déu thir

nhét cia mot trong s hai rang, khi cuén day phin tng di tir dau quin thir nhat tGi
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phén cit nhau.

Cudn day phan tng trong phén quén thr hai dugc quén theo chiéu quén thu
hai (Ru2) so véi chidu (Du2) thu dugc khi nhin phdn dAu thtr hai tir phan dau tha
nhét cta ring kia trong s6 hai riang, khi cu@ri day phén tmg di tir phan cit nhau t&i
du quin tha hai.

Chiéu quin thir nhit 12 ngugc v6i chiéu quén thir hai.

Phéan tng (1) theo khia canh tht nhét cua sang ché con bao gdm ban mach in
(PCB) (3) ¢ khia canh thr hai.

Ban mach in bao gdbm: méu hinh di day (Pn) n6i twong hd dau quin thir hai
cﬁabép thi nhit trong sb cac Cal; rang (Tub), déu quin thir nhét ctia cap tht hai
trong sb cac cip ring (Tvb), va dAu quin tht nhét cta cip thi ba trong sd céc cip
rang (Twb); miu hinh di day (Pxu) ndi tuong hd dau quan thir nhét coa cip tha -
nhit trong sb cac cip ring (Tub) va diu quin thtr nhét cta cip tht tu trong 56 cac

“¢ap rang (Tua); mau hinh di day (Pxv) ni trong hd diu quén thir hai ctia cip thir

“hai trong s6 céc cip ring (Tvb) va diu quén tht hai ctia cip tht nim trong sd cac
cap rang (Tva); va mau hinh di day (Pxw) nbi twong hd dau quén thtr hai cia cip
thir ba trong sd céc cip rang (Twb) Vz‘l. diu quén tht hai cla cip tht sau trong 56
cac cdp rang (Twa).

Phan quin tha nhit (Lu3) ctia cip thir nhét trong sb cac cip ring (Tub), phan
quin thir hai (Lu4) cta cip tht nhit trong s cac cip ring, phin quin thtr nhét
(Lw3) cua cédp thu ba trong s6 cac cefip rang (Twb), phan quin thir hai (Lw4) cuia
cap tha ba trong sd cac cdp ring, phin quén thi nhét (Lv1) cta cip thit nim trong
sb cac cap ring (Tva), phén quén thir hai (Lv2) cla cdp tht ndm trong sb cac cap
rang, phan quén thir nhét (Lul) cia cdp thir tu trong s6 cac cdp rang (Tua), phan
quin thir hai (Lu2) ctia cip thr tu trong s§ céc cip rang, phan quén thir nhat (Lwl)

clia cp thir sau trong sd cac cip ring (Twa), phin quén thi hai (Lw2) cia cip thi
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sdu trong sb cac cip riang, phan quin tha nhit (Lv3) cia cdp thir hai trong s6 cac
cap rang (Tvb), va phan quan thir hai (Lv4) cta cdp tha hai trong sb cac cip ring
duoc bb tri theo huéng chu vi theo thit tu nay.

May dién quay theo sang ché bao gdm phan tng (1) theo khia cénh thir hai
va phan tir -'[l‘I (2). Néu can, phan tir tir (2) bao gdm cic nam cham (21) bao
quanh phén tmg (1), va may dién quay thuc kidu r6 to ngoai. Néu can, cac nam
chim 1a cac nam cham nhuya.

" Quat hudng tAm theo sang ché dugc din dong boi may dién quay.

Phuong phép ché tao cip ring phén Gng theo séng ché 1a phuong phap ché
tao cdp rang s€ dugc st dung trong phan tmg theo khia canh thit nhét. |

Phuong phap bao gdm cac budc: b6 tri cac phin dau thtr nhit ctia hai rang.
- tao thanh mdi mot trong sb cac cip rang cdn nim d6i dién vé6i nhau dé thu duogc két
cAu thir nhét; quin ddy quanh hai ring theo mot chidu trong két cdu thir nhit va tao
ra cudn ddy phan tng trén hai ring dé thu duge két cAu the hai; va dua cac phin
dAu tho hai cia hai ring trong két cAu thir hai t&i sat nhau hon va hudng céac phan
d4u thir nhat hdu nhu theo cing chiédu.

' Véi khia canh thir nhét ctia phan ting theo séng ché, s6 luong cac chan cho
céc cudn day phén tng c6 thé duoc giam.

Vi khia canh thir hai, phdn mg theo séng ché c6 thé tao ra tir trudng quay
12 cuc véi cp ra cac dién 4p ba pha t6i d4u quén tht hai ciia cp thi tu trong sO -
cac cap rang (Tua), dau quin tht nhat ctia cap thir nérh trong sb cac cip rang (Tva),
va diu quén thir nhét ciia cp thit sdu trong s6 cac cap rang (T Wa).'

Khi may dién quay theo sang ché cu thé 14 theo kiu r6 to ngoai, PCB c6 thé
dugc thu nhé. Pidu nay 1 do dudng kinh ngoai cla phén tng 13 nho hon dudng
kinh ngoai cta ro to va dudng kinh cia vong tron bién thu dugce bing cach ndi cac

- phén dAu thir nhét cta ring 12 nhé hon dudng kinh ngoai cia phén tmg boi chiéu
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dai rang.

Khi may dién quay theo sdng ché theo kiéu ro to-ngoai va din dong quat
hudéng tam, ving cdc nam cham cd thé duoc tang khi thiét ké. Vi vay, vat liéu co
mat do tir thong thip s& thich hop vé6i cdc nam chdm cin duoc st dung, ma s& gop
phﬁn lam giam céac chi phi ‘ché tao. Chang han, cdc nam chim nhya thu dugc bing
céch tron bot tir tinh véi nhua 1a kha dung.

Khi may dién quay theo kiéu rd to ngoai, cic nam cham dugc dé dang da
phén cyc. Do may dién quay c6 duong kinh ngoai 16n hon, chiéu dai cung cho mbi
cuc duoc tao dai hon. Vi vay, khi dung sai kich thudc trong san xuét loat 16n 1a
bﬁng nhau v& gia tri tuyét ddi (chéng han, £0,1mm, v.v.), d9 1é&ch kich thudc & goc
cuc ¢6 thé duge chon véi d6 chinh x4c cao hon véi san xudt loat so v6i d6 1éch kich

‘thuédc cua cidc nam chdm c6 dudng kinh nhd hon s€ dugc st dung bsi may dién
quay kiéu 16 to trong. Didu nay c6 uu diém 1a giam rung va tiéng on.

Hon nita, khi cic nam cham 1a cc nam chim nhwa, phan t tir v&i s6 luong
céc cuc khac nhau 12 d& dang thu dugc. Didu ndy 13 do khuon dac va gong tir chi
dugc tao mdi cho cac nam chdm nhua véi sd lwong céc cuc khac nhau trong
khi phin tmg van c6 ciing két cAu nhu cac phin ing da biét. Cu thé lé, khi ro to chi
dugc c4u tao tir cac nam cham nhua, cac chi tiét dé ¢ dinh cdc nam chdm khong
can phai dugc ché tao méi véi cac ) lugng céac cuc cua cac nam cham khac nhau,
va céc chi tiét c6 thé giéng vdi cac nam cham da biét.

Ciap ring dugc dé dang duoc ché tao theo phiong phap ché tao cdp ring
theo sang ché.

MO ta vin tit cac hinh vé

Céc muc dich, cac dAu hiéu, cac khia canh va cac uu diém cua séng ché s&

tré nén ro rang hon tir phan mo ta chi tiét dudi day va cac hinh v& kém theo.

