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LOI CAM DOAN

T6i xin cam doan déy 1a cong trinh nghién ciru cua riéng toi. Céc sé lidu, két
qua nghién ciru va tinh toan trinh bay trong luan an la trung thuc, khach quan va chua
tirng dugc céng bd trong bat ky cong trinh khoa hoc nao khac.

Ha Noi, ngay ... thdang ... nam 2026
Nguoi cam doan

Trinh Bién Thuay



LOI CAM ON

Dé hoan thanh luan &n nay, tac gia trudc tién bay to loi cam on sdu sic nhat
dén hai thay giao huéng din khoa hoc truc tiép 1a PGS.TS P6 Nhu Y va TS Lé Anh
Tuén, nhitng ngudi da lubn danh nhiéu thoi gian, cong sic dé quan tam, dong vién
va tan tinh huéng dan nghién ciu sinh trong sudt qué trinh thuc hién luan an.

Tac gia chan thanh cam on B6 mon Bién khi héa, Khoa Co - Dién va Phong
Dao tao Sau dai hoc, Truong Pai hoc Mo - Pia chat di tao moi diéu kién thuan loi
nhét cho nghién ciru sinh vé thoi gian va co s& vat chat trong qué trinh thuc hién luan
an.

Téc gia cling bay t6 161 cam on sau sac téi Ban Giam hiéu va toan thé thay co
trong Khoa Dién — Pién tir, Trudng Cao dang Viét — Han Quang Ninh 14 noi tac gia
dang cong tac, da tao diéu kién thuan loi vé thoi gian hoc tap va nghién ciru luan an.

Téc gia tran trong cam on Cong ty Co phan Ché tao Pién co Ha Noi (HEM)
d4 tao moi diéu kién cho tac gia trong cong tac gia cong va ché tao mau ther nghiém
EX-LSPMSM.

Téc gia xin giri 101 cam on t6i ban bé va dong nghiép da dong vién, giup dd vé
moi mat, gop phan vao su thanh cong cua luan an.

Cudi cuing, tac gia danh 16i cam on t6i b me, Vo va cac con da ludn dong vién
va hd tro vé vat chit va tinh than cho tac gia nhitng lic kho khin, mét moi nhat dé
tac gia yén tam trong qua trinh nghién ctru, gop phan khdng nho vao thanh cong cua
luan an.

Tac gid ludgn an

Trinh Bién Thay
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DANH MUC VIET TAT
TT | Kyhiéu Tén goi Pon vi
1 n Hiéu suat %
2 T Budc cuc, budc du cm
3 o GOc vung pha do
4 Tur théng trong khe ho khong khi Whb
5 ) Khe ha khéng khi cm
6 y Hé s6 quy doi roto vé stato
7 g Tham s khoi dong xét dén hiéu ang mat ngoai
8 o Hé sb cung cuc tir
9 > Hé s6 tir dan tan stato
10 Aliph | DO suy giam hé sé tir tan rdnh stato bdo hoa
11 SAwh | Tong hé so tir tan stato khi xét dén bao hoa
12 > A2 Hé s6 tir dan tan roto
Tong hé so tir dan ranh roto khi xét dén hiéu tng
13 > A2 B
mat ngoai
Tong hé sé tir tan roto khi xét dén bdo hoa mach tur
14 2 A2ebh o ..
tan va hiéu rng mat ngoai
15 Adzon | DO suy giam hé sé tir tan rdnh roto bao hoa
16 0’2 Goc léch pha gitra dién ap va dong dién roto do
17 o’ Hé sé tan nhiét trén nap sau W/cm?2°C
18 o’n Hé s tan nhiét trén nap trudc khdng cé gio thoi W/cm?2°C
19 0o Do chénh nhiét gitra vo may vaéi moi truong °C
20 Vi Hé sé tir tan miéng rénh stato
21 01 Do tang nhiét cua day quan stato °C
22 pus | Dién trg suat day quan stato quy vé tiéu chuan omm#/m




xii

Hé sé tir tan miéng ranh roto

23 V2
24 PAl Dién tro suat day quan roto quy vé tiéu chuan QOmm#m
25 Al Hé sb tir tan phan dau ndi stato
26 A Hé sé tir tan phan dau néi roto
27 Vre Khdi luong riéng cua ton silic kg/dm?
28 PFe Suét ton hao Wikg
29 AKe Sai s6 hé sd strc dién dong %
30 2P Tong ton hao trong dong co kKW
31 VR Van téc gié ¢ dau canh quat roto m/s
32 A1 Hé s6 tir dan tan rdnh stato
33 Mriph | Hé s tir dan tan tap stato khi xét dén bao hoa
34 Ar2 Hé s6 tir dan tan rdnh roto
- - Hé 50 tir dan tan rdnh roto xét dén hiéu ung mat
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MO PAU
1. Tinh cép thiét caa luan an

Hién nay, cong suét va do sau khai thac mo ngay cang ting, dan dén viéc may
moéc duoc st dung ngay cang nhiéu trong khai thac mé nhiam thay thé sic lao dong
ctia con ngudi. Pién hinh nhu mot s6 mo tryc thuoc Tap doan Cong nghiép Than
Khoéang san Viét Nam: moé Ha Lam trang bi 10 cho co gigi hda cong suat 1,2 triéu
tan than va 106 cho co gigi hda cong suat 600.000 tan than, mo Nui Béo trang bi 10
cho co gidi hda dong bo cdng suat 600.000 tan than/nidm... Viéc co gidi hda khai
thac dan téi str dung dién ning trong khai thac mé ngay mot tang, lam cho ti trong
gia thanh dién ning trén mot tan than khai thac ngay cang lén.

Giam thiéu chi phi dién ning nham nang cao hiéu qua san xuat la nhiém vu
cap bach khong chi ddi véi cac nganh cdng nghiép néi chung ma con dic biét quan
trong d6i vai nganh khai thac mo hién nay. Trong nhimg nim qua nganh khai thac
mé da trién khai, &p dung nhiéu cac giai phap k¥ thuat dé tiét kiém dién nang nhu sir
dung bién tan dé diéu chinh qué trinh 1am viéc, sir dung khoi dong mém, sir dung hé
thong giam sat do dém dién ning...

CAc giai phap trén da phat huy tac dung nhat dinh trong viéc sir dung ning
luong tiét kiém va hop Iy. Tuy nhién phan Ién dién ning tiéu thu trong khai thac mo
thudc vé cac hé truyén dong dién. Pong co dién 1a thiét bi dong luc duoc dung dé tao
ra cac truyén dong cua cac khau khai thac mo. Trong khai thac mo ¢ Viét Nam niang
lugng dién duoc tiéu thy boi cac dong co chiém hon 75% tong dién ning tiéu thu cua
mo, viéc str dung cac dong co hiéu suit cao dé thay thé truc tiép cho cac dong co
khong dong b truyén théng co hiéu suat thap trong khai thac mé van chua duoc trién
khai. Dé tiét kiém ning luong, mot giai phéap thay thé dong co khong dong bd phong
nd (Ex-1M) 12 st dung dong co phong nd dong bd nam cham vinh ciru khoi dong truc
tiép tir ludi (Ex-LSPMSM). EX-LSPMSM c6 uu diém hiéu suat cao, hé s6 cong suat
I6n va khdng can bo khoi dong di kém, tuy nhién c6 nhugc diém 1a mémen khoi dong

thap nén chi phi hop vai cac khau cong nghé c6 yéu cau mémen khai dong nho, Ex-



LSPMSM c6 thé thay thé cac dong co Ex-IM truyén thdng trong céc hé théng théng
g16 va bom thoat nuéc mo.

Déi v6i Ex-LSPMSM mic du dugc khiang dinh 1a dong co ¢6 hiéu suat, hé sb
cdng suit cao nhung néu thiét ké khong tot thi cac thong sé van hanh s& khong dam
bao, 1am ting chi phi san xuit, tham chi hiéu suat co thé con khong dat dwoc cac tiéu
chuan cua Ex-IM. Viéc thiét ké Ex-LSPMSM chu yéu lién quan dén két cau cua réto
nhét 12 két cau ctia nam cham vinh ctru duoc thiét ké lp dat trén réto dé dam bao cai
thién duogc cac dac tinh lam viéc cua dong co va chi phi sir dung ham cham vinh ciru
1a hop ly. Do vay dé tai “Nghién ciu két cau roto dé cai thién dic tinh 1am viéc
ciia dong co phong né dong bd nam cham vinh ciru khéi dong truc tiép sir dung
trong mé ham 10” c6 ¥ nghia cip thiét va thuc tién cao.

2. Muc tiéu cia luan an
a. Muc tiéu tong quét

Dé xuat dugc két cau roto khi chuyén doi Ex-IM thanh Ex-LSPMSM cé dic
tinh 1am viéc va hiéu xuét cao.
b. Muc tiéu cu thé:

- Cai hoan thanh céng Ex-IM loai chiéu cao tdm truc 160 mm thanh Ex-
LSPMSM.

- Cai thién cac thdng so: dac tinh khoi dong, dic tinh dong dién cia dong co
Ex-LSPMSM nhung van dam bao hiéu suat thiét ké cia dong co.

- Giam thiéu chi phi gia thanh san xuat qua viéc lra chon hop Iy nam cham
vinh cttu sir dung trong dong co EX-LSPMSM.

3. Tinh m¢i va nhikng dong gép cia nghién ciru

* \/¢ khoa hoc

- D& xuit két cau roto véi ba thanh NCVC khéng c6 cau tir cho Ex-LSPMSM
loai chiéu cao tam truc 160 mm, tc do 3.000 vong/phdt phii hop cho quat gid va bom
nudc cuc bo trong khai thac mé ham 10.

- Phan tich danh gi4 tic dung cua dong dién khai dong dén hién twong khr tir

d6i voi NCVC trong qué trinh khoi dong.



- Lya chon hop ly thdng sé cta nam cham vinh cttu cho Ex-LSPMSM loai
chiéu cao tdm truc 160 mm, téc do 3.000 vong/phat nhiam cai thién dac tinh 1am viéc
khi xét dén diéu kién khtr tr.

* \/é thurc tién

- Cai hon dong co Ex-IM cong suét 15 KW, thanh dong co Ex-LSPMSM 15
kW - 3.000 vong/phut co6 dac tinh lam viéc phu hgp vai céc tai quat gio, bom nudc
trong khai thac mo ham 16 dé nang cao hiéu qua sir dung dién nang. Giai phap ky
thuat dua ra s& gidp ich cho céc nha thiét ké, ché tao timg budc cai tién dé dua dong
co ExX-LSPMSM vao trong khai thadc mo.

4. Poi twong va pham vi nghién ciu

- Péi twong nghién ciru 1a: Pong co Ex-LSPMSM c6 chiéu cao tam truc 160
mm, téc d6 3.000 vong/phut dugc cai hoan tir dong co Ex-IM ¢6 cling théng s6 (cong
suat 15 kW, sé cuc tir 2p = 2) va c6 ciing chiéu cao tdm truc 160 mm.

- Pham vi nghién ctru cua luan an: Luan &n tap trung vao viéc nghién ciru thiét
ké cau tric va kich thuéc NCVC trong roto dong co, cac thong sd con lai caa dong
co dugc gilr nguyén.

5. Noi dung nghién ciru

- Tong quan van dé nghién ctu

- M6 hinh toan dong co EX-LSPMSM

- Xac dinh két cAu roto dé cai thién dic tinh 1am viéc cia dong co Ex-LSPMSM

- Thyc nghiém va danh gia két qua
6. Phuong phap nghién cuu

Dé thuc hién muc tiéu caa Luén &n, tac gia sir dung cic phuong phap nghién
clru sau:

- Phuong phap nghién ctu ly thuyét;

- M6 phong bang phuong phéap phan tir hiru han.

- Phuong phép thuc nghiém.

7. Nhirng diém méi cia luan an.



- Bé xuit két ciu roto véi ba thanh NCVC khéong c6 cau tir cho Ex-LSPMSM
loai chiéu cao tam truc 160 mm, tc do 3.000 vong/phdt phi hop cho quat gid va bom
nuéc cuc bo trong khai thac mo ham 10.

- Lya chon hop 1y théng sé cua nam cham vinh ctu cho Ex-LSPMSM loai
chiéu cao tam truc 160 mm, tbc do 3.000 vong/phat nham cai thién dic tinh 1am viéc
khi xét dén diéu kien kh tur.

- Ché tao thir nghiém thanh cong dong co Ex-LSPMSM 15 kw, 3.000
vong/phut trong phong thi nghiém tng dung cho cac phu tai quat giéo va bom nudc
cuc bo trong khai thac mé ham 19.

8. Két qua caia luan an

Luan an gdm phan md dau, 4 chuong, két luan va kién nghi, cing phu luc. Noi
dung luan an duoc trién khai theo trinh ty tir tong quan co so 1y thuyét va thuc tién,
xay dung mo hinh nghién ctru, phan tich Iya chon két cau roto va thong s6 nam cham
vinh ctru, d@én ché tao mau va kiém chtng thyc nghiém dbi véi Ex-LSPMSM dung
trong khai thac mé ham 1o.

Chuong 1 trinh bay téng quan vé dong co Ex-LSPMSM, bao gém cAu tao,
nguyén ly lam viéc, dac tinh van hanh co ban va kha nang trng dung cua loai dong co
nay trong cac hé truyén dong dién. Trén co s& phan tich dic diém tiéu thu dién ning
trong khai thac than ham 10, chwong nay di 1am rd tiém ning Gng dung cua dong co
Ex-LSPMSM d6i véi cac phu tai nhu quat gié va bom nudc cuc bo trong khai thac
mo ham 10. Bén canh d6 ciing da tong hop va phan tich cac cong trinh nghién ctru
trong nudc va ngodi nudc lién quan dén thiét ké, toi wu hoa va ung dung Ex-
LSPMSM, tir d6 x4c dinh khoang tréng nghién ctru cta ludn an. Két qua cua chuong
cho thay cac nghién ctru hién c¢6 chu yéu tap trung vao dong co cong suit nho hoic
trung binh, téc d6 khoang 1.500 vong/phut, trong khi cac nghién ctiru ddi v6i dong co
Ex-LSPMSM 15 kW, téc @6 3.000 vong/phit, cai hoan tir dong co khong dong bo va
huéng téi ing dung trong moé ham 16 con han ché. Pay 1a co s dé xac lap muc tiéu

va hudng nghién clru cta ludn an.



Chuong 2 xay dung mo hinh todn ctia dong co EX-LSPMSM trén co s¢ 1y
thuyét may dién trong hé toa d6 d—q, déng thoi st dung phuong phap phan tir hitu
han dé mo phong va phan tich cac dic tinh dién tir cia dong co nghién ctru. Trén co
sO so sanh giita mo hinh gii tich va mo hinh phén ttr hitu han, chuong danh gia duoc
mirc do phu hop cia cac két qua tinh toan va mo phong. Tir cac két qua khao sat vé
tur thong khe ho khong khi, strc dién dong khong tai, mémen dién tir, dong dién va
hiéu suét, chuong di Iyra chon duoc ciu hinh réto phu hop cho dong co Ex-LSPMSM
15 kW, 3.000 vong/phdt. Két qua quan trong nhat ciia chuong 1a xac 1ap dugc phuong
an roto st dung ba thanh nam cham vinh ctru khong c6 cau tir 1am co so cho céc
nghién ctru tiép theo.

Chuong 3 tap trung phan tich lya chon thong sd ciia nam cham vinh ciru co
xét dén diéu kién khir tir cia nam cham vinh ciru trong qué trinh van hanh cia dong
co. Trén co s¢ duong cong déc tinh khir tir ciia vat li€éu nam cham da phan tich danh
gia kha nang xay ra khir tir trong qué trinh khoi dong bang phuong phap phan tir hiru
han. Pong thoi, chuong str dung phuong phap phan tich tham s6 dé khao sat anh
huong cua kich thudc nam cham dén dic tinh khéi dong, strc dién dong nguoc, hi¢u
suat ctia dong co. Két qua ctia chuong cho phép lua chon hop 1y vét liéu nam cham
vinh ctru NdFeB va hoan thién cdu trac réto cho dong co nghién ctru khi xét dong
thdi cac yéu cau vé hiéu suét, dic tinh dién tir va diéu kién chéng khir tir.

Chuong 4 trinh bay qua trinh ché tao, lip rap dong co EX-LSPMSM va xay
dung mo hinh thi nghiém dé kiém chtng két qua nghién ctru. Mau dong co thuc
nghiém dugc ché tao theo dung phuong an da lya chon tir Chuong 2 va Chuong 3.
Hé théng thi nghiém duoc thiét 1ap dé do dac cac dai luong dic trung nhu dong dién,
dién ap, suc dién dong khong tai va hi¢u suét cua dong co.

Két luan va kién nghi.

Phu luc



CHUONG 1. TONG QUAN VAN PE NGHIEN CUU

1.1. Tong quan vé dong co Ex-LSPMSM

Pong co phong nd dong bd nam cham vinh ciru (EX-LSPMSM) ¢6 ciu tao 1a
d6ng co dong bo nam cham vinh ctu (LSPMSM) [9] két hop véi vé phong né (EX)
dé sir dung trong méi truong chay nd nhu khai thac mo ham 10. Day 1a loai dong co
d6ng bo dung nam cham vinh ctu, ¢6 kha nang khoi dong truc tiép tir ludi dién xoay
chiéu nho long s6¢ ngan mach b tri trong réto. Khi néi truc tiép voi ludi, mémen do
long soc sinh ra gitp dong co ting toc nhu mot dong co khong ddng bo. Khi tde do
roto tién gan téc do dong bo, mémen dong bo do twong tac giita tir truong stato va tir
théng nam cham kéo rdto tién vao tdc d6 ddng bo. Vi khdng can bo bién tan dé khoi
dong, Ex-LSPMSM thich hop trong cac @ng dung thay thé dong co khong dong bo
nham tiét kiém nang luong ma khong phai thay doi ha tang diéu khién. So voi dong
co khong ddng bo, Ex-LSPMSM c6 hiéu suat va hé sb cong suat 1am viéc cao hon
nho loai bé t6n hao kich tir trong roto khi van hanh dong bo [10], don gian hon vi
khong can bo kich tir va co ciu c6 gop vanh truot. So véi dong co dong bé nam cham
vinh ciru (PMSM) thong dung, loi diém 16n 1a kha ning khai dong truc tiép trén ludi
ma khong can bo khai dong mém hay bién tan. Nhuoc diém chinh nam ¢ hanh vi qué
d6 phuc tap trong giai doan khéi dong, nhay cam véi tai va véi chat lugng dién ap,
cling yéu cau téi uu hinh hoc long séc dé can bang giira mdmen khoi dong va ton hao
& ché a6 ddng bo.

Trong giai doan dau, loai dong co nay kho duoc thuong mai hda do chat lugng
nam cham con thap va tinh 6n dinh tir chua cao. O thoi diém d6, nam cham chu yéu
duogc ché tao tir hop kim Alnico va ferit, nén dic tinh tir chua dap tng tét yéu cau van
hanh cua Ex-LSPMSM. Trong nhirg niam gan day, cung véi su phét trién ciia cong
nghé vat liéu nam cham dat hiém, kha nang &ng dung caa dong co str dung nam cham
vinh ctru ngdy cang dugc ma rong. Tuy nhién, gia thanh cua cac vat lidu nay van cé

thé bién dong theo tirng thai ky, tirng chung loai vat liéu va diéu kién thi truong [91].



1.1.1. Cdu tgo djpng co Ex-LSPMSM

DPong co Ex-LSPMSM la sy két hop caa dong co ddng bo réto nam cham gan
chim (IPMSM) va dong co khong ddng bo roto 16ng séc [10]. V&i dong co dong bo
réto nam cham gan chim (IPMSM) ¢6 nhitng wu diém rét 16n nhu: Hiéu suat va hé sb
cong suat déu cao hon so v6i dong co khong dong bo hay dong co mot chiéu, kich
thudc nho gon, ton hao nhiét thap. Tuy nhién dong co nay lai c6 mot nhugc diém do
la khong thé tu khoi dong do khong cé mdmen khéi dong ban dau, ngoai ra nam cham
vinh ctru ciing tao ra mémen can phu dan dén qua trinh khoi dong rat kho khan. Véi
dong co khong dong bo réto 16ng soc (IM) tuy duoc sir dung rong réi voi cac uu diém
nhu tu khoi dong dugc tryc tiép, van hanh dé dang, gia thanh ré tuy nhién nhugc diém
rat 16n caa loai dong co nay 1a véi dai cong suat thap va trung binh thi c6 hiéu suat
va hé sb cdng suat kha thap, khi muén tang hiéu suét thi vat liéu va kich thuéc dong
co ciling tang theo [19].

Do6i voi dong co Ex-LSPMSM c6 cau tao két hop tir ca hai loai dong co sao
cho phéat huy tbi da wu diém cua ca hai loai dong co néi trén [73]. Nhd d6 ma nd c6
dugc nhimg wu diém vuot troi cua ca hai loai dong co nay nhu: ton hao thap, hiéu
Suit cao, kich thudc nho gon, hé s6 cong suat xap xi bang 1 va dac biét 1a c6 kha ning
tu khoi dong. Pong co Ex-LSPMSM phil hop véi cac tng dung yéu cau téc do gan
nhu khong d6i, dic biét trong dai cong suat nho va trung binh. Bong co Ex-LSPMSM
¢ qua trinh khai dong hoan toan giéng véi dong co khong dong bo réto 16ng soc
nhung lai 1am viéc véi tdc d6 dong bo nhu dong co dong bo [110].

DPong co Ex-LSPMSM la mét dang dong co lai, trong d6 diy quin ba pha duoc
bd tri trén stato twong tu dong co khong déng bo, con réto gom 16ng séc ngan mach
két hop véi nam cham vinh ciru gan chim bén trong. Pong co EX-LSPMSM c¢6 hiéu
suit cao, hé s6 cong suat 16n va mat o cong suat tot. Tuy nhién, mémen khai dong
thuong khong cao, do d6 phu hop hon véi cac phu tai khai dong nhe hoac trung binh.,
Do khdng c6 tén that nhiét trén long séc nhém trong khi d6 thanh phan nay chiém
khoang 20% tong ton that ciia dong co IM, ngoai ra ton that trén day quan stato chiém

ti 1& 16n nhit trong tong ton that cia dong co. Thanh phan ton thit nay trong dong co



Ex-LSPMSM ciing duoc giam dang ké so véi dong co IM do giam duoc dong dién
tir hoa ciia dong co, giam duoc dong dién dau vao caa dong co trén co s& nang cao
hé sb cdng suit cose, nang cao duoc hiéu suit so voi dong co IM.

Trén thé gigi, nhiéu dong dong co EX-LSPMSM dat cap hiéu suat IE3 va IE4
da duoc nghién cau, phét trién va thuong mai hoa voi dai cdng suat tir vai W dén
hang tram kW [106].

V& co ban dong co Ex-LSPMSM c6 ciu tao twong dbi giéng véi dong co khong

dong bo phong nd (Ex-IM), su khac biét cha yéu nam ¢ két cau rdto ¢ nam cham.

Hinh 1.1. Cdu tao déng co Ex-LSPMSM [14].

a. Phan tinh: bao gdm vo may, 18i thép stato va day quan.

- V6 may: La noi cb dinh 16i sit, day quan va dong thoi 1a noi ghép ndi nip hay
g6i d& truc, khong dung dé 1am mach dan tir. Vo may c6 thé duoc ché tao bang gang,
thép hozc hop kim nhém. Pong co Ex-LSPMSM c¢6 cap bao vé cua vo may dam bao
IP54 va dam bao yéu cau phong né theo tiéu chuan TCVN 7079. Péi véi dong co
nghién ctru trong luan an va cac ang dung st dung trong moi trudng Mo, cap bao veé
cua vo may duoc lva chon ph hop theo yéu cau tiéu chuan twong &ng.

Cum than stato Vong bi Nép sau Quat gi6 Nép gié

Cum hép cuc

Cum roto truc

Hinh 1.2. Cdc b6 phdn chinh cia déong co [14]



- L&i sat: La phan dan tir, tao mach tir khép kin giira stato va roto, nén dé giam
t6n hao, 16i sit dugc 1am tir nhitng 14 thép k¥ thuat dién c6 do day tir (0,35 + 0,65)
mm ép lai v&i nhau. Yéu cau 18i st 1a phai dan tir tot, ton hao sat nho va chac chan.
MJi 14 thép k¥ thuat dién déu ¢ phu son cach dién trén bé mat dé giam ton hao do

dong dién xoay gay nén (han ché dong dién Foucault, tic dong dién xoay).

Hinh 1.3. Cdu tao 16i thép stato [14]
- Day quén stato: Day quin dugc dat vao ranh cua I8i sit va duoc cach dién.
Day quin dong vai trd quan trong cua dong co dién vi no truc tiép tham gia vao qua
trinh bién di dién nang thanh co ning, ddng thoi vé mat kinh té thi gia thanh cua day

quan ciing chiém mét phan kha cao trong toan bo gia thanh cua may.

Mach tir stator

Giay
cach
dién
Day quan stator
Hinh 1.4. Cdu tao déy qudan stato
- Khe hé: La khoang cach giita bé mat roto va mat trong cua stato vi roto 1a mot

khi tron nén khe hg déu. Khe hé trong may dién rat nho tir (0,2 + 1) mm trong may
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¢ nho va vira dé han ché dong tir hoa lay tir lugi vao, nhd dé hé sé cong suit cua
may cao hon.

b. R6to: bao gdm I8i thép roto, nam cham vinh ctru gén chim trong réto, truc
quay dong co, quat gio.

R6to cia dong co EX-LSPMSM ciing dugc lam tir cac 14 thép k§ thuat dién
ghép lai, trong mdi rdnh cua roto duoc dit cac thanh dan bang dong hoic nhom dai

ra ngoai khoi 161 thép va duoc ndi ngan mach hai d¢au bang hai vanh ngan mach [14].

BT VA €8

Hinh 1.5. Phan déng ciia déng co Ex-LSPMSM [14]
Nam cham vinh ciru: La thanh phan sinh ra tir thong kich tir. Nam cham sir

dung phai c6 lyc khang tir He du 16n dé khéng bi kht tir dudi tac dung cua tir trudng
ngoai sinh ra trong qué trinh hoat dong, ciing nhu phai chiu dugc nhiét do di lon dé
khong bi khur tir boi nhiét d6 phat néng ctia dong co.

Véi su phéat trién nhanh va manh ctia nam cham vinh ctru dat hiém nhu SmCo
va NdFeB, khong nhitng ning cao dwoc hiéu suit cia dong co dong bo s dung
NCVC ma con nang cao duoc mat do cdng suat, chat luong va dic tinh dong. Gia
thanh cua vat liéu dat hiém ciling ngay cang giam va cong nghé dinh dang nam cham
vinh ctru ciing ngdy cang thuan loi hon, khién cho dong co déng bo nam cham vinh
ctru ngay cang duoc ung dung rong réi trong cong nghiép.

Hiéu suit vd mémen cua dong co Ex-LSPMSM phu thudc dang ké vao dic
tinh ctia nam cham vinh ciru. Dé bao dam dong co lam viéc hiéu qua, dat mémen phi
hop va han ché nguy co khir tir trong qua trinh khoi dong cling nhu van hanh, vat liéu

nam cham can duoc lya chon véi mat do tir du phu hop, luc khang tir cao va d6 6n
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dinh nhiét t6t. Bong thoi, nam cham phai duy tri duoc dic tinh tir 6n dinh trong thoi
gian dai nham bao dam hiéu nang va do tin cay cua dong co.
1.1.2. Dgc tinh lam viéc cia déng co EX-LSPMSM
a. Qua trinh khéi dong

Qua trinh khai dong cia dong co Ex-LSPMSM chii yéu nho hién twgng cam
g dién tir gitra tir truong sinh ra trong cudn day stato véi 16ng soc trong roto. Khi
cap ngudn vao day quan ba pha, trong day quan s& c6 cac dong dién chay trong do,
dong dién 3 pha nay tao ra tir trudng quay, quay Véi toc do:

n ==L (vong/phit) (1.2)
Trong d6: f - Tan s ngudn dién; P - S6 d6i cuc cua day quan stato; n - Toc do
tr truong quay
Khi cap dién ap U1 véi tan so f vao day quan stato, dong dién 11 s& xuat hién
trong day quan stato va tao ra tir trudng quay dong bo trong khe hg khong khi. Tur
truong quay cua stato cam ¢ng trong day quéan réto sie dién dong E, vi day quan roto
kin mach nén c6 dong dién I, chay trong d6. Su tc dung tuwong hd gitra cac thanh dan
mang dong dién véi tir trudng cua may tao ra luc dién tir F4 tac dung Ién thanh dan
c6 chiéu xac dinh theo quy tic ban tay trai.
A ®
B ® }U1
CcC—e
lh

Stator Rotor

Hinh 1.6. So' d6 nguyén Iy hoat déng dong co [3]
Tap hop céc luc tac dung Ién thanh dan theo phwong tiép tuyén voi bé mit cua

réto tao ra mémen lam quay rdto. Chiéu quay cua réto l1a chiéu quay cua tir truong,
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vi vay chiéu quay cua dong co phu thudc vao thi tu pha cua dién ap ludi dat trén day
quén stato.

Vong ngan mach
%2 4 J}Dong dién cam ting

ST truomg

Hinh 1.7. Tur truong quay réto
b. Qua trinh van hanh xac lap
Sau qua trinh khoi dong, dong co van hanh ¢ tée do dong bo cua tir trudng quay,

khi 6 mdémen chu yéu ciia dong co do nam cham vinh ctu sinh ra. Mdmen khang
ddng bo gan nhu triét tiéu & ché do xac lap déng bo. Con mdmen tir tré nho va co tac
dung gitt nam cham & vi tri ¢ dinh theo vi tri cua tir truong quay, diéu nay khién
dong co c6 kha nang 6n dinh toc do tdt sau khi da dat téc 6 dong bo.
1.1.3. Ung dung déng co Ex-LSPMSM trong khai thac than mé ham 10

* Panh gia chung

Nang lugng tiéu thu trong khai thdc mo tap trung chinh ¢ dong co dién phong
nd ¢6 nhiém vu truyén dong bién ddi dién ning thanh co ning. Trong khai thac than

ham 16, ning lwong tiéu thy cho cac khau chiém ty I& nhu hinh 1.8 [3].

T;;;gé:" Khai thic
24,30%

CD, CK. khu
vire con lai
8,62%

Vin tai = 3 2
13.35% Tiéu thu Sang tuyén
. 557% 538%

Hinh 1.8. Ty I¢ tiéu thu dién nang cua cac khau trong khai thac mo [3]
T ty 16 tiéu thu dién ning nhu trén nhan thay rang quat théng gio mo cd ty 1é

tiéu thy dién ning 16n chiém khoang 32,95% tong dién ning tiéu thu va 1a mot trong
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cac khau chiém ty 1¢ tiéu thu dién ning 16n nhét trong khai thac mo, do vay viéc cai
tién céng nghé nang cao hiéu qua hoat dong giam chi phi ning luong cho khau théng
gi6 Mo ngdy cang duoc quan tAm dau tu va nghién ciu.

Trung Qudc 1a mot trong cac nudc ¢6 nhiéu san pham phuc vy khai thac mo.
Quat théng gi6 cuc bd cua Trung Qudc bao gdm nhiéu chung loai khac nhau va nhiéu
day cong suat khac nhau. Nhiéu dong san pham quat gié cuc bo cua Trung Qudc c6
muc hiéu suat cao va siéu cao dat muc IE2 tro 1én, nhu théng sb co ban cua mot sb
quat théng gi6 cuc bo TYB cua Trung Qudc nhu bang 1.1 [3].

Bang 1.1. Théng sb cua quat gi6 hiéu suat cao TYB cua Trung Qudc

Model TYB42-2 | TYB52-2 TYB62-2
Ap suat (Pa) 1700-800 | 2250-800 2800-800
Luu luong (m3/h) 90-180 130-240 160-290
Hiéu suat (%) 87,0 89,4 90,5
Téc d6 (vong/phut) 3000 3000 3000
Do on [dB (A)] 89 91 93
Cong suat (kW) 11 15 18,5

Céc phu tai nay trong khai thac mo thuong co toe do cao 3.000 vong/pht, cong
suit 16n, dong co yéu cau phong chdng chay né (Exdi). Pong co Ex-LSPMSM c6
nhuge diém 1a mdmen khoi dong thap nén chi phu hop véi cac khau cong nghé co
yéu cau mémen khoi dong nho hoan toan cé thé thay thé cho cac dong co Ex-IM
truyén thong trong khau thong gié, bom nudc cua khai thac mo.

Ngoai phu tai vé quat gi6 thi dac tinh 1am viéc ciia dong co bom nudc mé ciing
c6 théng sé khai dong ciing twong tu nhu quat gié mo, nén dong co Ex-LSPMSM
cling c6 thé thay thé dong co EX-IM trong cac bom thoat nudc mo. Cac dic tinh quan
trong can quan tam dén qué trinh 1am viéc cua dong co Ex-LSPMSM bao gém:

- Dic tinh téc do cia Ex-LSPMSM

- bac tinh mdmen cua Ex-LSPMSM

- bac tinh dong dién cua EX-LSPMSM

- Bac tinh stre dién dong khong tai cua Ex-LSPMSM

- Hiéu suat ciaa Ex-LSPMSM
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- Hé s6 cong suit cose cia Ex-LSPMSM

Theo tiéu chuan IEC60034-30 hiéu suat dong co duoc phan thanh cac cap: 1E1
- hiéu suét tiéu chuén, 1E2 - hiéu sut cao, IE3 - hiéu suét dac biét, IE4 - hiéu suit
siéu dic biét va IE5 - hiéu suat cuc cao. Theo [18] cac muc hiéu suat tir IE1 dén 1E5
ctia dong co c6 dd thi phu thudc nhu hinh 1.9.

(%goan hé gitra hiéu suat va cong suat - Béng co 2 cyc (2p = 2), 50 Hz

90 4

80

70 4

Hiéu suatn (%)

60 - : :
—— IE1 - Hi€u suat tiéu chuan
IE2 - Hiéu su&t cao

50 —— IE3 - Hiéu suat Premium
—— IE4 - Hiéu suat Super Premium
—— IE5 - Hiéu sudt Ultra Premium

40

T T T T T
107t 10 10% 102 107
Cdng suat ra P (kw, thang log)

Hinh 1.9. Quan hé phu thudc giita mirc hiéu sudt va cong sudt déng co [18]

Pong co truyén théng sir dung trong khai thac mo 1a cac dong co khong dong
bo roto 16ng soéc Ex-IM. Loai dong co ndy ¢ nhiéu wu diém nhu: cau tao don gian,
d6 bén cao, mémen khai dong 16n, gia thanh ré, tuy nhién nhugc diém 16n cua cac
loai dong co nay 1a kho c6 kha niang nang cao dugc hiéu suat do van ton tai ton that
dién ning trén roto trong quéa trinh 1am viéc. Viéc nang cao hiéu suat dong co Ex-IM
lén mic IE2, IE3 theo tiéu chuan IEC60034-30 dang thuc sy khé khan [7],[18].

Viéc dau tu dong co hiéu suat cao s& lam ting chi phi ban dau, twong quan
chénh léch gitta chi phi ddu tw mua dong co va chi phi van hanh dong co dién trong
qua trinh str dung 1au dai dwoc thé hién trén hinh 1.10 [5]
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Phi yéu cau Péng co tiéu chudn

(Phi mua may+chi phi dién)

Phan dién nang tiét kiém

Pong co hidu sut cao
(Phi mua may+chi phi dién)

Ty Thoi gian v@nﬁanh
Hinh 1.10. Hiéu qua giita dong co tiéu chudn va déng co hiéu sudt cao [5]
Tir hinh 1.10 thay rang, viéc phai ganh thém chi phi ban dau thi trong khoang
thoi gian sir dung ngan thi dong co tiéu chuan cd loi hon vé mit chi phi. Nhung sau
khoang thoi gian lam viéc Ty thi viéc tiét kiém dugc dién ning trong qué trinh sir
dung dong co hiéu sut cao sé& c6 hiéu qua kinh té cao hon.

Theo nghién ctru [5] mot giai phap thay thé cho dong co Ex-IM la sir dung
dong co Ex-LSPMSM Ia loai dong co hiéu suit cao. Pong co EX-LSPMSM c6 thé
dugc wng dung & nhiéu khau trong khai thac mo, nhat 13 cac khau ma c6 co ciu dién
nang tiéu thu 16n nhu: thong gié, bom nudc va con cd thé dugc ung dung trién khai
cho céc phu tai khac.

Cac dong co Ex-IM str dung trong khai thdc mo ¢ Viét Nam thuong cé hiéu
suit dat ngudng IEL. Gia str hé truyén dong cua khau khai thac mo dugc nang cap tir
dong co c¢6 hiéu suat I1E1 18n sir dung dong co c6 hiéu suat IE, (véi n=2, 3, 4). Chi
phi van hanh tiét kiém dugc mdi nam khi sir dung dong co hiéu suat cao thay thé cho
dong co hiéu suat IE1 dugc tinh theo cong thic [7].

S=p CTIOO 100] 19
- out: " El En ( : )

Trong d6: Pout- cong suat dong co (kW); C- 1a gid ban dién (d6ng/kWh); T -
s6 gid 1am viéc mdi nam (gid); En, E1 - 1an luot 13 hiéu suat dong co theo chuén IE,
va IEL.

Chénh 1éch chi phi ban dau giita hai dong co hiéu suét cao IE, va dong co

thong thuong IE1 dugc xac dinh theo cong thire [7]:
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AC=m.Y (1.3)
Trong do: m - Chénh léch khdi lugng, vat licu; Y — chénh I¢ch don gia.
Thoi gian thu hdi von:
Tc=AC/S (1.4)
Tir co s 1y thuyét trén, so sanh hiéu qua kinh té thu dwoc déi voi quat thong
gid cuc bo trong cac mé ham 10 dang st dung dong co Ex-IM 15 KW c¢6 hiéu suét IE1
bang dong co Ex-LSPMSM 15 kW c¢6 hiéu suat cao IE2, cac dong co co thong sb ki
thudt nhu trong bang 1.2.
Bang 1.2. Thdng s6 cua dong co Ex-IM va dong co Ex-LSPMSM

TT | Théng s6 dong co Ex-IM | Ex-LSPMSM
1 | Cong suat (kW) 15 kW 15 kW

2 | Diénép (V) 380/660 380/660

3 | Tansé (Hz) 50 50

4 | Téc @6 (vong/phut) 2960 3000

5 | Mdmen (N.m) 48 48

6 | Hiéu suat dong co (%) | 89 (IE1) 93,2(IE2)

Theo tai liéu [8], khoi lugng ctia nam cham can dung cho dong co Ex-
LSPMSM 15 kW khoang mncve = 1,85kg, gid ban nam chdm NdFeB Ila
Pneve=2509%/kg tuong duong 5,75 triéu dong/kg. Theo tai liéu [9] chénh 1éch chi phi
str dung la thép mat d6 tir thong cao cho dong co LSPMSM 15 kW m’ncvec=4,5Kg,
gia ban chénh 16ch P’neve=128/kg twong duong khoang 0,276 triéu dong/ke.