Fig.1 12 hinh chiéu bang minh hoa két cu cta phan tng theo phuong 4n
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thuc hi€n sang ché;

Fig.2 12 hinh chiéu bang minh hoa két cAu cta phan tir tir tao nén'mdy dién
quay co phén tng;

Fig.3 12 hinh chiéu bing minh hoa két ce"lu_ ctia phan tir tir tao nén may dién
quay c6 phan ng;

Fig.4 1a hinh chiéu bang minh hoa két ciu cua cip ring;

Fig.5 1a so d ndi minh hoa trang thai ndi cac cudn day phan tng;

Fig.6 1a so db di ddy minh hoa két cAu ctia ban mach in (PCB);

Fig.7 1a so db di ddy minh hoa két c4u khéc ciia PCB;

Fig.8 12 hinh chiéu bing minh hoa két chu ciia phan ting;

Fig.9 12 hinh v& mat cit ngang minh hoa két ciu cta quat hudng tam;

Fig.10 14 hinh v& phdi canh minh hoa hinh dang cta chi tiét cach dién;

Fig.11 13 hinh v& phdi canh minh hoa hinh dang ctia chi tiét cach dién;

Fig.12 12 hinh chiéu bang minh hoa hinh dang ctia 13i rang;

Fig.13 12 hinh chiéu bang minh hoa hinh dang ciia 16i gong; va

Fig.14 1a hinh chiéu bing mo ta phuong phip quén cudén ddy phan tng
quanh cdp rang. |
M5 ta chi tiét cac phwong 4n wu tién ciia sing ché

Pong co dé 1am vi du sang ché 1a dong co day 12 khe trong d6 n = 1, nghia
13, ddng co ¢ 10 hodc 14 cyc va 12 rang s& duoc mo ta dudi day. Phin mo ta dudi
day 14y s6 chin n>2. |

Fig.1 14 hinh chiéu bing minh hoa két cAu cta phin tmg 1 theo phuong 4n
thwe hién sang ché. Phin tmg 1 con c6 PCB 3 s& dugc md ta sau.

Fig.2 va Fig.3 1a cac hinh chiéu bang mdi hinh v& minh hoa két cdu ca phén
tir tir 2 tao nén méy dién quay c6 phin tng 1. May dién quay thudc kiéu 16 to

ngoai, va phan tir tir 2 14 r6 to cb cic nam cham 21 bao quanh phén tng 1 (duge
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biéu thi boi dudng nét dut).

Fig.2 minh hoa truong hop ma & do phén tir tir 2 ¢6 14 cuc (= 12 + 2), trong
khi Fig.3 minh hoa truong hop ma & d6 phdn t tir 2 ¢6 10 cuc (= 12 - 2). Cy thé
hon, mudi bdn nam cham 21 trén Fig.2 va mudi nam chdm 21 duoc bd tri theo mdi
_ mdt trong s cac hudng theo chu vi. Trong mdi trudng ﬁgp, cac nam cham 21 lién
ké theo huéng chu vi ¢6 céc cyc tinh khac nhau (N/S) so véi phén tng 1.

Néu cin, cac nam cham 21 13 cdc nam chdm nhua. Didu nay 1a do khong cin
tao ra cac nam cham 21 mot cach riéng biét dé thu dugc sb lugng cac cuc can thiét
cho phan tir tir 2 va cdc nam cham 21 dé dang thu dugc chi bing cach thay ddi khac
di trong qua trinh tao tir hoa.

‘Céc nam cham nhya thu dugc bing cach trdn rai réc, trong chét két dinh
nhua, chéng han bot tir tinh ferit hodc bdt tir tinh d4t hiém ching han nhu bdt tir
tinh neodim (NdFeB).

Phin tir tir 2 bao gdm cac 15 1ip 23 va bé mit ldp 22 ma trén d6 10 truc 20
dugc tao hé. BO phan cin dugc din dong bdimay dién quay (ching han, quat
huéng taim dé dich chuyén khong khi) duge 6 dinh vao bé mit lap 22 béi chi tiét
kep chat (khong duge minh hoa theo c4c hinh v€&) qua cac 16 1ip 23. Do do, chuyén
dong quay ciia phan tir tir 2 s& truyén chuyén dong quay cho bd phén. Truc (khong
dugc minh hoa theo cac hinh v€) dugc gén ¢ dinh vao bo phan xuyén qua 16 truc
20, va duge d dé c6 thé quay duge so véi phén g 1.

Mit khac, két ciu cua phﬁn g 1 s& dugc mo ta c6 dua vao Fig.1. Phén ung
1 ¢6 16 thong 10 ma duge tao hd tai phén giita va truc s& xuyén qua do. Phén tmg 1
khong cin 18 thong 10 duge tao hd.

Quanh tAm phan tng 1 (16 thong 10 & d6), 12 ring duoc bd tri theo huéng
chu vi. Cu thé hon nita, cac rang Tul, Tu2, Twl, Tw2, Tv3, Tv4, Tu3, Tu4, Tw3,

Tw4, Tv1, va Tv2 dugc bd tri nguoc chidu kim dong hd theo thit ty nay trén Fig.1.

-10-
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12 vréng nay dugc chia thanh 6 cdp ring mdi cdp c6hai ring lién ké
theo huéng chu vi. Cu thé hon, ring Tul va Tu2 tao thanh cap rang Tua, rang Twl
va Tw2 tao thanh cdp ring Twa, rdng Tv3 va Tv4 tao thanh cip réng Tvb, rang Tu3
va Tu4 tao thanh cip ring Tub, ring Tw3 va Tw4 tao thanh cdp rang Twb, va rang
Tv1 va Tv2 tao thanh cgp rang Tva. -

Céc éuc}n day phan tng dugc quin ddng tAm quanh cdc rang twong ung. Vi
vy, c4c hinh v& minh hoa so lugc céc ddy tao nén cic cudn day phan tng.

Trén Fig.1, cac vong tron tring kém theo cac chdm den (duédi day goi tam
thoi 1a “cac vong chim™) va cc vong tron tring kém theo X (duéi day goi tam thoi
la “cac vong X’) minh hoa so lugc mdi dong dién chay qua cudn day phan tng.
Céac vong chim biéu thi dong di tir sau ra trude trang gidy, trong khi cdc vong X
bidu thi dong di tir trude vao sau trang gidy.

Cu thé hon, cac cudn diy phan tmng duoc quin quanh cac ring Tul, Tu2,
Tu3, va Tu4 twong tng véi pha U. Hon nita, cic dong dién chay qua cudn déy phan
ung dugc quin quanh céc rang Tul va Tu2 tao thanh c@p rang Tua, theo cac chiéu
nguoc nhau so voi tdm phan tmg 1. Diéu tuong tu ciing 4p dung cho rang Tu3 va
‘Tu4 tao thanh ciip ring Tub. Cic dong dién chay qua cac cudn déy phén tng dugc
- quén quanh cac ring Tul va Tu3 nim dbi dién truc tiép véi nhau, theo cac chidu
nguoc nhau so véi tim phan @mng 1.

Cac cudn day phﬁn ung dugc quén quanh céc rang Tvl, Tv2, Tv3, va Tv4
tuong ung véipha V, va cac cudn déay phin mg dugc quin quanh cac ring Twl,
Tw2, Tw3, va Tw4 teong ung voi pha W. Cac cudn day phén ting dugc quin quanh
cac rang nay co mbi twong quan tuong ty v6i mébi tuong quan & pha U theo céc
chiu dong dién chay qua do.

Céac dong dién chay qua cidc cudn day phén tmg theo hai pha bét ky trong

s6 pha U, pha V, va pha W ¢6 cing cuec tinh, va cic dong dién chdy qua cac cudn
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day phan tng & mot pha con lai ¢6 cuc tinh khéc. Pidu duoc dua ra dé 1am vi du &
day la trrong hop ma & do6 cac dong dién chdy qua pha V va pha W ¢6 cung cuc
tinh va cac dong dién chay qua pha U c6 cuc tinh khac.

Fig.4 12 hinh chiéu bang minh hoa két cAu cta cap ring Tua. Rang Tul bao
gbm phan diu thir nhat Tuli ndm cach xa phan tir tir 2 (& ddy, sat hon 15 thong 10
trén Fig.1), va phin diu tﬁl’I hai Tulo ndm gin phén tir tir 2 hon. Ring Tu2 bao
gdm phin ddu thi nhit Tu2i nim cach xa phén tir tir 2, va phan dau tht hai Tu2o
nim gin phn ti tir 2 hon.