Tir cong thire (1.3) xac dinh chénh 1éch chi phi ban dau giita dong co hiéu suat
cao Ex-LSPMSM va dong co tiéu chuan Ex-IM Ia:

AC=[mpm.Ppm+m’pm.P’pm]=[1,85.5,75+4,5.0,276]=11,88tr

Chi phi van hanh tiét kiém dugc mdi ndm khi thay thé dong co Ex-LSPMSM

15 kW cho dong co Ex-IM 15 kW' theo cong thirc (1.2)

S = Poye. C.T |52 — 22| = 15.2887.5000. | -2 — 22| =10,96tr

E» Eq 89,3 932
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Trong d6: Gia ban dién C=2887ddng/kWh; Xi nghiép moé 1am viéc ba ca
T=5000h/nam

Thoi gian thu hdi vén khi thay thé dong co Ex-LSPMSM 15 kW cho dong co
Ex-IM 15 kW cuia quat thong gi6 cuc b xac dinh theo cong thirc (1.4):

T.=AC/S=11,88/10,96=1,08 nam

Do viéc tiét kiém dién nang trong qua trinh sir dung nén viéc thay thé dong co
Ex-LSPMSM 15 kW cho dong co IM 15 KW mang lai hiéu qua kinh té cao, thoi gian
thu hoi vén ngan trong khoang 1,08 nam, diéu nay con chua ké dén viéc nang cao hé
s6 cong suat cose do dong co EX-LSPMSM c¢6 hé sé cong suét cose tir 0,9 tré 18n so
V6i dong co khong dong bo ¢ hé s cose chi khoang 0,85 tir d6 giam dugc ton hao
trén duong day truyén tai.
1.2. Téng quan nghién ciu vé LSPMSM

1.2.1. Tong quan cdc nghién civu trong nwéc

Hién nay, trong nudc cac nghién ciru LSPMSM chua nhiéu, ¢6 thé tom tat mot
s6 nghién ctru nhu sau:

Nguyén Vii Thanh (2015) [13] tap trung nghién ciru thuat toan thiét ké, ché
tao hoan chinh dong co dong b ba pha nam cham vinh ctu khoi dong truc tiép tir
lugi dién, tir d6 thyc hién t6i vu dé nang cao hiéu suat, hé sé céng suat cose=1 va
giam thé tich nam cham vinh ciru dong co ché tao theo cong nghé tac gia dé xuat voi
nhitng ndi dung co ban nhu sau:

- Pua ra duoc thuat toan tinh todn mat do tir thong diém lam viéc caa nam
cham vinh ctru.

- Pua ra cong thuc giai tich xac dinh duoc mdi quan hé giira mat do tir thong
ring va gong cla stato va roto voi mat do tir thong diém lam viéc cia nam cham vinh
cuu.

- Pua ra dugc t6 hop diéu kién dé kiém tra thiét ké cho dong co LSPMSM dat

hé s6 cong suat cose=1.
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- Dua ra thuat toan thiét ké dién tir chi tiét cho ting phan cua dong co
LSPMSM c6 réto véi nam cham bé tri hinh vudng, nhu thiét ké stato, thiét ké roto,
thiét ké nam cham, thiét ké kiém tra.

- Nang cao duoc hiéu suat, hé sb cong suat cia dong co LSPMSM 7,5 kKW
1.500 vong/phat vuot mac hiéu suit 1E4 theo tiéu chuan IEC 60034-30, trong khi
giam duoc thé tich nam cham, théng qua chuong trinh tinh tdi vu Ansoft Maxwell
2D.

Lé Anh Tuén (2017) [9], trong luan &n, tac gia nghién ciru md hinh toan nham
tinh toan dic tinh khai dong cuia LSPMSM trong d6 ¢ xét dén yéu té bao hoa mach
tir va hiéu tng mat ngoai. Tur dac tinh khoi dong thu dugc, danh gia nhitng yéu td,
thong sé chinh anh huéng dén quéa trinh khoi dong cia dong co LSPMSM ba pha,
cong suat 2,2 kW, toc do 1.500 vong/phut.

- Pé xuat mé hinh toan hiéu chinh va mé phong LSPMSM c6 xét dén bio hoa
mach tir va hiéu tng mat ngoai.

- Nghién ctru cac yéu té chinh anh huong dén qua trinh khai dong, dé xuat:

+ Pic tinh dién cam tir hoa ddng bd ngang truc Lmg xét dén bdo hda mach ti.

+ Dic tinh dién cam tir hoa dong bo doc truc Lma xét dén bdo hoa mach tu.

+ Hiéu tng mat ngoai anh hudng dén dic tinh khoi dong.

Bui Minh Pinh (2018) [2] thuc hién dé tai cip Nha nuéc KCO5, tap trung nghién
ctru lam chu tinh toén, thiét ké va cong nghé ché tao diy dong co dong bo ba pha
LSPMSM c6 cong suat dén 11 kw, toc do 1.500 vong/phit, dat cdp hiéu suit ning
lugng IE2 theo tiéu chuan IEC 60034-30. Noi dung nghién ciru bao gom: tong quan vé
cac quy dinh sir dung ning lwong & Viét Nam va trén thé gi6i; xay dung phan mém
thiét ké tu dong dong co LSPMSM; tng dung phan mém chuyén dung SPEED dé
thiét ké mo hinh 2D/3D; t6i wu hoa thiét ké dién tir, thiét ké dan nhiét va tan nhiét; toi
vu hé théng 1am mat; xay dung quy trinh cong nghé ché tao nhu dap, xép ép 16i ton,
gia cong chi tiét co khi, dic nhém roto, ché tao stato va lap ghép nam cham; dong

thoi xay dung quy trinh Iap dat, van hanh va thir nghiém dong co. Trén co s¢ do, tac
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gia da ché tao cac dong co LSPMSM cong suit 2,2 KW: 5 KW: 7,5 KW: 11 kW, loai 4
cuc, dat hiéu suét téi thiéu muc 1E2 theo IEC 60034-30.

Ngoai cac cong trinh nghién ctru tron ven ké trén c6 mét s6 cong trinh nghién
ctru dang cac bai bao, bai bao cao trén céc tap chi va hoi thao co thé ké téi nhu sau:

- D4 Nhu Y, Lé Anh Tuén, Ngb Xuan Cudng va Bui Trung Kién (2022)[6].
Hoi nghi khoa hoc quéc gia — Truong Dai hoc Céng nghiép Quang Ninh. Noi dung
nghién ctu tap trung vao viéc xac dinh cac tham s dic trung ctia nam cham nhu mat
d6 tir thong du va luc khang tir, 1am co so cho thiét ké mach tir réto cua dong co.

Trén co s& cac thong sé tinh toan, nhom tac gia da xay dung md hinh mé phong
s6 bang phan mém chuyén dung dé phan tich dic tinh dién tir va co cta dong co
LSPMSM, bao gém phan b tir trudong, mémen dién tir va dic tinh téc do ¢ trang thai
lam viéc. Két qua mod phong cho thay madi lién hé chat ché giira lya chon tham s6 nam
cham va dac tinh van hanh cia dong co, dong thoi khang dinh vai trd cuia mé phong
s6 trong danh gia thiét ké.

- P4 Nhu Y, Ngo Thanh Tuan, L& Anh Tuan, Ngé Xuan Cudng (2021)[7].
HNKH toan qudc vé Co khi - Bién - Ty dong héa (MEAE2021). P trinh bay phwong
phap tng dung phan mém Ansys/Maxwell dé phan tich céc thong sé dién tir va dac
tinh 1am viéc cia dong co ddng bd nam cham vinh cau khéi dong truc tiép
(LSPMSM). Nghién ciru tap trung xay dung mé hinh md phong sb dya trén phuong
phap phan tir hitu han, cho phép danh gi chi tiét su phan bd tir trudng trong mach tir,
mat do tir thong trong khe ho khong khi, cling nhu cac dic tinh mémen va toc do caa
dong co.

Két qua moé phong cho thdy Ansys/Maxwell 12 cong cu hiéu qua trong viéc
phan tich va du doan hanh vi dién tir cia LSPMSM, dac biét trong viéc xac dinh cac
tham sb 1am viéc & trang thai xac lap. Tuy nhién, ndi dung nghién ciru cha yéu tap
trung vao viéc md ta va kiém chiing kha niang mé phong caa phan mém, trong khi
c4c van dé dac thd cia LSPMSM nhu qua trinh khéi dong truc tiép, dic tinh qua do,
dao dong momen va nguy co khir tir nam cham chua dugc phan tich sau. Do do, cong

trinh 6 gié tri nhu mot nghién ciru phuong phap ludn, dong thoi dit nén tang cho céc
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nghién ctu tiép theo hudéng téi phan tich toan dién hon vé dic tinh khai dong va toi
wu cau trac dong co LSPMSM.

- Nam 2022, Lé Anh Tudn, D3 Nhu Y va Bui Bac Hung [11], d3 nghién ctu
anh huong cua kiéu day quan stato dén dic tinh khoi dong cia dong co LSPMSM
cdng suit 5,5 kW, tdc do 3.000 vong/pht bing phuong phap mé phong sb. Nghién
ctru tap trung phan tich vai tro cua cu tric day quén stato ddi véi cac tham s khoi
d6ng quan trong nhu momen khai dong, thoi gian qua d6 va kha ning dat téc do dong
bo khi khoi dong truc tiép tir ludi dién.

Thong qua md phong dua trén phuong phap phan tir hitu han, céc tac gia chi
ra rang kiéu day quan stato c6 anh hudéng dang ké dén su phan bd tir truong va su
tuong tac gitra mémen khong dong bo va moémen dong bo trong qua trinh khai dong.
Két qua cho thay viéc lva chon hop Iy cau hinh day quan ¢ thé cai thién mémen khoi
dong, rdt ngan thoi gian tang téc va nang cao do 6n dinh cua qua trinh dong bo hoa.

Két luan: Cac cong trinh trong nudc phan Ién mai chi tap trung vao dong co
LSPMSM téc d6 1.500 vong/phut, vai toc do nay chua phil hop véi cac phu tai quat
gi6 hodc dong co bom nudc cua mé thudng co toe dd 3.000 vong/phat. Mot sé da
nghién ctu vé LSPMSM c6 toc do 3.000 vong/phlt nhung cong suat cua dong co
tuong ddi nho (cong suat 5,5 kW). Trong khi d6 cic dong co cong suat trong khai
thac mo sir dung cho quat gid va bom thoat nudc cuc b thudng cd céng suat tir 11
kW dén 18 kW tdc d6 3.000 vong/phit twong wng vai loai dong co c6 chiéu cao tam
truc 160 mm.

Nhu vay thay rang, viéc giai quyét van dé dat ra d6i véi dong co LSPMSM ¢6
chiéu cao tdm truc 160 mm sir dung cho quat gi6, bom nuéc cuc bd c6 yéu té phong
nd 1a chua duoc giai quyét ¢ cac nghién ctru trong nudc viéc nay can thiét phai nghién

ctru.
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1.2.2. Téng quan céc nghién ciu trén thé gidi
a. Nghién cizu vé cau tric bo tri nam cham vinh ciu.

Déi voi dong co LSPMSM 3.000 vong/phtt thi viée bd tri nam cham vinh ctru
trong roto anh hudng nhiéu dén thong sé lam viée cua dong co. Di véi dong co
LSPMSM — 3.000 vong/phdt ciing di c6 mot sd tac gia nghién ctru vé phuong thic
bd tri nam cham vinh ciu trong réto dé dat duoc cac thong sb lam viéc t6t nhat.

Trong cOng trinh nghién ctu J. Li, J. Song, Y. Cho (2010)[64], da nghién ctu
két cau roto cua dong co LSPMSM cong suat 3,7 kW. CAc tac gia da dua ra két cau
cta dang 3 thanh nam cham vinh ciru duoc bd tri trong roto. Pé cai thién dong dién
khoi dong cua dong co LSPMSM bang viée thay doi thé tich ranh roto. Véi nghién
Clru nay Ccac tac gia chua phan tich duoc viéc ngan cach cac thanh nam cham vinh
ctru ¢ st dyung cau tir ¢6 anh hudng gi dén hiéu qua cua dong co LSPMSM hay
khong.

Stator

Rotor Bar

Hinh 1.11. Két cau réto dang thanh dong co LSPMSM 3,7 KW — 3.000 vong/phut [64]

Bai bdo D. Bo and B. Xia (2013)[37], trinh bay mét cau tric méi caa mach 2
cuc LSPMSM - 3.000 vong/phit (50/60Hz) cong suat 37 kW. Loai nam chdm vinh
ctu st dung trong dong co nay la loai NdFeB c6 dang hinh chir nhat ¢ gita réto.
Pong co da dugc nghién ciru voi tai may bom nude va cho thdng sé ki thuat tét hon
c4c thdng sb cua dong co IM cung loai:
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1. Thanh dan roto
. Vong ngan mach réto

NNNNNNNNN SN

w N

Nam cham vinh ctru
chon trong réto
Stato

Day quén stato

LOi stato

Nip 6 d&

P 7

U

N o o b

Hinh 1.12. Két cdu roto dong co LSPMSM 37 KW — 3.000 vong/phut [37]
Vi nghién ciru nay, dé da chd cho viéc bd tri nam cham va dam bao céc théng
s6 k¥ thuat cua dong co LSPMSM thi cac tac gia da ché tao lai rdnh roto. Ciing theo
nghién ctru nay da chi ra mot sb két cau roto da duoc trién khai (ng dung trong viéc
ché tao dong co LSPMSM 3.000 vong/phdt nhu hinh sau:

1. NdFeB — khdi
nam cham vinh ctru
chon trong réto.

2. LGi r6to ghép la
ton silic.

3. Thanh dan roto.

1. NdFeB 2. Rotor laminated core

Hinh 1.13. Két cau hinh khuyén va két cau chiz L ciia dong co LSPMSM 3.000
vong/phut [37]

Trong nghién ctu Damiano Mingardi; Nicola Bianchi; Michele Dai Pré (2017)

[42], d& phan tich cac dang két cau roto ciia dong co LSPMSM 3.000 vong/phut véi

két cdu nam cham vinh ciru hinh luc gidc céng suat 5,5 kW, hinh chit nhat 4 thanh

cho loai dong co LSPMSM 3.000 vong/pht cong suat 7,5 kW, hinh luc gi&c 6 thanh

cho dong co va két cdu hinh vanh khuyén cho dong co LSPMSM 3.000 vong/phut
cong suat 7,5 KW.



23

(a) 2-pole

Hinh 1.14. Két cau réto dong co LSPMSM — 3.000 vong/phut
cong suat 5,5 kW; 7,5 kW [42]
Viéc nghién ciru nay lai duoc ché tao danh gia thir nghiém cho dong co 1,5 KW.

DPong thoi véi d6 dé dam bao cac théng sé 1am viéc thi mot s6 ranh réto cua dong co
IM di duoc thay ddi kich tir, viéc nay gay kho khin trong viéc ché tao, dau tu can
thiét phai xay dung lai day chuyén céng nghé ché tao roto tir dau.

Trong nghién cu D. Mingardi and N. Bianchi (2017)[41] d3 thiét ké két cau
ctua dong co LSPMSM 1,5kW — 3.000 vong/phut

-axis

()cl

f‘ a 9[,1

A}

d-xis

C )
¢~ axis rotor bars
Hinh 1.15. Két cau LSPMSM 1,5 kW - 3.000 vong/phut [41]

Trong cong trinh nghién ctru ndy céc tac gia da dé xuat két cau nam cham vinh
ctru hinh vanh khuyén dong thoi véi d6 1a thiét ké ranh roto voi hai loai trong d6 mot
loai dé 1am chan tir mot loai ranh c6 kich thudc nho lai dé tranh bdo hod mach tur
trong réto. V&i két cau hinh vanh khuyén nay thi viéc ché tao nam cham vinh ctru s&

rat tén vat liéu, dong thoi voi dé viéc lap rap nam cham vinh ctru vao dong co 1a kho
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khan. Két cAu nay chi phu hop vaéi loai dong co LSPMSM 3.000 vong/phdt ¢ cong
suat thap.

Trong nghién ctu A. Waheed, B. Kim, and Y.H. Cho (2020)[28], da thiét ké
két cdu nam cham vinh ctru trong rdto dang canh quat, vai cai tién nay da tao ra mot
hiéu suat hop Iy va mémen cua dong co tao ra c6 dic tinh tét. Vi két cdu nay ciing
d3 giam duoc ton hao trong roto va ciing da dé cap toi viéc khi tir phu thudc vao
nhiét d cua cac thanh nam cham vinh ctru khi c6 goc bé tri khac nhau. Bang céch sir
dung gia tri tdi wu ciia cac dang thiét ké, két qua co duoc suc dién dong khong tai véi
dong co LSPMSM 7,5 kW — 3.000 vong/phut. Véi két cau nay dé da dién tich bd tri
thanh nam cham vinh ctru trong roto cac tac gia ciing da thiét ké lai théng s cua roto
dong co IM dé dam bao dugc théng sb 1am viéc cua dong co LSPMSM 7,5 KW —
3.000 vong/phut

Stator Core

T I =i
Permanent Magnetization
Magnet Direction

Hinh 1.16. Két c4u hinh canh quat déng co LSPMSM 7,5 kW-3.000 vong/pht [28]
b. Nghién cizu cac yéu té dnh hwong dén thdng sé lam viéc cia dong co LSPMSM

Véi nhirng vu diém thay rd cua dong co LSPMSM, viéc thiét ké dong co loai
nay da thu huat rat nhiéu cac nha nghién ctru. Nhiéu bai béo thé hién rd nhiing y d6
thiét ké khac nhau, tap trung vao nhiéu khia canh thiét ké. Trong nghién cau M. F.
Palangar (2021) [78], tinh toéan thiét ké t6i vu dong co LSPMSM dua trén qué trinh
phan tich dién tur va phan tich nhiét.

Aliabad, M. Mirsalim, N. F. Ershad (2010)[21], Nghién ctru cai tién mdmen,
kha ning khai dong va ché do van hanh xac lap cia LSPMSM. Nghién ciru dé xuat
mot phuong phap mé may don gian dya trén cudn doi cuc stato, phuong phap nay
cho phép khic phuc nhuoc diém khé khai dong caa LSPMSM. V&i phuong phap dé
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Xuit, chat luong dic tinh tbc do khoi dong ting 1én do 1am giam mémen can, ting
dién trg long soc trong qué trinh mgé may, bén canh d6, kha ning dong bo hoéa dong
co cling duoc cai thién.

A. D. Aliabad, M. Mirsalim (2012)[20], Nghién ctu qué trinh khoi dong va
md hinh toan LSPMSM. Céc tac gia khing dinh, phwong phap d6i cuc LSPMSM khi
khoi dong c6 rat nhiéu vu diém nhu cai thién mémen khai dong, ting kha nang dong
bo hoa va nang cao hiéu suat & ché do van hanh xac lap, tuy nhién khi dong cat doi
cuc s& xuat hien mot vai dao dong mémen c6 thé 1am anh huéng xau dén qua trinh
qua do. Bién do dao dong khi dong cat doi cuc phu thudc vao tée o dong co, thoi
diém dong cat, bién do dao dong nay 16n c6 thé dan dén ché do van hanh khéng on
dinh, tham chi con 1am cho LSPMSM hoat dong duéi téc do dong bo, vi vay can thiét
phai nghién ciru sau hon dé cé thé loi dung triét dé wu diém cia phuong phap doi cuc
khi khoi dong.

M. H. Soreshjani, A. Sadoughi (2014) [82] Nghién ctu tién hanh so sanh dong
co khong dong bo (KPB) va dong co dong bd nam cham vinh ctru khoi dong truc
tiép (LSPMSM) trén nén mé hinh d—q cua ca hai loai may. Nhém tac gia st dung mot
dong co KPB 16ng soc 3 pha, 4 cuc, cong suat 0,75 kW 1am d6i twong thi nghiém:; tir
d6 hiéu chinh réto dé tao LSPMSM trong khi giit nguyén phan stato, va mé phong
trén MATLAB/Simulink dé danh gia dap tng qua do va xéac lap. Két qua cho thay
kha nang khai dong cia LSPMSM phu thudc dang ké vao mdmen tai va mirc dién ap
cap (tai nang va dién 4p thap 1am qua trinh ddng bd kho khin hon). O ché do xac 1ap,
LSPMSM dat hiéu suat van hanh tét hon KPB, vi vay c0 tiém ning tiét Kiém ning
lwong khi thay thé KDB trong cac tng dung tuong duong.

Déi véi LSPMSM mic du dugc khang dinh 14 dong co ¢d hiéu suat, hé s6 cong
suat cao, mat ¢6 moémen Ién (W. Zhao, M. Tian, X. Wang, Y. Sun 2020 [110], V.
Elistratova, 2016 [106]) nhung néu thiét ké khong tét thi cac théng sé van hanh s&
khong dam bao, tham chi c6 thé con khong dat dugc cac tieu chuan cua IM. Tai qué
trinh thiét ké LSPMSM, trong cac dic tinh thi dic tinh toc do khoi dong thudng duoc

nghién ctru dau tién, vi n6 khang dinh kha nang tu khai dong cua dong co. Bén canh
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d6 thi dic tinh dong dién 1am viéc & ché do xac lap ciing can duoc tinh dén. Nguyén
nhan 1, d6i vdi LSPMSM trong qué trinh 1am viéc & ché do xéc lap, dang séng dong
dién thuong khong “sin” ma dao dong diéu hoa vai tan s6 ngudn cip (mot ham diéu
hoa la mot ham sin). L. S. Maraaba, Z.M. Al-Hamouz, A.S. Milhem, S. Twaha,
Machines (2019)[73], G. S. Chingale, R. T. Ugale (2014) [58] do vay s€ phét sinh
cac song hai bac cao. S6ng hai bac cao nay néu khong kiém soat tét s& dan dén nhiéu
khéng mong mudn anh huong truc tiép dén chat luong dién ning cia ngudn cép,
ngoai ra nd con gay ra do rung khi lam viéc cho chinh ban than dong co nay.

Bén canh d6, véi LSPMSM hoat dong ¢ tan sé ngudn ciap 50 Hz nguoi ta
thuong nghién ciu ché tao véi toe do 1.500 vong/pht, con nhitng toc do khac co rat
it nghién ctru dé cap D. Stoia, O. Chirili, M. Cernat, K. Hameyer and D. Ban
(2010)[46], A. Takahashi, S. Kikuchi, H. Mikami, K. Ide, A. Binder (2012)[26].
Nhung, trén thyuc té, c6 rat nhiéu noi ung dung toc do 3.000 vong/phit nhu trong cong
nghiép khai thac mo, dau khi... khi tinh toan thiét ké dong co LSPMSM thi phic tap
nhét 12 phan tinh todn nam cham vinh ctru (NCVC) dic biét lai cang khé khan d6i véi
loai dong co c6 toe dd cao 3.000 vong/phut. Viéc tinh toan NCVC khong tét dua dén
khé gia cong ché tao, hiéu suat caa dong co thap, dong co khong khéi dong dugc,
thoi gian khoi dong lau,... ngoai NCVC c6 chiém chi phi cao trong dong co
LSPMSM, viéc tinh toan khong t6i wu dwa dén kho thuong mai hoa loai dong co nay
trong thyc té Rong-Jie Wang, Jean-Pierre Els and Albert Sorgdrager (2014) [90].

Mot trong nhitng diém dang dwoc cac nha khoa hoc nghién ciu hién nay ddi
véi LSPMSM Ia hién tugng khir tir NCVC trong qué trinh lam viéc cua dong co L.
Weifu, Z. Haisen, Z. Jian, L. Yingli, L. Mingji (2015)[109], P. Yu, C. Zhu, Y. Shen,
G. Zhang (2018)[87], T. Zawilak, M. Gwozdziewicz (2018)[102]. Qua trinh khtr tir
NCVC anh huong truc tiép dén thong sb sire dién dong khdng tai, nhu vay s& dan dén
anh huong dén hiéu suat 1am viéc cia dong co, bén canh d6 n6 con anh hudng dén ca
moémen dau ra. Khir ttr NCVC c6 thé do mét trong nhitng nguyén nhan sau: Chang
loai NCVC, nhiét d6 lam viéc cua NCVC, tur truong bén ngoai dat vao NCVC, qua
trinh 6xy hod, bao mon theo thoi gian.


https://ieeexplore.ieee.org/author/37086675122
https://ieeexplore.ieee.org/author/37662280000
https://ieeexplore.ieee.org/xpl/conhome/6826039/proceeding
https://ieeexplore.ieee.org/xpl/conhome/6330482/proceeding
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DPong co ddng bo nam cham vinh ciru khoi dong truc tiép (LSPMSM) ¢6 thé
bi khir tir trong mét sé diéu kién dic biét. Trong nghién ctu Jian-Xin Shen, Peng Li,
Meng-Jia Jin, and Guang Yang (2013)[69] dua ra viéc phan tich khi tr dong co
LSPMSM-1.500 vong/phut va dé& xuat mot giai phap dé co thé giam hién twong khir
tir ndy. Trong cdng trinh nay cac tac gia nghién ctiru bang phan tich phan tir hitu han
(FEA) bang cach st dung cac dic tinh ki thuat caa nam cham.

c. Nghién cizu vé gidi phap téi wu théng sé déng co LSPMSM.

Trong c6ng trinh nghién ctu M. F. Palangar, A. Mahmoudi, S. Kahourzade,
and W. L. Soong (2020) [79] trinh bay mét phuong phap phén tich va t6i vu hoa thiét
ké cho dong co dong bd nam cham vinh ciu khoi dong truc tiép (LSPMSM). Mb
hinh co sé ban dau (Lo) duoc hinh thanh bang céch két hop gitta dong co khong dong
bo (IM) va cau tric stato cua dong co ddong bd nam cham vinh ciru kiéu gan trong
(IPM), trong d6 ca IM va IPM déu dugc xay dung dua trén cac phuong trinh dang ly
thuyét. Bé dat duoc hiéu suat téi wu, nhom tac gia tién hanh téi wu hoa phan ldng séc
cta IM nham cai thién mémen khai dong, ddng thoi tdi wu héa cau hinh nam cham
vinh ciru cua IPM dé nang cao hiéu suit xac lap. Viéc két hop hai roto di duoc t6i vu
hoa tao thanh roto lai cho LSPMSM, mang lai dac tinh dién tir vuot troi trong ca giai
doan qua do va 6n dinh so v6i mau ban dau (L0). Phuong phap t6i uu hoa dugc xay
dung trén mé hinh todn hoc chinh xé4c cua dong co va duoc thuc hién bang giai thuat
di truyén (GA), cho phép tim ra cau hinh thiét ké dat hiéu suat cao nhat vé mdmen,
hiéu suat va kha nang dong bo hoa.

Solmaz Kahourzade, Amin Mahmoudi, Wooi Ping Hew, and Mohammad
Nasir Uddin (2013) [95] dwa ra trinh ty thiét ké dong co LSPMSM vdi cac budc lua
chon kich thudc co ban tuwong ty nhu ddi véi dong co IM, két cau réto 1ong soc voi
nam cham gan hinh nan quat. Phan téi vu gia tri dién tré roto c6 ndi dén nhung khong
dua ra cy thé. Bai bao ciing thé hién thuat toan thiét ké két hop gitta FEM va giai tich,
tuy nhién phan thiét ké bang FEM téc gia lai dé & budc trén, trong khi cac kich thuéc

vé két cau chua xéc dinh.
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Trong nghién cuu cua A. Waheed, B. Kim va Y. H. Cho (2020)[28], tac gia
tap trung giai quyét bai toan nang cao hiéu suat va hé sé cong suit cho dong co
LSPMSM cong suat 7,5 kW théng qua téi wu hoa cau tric réto. Nghién ciu xay dung
mo hinh mach tir tvong duong (MEC) nham mé ta dic tinh tir thdng cia may, dong
thoi thiét 1ap biéu thirc phan tich & ché d6 mach ho dé danh gia hanh vi dién tir trong
giai doan khoi dong. Pang chu y, hinh dang rénh chira nam cham vinh cuu trén réto
duoc xem 12 bién thiét ké chinh va duoc ti wu hoa nham cai thién hiéu suat tong thé.
Pé xac thuc md hinh, nhém tac gia stir dung phuong phap phan ti hitu han hai chiéu
(2D-FEA) so sanh két qua md phong véi du doan tir MEC. Két qua cho thidy mé hinh
phan tich dat d6 phii hop cao véi mé hinh so, dong thoi thiét ké ranh téi vu mang lai
cai thién dang ké hiéu suit va hé sé cong suat cua dong co. Nghién ctru gop phan
cung cap phuong phap tdi vu hoa hinh hoc hiéu qua cho céc bién theé LSPMSM cling
cap cong suat.

Trong cong trinh cua A.J. Sorgdrager, A.J. Grobler va R.J. Wang (2014)[24],
nhom tac gia dé xuat mot phuong phap thiét ké LSPMSM duya trén so do khéi véi
mtc d6 chi tiét cao hon so vai nhiéu tai liéu tién nhiém. Quy trinh thiét ké duoc kiém
chang thdng qua mé phong trén phan mém Maxwell RMxprt, dong thoi bai bao ciing
cung cap cac cong thire xac dinh s6 vong day trong thiét ké stato, gop phan hd tro qué
trinh tinh toan so bo. Tuy nhién, nghién ctu chu yéu tap trung mo ta dic tinh tinh cta
dong co va trién khai cac cong thic giai tich & miic co ban; cé&c chi tiéu quan trong
nhu hiéu suat va hé sé céng suat cua bo thiét ké chua duoc phan tich hoic béo céo.
Han ché nay cho thay nhu cau mo rong danh gia sang dac tinh van hanh dong va céc
chi tidu hiéu suat tong thé nham ting tinh &ng dung cua phuong phép thiét ké da dé
XUAL.

Trong cbng trinh cta Shixiong Yin, Aiyuan Wang, Chengmin Wang va
Jicheng Li (2021)[98], huéng tiép can dugc dit trong béi canh nhu cau phat trién
truyén dong mot chiéu cong suat nho vai yéu cau toc do thap va nhiéu cuc. Nghién
ctru tap trung vao bai toan thiét ké va téi wu hoa ciu tric dong co LSPMSM dap ting

y&u cau ndy. Dua trén bo chi tiéu thiét ké ban dau va phan bd tai dién tir, nhém tac
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gia xay dung mo hinh dong co so bo lam co s& danh gia. Thong qua phan tich dac
tinh van hanh, cac tham sé thiét ké nhay cam anh huéng 16n dén hiéu suat dugc xac
dinh va tich hop vao bai toan téi wu hoa da muc tiéu. Pang cht ¥, nghién ciu (ng
dung phwong phép thir nghiém truc giao két hop vai cac chi sé danh gia tir mé phong
dién tir nham tham do khong gian thiét ké rong va rt ngan thoi gian lap thiét ké. Két
qua cho thiy phwong phap dé xuat mang lai cai thién hiéu suat dang ké di voi dong
co LSPMSM tbc do thap, qua d6 chung minh hiéu qua cta md hinh téi vu hoa thiét
ké trong céc hé truyén dong cong suat nho.

Trong nghién ctru cua Jeong-Tae Song, Jian Li va Yun-Hyun Cho (2010)[68],
c4c tac gia tap trung tdi wu hoa kich thuéc nam cham nham giam chi phi san xuat
dong co LSPMSM. Bai toan tdi wu duoc xay dung dua trén dic tinh tir thdng ctia nam
cham, vai bién thiét ké chinh 1a hinh dang ranh lap dit NCVC trén roto. Két qua mo
phong cho thiy mat do tir théng duoc cai thién dang ké, dong thoi o gon mémen va
dao dong téc do duoc giam thiéu, qua d6 nang cao tinh 6n dinh co dién. Tuy nhién,
nghién ctru chwa xem xét cac chi tiéu dic tinh xac 1ap nhu hiéu suat va hé sb cong
suat cose, cho thay can c6 cac phan tich bo sung dé danh gia toan dién qua trinh thiét
ké dong co.

Trong cbng trinh cia Kwang Hee Kim, Jian Li, Jin Hak Jang va Yun-Hyun
Cho (2012)[70], nhém tac gia tap trung t6i uu hoa vi tri rAnh nam cham va khoang
cach cau ndi rdto nham cai thién dac tinh xéac lap cua dong co LSPMSM. Phuong
phap dap tng bé mit (RSM) duoc sir dung dé hd tro tim kiém cau hinh tbi wu, qua d6
nang cao hiéu qua qué trinh thiét ké. Tuy nhién, bai bao khong néu rd ham muc tiéu
duoc &p dung trong qua trinh téi wu hoa, dan dén kho khin trong viée danh gia dinh
lwong hiéu qua caa thuat toan va kha nang tai 1ap két qua nghién ciu. Biéu nay cho
thdy can c6 cac nghién ciu tiép theo l1am rd tiéu chi ti uu, dong thoi ma rong phan
tich sang cac chi tiéu hi¢u nang quan trong khac.

V. Elistratova, M. Hecquet, P. Brochet, D.Vizireanu and M. Dessoude (2013)
[107] thuc hién ti wu da muc tiéu cho déng co LSPMSM 7,5 kW c4u hinh nam cham

vudng gan chim véi 3 bién, d6 rong khe ha khong khi, chiéu day nam cham Lm, chiéu
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rong nam cham Wm, 2 rang bugc vé cose va boi s6 momen km, 2 muc tiéu téi da hiéu
sut va téi thiéu mémen can. Phuong phap ti uu st dung 1a EE Exhaustive Enumeration.
Két qua t6i rru duoc so sanh véi dong co PEIM & mic 1E3 theo tiéu chuan IEC 60034-
30, vai hiéu suat = 0,912, cose = 0,977. Gié trj hiéu suét cao hon 0,8.

Trong nghién ctru cia Hamza Farooq (2024)[60], tac gia da xay dung mot moé
hinh phan tich phuc vu x4c dinh cac dic tinh van hanh caa may MSAPDD, bao gom
tdc do tirc thoi va momen dién tir. M6 hinh nay duoc thiét lap trén co s¢ so d6 mach
dién trong duong (EEC) cuia MSAPDD, ddng thoi phat trién phuong phap mang tir
tré (RDR) nham tinh toan céc tham sé then chét cia LSPMSM nhu tir thong, dién
cam tryc d va truc q c6 xét dén anh huéng cua bdo hoa tir. Bén canh dé, nghién cau
tich hop ti vu hoa da muc tiéu dé bao dam hiéu suat tdi wu trong ca giai doan khoi
dong va giai doan van hanh dong bo cia MSAPDD dudi mé hinh md phong chuyén
tiép theo thoi gian.

Nhan xét: Nhu vay thiy rang, viéc nghién ciu dong co LSPMSM 3.000
vong/phUt ciing di duoc mot s tac gia nude ngoai nghién ctiu. Cac van dé nghién
ctru cling chi dang tap trung vao gam dong co c6 cong suat 7,5 KW. D3 c6 nghién cau
vé dong co 37 kW nhung viéc nghién ciru vé két cau b tri rdto trong dong co chua
dugc phan tich rd rang, cac yéu té anh huong lién quan téi hiéu qua lam viéc cua
dong co LSPMSM ciing di dugc dé cap tuy nhién viéc nghién ctru dén van dé kh tir
trong dong co LSPMSM 3.000 vong/phut chua duoc nghién ciru va dé cap dén. Doi
VGi cac nghién ciru nude ngoai cling chua cé nhiéu cong trinh nghién ctu dén loai
chiéu cao tam truc 160 mm phu hop cho tai quat gié va bom nuéc mé & Viét Nam.

Dé 1am rd hon mirc d6 dong gdp cua luan &n so véi cac cong trinh trong va
ngoai nudc, Bang 1.3 trinh bay so séanh tong hop gitta cac hudng nghién ctu tiéu biéu
vé dong co LSPMSM véi ndi dung nghién ciru caa luan &n theo cac tiéu chi chinh
nhu dbi twong cong suat, toc do, diéu kién tng dung, bai toan két cau roto, van dé

khtr tir, lya chon nam cham va mac do kiém chang thuc nghiém.
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Bang 1.3. Bang so sanh muic do dong gop cua ludn an

v6i cac huéng nghién ctru tiéu biéu vé dong co LSPMSM

Nghién ctru trude

Luan an nay

Mirc d§ dong gop cua
ludn an

Chu yéu 1a LSPMSM
cho ung dung cong
nghiép thong thuong.

Ex-LSPMSM dung cho
quat gi6 va bom nudc
cuc by trong mé ham 10.

Chuyén huéng nghién
ctu tr bdi canh cong
nghiép chung sang diéu
kién tng dung dic thu
ctia m6 ham 10.

Dai
cong
sudt

Phén 16n tap trung &
cong sudt nho hodc
trung binh; nhiéu
hudéng cai hoan ép
dung cho dong co
dudi 7,5 kW.

Nghién ciru d6i tuong
15 kW va gin v6i nhom
thiét bi mo thudng dung
dai 11-18,5 kW.

Nang d6i twong nghién
ctru Ién 15 kW, phu hop
hon véi yéu cau thyc té
cua quat va bom cuc bg
trong mo.

Tbc d6
dong
co

Cha yéu ¢ 1.500
vong/phut; cac
nghién ctru ¢ 3.000
vong/phit con  han
ché.

Tap trung vao dong co
3.000 vong/phut.

B6 sung két qua cho

nhdnh  nghién clu
LSPMSM tdc dd cao
3.000 vong/phut.

Bai
toan cai
hoan

ba c6 hudng cai hoan
IM sang LSPMSM,
nhung chu yéu cho
cong sudt nho hon
hodc tdc do thép hon.

Céi hoan dong co IM 15
kw — 3.000 vong/phut,
chiu cao tdm truc 160
mm, sang LSPMSM.

Lam ro kha nang tan
dung két cAu, kich thudce
va co s& ché tao sin co
cua dong co nguyén
mau IM.

Bai
toan
két cau
réto

Chu yéu khao sat mot
s6 cAu hinh roto hodc
b tri nam cham riéng
1€.

bé xuét két cau roto 3
thanh NCVC khong cé
cau tir cho dong co muc
tiéu.

bay la dong gop méi
trong tam nhat cia luan
an v€ mat cau truc réto.

Bai
toan
khur tur

it cong trinh phan tich
sau anh hudng cua
dong dién khoi dong
dén hién twong khir tir
trong dung dbi tuong
nghién ctlru.

Phan tich anh hudng cua
dong dién khoi dong dén
khtr tr NCVC trong qua
trinh khoi dong.

B6 sung chiéu sau khoa
hoc cho bai toan thiét ké
roto, gan véi diéu kién
Khir ti.
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Tiéu Mirc do do Op Cl
. Nghién ctru trude Luan an nay e ae f’“g £0p cua
chi luin an
Lua |Nhiéu nghién ctru st
chon |dung NCVC nhung|Lua chon NdFeB loai|Lam r6 co s& ky thuat
nam |chualamrod déy dt co | N38 trén co s& phan tich | cho lga chon vat li¢u
cham | s6 Iya chon theo diéu |1y thuyét, mo phong va |nam cham, thay vi chi
vinh | kién khr tir cia dong diéu kién khur tu. dua trén kinh nghiém.
ciru | co muc tiéu.
Phuong
hadp |Thuong ding ¢ khao | St d han tich th
Phap ,uc.wflg ‘ungio Z. a0 }I ?ng pHaf He anlq Tao ra quy trinh lya
lga |satdién tirhodctoéiuu|so dé lya chon hop 1y chon NCVC ¢6 co s& hé
chon |cuc b0 mot vai chi|thong s6 NCVC khi xét| . ; i
~ . X Y N . N thOl’lg hon.
thong | tiéu. dén dicu kién khur tur.
5O
Co ché tao va thu
Kiém |Mot sb cong trinh cht | nghiém mau LSPMSM | Ting db tin cay cua két
ching | yéu dimg & mé phong |thuc nghiém; két qua|qua nghién ctru bang mo
thue | hodc kiém chimg con | dién 4p, dong dién va|phong két hop thuc
nghiém | han ché. hiéu sudt phu hop véi | nghiém.
mo phong.
Bo6 sung khoang trong
hién ctru dbi véi Ex-
S i n g
. . . , .| lai ng nghién c
Mtric @6 | Tao nén tang vé ly|3.000 vong/phat, cai| . g g A lj
, £ A1 A n A , . , x cu, ma giai quyet mot to
dong | thuyét, thiét ké va mo | hoan tor IM, xét dong N R
) \ N . | hop van d¢ cu thé hon,
gop |phong LSPMSM. thoi két cau roto — khir tur 1ho hon va sét tme dun
\ u
— lua chon NCVC - £ Gung
¥ , hon.
kiém  ching  thuc
nghiém.