Cudn day phan Gmg Lua cho toan bd cip ring Tua bao gdm phin quén thir
nhét Lul, phén quén tht hai Lu2, ddu quéin thit nhit Luas, ddu quén thr hai Luae,
va phén cit nhau Luab, va dugc quén lién tuc. Cu thé hon nira, mdi mot trong sb
cac rang Tul va Tu2 dugc bao boc béi chi tiét cach dién, va cuén day phan tng
Lua duge quin quanh cac ring Tul va Tu2 qua céc chi tiét cch dién nay.

DPau quin thir nhat Luas di ra tai phin diu thtr nhat Tuli cta ring Tul,
va diu quén tht hai Luae di ra tai phan dau thi nhit Tu2i ctia rang Tu2. Cu thé hon
nita, chi tiét cach dién cta ring Tul c6 chdt tai phan du thir nhit Tuli. Pau quin
thtt nhat Luas duoc ndi vé6i chét. Tuong tu, chi tiét cach dién cua rang Tu2 c6 chdt
tai phan dau thir nhat Tu2i, va diu quin thir hai Luae dugc ndi v6i chét.

Phin quin tht nhat Lul dugc quin ddng tAm quanh ring Tul giita dau quan
thir nh4t Luas va phin cét nhau Luab. Phan quén thtt hai Lu2 dugc quin dong tAm
quanh ring Tu2 giita phan cét nhau Luab va dau quén th hai Luae.

Cudn dy phan tmg Lua trong phan quén thir nhat Lul dugc quén theo chidu
nguge chiéu kim dng hd Rul so véi chidu Dul thu dugc khi nhin phén dau thi hai
Tulo tir phan dau thir nhit Tuli, khi n6 di tir dAu quén thir nhit Luas t6i phan cét
nhau Luab.

Cudn day phan émg Lua trong phan quén thir hai Lu2 duoc quén theo chiéu
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kim ddng hd Ru2 so véi chiéu Du2 thu dugce khi nhin phén dau thir hai Tu2o tir
| phin dau thi nhat Tu2i, khi né di tir phin cit nhau Luab t6i ddu quin thit hai Luae.

Vi vay, cac dong dién co thé chay qua phin quén thir nhit Lul va phan quén
ther hai Lu2 theo cac chiéu nguoc nhau dé tao ra cac chiéu dong dién dugc minh
hoa duéi dang cac vong chdm va céc vong X trong cip rang Tua trén Fig.1 bang
cach cho phép dong dién chay qua cudn dﬁy phan tng Lua giira dau quin tht nhét
Luas va phan cit nhau Luab.

Céac phan nhd Kul va Jul nho & phia theo hudng kéo dai cua truc (vudng
g6c Vi trang gidy va hudng vé phia truée trén Fig.4) dugc tao ra tai phan ctia chi
tiét cach dién cua rang Tul nim gan hon phin ddu thir nh4t Tuli. Phan nhd Kul

ndm sat phan ti tir 2 hon phan nhd Jul, va dugc dit & phia theo chiéu kim ddng hd
ctia huéng chu vi so voi phin nhé Jul. Cac phén nhd Ku2 va Ju2 lan luot twong
ing véi cac phén nh6 Kul va Jul duogc tao ra tai ph.':fm cta chi tiét cach dién cua
rang Tu2 ndm gin hon phin dAu thtr nhét Tu2i.

Phan cit nhau Luab di, chéng han, tir phén qué,n ther nhit Lul qua vi tri
gita cac phan nhé Jul va Kul, sau d6 & phia tir phn tir tir 2 cach xa hon phan nhd
Jul, va qua vi tri giita cac phan nho Ju2 va Ku2, va t6i phén quin thir hai Lu2. Vi
vy, cac phf?m nhd Kul, Jul, va Ku2 gép phén dinh vi phén cét nhau Luab.

Trong cudn ddy phan @mg Lua, phin quén thir nhat Lul va phan quin tht hai

‘Lu2 duogc quin quanh cip ring Tua qua phén ct nhau Luab c6 sir dung ddy lién tuc

ma cac phan dau cua né chi 14 hai trong so cac dau quan thir nhat Luas va dau quén

- thir hai Luae.

Cap rang con lai ¢6 cung ket cau véi cdp rang trén Fig.4. Vi vy, cudn day
‘phén tmg c6 mét phan diu cho mdi ring. Vi vy, s6 lugng cac chan can dé noi dan
chéo cac dudng tir cac cudn diy phan g dugc gidm mot nia so vdi cac chan theo

cac tai liéu sang ché tir 2 dén 4.
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Fig.5 1a so d6 ndi minh hoa trang thai nbi cac cudbn diy phan tng. Trén
Fig.5, diu quén tha nhit Luas va d4u quén thir hai Luae ctia cudn day phén ving
Lua 14n lugt duoc biéu thi béi cac ky hidu chi din “s” va “e”. Phin quén thir nhét
Lul va phin quén thtr hai Lu2 duge ndi qua phin cét nhau Luab nhu duge thiy ro
tir phan mo ta trén day. |

Cuén dy phan tng Lub duoc tao ra quanh cip réng Tub, va bao gdm phin
quén thtr nhit Lu3 va phén quén thir hai Lu4 1in luot tuong tng véi phan quén thi
nhat Lul va phén quin thir hai Lu2. Ky hiéu chi din “s” dugc gan cho mot phéan
clia phin quin tha nhit Lu3 dbi dién véi phin quin thir hai Lu4, nghia 13, phan
tuong Ung véi dau quén thtr nhit Luas cta cudn day phén tng Lua. Hon niia, ky
hi€u chi d?lﬁ “¢” dwgc gan cho phin ctia phﬁn quén thir hai Lu4 d6i dién vé6i phan
- quén tht nhét Lu3, nghia 13, phan twong tmg véi dAu quén thtr hai Luae cia cudn
day phan ung Lua.

Céc cudn diy phan tmg Lua va Lub duge ndi tai diém nbi Xu qua cac phin
mdi phén c6 ky hiéu chi din “s”. Do d9, phan quén thir hai Lu2, phin quéan tﬁt’r nhét
Lul, phin quén thir nhit Lu3, va phén quin thir hai Lu4 dugc nbi ndi tiép theo thur
tu ndy. Do két cdu duoc minh hoa trén Fig.4 gitt chinh xac cudn day phén tng
Lub, chidu quin nhin doc theo chidu huéng kinh tir tim phan tmg 1 (ching han, gan
hon 16 thong 10) 1a chung giita cac phén quén thtr nhat Lul va Lu3, va gitta cac
phin quén thr hai Lu2 va Lud. Viéc ndi néu trén s& khién cac dong dién chay
qua céc phan quén thir nhit Lul va Lu3 theo cc chiéu nguoc nhau, va qua cac
phin quén tha hai Lu2 va Lu4 theo cic chidu ngugc nhau. Do d6, cic chiéu dong
dién dugc minh hoa dudi dang cac vong chdm va cac vong X trong cip rang Tua va
Tub trén Fig.1 c6 thé duoc tao ra.

Tuong tu, cudn ddy phan tmg Lva dugc tao ra quanh cdp ring Tva, va bao

gbm phan quin thir nhit Lv1 va phén quin thir hai Lv2 1an luot twong Gng v6i phin
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quén thtt nhét Lul va phdn quén thi hai Lu2. Phin ciia phdn quén tht nhit Lv1 ddi
dién v6i phan quén thir hai Lv2 sé& twong g véi diu quin thir nhit Luas cia cudn
day phan tng Lua, va ky hiéu chi dan “s” dugc gan cho phin nay. Phén cua phén
quén thtr hai Lv2 d6i dién voi phin quin thi nhét Lvl s& tuong Gng véi diu quén
thtr hai Luae cta cudn ddy phan tmg Lua, vaky hiu chi din “e” dugc gan
cho phin nay. |

Cuén day phan tmg Lvb dugc tao ra quanh cdp rang Tvb, va bao gbém phan
quin thir nhét Lv3 va phén quén thir hai Lv4 1An luot trong tmg v6i phan quin thir
nhét Lul va phin quén thi hai Lu2. Phén cia phan quén thir nhit Lv3 d6i dién véi
phan quén thi hai Lv4 s& tudng ng v6i diu quéan thi nhit Luas ctia cudn dy phén
tmg Lua, va ky hiéu chi dan “s” dugc gan cho phén nay. Phan cta phén quéin thir
hai Lv4 d6i dién v6i phan quin thir nhit Lv3 s& tuong tng véi dau quin tha hai
Luae cia cudn ddy phan tng Lua, va ky hiéu chi dan “¢” dugc gén cho phén nay.