T Bang 1.3 c6 thé thay rang cac cong trinh di cong bo di tao nén tang quan
trong cho nghién ciru dong co LSPMSM, dic biét & cac hudng thiét ké dién tur, lya
chon céu tric roto va cai thién hiéu suat 1am viéc. Tuy nhién, d6i véi dong co Ex-

LSPMSM chiéu cao tam tryc 160 mm, toc d6 3.000 vong/phlt, cai hoan tir dong co
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Ex-IM va huéng t6i ttng dung cho quat gié, bom nuéc cuc b trong mé ham 10, céc
nghién ciu hién ¢6 van con nhitng khoang tréng can tiép tuc 1am rd.
1.3. Khoang tréng cia nghién céu

Tir két qua tong quan cac cong trinh nghién ctru trong va ngoai nudc lién quan
dén dong co Ex-LSPMSM, ¢4 thé rt ra mot s6 nhan xét chinh nhu sau.

Thi nhat, phan 16n céc nghién ctu di cong bd tap trung vao céc ung dung
cdng nghiép thong thudng, trong khi cac nghién ctu gan véi dicu kién l1am viéc dac
tht cua nganh khai thac mo, dic biét 1a yéu cau phong né va moi truong lam viéc
khac nghiét, con twong ddi han ché.

Thi hai, nhiéu cong trinh tap trung vao dong co LSPMSM cong suit nho hoic
trung binh véi téc do khoang 1.500 vong/phut; cac nghién ciu ddi voi dong co
LSPMSM tbc do 3.000 vong/phit phuc vu cac phu tai nhu quat gid va bom nuéc
trong khai thac mé chua nhiéu.

Thi ba, theo pham vi tai liéu ma tac gia da khao sat, chua thay ¢ nhiéu cong
trinh c6ng bd di sau vao bai toan cai hoan dong co khong dong bo cong suat 15 kW,
téc do 3.000 vong/phit sang dong co LSPMSM nham tan dung két cau, kich thuéc
va co s ché tao san cd caa dong co nguyén mau. Mic di mét s nghién ciru truéc
day da dé cap dén hudng cai hoan dong co IM sang LSPMSM, song cac nghién ctu
nay chu yéu &p dung cho cac dong co cong suat nho hon, hoic tap trung vao nhiing
cau hinh cd téc d6 thap hon. Cac ndi dung lién quan dén lya chon két cau réto, bd tri
nam cham vinh ciru, ddnh gia khtr tir va danh hudng cia cac thdng sé roto déi véi dac
tinh khoi dong, dong dién, moémen va sic dién dong khéng tai cia dong co 3.000
vong/phUt van chua duoc phan tich mot cach day du.

Tir cac nhan xét trén c6 thé thdy rang, khoang tréng nghién cau cha yéu tap
trung & bai toan lya chon két cau roto phi hop cho dong co Ex-LSPMSM cong suat
trung binh, tbc d6 cao, c¢6 kha ning tng dung trong diéu kién khai thac mo ham 1o.
Trén co so d6, luan &n tap trung nghién ctru phuong an két cau roéto dé cai hoan dong
co Ex-IM ¢4 chiéu cao tam truc 160 mm, tc 6 3.000 vong/phut thanh dong co Ex-

LSPMSM phu hop cho cac phu tai quat gié va bom nudc trong mé ham 10. Noi dung
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nghién ctu khdng chi huéng t6i nang cao hiéu suat ma con tap trung lam rd anh
huong caa két cau roto va théng sé nam cham vinh ciru dén dic tinh khoi dong, chat
lwong dong dién, kha ning dong bo va do tin cay 1am viéc ctua dong co.

1.4. Két luan

- LSPMSM la d6ng co lai giira IM va PMSM nén tan dung dugc cac vu diém
cua hai loai dong co trén nhu c6 thé khoi dong truc tiép tir ludi do ¢6 1ong s6c & réto
hay 1am viéc dai han ¢ toc do dong bo nén khdng c6 ton hao roto tir d6 cai thién hiéu
suit cua dong co va duoc liét vao dang dong co co hiéu suat cao va siéu cao. Tuy
nhién nhuoc diém cua loai dong co nay 1a momen khoi dong thap.

- V6i xu hudng tiét kiém niang luong ngay nay Ex-LSPMSM dang dan duoc
thay thé cho dong co Ex-IM ¢ mét sb phu tai c6 thong s 1am viéc phi hop nhu quat
gi6 va bom thoat nudc, va day chinh 13 cac phu tai chinh tiéu thy nhiéu ning luong
nhét trong khai thac mo. Viéc thay thé dong co IM bang dong co LSPMSM ddi véi
quat gio va bom thoat nudc mo s€ mang lai y nghia 16n trong viéc néng cao hiéu qua
su dung dién nang trong khai thac mo.

- Cac nghién ctiu vé dong co LSPMSM trude day thuong tap trung vao hai
huéng 1a thiét ké tdi vu LSPMSM ngay tir dau hoic cai hoan IM thanh loai LSPMSM
va &p dung cho diy dong co LSPMSM c6 cong suat nho dudi 7,5 kW, tée do 1.500
vong/phiit chua c6 cong trinh ndo nghién ctru dén loai dong co cong suat 11 kKW-18,5
KW téc d6 3.000 vong/phut (loai chiéu cao tam truc 160 mm, mot cap cuc tir) day 1a
loai dong co sir dung nhiéu nhat trong cac phu tai quat gi6é va bom nudc cuc bo trong
khai th4c mo. Ngoai ra, dong co trong khai thac mo thudng cé két cau phuc tap hon
dé dam bao phong no, dam bao 1am viéc trong mai truong khac nghiét.

Véi nhitng van dé da néu & trén, luan an sé tap trung vao nghién ciu két cau
réto phil hop dé cai hoan dong co Ex-IM loai chiéu cao tam truc 160 mm téc d6 3.000
vong/phut sang dong co EX-LSPMSM phu hgp cho bom nuéc va quat gio cuyc bo
trong khai thac mo loai chiéu cao tdm truc 160 mm tc do 3.000 vong/phat. Trong
pham vi nghién cau cua luan an, doi tuong (ng dung duoc gidi han ¢ cac phu tai quat
gid va bom nudc cuc bo trong mé ham 10. Cac két qua nghién ciu khong nham mé
rong truc tiép cho moi loai phu tai truyén dong dién khac.
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Nhiém vu dit ra phai phan tich duoc két cau b tri nam cham, kich thuéc va
thong s6 ciia nam cham dé cai thién duogc dac tinh khoi dong, mémen, dong dién va
stre dién dong nguoc cua Ex-LSPMSM. Pay la nhiing dic tinh quan trong nhat trong
thiét ké ché tao dong co Ex-LSPMSM ciing nhu can thiét cho viéc tng dung cho céc
phu tai trong khai thac mo.
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CHUONG 2. MO HINH TOAN PONG CO Ex-LSPMSM

2.1. M6 hinh toan Ex-LSPMSM

Véi nén tang tir mé hinh may dién déng bo tong quéat, md hinh toan hoc ma
Honsinger dé xuit duoc phat trién dua trén co s& ly thuyét cia may dién dong bo téng
quat trong hé toa do d-g. Cau tric mé hinh tong quét nay bao gém ba nhom phuong
trinh co ban [83].

Phuong trinh cén bang dién 4p: mo ta méi quan hé gitta dién ap dat vao cac
day quan va cac thanh phan dién tro, dién cam, clng véi stc dién dong cam &ng do
tir trudng quay sinh ra, duoc thiét 1ap cho ca phan tng (stato) va roto.

Phuong trinh tir thdng maéc vong: thé hién su phu thudc caa tir thdng vao dong
dién qua cac dién cam doc truc (Lg) va ngang truc (Lq), dong thoi xét téi dién cam
tan, dién cam tir hoa va céc hé sé hd cam giira cac day quan.

Phuong trinh mémen dién tir: xac dinh mémen sinh ra tr teong tac gitra tu
thong va dong dién trong céc truc d va g, bao quét ca mémen dong bd va mdémen tir
tré doi véi cac may co cuc 1oi.

So véi md hinh dong bo truyén théng, Honsinger da bo sung hai thanh phan
dic trung dé phan &anh chinh xac cau tao va nguyén ly 1am viéc cia LSPMSM:

R6to 16ng séc duoc md hinh héa thong qua cac phuong trinh dién &p va tir
thdng cua rdto, nham biéu dién co ché sinh mémen khoi dong khong dong bo.

Nam ch&m vinh cttu (NCVC) dugc dua vao phuong trinh tir thong stato dudi
dang mot ngudn tir thong cb dinh, dai dién cho tac dung caa NCVC ngay ca trong
giai doan khoi dong khi dong co chua dong bo [25].

Nho viéc ké thira mé hinh déng bo tong quat va dong thoi tich hop hai yéu té
trén, md hinh cua Honsinger da tro thanh mot céng cu phan tich hiru hiéu, cho phép
mo ta toan dién qué trinh chuyén tiép tir van hanh khdng dong bo sang van hanh dong
bo ciia Ex-LSPMSM. M6 hinh Ex-LSPMSM Honsinger dé xuét [83].
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— i, A%

{ 0 =Talq +=7 (2.1)
—_ I dlpé

O—rqq+dt

\Mae = =0 (Vala — ¥yiq)
Néu dong co chi co kich tir NCVC

qld = Ldid + LmdiZd + llum
W, = Lyig + Lingizg

Yoa = Laglzq + Linala + Wi
llqu = quizq + Lmqlq

(2.2)

Trong mé hinh dé xuét, Honsinger biéu dién dong co Ex-LSPMSM trong hé
toa d6 quay d—q, dong bo vai tir truong stato. O dang tong quat, phuong trinh dién ap
dugc xay dung riéng cho mach dién phan ang (stato) va mach dién roto (da quy doi
vé phia stato), cu thé nhu sau:

H¢ phuong trinh dién &p cua EX-LSPMSM theo Honsinger [83].

Dién ap stato

_ . a¥gs
Ugs = Tlgs + v Wy l{’qs

_ AWgs (2.3)
Ugs = Tlgs T T + w,. Wy,
Dién ap réto
PR dvy,
Ugr = Tarlar + dtr =0
av!, (2.4)
! — r J—
Ugr = Tgrlgr +— = 0

Trong d6: uj,, uj,: dién ap réto truc d,q, quy doi vé phia stato
i}, Ugy: dONg roto truc d, q, quy doi vé phia stato
W, ¥, tir thong méc vong roto, quy doi vé phia stato
Honsinger thiét lap cac phuong trinh tir thong trén co sé dién cam phan tng,
dién cam roto va dién cam tir hoa, dong thoi bd sung thanh phan tir théng ¢é dinh cua

nam cham vinh cuu.
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Tur thong stato

{lluds = (Lls + Lmd)ids + Lmdiéir + llUr;"L (2 5)
lluqs = (L5 + Lmq)iqs + Lmqi(,;r .
Tur thdng réto
{lpc’ir = L’lri(,ir + Lmd (ids + iclir) + llur;L (2 6)
lqu’r = L’lri(’;r + Lmq (iqs + i(,;r) .

Trong do:

or - toc do goc roto;

Y ' - tir théng méce vong stato do NCVC sinh ra;
Lis - dién cam tan day quan stato;

Lmd - dién cam tir hoa déng bo doc truc;

Lmq - dién cam tir héa dong bd ngang truc;

igs - thanh phan dong stato doc tryc;

igs - thanh phan dong stato ngang truc;

i'ar - thanh phan dong roto quy doi doc tryc;

i'qr - thanh phan dong roto quy doi ngang truc.
(Trong hé phuong trinh (2.4)—(2.6), ky hiéu () biéu thi cac dai luong cua

mach roto sau khi da quy doi vé phia stato).

Hinh 2.1 va Hinh 2.2 chinh 14 so ¢ mach dién thay thé doc truc va ngang truc
ctiia Ex-LSPMSM biéu dién d6 hoa cua phwong trinh (2.3) - (2.6) sau khi tach riéng
truc d va g, 4p dung quan hé tir thdng — dong dién, roi quy doi sang dang mach dién
twong duong thoa man cac phuong trinh dién ap va tur thong trong mo hinh toan.
Trong d6 dé mo hinh héa thay thé W'm = Lc.i'm, Lrc 12 dién khang gia dinh caa nam
cham vinh ctru, i'm 13 dong dién tir hoa twong dwong quy ddi vé phia stato caa nam

cham vinh ctru [83]:
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Hinh 2.1. So' d6 mach dién thay thé truc d ciia Ex-LSPMSM [83]

7

ra (Dr-LPds |_|5 |—Ir Far

Hinh 2.2. So' d6 mach dién thay thé truc q ciia Ex-LSPMSM [83]
Momen dién tir cia EX-LSPMSM duogc xac dinh [25]:

dr*gs mq° qrds

Mdt :%,p_ (Lmd'i' .i —L i, 1 )‘I' \P;n'iqs +(Lmd_Lmq)'ids'iqS

thanh phan momen khong déng bo thanh phan momen kich tir thanh phan momentir tr&

Trong do:
p- sb doi cuc,
Lmd, Lmg - di¢n cdm tir hoa theo truc d va q,
igs, igs - thanh phan dong stato trong hé dq,
i'ar. i'qr - thanh phan dong roto quy ddi vé stato,
¥’ - tir thong do nam cham vinh ctru tao ra (quy ddi vé stato),

Nhu vay momen dién tir cia Ex-LSPMSM bao gém ba thanh phan:

(2.7)

Miab - thanh phan mémen KPB; xuat hién khi réto chua ddng bo véi tir trudng

quay (s>0). Sinh ra nho dong cam ng i'ar, i'qr trong 16ng s6c réto. Véi vai tro tao

momen khoi dong dé dua roto tir trang thai dimg yén dén gan téc do dong bo.
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Mt - thanh phan mémen kich tir, c6 ngay ca khi réto dong bo (s=0), vi NCVC
lubn tao ra tir thdng ¥’ m . Pay 1a momen ddng bo chinh duy tri chuyén dong, trong
tu mémen cua dong co ddng bo kich tir bang dong DC.

M - thanh phan mdmen tir tré, xuat hién khi dién cam theo truc d va q khéc
nhau (Lma # Lmq). Ban chat do bat d6i xang hinh hoc va phan bé tir dan réto. Mémen
nay dic trung cho cac dong co ddng bo tir trd (SynRM) va ciing ton tai trong
LSPMSM ¢ murc @6 nho.

Momen di¢n tir: Ma: = Miab + Mt + Mur (2.8)

Tir (2.7) ¢6 thé thdy ring momen dién tir cia EX-LSPMSM c6 ciu trdc phic
tap hon dang ké so véi dong co khong dong bo. Cu thé, ngoai hai thanh phan mémen
kich tir va mdmen tir tro von dic trung cho dong co dong bo nam cham vinh ciru
(PMSM), Ex-LSPMSM con xuat hién thém mot thanh phan mémen khong dong bo
sinh ra boi dong cam ng trong long soc roto khi ton tai do truot. Thanh phan mémen
khong dong bd nay chi ton tai trong giai doan réto chua dong bo véi tir truong stato
va dong vai tro quyét dinh dén kha ning khoi dong, cho phép dong co dat dén téc do
gan ddng bo ma khong can bo khai dong phu tro. Trong giai doan dong bo, mémen
khong dong bo triét tiéu, mdmen tong chi con lai hai thanh phan dong bo (kich tir va
tir tré). So véi dong co Ex-IM, Ex-LSPMSM c6 kha ning van hanh dong b véi hiéu
Suit cao hon; so voi dong co dong bo NCVC thuan tdy, EX-LSPMSM uu viét hon &
chd khoi dong tryc tiép trén luéi ma khdng can co cau dong bo hda ngoai. Sy két hop
ba co ché sinh mémen nay 13 dic trung riéng cua EX-LSPMSM, dong thoi ciing 1am
cho viéc xay dung mo hinh toan va toi uvu héa thiét ké tré nén phirc tap hon.

2.2. M6 hinh hda Ex-LSPMSM bing phwong phap phan tir hiru han

Trong pham vi nghién ctru cua luan an, mo6 hinh dong co EX-LSPMSM dugc
xay dung trén mot sb gia thiét co ban nham don gian héa bai toan nhung van bao dam
phan anh dtng ban chat 1am viéc cua dong co. Cu thé, ngudn dién cip cho dong co
duoc gia thiét 1a ngudn xoay chiéu ba pha d6i xing, tan sé khong doi, mach tir lam
viéc trong diéu kién ddi xting hinh hoc, cac théng sb dién tir cua stato va roto duoc

xac dinh trén co s& mo hinh di quy d6i, anh huong cua sai s6 ché tao co khi, dao
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dong rung, 1do hoa vat liéu va cac tac dong moi truong ngoai hién truong mo chura
dugc xét ddy du trong mé hinh. Pbi voi md phong phan tir hiru han, bai toan cha yéu
tap trung vao truong dién tir va cac dai luong 1am viéc chinh cua dong co trong diéu
Kién x4c dinh trudc vé két cau, vat lidu va ché do tai. Cac gia thiét nay Ia phi hop dé
phuc vu muc tiéu so sanh, lra chon cdu hinh réto va danh gia xu hudng bién ddi cac
dac tinh lam viéc cua dong co Ex-LSPMSM trong pham vi nghién ctru cua luan an.
2.2.1. Phwong phdp phan tir hivu han (FEM)

Phuong phap phan tir hiru han (Finite Element Method — FEM, tiéng Viét
thuong goi 1a phwong phap PTHH) 1a mét trong nhitng cong cu s6 quan trong va hiéu
qua nhat dé giai cac bai toan vi phan, dic biét trong linh vuc k¥ thuat dién — dién tu
va co hoc. FEM cho phép tim nghiém gan ding ciia cac phuong trinh dao ham riéng
trong nhitng mién tinh toan c6 hinh hoc bat ky, diéu kién bién phtc tap, va dac tinh
vat liéu phi tuyén. Trong khi nhiéu bai toan dién tir cd thé giai bang phuong phap giai
tich trong truong hop hinh hoc 1y tudng (khe ha vo han, vat liéu tuyén tinh, dbi xing
cao), thi FEM cung cap giai phap tong quat cho cac truong hop thuc té von khong thé
mo ta bang cong thic dong.

Nguyén ly cét 16i cia FEM Ia roi rac hoa mién lién tuc thanh cac mién con
(phan ti) véi hinh dang hinh hoc don gian nhu tam giac, tr giac (trong 2D) hay tir
dién, lang tru (trong 3D). Céc phan tir ndy lién két véi nhau tai cac diém nat, dam bao
tinh lién tuc cua truong vat ly can khao sat. Trong pham vi tirng phan tir, nghiém duoc
xap xi bai mot ham sb, thuong 1a da thire bac thap, xac dinh théng qua cac gia tri tai
cac nt. Cac ham s nay, goi 1a ham dang (shape functions), phai thoa mén diéu kién
can bang cuc bo cua phan tir ciing nhu diéu kién lién tyc tai bién gitra cac phan ti.

Khi lap rap toan bo cac phan tu, ta thu dugc mot hé phuong trinh dai s6 tuyén
tinh toan cuc cé dang [15]

Ky=F (2.9)

Trong d6: K 1a ma tran d6 ctng toan cuc, x 1a véc to gia tri nit cua an, va F 1a

VEC to tai dac trung cho nguon.
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Giai hé phuong trinh nay cho phép xac dinh nghiém xap xi cua truong trén
toan mién, tir d6 suy ra cac dai lugng vat Iy nhu cam ang tur B, cuong do tor H, mat
d6 dong J hodc mémen dién tir.

Nguyén 1y ning luong va tac dong cuc tiéu: Co sé ly thuyét sau xa caa FEM
trong phan tich truong dién tir duoc xay dung trén nguyén Iy tac dong cuc tiéu, con
goi 12 nguyén ly Hamilton. Theo nguyén ly ndy, mot hé vat Iy s tién trién theo trang
thai sao cho bién thién cua dai luong ning luong dic trung 1a cuc tiéu. Doi véi céc
bai toan tinh dién va tinh tir, ndng lugng dién tir ctia hé duogc xac dinh hoan toan khi
biét phan bé thé hoic tir thé tai moi diém trong mién. Trang thai can bang dat duoc
khi ning lwogng toan phan cuc tiéu, va moi bién thién nho quanh vi tri can bang dan
dén cong cua luc dién tir bang khéng.

Ung dung nguyén ly nay trong FEM mang lai hai loi ich co ban:

- Pam bao nghiém thu duoc 1a 6n dinh vat 1y (twong @ng véi cuc tiéu ning
luong).

- Cung cap cong cu xay dyng dang yéu cua phuong trinh vi phéan, 1am co so
thiét 1ap ma tran d6 ctrng phan tu.

Chinh nhod nguyén ly Hamilton ma FEM tra thanh cong cu hiéu qua dé phan
tich hanh vi dién tir trong cac hé may dién, von 1 noi ton tai Su twong tac phac tap
giita tir truong, dong dién cam (ng va chuyén dong co hoc.

Trong nhitng thap ky truéc, FEM it dugc str dung trong Ky thuat dién cha yéu
do han ché vé ning lyc tinh todn: s6 lwong phan tir can thiét ¢&& mé phong mot may
dién trung binh c6 thé Ién t6i hang trim nghin hoac hang triéu, dan t6i hé phuong
trinh dai sb kich thudc 16n, vuot kha ning xir Iy cua may tinh thé hé cii. Viéc giai cac
hé nay doi hoi thoi gian rat dai va bo nho 16n.

Ngay nay, cling vai su phat trién vuot bac caa cdng nghé may tinh, dic biét 1a
bo vi xir ly toc do cao, bo nhé 16n va cac thuat toan Iap hiéu qua, phuong phap PTHH
da tré thanh céng cu chuan muyc trong nghién ciru va thiét ké may dién. V6i kha nang
xtr ly hang ty phép tinh mdi gidy, cac may tinh hién dai c6 thé giai cac bai toan FEM

quy mé Ion trong thoi gian ngan, cho két qua gan nhu tirc thi. Diéu ndy mé ra kha
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ning phén tich chi tiét, ké ca khi xét dén dic tinh phi tuyén cua vat liéu tur, ton hao
phy, hiéu ttng bé mit hoic hién twgng dich chuyén co hoc.

Trong linh vuc may dién, tng dung FEM mang lai kha nang mé phong chinh
xé&c phan bd trudng dién tir trong cac cau tric phuc tap nhu stato c6 nhiéu rénh, roto
dang 1dng séc hodc nam chdm vinh ctru. Bic biét ddi voi EX-LSPMSM — dong co
d6ng bd nam cham vinh ctru khai dong truc tiép bang 1ong séc — FEM gitp md phong
ddng thoi:

- TUr thong nam cham vinh ciru déng vai trd ngudn tir truong cd dinh.

- Dong dién cam tng trong 16ng soc khi may & ché do khong ddng bo.

- Su chuyén tiép tir ché do khong dong bo sang dong bg, vai bién thién téc do
I6n va bao hoa mach tir cuc bo.

Cac md hinh giai tich truyén thong thuong phai don gian hda manh, trong khi
FEM cho phép biéu dién day du dac tinh phi tuyén va diéu kién bién phuc tap, tir 46
thu duoc két qua gan véi thuc nghiém hon.

Theo phuong phap phan tir hitu han FEM, phan bd tir treong trong mach tir va
khong gian xung quanh co cau dién tir 12 nghiém cia phuong trinh Poisson viét cho
truong dién tir cia mo6 hinh dong co dién. Mo hinh nay duoc xay dung dua trén dinh
luat Maxwell — Ampe. Theo phuong trinh Maxwell - Faraday Viét cho truong hop cua
dong co dién ¢ trang thai xac lap nhu sau [5],[7]

VxH=] (2.10)
trong do: f - mat do dong dién mot chiéu chay trong cudn diy nam cham dién, A/m?;
H- cuong d6 tir truong, H/m.
Cudng do tir truong H c6 lién hé véi mat do tr thong B nhu biéu thuc.
B = pourH (2.11)
Trong d6: p, - 6 tir tham caa chan khong;
11~ 40 tir tham twong ddi ctia moi truong dan tir,
Trong truong dién tur, B duogc tinh toadn qua dai lugng vecto tir thé A nhu sau:

B=Vx4 (2.12)
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Thay (2.11) va (2.12) vao (2.10), ta thu dugc phuong trinh.

1
Holr

Vx( Vxﬁ)=f (2.13)
Phuong trinh (2.13) ¢6 dang tong quét ctia phwong trinh Poisson, ¢6 thé duoc

dién giai trong md hinh phan tich ang véi hé toa 6 Oxyz nhu sau:

1 (3%A  9%4  9%a
— (EE+Z5+25)+) =0 (2.14)

ax2  oy? 0z2
Giai (2.14), tim dugc A, sau d6 dya vao (2.11) va (2.12) deé tinh dugc mat do

tir thong B va cuong do tur truong H nhu sau:

B = B+ B+ BF = (L2 D)y (Y27 (U o)
B_Bxl+By]+sz_(ay P L+ >, » J+ ™ 5y k

(2.15)
Dién ap dit vao hai cuc cudn day va dién tré mot chiéu cua cudn day, co thé
xac dinh dugc mat do dong di¢n tir cac phuong trinh:
U

. di
U=Ryi+ Ld—;; lac = - (2.16)

Trong d6: U: dién ap dat vao 2 cuc cuon day; Rqc: dién tré ciia cuon day;

L: dién cam cua cudn day; le: dong dién trong cudn day; Sq: tiét dién cuon
day.

Phuong phap phan tir hitu han (FEM) 12 mot phuong phép sb duoc st dung dé
giai phuong trinh (2.14) nhdm x4c dinh vecto tir thé A. Thong qua do, tinh toan dugc
tircam B va cudng do tir trudng H theo cac cong thie (2.10) va (2.11), qua do xéac
dinh phan bé tir truong trong khdng gian vaéi do chinh xac cao. Tir d6 sé giup ich
nhiéu cho nguoi thiét ké va van hanh trong viéc hiéu chinh thdng sb cua co cau dién
tir ciia may tuyén tir dé toi wu hoa phan b tir truong trong khong gian nham nang
hiéu qua hoat dong ctia may. Phuong phap FEM gom 4 budc co ban sau day [47]:

- Roi rac hda mién phan tich thanh cac mién con. Cac phan tir lién két véi nhau
tao thanh ludi.

- Chon ham lién thugc va xap xi loi giai trén mdi phan tu.

- Ghép tat ca cac phan tir trong mién phan tich dé thu duoc ma tran hé thong.

- Giai ma tran hé thdng bang phwong phap 1ap.
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Dé tinh toan theo phuwong phap phan ti hitu han can phai c6 su hd trg cua cac
may tinh sé va cac chuong trinh phan mém duoc viét dya trén nén tang toan hoc cua
FEM.

2.2.2. C&C phin mém FEM phé bién trong nghién civu mdy di¢n

Nhiéu phan mém thuong mai va ma ngudn ma da tich hop FEM dé giai quyét
cac bai toan dién tir, trong d6 mot s6 céng cu duoc st dung phd bién nhat trong nghién
ctru may dién gom:

FEMM (Finite Element Method Magnetics) 12 phadn mém mién phi, gon nhe,
dung dé phan tich trudng dién tir 2D va bai toan dbi xting truc bang phuong phap
phén tr hitu han. Phan mém c6 giao dién truc quan, hd tro ngdn ngir kich ban Lua,
cho phép mo phong nhanh phan bd tir thong, mat do cam tng tir, t6n hao 15i thép,
moémen dién tir va dic tinh ctia nam chadm vinh ctru. Uu diém ndi bat cia FEMM la
dé su dung, phu hop cho hoc tap va nghién ctru so bg, dac biét trong céac bai toan tur
truong DC, AC, vat liéu phi tuyén c6 dudng cong B—H va tinh toan mémen theo
phuong phap Virtual Work. Tuy nhién, FEMM chi gidi han trong khong gian 2D,
khong mé phong truc tiép duge cac hiéu tmg 3D nhu 1éch rinh, dong dién xoay ba
chiéu hay phan dau ddy quin; moé phong chuyén dong quay phai thuc hién theo ting
budc goc roto; dong thai chua hd trg day du cac bai toan phi tuyén phtic tap, nhiét va
co hoc. Vi vy, FEMM phu hop cho giai doan khao sat ban dau va danh gia so bo cac
dic tinh dién tir, trong khi & giai doan thiét ké chi tiét, dic biét d6i voi dong co
LSPMSM c¢6 yéu cau cao vé do chinh xac, nhiét, co hoc va an toan phong nd, can st
dung cac phan mém manh hon nhu ANSYS Maxwell, IMAG hoic Motor-CAD.

Opera-2D/3D (Cobham) 1a mot phan mém thuwong mai manh mé trong linh
vuc phan tich va thiét ké dién tir bang phuong phap phan tir hitu han. Khac voi FEMM
vén chi giGi han trong bai toan 2D va phan tich so bd, Opera cung cap kha ning mo
phong toan dién ca trong khdng gian 2D 13n 3D, hd trg ddy du cac bai toan tinh, dong
va da truong. Nho do, Opera dac biét thich hop cho viéc md phong chi tiét nhitng hé
thng phuc tap, bao gdm ca may dién cong suat 16n, dong co dong bd nam cham vinh

ctru, dong co cam Gmg va may phat dién. Mot diém manh ndi bat cua Opera 13 do
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chinh xé&c cao trong phan tich phi tuyén, kha nang xir Iy bdo hda mach tir, hién tuong
Khtr tir cuc bo ctia nam cham, dong dién xody trong réto va cac hiéu ting khéng gian
ba chiéu nhu léch ranh hay dau day quan. Ngoai ra, phan mém con c6 kha ning lién
két phan tich dién tir véi nhiét va co hoc, cho phép danh gia toan dién hiéu sut, ton
hao, nhiét do, tng suit va do bén co hoc ciia may dién trong cac diéu kién van hanh
khic nghiét. Chinh vi vay, Opera thudng dugc cac vién nghién ciru va tap doan cong
nghiép 16n lya chon trong thiét ké téi uu cho cac thiét bi dién quay c6 yéu cau khit
khe. Tuy nhién, han ché 16n nhat ciia Opera la yéu cau phan ciing tinh toan manh va
chi phi ban quyén cao, diéu nay khién phan mém kho tiép can vai sinh vién va cac
nhom nghién citu nho, déng thoi khong pht hop cho cac muc dich hoc tap so bo.

Opera-2D/3D (Cobham) 14 phan mém thwong mai manh trong phan tich va
thiét ké dién tir bang phuong phap phan tir hitu han, hd tro ca bai toan 2D va 3D. So
v6i cac cong cu don gian nhu FEMM, Opera cho phép mo phong day du hon cac bai
toan tinh, dong va da truong, nén phu hop véi cac hé théng dién tir phirc tap nhu may
dién cong suét 16n, dong co d@)ng bo nam cham vinh ctru, dong co cam Gng va may
phat dién. Uu diém ndi bat ciia phan mém 13 kha ning phan tich phi tuyén véi do
chinh xac cao, mé phong tdt hién tuong bao hoa mach tu, khir tir cuc bo cia nam
cham, dong dién xody trong roto va cac hiéu tng khong gian ba chiéu nhu 16ch ranh
hay dau day quan. Ngoai ra, Opera con cho phép lién két phan tich dién tir v6i nhiét
va co hoc dé danh gia toan dién ton hao, nhiét do, ung suat va do bén co hoc cua thiét
bi. Tuy nhién, han ché cua phén mém la yéu cau ciu hinh tinh toan cao va chi phi ban
quyén 16n, do d6 phtt hgp hon véi cac vién nghién ctru va doanh nghiép hon 1a myc
dich hoc tap hoac nghién clru so bd.

ANSYS Maxwell 2D/3D Ia mét trong nhitng phan mém mé phong dién tir
manh va toan dién nhat hién nay, cho phép phan tich chi tiét trong ca mién 2D va 3D
V6i d6 chinh xé4c cao. Uu diém noi bat caa Maxwell 13 kha ning mo phéng truc tiép
c4c qua trinh qua do6 va chuyén dong quay, dong thoi hd trg day dua vat liéu phi tuyén,
hién twrong bdo hoa mach tir va khir tir cuc bd cua nam cham. Phan mém cho phép

tinh toan chinh xac cac dai lvong dién tir nhu tir thong, moémen, dong dién va strc dién
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dong trong cac ché do khoi dong, ddng bo va van hanh xéac 1ap. Ngoai ra, Maxwell
con ¢6 kha ning tich hop vai cac bai toan nhiét va co hoc, giup danh gia dong thoi
t6n hao, phat noéng va @ng suit co hoc cia dong co. Nhd d6, ANSYS Maxwell dic
biét phil hop cho nghién ciu va thiét ké dong co EX-LSPMSM, noi cac hién tuong
dién tir phi tuyén va chuyén dong quay can dugc md phong day du. Hién nay, phan
mém nay duoc sir dung rong rdi trong ca nghién ctiru va cdng nghiép, dic biét khi két
hop Vi cac mo-dun khac trong hé sinh thai ANSYS dé xay dung mé hinh da vat ly
hoan chinh.

Lzra chon phan mém md phéng

Tir co s ly thuyét va céc tng dung thuc tién cé thé thay rang, phuong phap
phan ti hiru han (FEM) 1a c6ng cu quan trong trong nghién ctu, thiét ké va téi wu
may dién hién dai. Phuong phap nay cho phép phan tich cac hién tugng dién tur phic
tap ma mo hinh giai tich khd mé ta chinh xac, dac biét khi xét dén vat liéu phi tuyén,
hinh hoc bat déi ximg va diéu kién bién phuc tap. Déi véi dong co Ex-LSPMSM,
FEM dic biét hitu ich trong md phong qua trinh khoi dong, bat dong bo va van hanh
6n dinh, qua d6 cho phép danh gia phan b tir thong, moémen dién tir, ton hao va anh
huong ciia cac thong sb két cau dén hiéu suat dong co. Trong s6 cac phan mém hién
c6, ANSYS/Maxwell duoc danh gia la cong cu manh va toan dién nho kha nang phan
tich qua do, hd tro chuyén dong quay, mé phong phi tuyén va tich hop da truong. Vi
vay, trong luan &n nay, tac gia lya chon phan mém ANSYS/Maxwell 2D dé md phong
dong co Ex-LSPMSM:; céc két qua thu duoc duoc sir dung lam co s¢ dé so sanh, phan
tich va kiém chang véi két qua ciia mo hinh toan dé xuat.

Trong luan &n nay, md hinh giai tich va méd hinh phan ti hitu han duoc sir dung
theo hai vai trd bo sung cho nhau. Mé hinh giai tich dugc dung dé mé ta nguyén Iy
lam viéc, thiét 1ap cac quan hé co ban gitta dién ap, dong dién, tir théng, mémen va
toc do cua dong co Ex-LSPMSM, qua d6 1am co s& |y thuyét cho viéc phan tich céc
dic tinh 1am viéc va xac dinh so bd cac thdng s6 thiét ké. Trong khi d6, mé hinh phan
tir hiru han (FEM) duoc st dung dé danh gia chi tiét hon cac dic tinh dién tir cua dong

co v6i xét dén hinh hoc thuc cua két cau roto, phan bé tir truong, stre dién dong khong
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tai, mémen dién tir, dong dién khai dong va anh huéng cia cac phuong an b tri nam
cham vinh ctru. Nhu vay, mo hinh giai tich dong vai tro dinh hudng va giai thich ban
chat vat Iy cua bai toan, con mé hinh FEM duoc st dung nhu céng cu kiém chuang,
so sanh va lya chon cau hinh réto pht hop cho ddi tegng nghién cau.
2.2.3. M hinh héa Ex-LSPMSM trén phan mém irng dung FEM

Pong co Ex-LSPMSM c¢6 cac théng so: Cong suat 15 kW, téc do 3.000
vong/phut va co kich thudce duoc cho trong bang 2.1 [10]:

Bang 2.1. Thong sb dong co Ex-LSPMSM cdng suat 15 kW, téc do 3.000

vong/phut

Tham sé Ky higu Giatri | Ponvi
buong kinh ngoai Stato Dout 245 mm
buong kinh trong Stato Din 152 mm
buong kinh ngoai Réto D’ 151 mm
buong kinh truc Réto Dt 52 mm
Vat liéu thép Stato Steel 1008
S6 luong ranh stato Z1 36 Ranh
S6 lwong ranh réto Z> 28 Ranh
Chiéu dai khe h khdng khi S 0,5 mm
Pién &p nguon Un 380/660 \Y;
Tan sb f 50 Hz
Loai NCVC NdFeB N38SH
Kich thuac 1 thanh (dai.rong.day) mm 35.34.8

DPong co lua chon dé mo phong thiét ké 1a loai ba pha va c6 cac théng sé ky
thuat ddc trung: cong suat dinh mac Pam = 15 KW; nam = 3.000 (vong/phit); Ugm =
380/660 (V) loai 2p = 2. Bé thuc hién qua trinh md phong thiét ké téi vu dong co Ex-



49

LSPMSM, thuc hién viéc tinh toén thdng sé dong co ban dau vai két qua tinh toan dua

ra trong bang 2.2.

Bang 2.2. Két qua tinh toan thong sé dong co Pam = 15 KW

CHUONG TRINH TiNH
TOAN
DU LIEU Kich thude khuon RANH STATO RANH ROTO
Pam 15 kW X 25 | cm hi | 245 | cm ho | 267 | cm
Udm 660 \% Lb 22 cm bor | 0.3 | cm b | 0.1 cm
hSdm 89 % Toy | 222 | cm hor | 0.66 | cm hoz | 0.05 | cm
COSqm | 0.88 fd 55 | cm ha: | 0.531 | cm he | 0.132 | cm
Neo 3000 | vong/phat Cb | 97.9 | cm bin | 0.68 | cm bn | 0.75 | cm
f 50 Hz R/r | 25/4.4 | cm bz | 098 | cm b | 0.3 cm
Dteta [19.051| Do C Loai dong co S | 193.65 | mm? S | 136.91| mm?
2p 2 Cuc av 28 cm B, | 0.53 T Bo | 0134 | T
Z1 36 ranh bv 23 cm Bgo T Bgo T
Z; 28 rénh Dv 12 cm

Nam = 3.000 (vong/pht), Usm = 380/660(V) dua ra trén hinh 2.3 va hinh 2.4,

0,036
B245 jsB <0036

36 ranh cach déu Ki'l:h I'erEfl: ranh

RL.9
\/"
=
4_
oo
= 06

265

Hinh 2.3. Théng sé kich thuée stato

.

Két qua thiét ké thong sé mach tir 14 thép stato va roto dong co Pam = 15 KW;
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Kich thudc ranh
1

21,2

Hinh 2.4. Théng sé kich thude roto

Dé c6 phuong an thiét ké tdi vu nam cham vinh ciru trén mach roto dua ra céc
phuong an bb tri khac nhau sau d6 phén tich lya chon téi wu phuong an thiét ké.

Viéc tinh toan so bd kich thudc cia nam cham vinh ctru trong dong co EXx-
LSPMSM thuong dugc tinh toan theo cac budc sau [5]:

- Tinh to&n lya chon so bd chiéu rong cuc dai caa nam cham W:

Winax = V2R may (2.17)
Trong d6 Rimax - 1a khoang cach tir tim dén day cua ranh roto
- Tinh toan thé tich tdi thiéu nam cham dugc sir dung

— 2-k0cf-kfd-(1+kEC)-Pdm
Vi = m2.£2.pfBrHc (2.18)

Trong d6: k- Hé s hinh dang tir hoa; kec- Hé s6 sire dién dong (0,6 + 0,95); Kocr-
Hé s6 qua tai; Pam - CONg suat dinh muc; Pmax - CONg suat 16n nhat; &-Hé s6 str dung nam
cham (0,3 + 0,7). Br- Mat d6 tir du; He - Cuong d6 tir truong cuc dai.
Tur thé tich nam cham Vm va chiéu rong cuc dai bmax nhu trén tinh dugce do day
t6i thiéu caa nam cham hmin:
Vi

hyin = (2.19)

Hm-bmax

Nhu vay thay rang tinh toan do day cia nam cham phu thudc rat nhiéu vao cac
hé sb kinh nghiém, do day ctia nam cham s& dugc tinh toan thay ddi trong pham vi rong.