Céc cudn ddy phan tng Lva va Lvb duge ndi tai diém ndi Xv qua cac phan
mdi phan c6 ky hiéu chi din “e”. Do do, phin quén thi nhét Lv1, phdn quén thir hai
Lv2, phan quén thir hai Lv4, va phan quin thir nht Lv3 duoc nbi néi tiép theo thi
tu ﬁéy. Vi vay, chiéu quin nhin doc theo chidu huéng kinh tir tm phan tng 1 13
chung giita cac phin quén thtr nhit Lv1 va Lv3, va giita cdc phan quén thir hai Lv2
va Lv4. Méi néi néu trén khién cac dong dién chay qua cic phan quén thir nhét Lvl
va Lv3 theo cac chiu nguoc nhau, va qua céc phan quin thir hai Lv2 va Lv4 theo
céc. chiéu ngugc nhau. Do do, cac chiéu dong dién dugc minh hoa dudi dang cac
vong chim va cic vong X trong cip rang Tva va Tvb trén Fig.1 c6 thé dugc tao ra.

Tuong tu, cudn day phén tmg Lwa dugc tao ra quanh cip ring Twa, va bao
gbm phan quén thtr nhat Lwl va phin quén thir hai Lw2 14n luot twong tmg véi
phin quin thir nhit Lul va phin quén thtr hai Lu2. Phéan cta phan quén thir nhit

Lw1 dbi dién v6i phin quan thir hai Lw2 s& twong ung véi diu quin thtr nht Luas
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ctia cudn ddy phan ung Lua, va ky hiéu chi din “s” duoc gan cho phin nay. Phin
ctia phan quén thir hai Lw2 dbi dién voi phin quén thir nhit Lwl s& tuong Gng v6i
d4u quén tha hai Luae cla cudn day phén tng Lua, va ky hi€u _chi dan “e” dugc
g4n cho phan nay.

Cudn day phan tng Lwb dugc tao ra quanh cip ring Twb, va bao gb6m phin
quén thir nhat Lw3 va phin quin thir hai Lw4 14n lugt twong tmg v6i phan quan thi
nhét Lul va phin quén thir hai Lu2. Phin ciia phan quén thir nhit Lw3 dbi dién véi
phéan quin thtt hai Lw4 s& twong tng vi dau quin thir nhit Luas clia cudn day

“phén tmg Lua, va ky hiéu chi dan “s” dugc gan cho phan nay. Phin ctia phan quin
thir hai Lw4 dbi dién véi phn quin thir nhit Lw3 sé tuong ng v6i dau quin thi
hai Luae ciia cudn diy phan tmg Lua, vaky hiéu chi dan “e” dugc gan cho phan
nay.

Céc cudn day phan tng Lwa va Lwb dugc néi tai diém ndi Xw qua cac phan

" mdi phin ¢6 ky hiéu chi din “e”. Do do, phin quin tht nhit Lwl, phan quin thir
‘hai Lw2, phin quén thir hai Lw4, va phén quén thir nh4t Lw3 duoc ndi ndi tiép theo
thr tw ndy. Vi vdy, chiéu quin nhin doc theo chiéu huéng kinh tir tAm phén tng 1
la chung gifta cac bhén quén thir nhat Lwl va Lw3, va giita cac phin quéan thtt hai
Lw?2 va Lw4. Mbi ndi néu trén khién cic dong dién chdy qua céc phén quén thir
nhét Lwl va Lw3 theo cac chiéu ngugc nhau, va qua cc phan quén thir hai Lw2 va
Lw4 theo céc chidu nguoc nhau. Do do, cac chiéu d(‘)hg dién dugc minh hoa dudi
dang cac vong chém va cac vong X trong cdp rang Twa va Twb trén Fig.1 c6 thé
duoc tao ra.

Phén ctia phan quin tha hai Lu4 tuong tng vdi d4u quén tht hai Luae, phén
ctia phan quén tht nhit Lv3 tuong tng véi dau quén thir nhit Luas, va phan cia
phén quén thi nhit Lw3 tuong tng v6i diu quén thir nhit Luas dugc nbi tai diém

ndi N. Véi viéc cip (i) dién ap pha U t6i d4u quén tht hai Luae clia phan quin tht

-16-



28513

hai Lu2, (ii) dién 4p pha V t6i phan cia phin quén tht nhat Lv1 tuong tng véi dau
quin thir nhat Luas, va (iii) dién 4p pha W t6i phin cta phin quén Lw1 tuong tng
v6i ddu quin tha nhét Luas, cac chibu dong dién dwgc minh hoa duéi dang tht
c& cac vong chim va cac vong X trén Fig.1 c6 thé duoc tao ra.

Fig.6 1a so d0 di day minh hoa két ciu ciia PCB 3. PCB 3 tao ra trang thi
nbi cac cudn diy phan tmg dwoc minh hoa trén Fig.5. Cu thé hon, PCB 3 bao gdm
cac ving Hu, Hv, Hw, Huas, Huae, Hvas, Hvae, Hwas, Hwae, Hubs, Hube, Hvbs,
Hybe, Hwbs, va Hwbe. Cac ving ndy bao gdm, ching han, céc 16 hd tuong tng.
PCB 3 ¢6 15 thong h¢ 30 hdu nhu thich hop véi 16 théng 10 khién cho truc s& xuyén
qua duoc 15 thong 30 nay. |

Phin quén thir nhit Lu3 cla cip ring Tub, phin quén tht hai Lu4 cia cip
rang Tub, phin quin thir nhit Lw3 cta cip ring Twb, phin quin thtr hai Lw4 ciia
cip rang Twb, phin quin thir nhét Lvl cta cip ring Tva, phan quin thir hai Lv2
clia cap ring Tva, phin quén thir nhit Lul cua cdp ring Tua, phan quin thir hai Lu2
cua cdp rang Tua, phén quin thir nhit Lwl cuta cip ring Twa, phan quin tht hai
Lw2 cia cap ring Twa, phdn quin thir nhit Lv3 cla cip ring Tvb, va phan quén
thtr hai L.v4 cda cédp rang Tvb du:qé b trf theo hudng chu vi theo thir tu nay.

Cac vung Huas, Huae, Hwas, Hwae, Hvbs, Hvbe, Hubs, Hube, Hwbs,
Hwbe, Hvas, va Hvae dugc b tri nguge chiu kim dong hd theo huéng chu vi theo
thir ty nay.

Chét ndi véi dau quin '[hlfl’. hai ctia phan quin thir hai Lu2 dugc ndi v6i ving
Hu. Chét ndi v6i dlu quén thir nhat ctia phin quén thi nhit Lvl dugc ndi v6i ving
Hv. Chédt ndi v6i ddu quin thir nhit cia phan quin tht nhét Lwl dugc nbi véi ving

‘Hw. Chét ndi véi diu quén thir nhét ctia phan quén thir nhat Lul dugc nbi véi ving
Huas. Chdt ndi véi ddu quin thu nhit cta phin quin tht nhit Lu3 dugc nbi

v6i ving Hubs. Chdt ndi v6i dau quan tht hai ctia phan quén thir hai Lv2 dugc noi
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v6i ving Hvae. Chét ndi v6i diu quan th hai ctia phin quén tht hai Lv4 dugc nbi
v6i ving Hvbe. Chét néi voi déu quén thi hai ctia phin quén thir hai Lw4 dugc ndi
v6i ving Hwbe. Chét ndi v6i diu quén thi hai ciia phan quan thir hai Lw2 duge nbi
v6i ving Hwae. Chét ndi v6i dau quén tht hai cta phéan quin thir nhit Lul duoc
nbi V(’Yi ving Huae. Chét ndi véi d¢iu quén thir hai ctia phén quén thir nhét Lu3 dugc
nbi v6i ving Hube. Chét ndi v6i ddu quén thir nhét ciia phin quén thir hai Lv2
duoc ndi v6i ving Hvas. Chét ndi v6i diu quén thir nhat ctia phan quin thtr hai Lv4
~ duge ndi véi ving Hvbs. Chét ndi véi dau quén thir nhit ciia phin quén tht hai
Lw4 duge ndi v6i ving Hwbs. Chédt ndi véi dau quin thir nhit cia phin quan thi
hai Lw2 duoc ndi véi ving Hwas.

PCB 3 ¢6 c4c mau hinh di ddy 16p thir nhit duoc bidu thi béi cac .duﬁmg nét
lién va cac mAu hinh di day 16p thir hai dugc biéu thi bsi cac duong nét dit. Cac
mau hinh ndy duoc chira trong céc 16p diy khac nhau voilop cach ly 31 giita
ching. Cac miu hinh di ddy 16p thir nhat ndy va cdc mau hinh di day 16p thit hai tao
ra mot cach thich hgp céc 16p day can cho PCB 3. Lép cach ly 31 ¢6 cic 16 thong
tir 11 t6i J4 dé ndi céc chi tiét cia cac mAu hinh di day 16p thir nhét véi cac chi tiét
‘ctia cac mAu hinh di day 16p thir hai. |

PCB 3 ¢6, theo cdc mAu hinh di day 16p tht nhét, mau hinh di ddy Puu dé
ndi twong hd cac ving Hu va Huae, miu hinh di diy Pvv dé ndi twong hd cac ving
Hv va Hvas, va miu hinh di diy Pww dé ndi tuong hd cac ving Hw va Hwas.

PCB 3 c¢6 méu hinh di diy Pn c6 chitc ﬁéng nhu diém néi N. Miu hinh di
day Pn ndi trong hd dau quén thir hai (phan c6 ky hiéu chi din “e” trong phan quén
thir hai Lu4) caa cap rang Tub, diu quén thir nhit (phan c6 ky hiéu chi dan “s”
trong phan quin thir nhit Lv3) cta cip ring Tvb, va d4u quin thi nhat (phan c6 ky
hiéu chi din “s” trong phin quén ’[hl'l" nhit Lw3) cua cip ring Twb. Cu thé

hon, mAu hinh di diy Pn ndi twong hd cac ving Hwbs, Hube, va Hvbs. MAu hinh di
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day Pn duoc tao ra dudi dang mAu hinh di day 16p thi nhét.

PCB 3 ¢6 cac mau hinh di ddy Pxu, Pxv, va Pxw lan lugt c6 chirc nang
nhu céc diém ndi Xu, Xv, va Xw.

Mau hinh di day Pxu ndi twong hd diu quén thir nhét (phan c6 ky hiéu chi
dan “s” trong phan éluén thir nhit Lu3) cia cip rang Tub va diu quén thi nhit
(phin c6 ky hiéu chi din “s” trong phin quin tht nhét Lul) cia cip riang Tua. Cu
thé hon, mAu hinh di ddy Pxu ndi trong hd cac ving Hubs va Huas. mau hinh di
day Pxu duoc tao ra duéi dang mau hinh di day 16p thit hai.

MAu hinh di ddy Pxw ndi twong hd dau quén thir hai (phan c6 ky hiéu chi‘
dan “e” trong phan quin thir hai Lw4) ctia cip ring Twb va dau quin thir héi (phan
¢6 ky hiéu chi din “e” trong phén quin tht hai Lw2) ctia cp ring Twa. Cu thé
hon, mAu hinh di diy Pxw ndi twong hd cac ving Hwbe va Hwae.

Mau hinh di ddy Pxw bao gdm miu hinh di diy Pxw1 dugc tao duéi dang
mau hinh di diy 16p thfr nhét, va miu hinh di day Pxw2 dugc tao dudi dang mau
hinh di day 16p th hai. Sau d6, cic mAu hinh di ddy Pxw1 va Pxw2 dugc nbi twong
hd qua 15 théng J1 dugc biéu thi béi hinh chit nhat trén Fig.6 bdi vi mau hinh di -
day Pxw ngin ngira su va cham véi cdc miu hinh di diy Puu, -PVV, va Pww trong
mAu hinh di day 16p thir nhét. |

MAu hinh di day Pxv néi twong hd diu quén thi hai (phan c6 ky hiéu chi dan
“g” trong phan quén thi hai Lv4) cia cip ring Tvb va dau quan thi hai (phén c6 ky

“hiéu chi dan “e” trong phan quin thir hai Lv2) ctia cip ring T-V&. Cu thé hon, mau
hinh di day Pxv nbi tuong hd cac viing Hvbe va Hvae.

Mau hinh di diy Pxv bao gdm c4c miu hinh di diy Pxv1 va Pxv3 dugc tao
nhu cdc mAu hinh di ddy 16p thir nhét, va cac miu hinh di diy Pxv2 va Pxv4 duoc
tao nhu cac mau hinh di day 16p thit hai. Sau dé, cac mau hinh di day Pxv1 va Pxv2

dugc ndi qua 16 thong J2, cac miu hinh di diy Pxv2 va Pxv3 dugc nbi qua 13 théng
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J3, va cic miu hinh di diy Pxv3 va Pxv4 dugc ndi qua I thong J4. Didu nay 1a
do mAu hinh di day Pxv ngin ngira su va cham véi cdc mau hinh di ddy Pn, Pxwl,
Puu, Pvv, vd Pww theo cic miu hinh di day 16p tht nhét, va v6i miu hinh di day
Pxu trong cac mau hinh di day 16p thir hai. Theo cach lya chon khéc, néu khong sir
dung mAu hinh di day Pxv1 va 15 théng J2, mAu hinh di day Pxv2 c6 thé dugc ndi
truc tiép véi ving Hvae. |

Fig.7 1a so dd di day minh hoa két cAu khac cia PCB 3. PCB 3 trén Fig.7
cling bao gém cac ving Hu, Hv, Hw, Huas, Huae, Hvas, Hvae, Hwas, Hwae, Hubs,
Hube, Hvbs, Hvbe, Hwbs, va Hwbe nhu PCB 3 trén Fig.6. PCB 3 trén Fig.7 tao
ra trang thai ni cac cudn day phén ing dugc minh hoa trén Fig.5 ¢ st dung cac
mau hinh di day mot 16p.

Cac mAu hinh di day Puu, Pvv, Pww, va Pn trén Fig.7 dugc tao ra twong tu
nhu cic mau hinh di diy Puu, va, Pww, va Pn trén Fig.5. Trén Fig.7, mau hinh di
day Pxw duogc tao ra & phia ngugc lai cua két cAu hinh khuyén clia cic ving so
v6i mAu hinh di day Pn, va ndi twong hd cac ving Hwae va Hwbe. Hon nifa, miu
hinh di day Pxu dugc tao bén trong hon két cAu hinh khuyén ctia cac ving (t6i sat
hon 13 thong 30), va ndi twong hd ééc ving Huas va Hubs. Hon nita, mau hinh di
day Pxv duogc tao bén trong hon két cdu hinh khuyén ctia cac ving, va nbi twong
hd céac ving Hvae va Hvbe.

Do cudn day phén tng dugc quéin quanh mdi ring & k¥ thuat da biét, mot
rang c6 hai ddu quén. Hon nita, cdc chan nbi cip ma dau quin nbi cip duqc.quén
quanh d6 duogc bd tri trén PCB tai céc vi tri khac nhau theo chiéu hudng kinh ctua
phﬁn tmg dé d& quan. Néi theo cach khac, cac ving can dugc ndi véi cac chan duge
bd tri hai 16p theo hinh khuyén trén PCB. Vi vy, cac mau hinh di day dugc tao bén
ngoai cac vung hinh khuyén trén PCB.