Chinh diéu ndy anh huéng nhiéu téi dac tinh 1am viéc ciia dong co Ex-LSPMSM.
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So bo tinh toan ddi véi dong co Ex-LSPMSM 15 kW tinh toan dugc chiéu day
nam cham hmin = 7,3 mm, bmax = 34 mm. Khao sat dac tinh lam viéc ctua déng co Ex-
LSPMSM n = 3.000 vong/phut, Pam= 15 kW, Usm =380/660V, str dung loai nam cham
vinh ctru N=38 véi do day nam cham lya chon so bo 12: h = 7 mm. Nham nghién cau
cac dic tinh ciia Ex-LSPMSM, tac gia sir dung phan mém wng dung phuong phéap phan
tir hiru han (FEM) dé md phong LSPMSM. Céc két qua md phong nham muc dich
nghién ctru va danh gia thiét ké cua dong co.

2.3. Phén tich lra chon két cdu roto bang phwong phap phan tir hiru han
2.3.1. Lwa chon loai hinh dang thanh nam chdm

Pong co Ex-LSPMSM dién hinh ¢6 cau tao stato giong dong co Ex-IM. Ex-
LSPMSM 15 kW nghién citu ¢6 thong sé nhu Bang 2.3.

Bang 2.3. C4c thdng s6 co ban cia Ex-LSPMSM 15 kW

Tham s6 Ky hiéu Giatri | Ponvi | Ghichu

buong kinh ngoai stato Dn 245 mm
buong kinh trong stato D’ 152 mm
buong kinh ngoai réto D 152 mm
buong kinh truc réto Dt 52 mm
Vit liéu thép stato Steel 1008

S6 ranh Stato Zx 36 Rénh
S6 ranh roto Z; 28 Rénh
Chiéu dai khe ho khong khi g 0,5 mm
Dién &p ngudn cap Udm 380/660 Vv
Tan s nguon cap f 50 Hz

Trong thiét ké dong co Ex-LSPMSM, viéc lra chon cau trdc roto véi nam
cham vinh ctu sap xép theo dang hinh vanh khuyén, dang hinh chir U ¢6 anh huong
I6n dén hiéu suit, mdmen xody, 6n dinh tir truong va chi phi ché tao cua dong co.
MJi cau trac nay c6 wu nhuoc diém riéng, va tly thuoc vao yéu cau ki thuat, chi phi,

va ng dung, mét trong hai cau trdc s& duoc lua chon 12 tbi wu.
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Déi v6i Ex-LSPMSM ¢ téc d6 3.000 vong/phut, tin sé ngudn cip 50 Hz,
thong thudng cau hinh réto dién hinh gom hai NCVC hinh khuyén, nhu hinh 2.5 bén
dudi [10],[46].

> Nam cham vinh ctru

Thanh dan 16ng s6¢
Tém can tir

Hinh 2.5. Cdu hinh dién hinh Ex-LSPMSM NCVC 3.000 vong/pht [10],[46]

Tuy nhién, véi cidu hinh NCVC nhu trén d6i véi Ex-LSPMSM, 3.000
vong/pht cdng suat trung binh (loai chiéu cao tdm tryc 160 mm) s& c6 mét s6 nhuoc
diém rat 16n trong qua trinh ché tao:

- Gia cdng NCVC hinh khuyén s& kho khin hon néu so véi NCVC hinh dang
thang.

- Tén vat liéu ché tao NCVC hon.

- Nap tr NCVC s¢€ kho hon.

Chinh vi cac Iy do trén nén trén thuc té it ché tao NCVC dang vanh khuyén.
Trén co s& do, luan an nghién ctru dé xuat mot sé cau hinh NCVC dang thang dé thay
thé dang NCVC hinh vanh khuyén cho Ex-LSPMSM 15 kW, 3.000 vong/phut. Vé co
ban, nguyén ly ¢ day 1a chia nho khéi nam cham vinh ciru hinh khuyén ra thanh céac
dang nam cham vinh ciru thang. Nhu vay s& khac phuc nhugc diém caa khdi nam cham
hinh khuyén trong qua trinh ché tao, két cau dé xuat gom cac két cau 2,3 va 4 thanh
nhu Hinh 2.6. Ly do chi xét NCVC duoc ghép tir 2,3 va 4 thanh phang ma khang chia
nho hon nira la:

- Néu chia nho hon thi s lwong thanh NCVC dung dé ghép ndi la rat nhiéu,
phtic tap hon trong qua trinh lap dat.
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- Bén canh d6 néu chia nho hon ciing dan dén gia cong tao ranh dit NCVC
trén 18i thép réto tro nén phac tap hon.

Cau hinh NCVC khac nhau tat yéu dan dén anh huong khéc nhau dén cac dic
tinh quéa do ciing nhu thong sb van hanh & ché d6 xac lap cia Ex-LSPMSM. Vi vay,
trong ndi dung nghién ciru s& phan tich va danh gia anh huong ciia cac cau hinh khéc
nhau dén dic tinh khoi dong va dic tinh dong dién cua Ex-LSPMSM ¢ ché d6 van
hanh xac 1ap. Tir cac két qua nghién ctu rat ra mot sb két luan nham huéng dén ché

tao dong co trong thuc té.

a) Chia 2 thanh b) Chia 3 thanh ¢) Chia 4 thanh
Hinh 2.6. Cdu hinh Ex-LSPMSM - 2 cue.

Str dung phan mém Ansys/Maxwell 2D d& mé phong Ex-LSPMSM véi cac
cau hinh NCVC khac nhau. Phan b tir truong, mat do tir truong tai khe ho khong khi
va dang s6ng sirc dién dong khong tai khi mé phong Ex-LSPMSM 15 kW. Phan bé
truong dién tir va mat do truong tir khi mé phong Ex-LSPMSM dugc thé hién trong
hinh 2.7.

Hinh 2.7. Phdn bé treong dién tir.
a) Chia 2 thanh; b) Chia 3 thanh; c¢) Chia 4 thanh.

Véi kich thuéc nam cham da chon, truong tir phan b trong mach tir ciia dong

co 1a khoang 1,6 T, do d6 ca ba ciu trac trén déu khdng gay bado hda mach tir va co
diém I1am viéc tdi wu cua mach tur.
Khi md phong véi cac ciu hinh nam cham vinh ciru khac nhau, duong cong

téc d6 khoi dong duoc thé hién trong hinh 2.8 bén dudi
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Speed Ansys
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Hinh 2.8. Puong cong toc do khoi déng véi cau hinh 2 thanh, 3 thanh va 4 thanh.

Két qua md phong trén Hinh 2.8 cho thay ca ba cau hinh réto sir dung 2, 3 va
4 thanh nam cham vinh ctru déu bao dam kha ning khai dong vai tai dinh muac. Tuy
nhién, qua trinh tang toc cua cac ciu hinh c6 su khac biét rd rét. Trong do, cau hinh
réto 3 thanh cho dic tinh khai dong tét nhat, thé hién qua téc do ting nhanh va kha
nang dat téi ving téc do dong bd sém hon cac phuong an con lai; véi cau hinh nay,
dong co dat toc do cuc dai sau khoang 0,3 s. Nguoc lai, cdu hinh 4 thanh cho dic tinh
khoi dong kém nhat, qua trinh tang té¢ cham hon va dao dong téc do trong giai doan
qua d6 Ién hon. Cau hinh 2 thanh van bao dam kha niang khai dong, song chét lugng
dic tinh ting toc khdng tét bang cau hinh 3 thanh.

Dic tinh dong dién 1am viéc vai cac ciu hinh khac nhau ctia nam cham vinh

ctru duwgc mo ta trong hinh 2.9 bén dudi.

Current_PhaseA Ansys
Curve Info
Curren jPhased) LSPMEM IRods
a

Cument Phased [A]

T T T
100.00 10500 110.00 115.00 12000 12500 13000 13500 140 .00 14500 150.00
Time [mis]

Hinh 2.9. Puong cong dong dién ché do on dinh.
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C4 thé thiy tir Hinh 2.9 rang c4c dang song dic trung dong dién cia Ex-LSPMSM
VGi c&c cau hinh khéc nhau ¢ trang thai on dinh déu khéng phai Ia hinh sin. Dang song
dong dién ctia cu hinh nam cham vinh ctru 3 thanh s& & dang gan nhét véi hinh sin, dang
song dong dién bi méo nhiéu nhat ddi v6i ciu hinh nam cham vinh ciru 4 thanh. Dé
nghién ctu chi tiét hon, trong phan tiép theo, luan an sé tién hanh phan tich séng hai cua
dong dién twong g véi tirng cau hinh duoc hién thi trong Hinh 2.10.

FFT_Current_Phase Ansys

FFT_Cument_2Rods
Imported

—  FFT_Curent_3Rods
imported

15004

—T — ——T———— — T T T T T — T —
0.00 0.20 0.40 0.60 080 1.00 120 140 1.60 180 200
Freq [kHz]

Hinh 2.10. Phan tich FFT ciia dang song dong dién véi cdc cdu hinh khéc
nhau cua nam cham vinh curu.
Tinh toan téng do méo hai dong dién tai (THDi) ma mdi cau hinh tao ra. Gia tri

THDi duoc xac dinh thong qua cong thirc (2.20):

n 2
iz 1

THD; = (2.20)

1
Trong d6: I1 14 gié tri hiéu dung caa dong dién & bac co ban (tan s6 50 Hz);
li la gia tri hiéu dung cua song hai dong dién bac i;
n 1a s6ng hai bac cao nhét can danh gia.
Bang 2.4. Két qua tinh toan THDI.

Tham s [17] Cau hinh 2 thanh | Cauhinh 3thanh | Cau hinh 4 thanh

THDiI <20% 26,6% 18,8% 24,5%

Két qua trong Bang 2.4 cho thay ciu hinh 3 thanh c6 gia tri THDi thap nhat la
18,8% va cu hinh 2 thanh c6 gia tri THDi cao nhat. C4u hinh 2 thanh va 4 thanh déu
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vuot qua yéu cau song hai quy dinh [17]. Két luan lya chon cu hinh 3 thanh nam
cham vinh ctru.

2.3.2. Lwa chon két cdu ranh bé tri nam chéam vinh ciru
Ex-LSPMSM dién hinh dya trén nguyén mau dong co Ex-IM 15 kW-3.000

vong/phiit dugc st dung cho quat thdng gié mo. Cau trac ring, khe hd, mach tir, cuon
day, stato va long soc roto van gitt nguyén. Cac thong sé cua Ex-LSPMSM dugc dua

ra trong Bang 2.3 [5]

Hinh 2.11. Cdu hinh roto ciia Ex-LSPMSM dwoc dé xudt
CAu triic nam cham vinh ctru dugc st dung dé ché tao Ex-LSPMSM nghién

ctu 14 ciu trc nam cham 3 thanh, st dung nam cham NdFeB-N38. Nam cham vinh
ctru NdFeB-N38 la mét loai nam cham vinh ctru duoc lam tir hop kim neodymium,
sat va boron. Chung duogc sir dung trong nhiéu tng dung khac nhau. Nam cham
NdFeB tiép tuc 1a nam cham vinh cttu manh nhat dugc ban trén thi truong do kha
nang luu trir ndng lugng cao so véi nam cham vinh cuu Fe, AINiCo hoac SmCo.
Két cau ranh bé tri 3 thanh NCVC trong roto cd thé duoc thiét ké lién mach
(hinh 2.12a) hoic c6 thé duoc tach nhau bang céc flux barrier (cau tir) (hinh 2.12b).
Viéc sir dung cau tir (hinh 2.12b) tao diéu kién thuan lgi cho viéc lap dit nam cham,
gitip thanh nam cham dugc ¢6 dinh tét hon va két cau cua réto chac chan hon. Tuy
nhién, viéc sir dung cau tir dan dén viéc xuat hién nhiéu tir truong rd trong mach tir

cua roto, c6 thé 1am giam dac tinh 1am viéc va hiéu suat caa dong co, ngoai ra, chi
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phi gia cdng dé tao rdnh nam cham ciing ting 1én. Khong sir dung cau tir (Hinh 2.12a)
c¢6 wu diém 1a giam chi phi san xuat dé tao rdnh nam cham va giam tir truong ro trong
mach roto, cé thé cai thién dic tinh 1am viéc. Nhu vay, viéc bé tri hay khong b tri
CAu tir dé tach cac thanh nam cham ciing 1a mot van dé can giai quyét dé cai thién dic

tinh lam viéc cua Ex-LSPMSM - 3.000 vong/phut.

(@) (b)
Hinh 2.12. Cdu triic ciia roto:
a— Khong c6 cdu tir; b — Si dung cau tir.
2.3.2.1. M0 hinh gidi tich xdc dinh tir thong khe ha khong khi
V&i m6 hinh khdng cau tir, mé hinh giai tich dién tir thay thé cua Ex-LSPMSM
tdc d6 3.000 vong/phut véi két ciu 3 thanh duge dua ra trén hinh 2.13 [27]:

2n/P
o Tp2m/P

1By B, i B
- E . s -
Kich tir b&i . Kich tir béi . Kich tir boi

) NCVC1 ©  NCVC2  NCvCt :

Hinh 2.13. M6 hinh twong dwong ciia phdn bé mdt dé tir thong khe ho khong khi
Do6i voi Ex-LSPMSM ¢6 2p = 2 va cau tric roto ba thanh thi tir truong trong
mach tir chia thanh hai phan. Mdi phan duoc tao ra bai mét thanh nam cham phia
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ngoai va mot nira thanh nam cham ¢ giira. M hinh giai tich thay thé thanh nam cham
phia ngoai va moét nira thanh nam ch&m ¢ gitra dwoc dua ra trén hinh 2.14.

R
RECI

B w2
EF i E: i Df i ; i
g R - : Rat @i
Yy S Sy W
Ry
D AMA Prip
A Vi ¥
N L s g B <
2 n:E o & E§ g é;‘ NE ?\Cf @D‘E}h
& i - .
Yy R
(©)
Pri _ - P2 T\
- _| Dy Prip g1 .

2Rm2

D)

(b) (d)
Hinh 2.14. Cdc mé hinh mach tir theo phwong phdp xép chong:
(@), (b) M6 hinh dwa trén NCVCL; (c), (d) M6 hinh dua trén NCVC2.

=)
B
m\—/ =
[
[
&
(Dr2/2
. @

Dua trén Hinh 2.14, céc biéu thirc toan hoc sau ddy c6 thé dugc xay dung:
@1 = BTApl = BrLstkWpl (2.21)

Dr2 = BrAps = BrLsyeWp2 (2.22)
Céc tham s6 tir tré khic nhau va dién tich khe ho khong khi ¢ thé dugc biéu

dién nhu sau:

Ryy = Hg—Agl (2.23)
Rg2 = #og—:gﬂ (224)
R, =—m (2.25)
mi = ﬂoﬂrLstkWpl '
Ry,=—m (2.26)

HolrLstkWp2
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_ 2Tp1
" HoLstk(Witwsy)
o 2Trib
T T o Lser(hathy)

Rbl

T(Rsin—90/2) I
P stk

Ag =1p
Trong do:
tr 12 do tir thdm twong dbi cua nam cham vinh ctru
1, 12 d6 tir tham ctia khong khi
Br la tir du ciia nam cham
Ls 4 chiéu dai mach tir
go 14 chiéu dai khe hé khong khi
w1 Va w2 |12 chiéu rong ctia cac cau tir
Teib 12 d0 day cua cau nbi
hi va h 12 chiéu dai theo truc cua cau ndi
Rgin 1 ban kinh trong cua 15i stato
Wp, VA Wp, 12 chiéu rong cuia cac nam cham

Tm 1& d§ day ctia nam cham vinh ctru.

(2.27)
(2.28)

(2.29)

D6 day ctia moi khoi nam cham vinh ctru duge sir dung trong mo hinh Ex-

LSPMSM gbc 1a 8 mm.

Di¢n tich khe ho khong khi (A4,) phu thudce vao ty sd gifra cung cuc va budc

cuc (1p); gia tri nay dugc tinh toan theo cong thirc sau [27].

__pole—arc _ Oy

p— pole pitch o Op

(2.30)

Dura trén hinh dang réto ciia dong co EX-LSPMSM, gbc cung cuc tir (0m) duoc

khi hiéu dung dugc biéu dién theo cong thirc sau [27]:

Om
> = (le + 9m2)

ay, =6, +6,;0m=06,+0,
Ag =A91+Agz

x4c dinh dua trén cac doan nam chadm vinh ciru trong mdi cuc, dién tich khe hd khong

(2.31)

(2.32)
(2.33)
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O day, 6,,, Va 0,,, lan luot 12 goc cung cuc cua cac nam cham NCVC1 va
NCVC2 trén hinh 2.13. Do d9, cic dién tich khe hd khong khi tuong tmg A, va Ay,

duogc biéu dién nhu sau [27]:

Om1y 2T (Rin—Ygo/2)
Agr = o) =5 Lou (2.34)
Oma~ 2T (Rin—Ygo/2)
Agz = o) =5 Lot (2.35)
Do d6, cac gia tri cta ,,, Va 8,,, duoc biéu dién nhu sau:
Ly T Ti ri ind
6, = sin~ [Rm _ (Lrtwpitw b+I\;v:; i1+Wpriz)sinfc (L, +
2 Wy2\2
\/(Lp) + (sz) T Wrp + Wppig + Wbriz)] (2.36)
Wp2
Rro_(Lr+_p+ WrptWhri1 +Wbri2)
— -1 2
emz = tan [ Rro_(Lr+Lp+ Wrb+Wbri1+Wbri2) ] (237)
O day:

Lr 1a khoang cach tir tim tryc dén thanh din roto

Wiri, VA Whri, 12 chidu réng ctia cac cau ndi nim giita cac thanh dan 16ng séc va
ban kinh ngoai cta roto, tai vi tri P2

Rro 12 ban kinh ngoai ctia 15 roto va Wip |4 chidu dai ciia thanh dan roto

Biéu thirc xac dinh LP (vi tri ctia nam cham trong 15 réto) dugc tinh nhu sau:
Lp = [Rro = (Ly + Wyp + Wppi + Wiri)] = [Rro — (Ly + Wpy + Wy + Wipiq +
Wyriz)|tan (e, + 6,) (2.38)

Mirc bio hoa tir cao tai cic cau ndi khién cho ving ndy tré thanh ving gan
nhu khong dn tir trong 18i réto. Do d6, tir thong ro trong cac cau ndi c6 thé duge wdc
lugng theo cong thirc sau [27]:

Dpri = BsarApri (2.39)
Trong do:
Apri =b x Ly biéu thi dién tich cta cau nbi.

b 1a chiéu rong ctia cau noi.
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Bia: 12 mat do tir bdo hoa duoc 1dy tir dudong cong B—H ciia vat liéu thép ding
cho 14 t6n, nhu thé hién trong Hinh 2.15; & dy, B =1,8 T.
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Hinh 2.15. Puong cong B—H ciia thép Steel 1008 dung cho la ton.
Trong diéu kién khong tai, cac cau tir trong réto NCVC gén chim cua dong co
Ex-LSPMSM bi bao hoa manh do nhiéu trang thai tai khac nhau [27] va cac két qua
dau ra ctia mé hinh LPM duoc str dung van ¢é thé chap nhan duoc, nhu s& giai thich
sau. Bang céch ap dung dinh luat Kirchhoff cho mach twong duong don gian hoa cia
NCVC1 trong Hinh 2.14(b), ta thu duoc cac phuong trinh nhu sau:

_ 2Rmy
™ 1ra+p (2.40)
Trong do:
Rm1
= —mi 2.41
Ryl (2.41)
B = Sm (2.42)
Rrip
y=-£ (2.43)
Rm1

Cac mach tuong duong don gian héa cia NCVC1 va NCVC 2 dugc st dung
dé suy ra cac biéu thic tir thdng khe ha khdng khi, nhu dugc thé hién trong Hinh
2.14(b) va Hinh 2.14(d), nhu sau:

By = — (2.44)

1+y(1+a+pB)
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0, = —fmdre_ (2.45)

"~ (Rma2+Rg2)
Do d6, mat do tir thong khe hé khong khi dwoc tao ra bai NCVC1 va NCVC2
duoc xac dinh bang céch thé céc biéu thuc (2.34) va (2.35), cling vai (2.44) va (2.45),
lan luot vao (2.21) va (2.22):

_ P01 _ BriAma
Bg1 = Agi  Agil1+y(1+a+B)] (2.46)
B, = 202 = Brafmaofima_ 2.47)

Ag2 B Ag2(Rm2+Rg2)
Ttr théng ro gitta NCVC1 va NCVC2 1a rat nho va c6 thé bo qua. Tir thong rd
cia NCVC2 duoc biéu dién 13 @,.. Cac tir thong ro di qua cau ndi, cau tir va phan

gan chi phat sinh trt NCVC1 va dugc tinh toan theo céng thirc sau [27]:

Oy = ﬁ (2.48)
By = % (2.49)
0, = % (2.50)
0, = % (2.51)

Mo hinh twong duwong phan bé tir thdng trong Hinh 2.13 cho thay phan b mat
do tir thong khe ho khong khi theo ban kinh réto dugc xac dinh bang mé hinh giai
tich c6 do twong dong dang ké véi két qua thu duoc tir md phong theo phuong phap
phan tir hiru han (FEM). Do d6, c6 thé gia dinh rang hai két qua nay 1 twong duong
nhau.