Tuy nhién, két cdu hinh khuyén mdt 16p cia cac ving la thich hop
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theo phuong an thyc hién nhu duge mo ta trén day. Diéu nay la ‘do cudn diy phan
trng ¢6 hai phan quin dugc quin lién tuc quanh hai ring 1ién k& qua phén cit nhau
(chéng han, phin quéin thir nhét Lul va phin quan thir hai Lu2 lan luot dugc quén
lién tuc quanh céc rang Tul va Tu2 qua phan cét nhau Luab), va chi mét chét duoc
b tri trén PCB 3 cho mdi ring. -

Vi viy, cac mau hinh di day c6 thé dugc tao ca bén trong 1An bén ngoai so
vé6i két chu hinh khuyén cia cic ving, va cic mau hinh di ddy mét 16p c6 thé tao
ra trang thai ndi cac cudn day phén tmg dugc minh hoa trén Fig.5 nhu dugc mo ta

-trén d4y. Vi vay, két ciu ctia PCB 3 dugc don gian hod, cac quy trinh ché tao dugc
thuc hién dé dang, va céc chi phi san xuét dugc giam.

- Fig.8 1a hinh chiéu bing minh hoa két chu coa phan ung 1, va minh
hoa trang thai trong d6 PCB 3 duogc bé tri tir trudc trang gidy tdi phia két cdu dugc
minh hoa trén Fig.1. Fig.8 minh hoa trang thai ma & do mdi mot trong sd cac ving
6 18 hé va chdt ma dau quén thtr nhit hodc dau quén tht hai duge ndi véi no sé lot
vao mdi mdt trong sb cac 15 (mdi vong tron bén trong vong tron biéu thi ving minh
hoa chét dang so d6). Hon nita, mic du Fig.8 m6 ta vi du v& trudong hop ma & d6 16
thong 30 1a nho hon 16 thong 10, song 16 thong 30 ¢6 thé 16n hon 16 thong 10 nay.

PCB 3 ¢6 bd ndi 4. Cac day cap Cu, Cv, va Cw cung cip dién ap pha U, dién
ap pha V, va dién 4p pha W, va lan luot duoc ndi véi cac vung Hu, Hv, va Hw
(xem Fig.6) qua cac cuc Pu, Pv, va Pw.

Nho-str dung PCB 3 theo céch nay, phén ting 1 s& sinh ra tr trudng quay 12
cuc ¢b cap céc dién ap ba pha t6i d4u quén tha hai cta cip rang Tua, dau quén thir
nhét cua cdp rang Tva, va diu quén thtr nhit ca cip ring Twa.

May dién quay st dung PCB 3 theo cach mong mudn 13 theo kiéu rd to
ngoai, c6 thé xem nhu PCB 3 ¢6 th8 duoc thu nhod. Pidu nay 1a do cac ving Huas,

Huae, Hwas, Hwae, Hvbs, Hvbe, Hubs, Hube, Hwbs, Hwbe, Hvas, va Hvae dugc
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bd tri theo phia chu vi trong ctia may dién quay.

May dién quay kiéu rd to ngoai 1a thich hgp dé, chang han, din dong cic
quat huéng tdm dugc sit dung trong cac bd cira bén trong cua cdc may diéu hoa
khong khi.

Fig9 1a hinh v& mit cit ngang minh hoa két cdu cua quat inrc’mg tam 80 va
may dién quay dé dan dong quat huéng tdm 80 nay. Puong gach chéo quat huéng
tam 80 dugc b6 di dé tranh 1am phirc tap hinh v&. Hon nita, phén tmg 1 dugc minh
hoa don gian hod béi cac dudong nét dirt thay thé.

Quat huéng tdm 80 dugc ¢b dinh vao bé mit lap 22 ctia phan tir tir 2 béi chi
tiét kep chit (khong dugc minh hoa theo céc hinh v€) qua cac 16 lép 23. Do @0,
chuyén dong quay cta phan tir tir 2 s& truyén chuyén ddéng quay ctia quat huéng
tém 80. N6i theo cach khéc, may dién quay c6 phan tir tir 2 drives quat huéng tim
80.

Truc 81 cta quat hudng tdm 80 s& xuyén qua 16 truc 20 va 16 théng 30 (thuc
té 1a gdm ca 16 thong 10), va duge d& boi co ciu do khong duge minh hoa theo cic
hinh v&, dé co6 thé quay duoc so véi phan tmg 1.

Do co cu dv, chi tiét kep chat, va két cAu cua quat huéng tdm 80 co thé thu
dugc nho st dung céc k§ thuat da biét, phan mé ta chi tiét dugc bd qua & day.

Trong may dién quay kiéu rd to ngoai din dong quat huéng tdm 80, rd to
clia no cd &_ub‘ng kinh 16n hon. Vi vdy, ving c4c nam cham 21 c6 thé dugc ting khi
thiét ké. Piéu nay 1a thich hop boi vi cac thong lwong tir can thiét thu dugc ngay ca
khi mat do théng lugng tir clia cdc nam cham 21 thép hon. Hon nita, khi cdc nam
cham 21 1a cdc nam chdm nhua, cac nam cham 21 c6 uu diém 12 vat liéu v6i mat do
tir thong thip ching han nhu nam cham ferit s& thich hgp véi bot tir tinh can duoc
tron phan tan trong cdc nam cham 21. Didu nay c6 wu diém hon ca trong qué trinh

phéan phdi dé€ 1am giam céc chi phi ché tao so v6i cdc nam chdm 21 ¢6 sir dung nam
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cham dét hiém chéng han nhu NdFeB 1a b0t tir tinh.

May dién quay kiéu r6 to ngoai dé dang phan cuc cac nam cham 21. Do may
dién quay c6 dudong kinh ngoai 16n hon, chidu dai cung cho mdi cuc dugc tao dai
hon. Vi vdy, khi dung sai kich thudc trong san xuét loat 16n 13 bing nhau v& gia tri
tuyét dbi (chéng-han, +0,1mm, v.v.), d0 1€ch kich thudc & goc cuc co thé dugc ch-c.)n
véi do chinh xac caol hon khi san xuét loat d6 1éch kich thude khi san Xuét cac nam

“cham véi duong kinh nho hon s€ duge st dung bdi may di€n quay kiéu 16 to trong.
Pidu nay c6 vu diém 13 giam rung va tiéng on.

Khi céc kiu nam cham 13 gidng nhau, ching han nhu cic nam cham ferit
hodic c4c nam cham d4t hiém, cic nam chdm nhua gop phén lam giam céc chi phi
san xuét so v6i cac nam cham thiéu két nh giam s6 lrong céc chi tiét cd dinh nam
cham va sd lugng céc quy trinh (céc quy trinh v6i cidc nam cham thiéu két bao gdbm
d4nh béng mit phing ¢ va nghién dé dinh kich thuéc c6 thé duoc bé qua).

Hon nita, khi cac nam chdm 21 1a cdc nam chdm nhya, phﬁn tr tr 2 véi s
lugng cac cuc khac nhau 1a d& dang thu dugc. Didu nay 13 do khudn diic va gong tir
chi duogc tao méi cho cac nam cham nhya véi ) luong cac cuc khac nhau trong
khi phin tng 1 vin giéng nhu céc phin tng di biét. Cu thé 13, khi rd to chi dugc
cAu tao tir cdc nam cham nhura, cac chi tiét @ c6 dinh cic nam cham 21 khong cin
phai dugc ché tao méi cho mdi sb lugong khéac nhau cic cuc cia cidc nam cham,
va céc chi tiét c6 thé giéng nhu céc chi tiét da biét.

- Fig.10 va Fig.11 1a c4c hinh v& phdi canh mdi hinh minh hoa hinh dang
ctia chi tiét cach dién 6. Chi tiét cach dién 6 che mdi mot trong s6 céac riang, va cudn
day phén tmg dugc quin quanh do.

Chi tiét cach dién 6 bao gdm tAm thir nhit 608 nim & phan dau thir nhit
(cach xa hon tir phan tir tir 2) ctia m&i mot trong s6 cac ring, tdm thr hai 607 nim

& phin diu thi hai (st hon phan tir tir 2), va 16i quin day 601 ma cudn day phén
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g duge quin quanh d6 nim gitra tAm thi nhat 608 va tdm thi hai 607. L5i quin
day 601 bao gdm bé mit trong theo chu vi 602 tai phia trong ctia no.

TAm tht nhit 608 c6 18 hé 605 ma chét 7 dugc lip vao trong do. Chdt 7
duoc ndi v6i dlu quén thir nhét hodc dau quén thir hai ciia cudn day phén g,

TAm thi nhat 608 c6 cac phin nhd 603 va 604 nhd qua ciing bé mit c6 chdt
7. Céc phan nhd 603 va 604 1an 1u§’t ¢6 chirc ning nhu cac phin nhd Jul va Kul
(theo cach Iwa chon khéc, cac phan nhd Ju2 va Ku2, xem Fig.4).

Tém thir nhat 608 c6 bé mit nghiéng 606 tai phdn nim sat hon phan tir tir 2,
noi ma chét 7 va cac phén nho6 603 va 604 duoc tao ra. Co dya vao Fig.4 véi cép
rang Tua duoc dua ra @ 1am vi du, bé mit nghiéng ngan khong cho tAm thir nhit
608 tac dong theo cach cuc bd luc manh 1én day di tur phén quén tht nhat Lul hoic
phin quin thir hai Lu2 v6i chét 7 hoic trén ddy cit ving bién gitta phén cét nhau
Luab va phin quén thtr nhit Lul hodc phin quén thit hai Lu2.

Fig.12 1a hinh chiéu bing minh hoa hinh dang ctia 15i ring 8 c6 & mdi mot
trong sd céc rang. Loi ring 8 duogc lam bing, ching han, tAim thép dién tir tao 16p
theo phuong vudng gbc véi trang gidy. Lai ring 8 bao gbm phén ndi 8a va phin
cuc tir 8b.

L&i rang 8 duoc ldp vao trong 161 quin day 601 khién cho phan néi 8a dugc
dat sat hon tAm tha nhat 608 va phén cuc tir 8b duoc dit sat hon tim thir hai 607.
Do d6, bé mit trong theo chu vi 602 s& che 13i ring 8.

Fig.13 1a hinh chiéu bang minh hoa hinh dang etia 16i gong 9. Loi gong 9
duoc lam béng, chéng han, tAm thép dién tir tao 16p theo phuong vudng goc véi
trang gidy. Ldi gong 9 bao gdm cac phan ndi 9a va phan ghép ndi 9b.

Céc phan nbi 9a dugc bd tri theo hinh khuyén, va dugc ghép nbi v6i phan
ghép nbi 9b. Céc phin nbi 8a va 9a duge két hop voi nhau dé duge ghép nbi véi

nhau. Vi vay, cic cdp ghép nodi ctia cac 16i ring 8 dugc dung cho cic cép rang voi
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cac phan nbi 9a nim 1ién k& theo hudng chu vi cho phép thu dugc két ciu minh hoa
trén Fig.1. Chéng han, 15 thong 10 ctia phin tng 1-dugc tao hé tai phan ghép nédi
9b.

Fig.14 14 hinh chiéu bing 1an luot md ta phuong phap ché tao cip ring Tua.
Céc phan dau tha nhét Tuli va Tu2i cua riang Tul va Tu2, tao thanh cdp rdng Tua
duoc bd tri ddi dién v6i nhau dé thu dugc két cAu ;[hl’r nht. Ch?lng han, cac chi tiét
cach dién 6 duge b tri theo hudéng ma theo d6 cac tAm thir hai 607 di chuyén ra xa
nhau, va bd phén ¢b dinh dang thanh ciing dugc 1ip vao trong tuong tng 15i quén
days 601, trude khi 1ip cac 16i ring 8 vio trong hai réng Tul va Tu2.

Trong két cAu thir nhét, ddy duoc quin quanh chi tiét cach dién 6 cia mbi
mot trbng sb cac rang Tul va Tu2 theo mot chiéu. Cu thé hon, sau khi day duogc
© quin quanh chét 7 nhu diu quén tht nhit Luas, ddy duoc quén theo chidu quin
Rul d8 tao thanh phan quin thir nhat Lul.

Sau d6, day di gifta phan nho Kul (phdn nhé 604 cua chi tiét cach dién) va
phén nhé Jul (phan nhé 603 cia chi tiét cach dién) va giita phdn nhdé Ku2 (phan
nhé 604 cta chi tiét cach dién) va phin nhd Ju2 (phin nhd 603 cia chi tiét cch
dién) dé tao thanh phén cét nhau Luab.

Hon nita, diy dugc quén theo chiéu quén Ru2 dé tao thanh phin quin thir
hai Lu2, va dugc quin quanh chdt 7 nhu dau quin tha hai Luae.

Do céc phin dau thir nhit Tuli va Tu2i lan luot véi cac rang Tul va Tu2,
duoc bd tri dbi dién v6i nhau trong két cAu thir nhét, cac chiéu quén Rul va Ru2 la
cung chiéu. Vi véy, khi quin déy, khong can thay ddi chidu quin. Néi theo cach
khac, cuén day phén ung la dugce quén mdt cach dé dang.

Céc chiéu quin Rul va Ru2 1a cac chiéu huéng tir phia duéi téi phia trén so
v6i mit trude trang gidy. Vi vy, phan cat nhau Luab dugc tao nghiéng tir phia duéi

bén phai tdi phia trén bén trai trang gidy. Do d6, phan cét nhau Luab dugc tao méc
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v6i cac phan nho Kul va Ku2. Vi vy, luc cang ma cd thé khién phan quin thir nhét
Lul va phin quin tht hai Lu2 tudt ra khéi vong quin (dan t6i tring) kho tac dong
vao phan quén thit nhit Lul va phin quén thir hai Lu2.

Do d6, thu dugc két chu thtr hai dugc minh hoa trén Fig.14. Sau d6, viéc
dua 14n luogt cac phén dau thir hai Tulo va Tu2o cuia ring Tul va Tu2 trong két cdu
thtt hai t6i sat hon nhau va huéng cac phin dau thi nhat Tuli va Tu2i hiu nhu
theo cing chiéu tao ra két cAu tht ba. Cu thé hon, viéc xoay ring Tul ngugc chiéu_
kim ddng hd so véi x4p xi tim phin cit nhau Luab nhu mot tim quay trén Fig.14 s&
“tao ra két ciu duoc minh hoa trén Fig.4. Ngay ca khi lyc cang ¢ thé khién phin
quén thir nhét Lul va phﬁn quin th hai Lu2 tudt ra khéi vong quin (din téi tring
xuét hién bang cach dich chuyén rang Tul va Tu2, thi lyc cling kho tic dong vao
phin quén thir nhat Lul va phén quén thi hai Lu2 béi vi phin cit nhau Luab dugc
tao moc voi phan nhé Jul.

Phan nho Ju2 khong gép phan dinh vi day va vi vy c6 thé dugc bo qua khi
thu duoc ca két ciu tht hai 13n thir ba.

161 ring 8 durgc lip vao trong 16i quin day 601 ctia mdi mot trong sb céc chi
tiét cach dién 6 trong két ciu thir ba. Do d6, c6 thé thu duoc cip ring Tua & trang
thai dugc minh hoa trén Fig.4. Budc lap 16i ring 8 vao trong 15i quin day 601 cia
mdi mdt trong sb cac chi tiét cach dién 6 trong két chu tht hai c6 thé dugc thuc
hién.

Tuong tu, cac cdp rang khac co thd duoc ché tao d& dang bang cach quin
c4c cudn dy phén tg.

Do toan bg phén mo ta trén day dugc néu lam vi dy, rd rang 1a, ¢6 thé dugc
bién thé theo cach thich hop trong pham vi sang ché ma & d6 hiéu qua khong bi cén
trd.

Mic di sang ché duoc thé hién va mo ta chi tiét, song phan mo ta trén day 1a
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tat ca cac khia canh minh hoa khong nham han ché sang ché. Can hi€u rdng nhiéu

bién thé va thay doi c6 thé dugc thuc hién ma khéng nam ngoai pham vi sang ché.
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YEU CAU BAO HO

1. Phén tmg (1) ;cao nén may dién quay bao gdm phén tir tir (2) ¢6 (1242)n cuc, n 14
s6 nguyén dwong, phan tmg nay bao gbdm:

12n ring (Tul dén Tu4, Tvl dén Tv4, Twl dén Tw4) dugc bd tri theo hudng
chu vi;

cudn day phin tmg duoc quin dong tim quanh mdi mot trong sd céc ring
(Tul, Tu2); va

ban mach in (3),

c4c rang duoc chia thanh 6n cip ring, modi mﬁt trong sb cac cip ring (Tua)
bao gdm cdp rang (Tul, Tu2) lién ké theo huéng chu vi,

mdi mot trong sb cac ring bao gdm phin diu thi nhét (Tuli, Tu2i) nim xa
honso v6i phdn tir tir, va phan dau thit hai (Tulo, Tu20) nim gin hon véi phan tir
tur,

cudn déy phan ung (Lua) dugc quén lién tuc quanh mdi mdt trong sd céc cap
rang va cuon diy nay bao gbm:

diu quin thir nht (Luas) ¢6 & phin diu thir nhét (Tuli) ciia mot ring trong
s6 hai rang (Tul);

diu quan thr hai (Luae) c6 & phan du thi nhét (Tu2i) ctia rang kia trong 56
hai rang (Tu2);

phén cét nhau (Luabj ;

phin quén tht nhét (Lul) dwgc quin quanh mot ring trong s6 hai ring
giita diu quén thir nhit va phén cit nhau; va

phdn quén tha hai (Lu2) duoc quin quanh ring kia trong sd hai ring
giita phin cit nhau va dau quén thi hai,

trong d6 cudn diy phéan tmg trong phin quén thir nhit dugc quin theo chiéu
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quén thir nhat (Rul) twong ddi v6i chiéu (Dul) thu dugc khi nhin phéan diu thir hai
tir phin du thr nhat cia mot trong s6 hai rang, 12 cuén day phan tmg di tir diu
quin thir nhét t6i phén cit nhau,

cudn day phin tng trong phan quin thir hai dugc quén.theo chidu quin thtr
hai (Ru2) tuong déi v6i chidu (Du2) thu dugc khi nhin phan dau tha hai tir phin
dAu thtr nhit cua rang kia trong sb hai ring, 13 cudn day phén tmg di tir phan cét
nhau t6i diu quin thit hai,

chiéu quén thtr nhit nguoc véi chiéu quin tht hai, ban mach in (3) bao gbm:

mAu hinh di day (Pn) ndi twong hd dau quin thir hai ciia mot cip ring thir
nhét trong sb cac cip rang (Tub), ddu quin thi nhét ctia mot cip réﬁg th{r hai trong
sd cac cap rang (Tvb), va diu quén tha nhit cia mot cip ring thfI ba trong s céc
cdp rang (Twb);

mAu hinh di ddy (Pxu) ndi twong hd diu quén thir nhét clia mot cip rang thi
nhét trong s cac cip ring (Tub) va dau quin thi nhit ciia mét cip ring thir tu _
trong sb cac cap rang (Tua);

mAu hinh di day (Pxv) ndi trong hd dau quén thir hai ctia mot cip ring tha
hai trong s céac cip ring (Tvb) va dau qﬁén thir hai cia mot cdp riang ther ndm
trong sb cac cip ring (Tva); va

mAu hinh di ddy (Pxw) ndi trong hd dau quén th hai cia mot cip rang thi
ba trong s cac cip ring (Twb) va dau quin thir hai ctia mét cdp rang thir sau trong-
s6 cac cip rang (Twa), va |

phén quin thir nhit (Lu3) ctia modt cip ring thi nhét trong s cac cip ring
(Tub), phan quin thtt hai (Lud) clia mdt cip ring thir nhit trong sb cac cip
rang, phin quén thr nhit (Lw3) clia mot cip ring thir ba trong sb cac cap rang
(Twb), phan quin thir hai (Lw4) clia mdt cip ring thit ba trong sd cac cap

rang, phan quin tht nhét (Lvl) cia mot cip ring th nim trong sb cac cap ring
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(Tva), phdn quin tht hai (Lv2) ctia mdt cdp ring thir ndm trong sb6 cac cap
rang, phan quin tht nhét (Lul) ciia mdt cip ring thi tu trong sb cac cip ring
(Tua), phin quan th hai (Lu2) ctia mdt cdp rang thi tu trong s6 cac ciip rang, phin
quén tht nhét (Lwl) ctia mdt cip ring thi sau trong sb cac cap ring (Twa), phén
quén thir hai (L-w2) ctia mot cap rang thir sau trong s§ céc cap ring, phan quin thir
nhét (Lv3) clia mét cép rang thir hai trong sb cac cip rang (Tvb), va phén quéan thtr
hai (Lv4) ctia mot cdp rang thi hai trong sb cac cip rang duoc bb tri theo hudéng
chu vi theo thir ty nay.
2. May dién quay bao gdm phén tng (1) theo diém 1 va phan tr tir (2).
3. May dién quay theo diém 2, trong d6 phan tir tir (2) bao gdm c4c nam cham (21)
bao quanh phin tmg (1), va may dién quay 12 may kiéu rbéto ngoai.
4. May dién quay theo diém 3, trong d6 c4c nam cham (21) 14 cac nam cham nhua.
5. Quat huéng tdm duge din dong bdi may dién quay theo diém 3 hoic 4.
6. Phuong phép ché tao cac cip ring duge st dung trong phin tng (1) tao nén mdy
dién quay bao gbm phan tir tir (2) ¢6 (12+2)n cuc, n 1a s6 nguyén duong, phén tmg
bao gdm:

12n ring (Tul dén Tu4, Tvl dén Tv4, Twl dén Tw4) dugc bd tri theo hudng
chu vi; va

cudn dy phan tmg dugc quin ddng tAm quanh mdi mot trong sb cac ring
(Tul, Tu2), rang dugc chia thanh 6n cdp rang, mdi mot trong sb cac cip riang (Tua)
bao gdm cap ring (Tul, Tu2) lién k& theo huéng chu vi, |

mdi mét trong sd cac ring bao gbdm phén dau thi nhét (Tuli, Tu2i) ndm xa
hon so v6&i phén tir tir, va phan dau thi hai (Tulo, Tu20) ndm gin hon véi phan tir
tur,

cudn day phan ung (Lua) dugc quin lién tuc quanh mdi mjt trong s6 céc

cdp rang va cudn ddy nay bao gom:
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d4u quén tht nhit (Luas) c6 & phén dau thir nhét (Tuli) cia mot ring trong
- 56 hai rang (Tu 1);
d4u quén thir hai (Luae) c6 & phén dau thir nhét (Tu2i) cia ring kia trong s6
" hai rang (Tu2);

phén cit nhau (Luab);

phin quén thir nhét (Lul) duoc quin quanh mdt ring trong s6 hai ring
gitta diu quén thir nhit va phan cét nhau; va

phén quin ther hai (Lu2) duoc quin quanh ring kia trong s6 hai ring
giita phan cét nhau va dau quén thir hai,

trong d6 cudn day phén tng trong phin quan thir nhit duoc quéin theo chiéu
quén thtr nhat (Rul) twong d6i v6i chidu (Dul) thu dwge khi nhin phan dau thi hai
tir phin dau thir nhit ciia mot trong sb hai rang, 1a cudn diy phan tng di tir dau
quén thir nhét tGi phﬁn cit nhau,

cudn diy phan ung trong phin quén th hai dugc quén theo chiéu quin thir
hai (Ru2) tuwong dbi véi chiéu (Du2) thu duoc khi nhin phén dAu thtr hai tir phin
dAu thr nhit cia ring kia trong sb hai ring, 1a cudn day phin tmg di tir phan cit
nhau t6i ddu quén thi hai, va |

chidu quin thir nhit nguoc véi chidu quin tha hai, phwong phap
bao gbém cac bude:

b tri c4c phan dau thi nhét coa hai ring ma tao thanh mdi mot trong sd
cac cdp ring dé nim d6i dién nhau nham thu dugc két cAu thr nhét; |

quén diy quanh cip ring theo mot chidu trong két ciu thi nhét va tao cudn
day phan g trén ciip rang dé thu dugc két cdu thi hai; va

ndi bic clu cac phan dau thir hai trong s6 hai ring & két cdu thr hai gén

nhau hon va huéng cac phin dau thir nhat héu nhu theo ciing chiéu.
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