By, ~ By, = B, (2.52)

Do d6, biéu thirc cudi cung theo (L, — 0,) cho mat do tir thdng khe hd khong
khi theo md hinh phan tich cé thé duoc viét nhu sau:

_ Br1Am1 . _Br2Ama2Rma2
By (Lgp’ am) T Agi[1+y(1+a+B)] | Aga(Rga+Rm2) (2.53)

Véiy = 0,31;a = 0,55; 8 = 1,58; B,y = 1,23T; f‘q—’; =1 B, = 0,624(T)
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Tir c6ng thuc (2.53) nhan thay ring, mat do tir thdng ¢ khe ha khong khi phu
thudc 16n vao théng sé mach tir thay thé cua roto, trong d6 cac thong sé goc nghiéng
Vva cau tir ¢ roto 1 cac yéu té quan trong anh hudng dén mat do tir thong & khe ho
khdng khi. Véi két cdu ba thanh dwgc bd tri chia nho tir vanh khuy@n nén coi goc
nghiéng caa nam cham gan twong ddng nén mat do tir thdng phu thudc nhidu vao cau
tir b tri nam cham.
2.3.2.2. M6 hinh FEM xdc dinh tur théng khe ho khéng khi

Phuong phéap phan tir hitu han dugc tng dung trong phan mém Ansys/Maxwell
dé phan tich tir thdng khe ho khéng khi. Tir d6 so sanh két qua véi mé hinh giai tich dé
xem xét sy twong dong giira hai md hinh. Giai phap cho phuong trinh Poisson d6i voi
truong dién tir cia mo hinh dong co dién 1a su phan bd cua trudng tir trong mach tir va
khu vuc xung quanh cia cau trac dién tir. Nén tang ctia mo hinh nay 1a dinh luat
Maxwell-Ampere. Phuong trinh Maxwell-Faraday, dwoc biéu thi nhu sau dbi véi
truong hop dong co dién trang thai on dinh.

Thiét 1ap m6 hinh Ex-LSPMSM véi trudong hop khong cé cau tir dé khao sét
tir thang khe ho khang khi (hinh 2.16)

Ansys

Hinh 2.16. Phdn bé tir trrong trong dong co khéng cé cau tir
Két qua phan tich tir thdng khe ho khong khi va dang song stc dién dong
khong tai B-EMF duoc thé hién trong Hinh 2.17.
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Calculator Expressions Plot 1 LSPMSM_2Lop_EMF Ansys
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b)
Hinh 2.17. Tir thong khe ho khéng khi (a) va siec dién dong khong tai B-EMF (b)
So sanh két qua tir truong khe ha khdng khi va site dién dong khong tai khi sir
dung mé hinh FEM vé&i md hinh giai tich duoc két qua trong bang 2.5.
Bang 2.5. So sdnh mat do tir thong khe hd khdng khi va stiic dién dong khong tai
giita gia tri tham chiéu thiét ké va két qua mo phong FEM

o Gia trj tham chiéu thiét | Kétquamo | Saiso
Thong so ké / tinh toan gidi tich | phong FEM | AE%
Mat do tir thong khe ho 0,624 0,59 4,8
khong khi Bg(T)
Stc dién dong 380 395 3,8
khoéng tai Eing (V)
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Ghi chi: Exne 12 gié tri hiéu dung cua thanh phan co ban bac 1 cua stc dién
dong khong tai. Gia tri 380 V 1a gia tri tham chiéu thiét ké/dinh mac dung dé déi
chiéu véi két qua mé phong FEM.

Két qua trong Bang 2.5 cho thiy mat do tir thong khe ho khong khi va strc dién
dong khong tai xac dinh bang mé phong FEM c6 két qua twong ddng véi md hinh
gidi tich. Cu thé, déi véi mat do tir thong khe hé khong khi, gia tri tinh toan theo giéi
tich 14 0,624 T va gia tri FEM 120,59 T, sai s6 dat 4,8%. Déi vai stic dién dong khong
tai, gia tri tham chiéu Eins 12 380 V, trong khi két qua FEM 12 395 V, sai s6 dat 3,8%.
Can luu y rang & day Eine duoc hiéu 12 gia tri hiéu dung cua thanh phan co ban bac
1 cua strc dién dong khdng tai, con gia tri 380 V dong vai tro 1a gia tri dién ap dau
vao thiét ké/dinh mtrc dé so sanh véi két qua mé phong.

Nhu vay, d6i v6i cau hinh co sé duogc xét trong Chuong 2, sai s6 gitta md hinh
giai tich va mé phong FEM déu nho hon 5%, cho thay mé hinh phan tir hitu han xay
dung trong Ansys/Maxwell c¢6 do tin cay tét, phi hop véi mé hinh giai tich. Vi vy,
trong luan an s& sir dung mé hinh FEM dé nghién ctru Ex-LSPMSM thay thé cho md
hinh giai tich.
2.3.2.3. Lira chon két cau ranh bé i nam cham vinh ciru

Thiét 1ap mo hinh FEM cho trueong hop st dung két cau cau tir dugc dua ra
trén hinh 2.18.

i

Hinh 2.18. Phdn bé tir truong trong dong co' c6 Cau tir.
Viéc lya chon két cau rdnh bé tri nam cham duoc dya trén chat luong thong
s6 1am viéc co ban cua dong co. Khao sat sy phan bd duong di cua tir truong (Hinh

2.18) bang phan mém Ansys/Maxwell d3 chi ra ring trong trudng hop ¢ cau ti,
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nhiéu tir trudng rd xuat hién trong mach tir cua réto hon so véi truong hop khéng cé
cau tir. Piéu nay lam giam luong tir truong do nam cham vinh ciru NdFeB-N38 tao
ra va khong khép kin vong lap véi cudn day stato, ddn dén giam hiéu suét va dic tinh
lam viéc cua Ex-LSPMSM. Khao sat cac dac tinh lam viéc cua Ex-LSPMSM trong
hai truong hop c6 va khéng c6 cau tir cho cac két qua nhu sau:

* Pac tinh khoi @ong ctia dong co.

Dic tinh khai dong cua dong co duoc thé hién trong Hinh 2.19.
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Hinh 2.19. Bdc tinh khoi dong cia dong co

T hinh 2.19, d6i voi hai cdu tric nghién ctu, ca hai ciu hinh Ex-LSPMSM
déu co thé dat téc do dinh muc. Tuy nhién, dac tinh téc do khoi dong cua Ex-
LSPMSM véi cau hinh roéto khong cé cau tir 12 tét hon. Trong trudng hop cau tric
réto khong co cau tir, dong co dat toe d6 tdi da sau 0,45 gidy; bén canh d6, sau khoang
0,75 gidy, dong co dat téc d6 dong bo 1a 3.000 vong/phit. Trong trudng hop cau trdc
réto c6 cau tir, viéc khoi dong dong co khé khin hon va thoi gian dé dong co dat tdc
d6 dong bo 1a 1,14 giay.

* Pic tinh mémen xo3n cia dong co.

Dic tinh mémen xo3n cia dong co duge dua ra trong Hinh 2.20.
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Hinh 2.20. Pdc tinh mémen xodn ciia dong co

Két qua hinh 2.20 cho thdy, trong truong hop két cau roto khdng cé cau tu,
dong co c6 mémen khéi dong 16n hon so vai trudong hop két cau rdto ¢ cau tir. Nhu
vay, trong treong hop két cau réto khdng cé cau tir, dong co c6 mémen khai dong tot
hon.

Két qua md phong cho phép phan tich céc théng sb khoi dong cua dong co:
thoi gian dat toc do dong bo (ts), thoi gian qua do (tians), toc d6 (), mdmen cuc dai
(Mmax) va d6 gon song mémen (RipT) trong bang 2.6. D6 gon séng mémen cua Ex-
LSPMSM c6 thé dugc tinh toan [50]:

RipT :% (2.54)

e
Trong d6: Tmax — gia tri mdémen cuc dai;
Tmin — gié tri mémen cuc tiéu;
Te — gia tri mémen trung binh cta dong co dién, N.m;
RipT — d6 gon sdng mémen %.

Bang 2.6. Bac tinh mémen xo0in cua dong co

LO@I ts (S) tirans (S) RIpT (%)

Khong c6 cau tir 045 | 0.75 23.1

C6 cau tir 1.14 1.14 26.6
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Tir két qua vé dic tinh khoi dong caa Hinh 2.19, Hinh 2.20 va Bang 2.6 trong
truong hop két cau roto khdng c6 cau tir, thoi gian dat toe do dong bo (ts = 0,45 gidy),
thoi gian qua do (twans = 0,75 gidy) va dé gon song mémen (RipT = 23,1%). Trong
khi truong hop c6 cau tir co cac tham sb 1a tée do dong bo (ts = 1,14 gidy), thoi gian
qua d6 (trans = 1,14 gidy) va do gon song mdmen (RipT = 26,6%). Nhu vay, co thé
thdy rang viéc khong sir dung cau tir s& 1am cho Ex-LSPMSM c6 dic tinh l1am viéc
tdt hon so vé6i khi st dung cau tu.

* Ddac tinh dong dién.

Pic tinh dong dién caa EX-LSPMSM & ché do hoat dong 6n dinh duogc thé

hién trong Hinh 2.21.
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Hinh 2.21. Bdc tinh dong dién o ché dé van hanh trang thai on dinh

Hinh 2.21 cho thay tat ca cac dang song dic tinh dong dién cua Ex-LSPMSM
& ché do trang thai on dinh, bat ké cau hinh nao, déu khdng phai hinh sin. Dang s6ng
dong dién s& dao dong ¢ tan s6 50 Hz.

Phan tich cac thanh phan séng hai cua dang song dong dién trong Ex-
LSPMSM duoc thé hién trong Hinh 2.22. C6 thé thay ring bién d6 hai bac 3 trong
truong hop cau tric réto co cau tir dat gan 6 A va trong truong hop cau tric roto
khong c6 cau tir dat gan 4 A. Cu thé, dang séng dong dién trong truong hop ciu tric
réto khdng c6 cau tir s& c6 dang gan véi sin hon so vai truong hop cau tric réto co
cau ti.
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Hinh 2.22. Phan tich FFT séng hai dong dién:
a - khéng c6 cau tir; b - ¢d cau tir.
Két qua md phong cho thay dang séng dong dién bi méo nén dong dién bao

gom nhiéu thanh phan séng hai. Téng d6 méo hai dong dién (THD;) c6 thé duoc tinh

. ,/Z?f; I
bing cong thie dudi day [48],[49]: THD; = ¥—— (2.55)
1
Bang 2.7. Bac tinh dong di¢n cua dong co
Loai ttrans (S) Imax (A) | THDi (%0)
Khéng c6 cau tir 0,80 312 14,3

C6 cAu tur 0,95 314 16,1
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Tir két qua phan tich trong Hinh 2.21, Hinh 2.22 va Bang 2.7, cho thy trong
truong hop cau hinh réto khdng cé cau tir, dic tinh dong dién cd thoi gian qua do
dong dién tyans = 0,8 gidy, dong dién cuc dai Imax = 312 A va tong d6 méo hai THDiI
= 14,3%. Trong trudng hop cau hinh roto cé cau tir, dac tinh dong dién co thoi gian
qua d6 dong dién tyans = 0,95 gidy, dong dién cuc dai Imax = 314 A va tong d6 méo hai
THDI = 16,1%. Do d6, trong trudng hop cau hinh rdto khéng cé cau tir, Ex-LSPMSM
s& ¢ dac tinh dong dién tét hon.

* Pac tinh suc dién dong khong tdai (EMF)

Hinh 2.23 biéu di&n dang song stc dién dong khong tai cam ¢ng trén day quan

stato khi dong co quay ¢ toc do dong bo trong diéu kién khéng tai.

EMF_LSPMSM Anss
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Hinh 2.23. Bdc tinh siee dién dong khong tdi.

Két qua dua ra trong Hinh 2.23 cho thay trong ca hai trudng hop dugc nghién
ctru, dac tinh sue dién dong khong tai déu 1a hinh sin va teong ty nhau. Tuy nhién,
trong trudng hop st dung cau tir, dic tinh st dién dong khong tai co bién d6 dao
dong 16n hon so voi khi khdng st dung cau tir. Bé danh gia mirc do chénh léch cua
dién ap dau ra khong tai so vai gié tri dinh mac, sir dung cong thic (2.56):

E1nB—380

AE% = 100% (2.56)

1NB
Trong d6, Eins 12 gié tri hiéu dung (RMS) cua thanh phan hai bac nhat cua

dién ap dau ra khong tai.
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Két qua tinh toan cho thdy, chénh léch dién ap dau ra khdng tai trong trudng
hop cau hinh réto khdng c6 cau tir thi AE=2,3%, trong trudng hop cau hinh réto c6
cau tir thi AE=5,1%. Do d6, chénh léch dic tinh stc dién dong khéng tai trong trudng
hop cau hinh réto khéng cé cau tir 1a tét hon.

* CONg suat dién tir va cong sudt co

Pic tinh cua cong suat dién tir va cdng suat co dé tinh hiéu suat dong co trong

qua trinh mé phong duogc dua ra trong Hinh 2.24.
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Hinh 2.24. Céng sudt dién tir va cong sudt co trong qud trinh mé phong Ex-LSPMSM

Dua trén cac dic tinh dién tir va cong suit co, tinh toan hiéu suat cua Ex-
LSPMSM, trong trudong hop cau hinh réto khéng c6 cau tir, hiéu suat 1a 1=93,3%,
trong trudng hop cau hinh rdto ¢6 cau tir, hiéu suat 1a n=92,5%.

Nhu vay, nghién ctru va danh gia cac dic tinh toc do, dac tinh mémen xoin,
dic tinh dong dién, stc dién dong khong tai va hiéu suat caa Ex-LSPMSM bang
phuong phap phan tir hitu han dua trén phan mém mé phong Ansys/Maxwell da chi
ra rang cau hinh réto khdng cé cau tir cho phép Ex-LSPMSM c6 cac thong sé lam
viéc tot hon. Cau tric nay duoc lua chon dé ché tao va danh gia thuc nghiém.

2.4. Két luan

Chuong 2 da xay dung va phan tich toan dién mé hinh toan dong co Ex-

LSPMSM, hinh thanh co s Iy thuyét va cong cu md phong phuc vu thiét ké va thuc

nghiém & cac chuong tiép theo.
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Trén co s& md hinh toan cua Ex-LSPMSM c6 xét dén ba thanh phan mémen
dic trung: mémen khong ddng bo trong giai doan khai dong, mémen kich tir cia nam
cham vinh ctru, va mémen tir tré. M6 hinh nay cho phép mo ta chinh xac qué trinh
chuyén tiép tir ché do khong dong bo sang dong bo, phan anh rd ban chat lai caa Ex-
LSPMSM két hop wu diém cua ca dong co cam tng va dong co déng bo nam cham
vinh ctru.

Phuong phap phan tr hitu han (FEM) duoc ¢ng dung trong phan mém
ANSYS/Maxwell nham md phong phan bé tir truong, mémen dién tir va dac tinh
khoi dong cua dong co. Két qua so sanh giira mé hinh giai tich va mé hinh sb cho sai
s6 dudi 5%, chung to tinh chinh xac va do tin cay cao cia phuong phap mé phong
duoc dé xuat.

Duya trén mé hinh FEM, luan an da khao sat cic phuong an két cau roto khac
nhau vé sd luong va céach b tri thanh nam cham (2, 3 va 4 thanh), cling nhu anh
huong caa cau tir. Két qua chi ra rang cdu hinh réto ba thanh nam cham, khéng c6
cau tir 1a t6i wu nhat vai thoi gian bat dong bo ngan (ts = 0,45 s), gon mdmen thap
(RipT = 23,1%), tong méo hai dong dién nho (THDI = 14,3%) va hiéu suat cao (n =
93,3%). Phuong an nay giup giam tir thong ro, taing mémen khoi dong va cai thién
dic tinh dién tir tong thé.

Nhu vay, chuong 2 di xac 1ap duoc nén tang ly thuyét va cong cu mé phong
dang tin cay cho viéc thiét ké két cau roto cia Ex-LSPMSM, g6p phan khang dinh
tinh kha thi va hiéu qua caa md hinh toan két hop mé hinh phan ti hitu han trong
nghién citu va phat trién dong co Ex-LSPMSM. Cac két qua nay duoc sir dung lam
co s lya chon thong s6 cua két cau réto trong Chuong 3.

Két qua cua Chuong 2 méi chi xac 1ap cau hinh roto trén co sé md hinh giai
tich va md phong phan tir hitu han. Viéc lya chon hoan chinh céc théng sé nam cham

vinh ctru sé tiép tuc duoc phan tich, kiém tra va hoan thién & Chuong 3.
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CHUONG 3
PHAN TICH LUA CHON THONG SO NAM CHAM VINH CUU
Ex-LSPMSM

3.1. Khir tir cia nam cham vinh ciru

3.1.1. Nam chédm vinh cwu

Trong hé thdng truyén dong dién hiéu suét cao, dic biét dbi véi dong co Ex-
LSPMSM, vat liéu nam cham vinh ciru (NCVC) ¢6 anh huéng quyét dinh dén kha
ning tao mdmen, qua trinh déng bo hda, mac tiéu thy ning luong va do 6n dinh lam
viéc cua dong co. Viéc lya chon dung vat liéu NCVC khéng chi chi phéi ché do van
hanh xac 1ap ma con anh huang rd rét dén dic tinh qua do, kha niang chong khir tir va
tudi tho cua hé thdng [91]. Theo céc nghién ctu gan day, vat lisu NCVC phét trién
qua cac nhom chinh gém ferrite, Alnico, SmCo va NdFeB. Trong d6 NdFeB 1a loai
duogc st dung rong rdi nhat trong cac dong co hiéu suat cao hién nay [89], [91]. O
Viét Nam, cac noi dung nén tang vé vat lidu tir duoc trinh bay trong cac tai liéu [12],
[16], tuy nhién céc tai lidu nay chi yéu ding ¢ co sa ly thuyét, chua gan truc tiép véi
bai todn ung dung trong dong co EX-LSPMSM. Nam cham ferrite ¢6 wu diém 1a gia
thanh thap, chong an mon tt va céng nghé ché tao twong dbi don gian, nhung c6 mat
d6 tir du va tich nang luong tir thip nén khé dap (ng cac yéu cau vé mat do cong suat
cao. Nam cham Alnico c6 tir du 16n, song luc khang tir thap, do d6 dé bi khir tir khi
lam viéc trong diéu kién tir truong ngugce. Nam cham SmCo c6 d6 6n dinh nhiét tét,
luc khang tir cao va 1am viéc tin cay & nhiét 6 16n, nhung chi phi ché tao cao. So véi
cac loai vat liéu trén, NdFeB c6 uu thé ndi bat nho tir du 16n, lec khéng tir cao va tich
nang luong tir 16n, cho phép tao tir thdng manh, nang cao mémen ddng bd va hiéu
suat cua dong co [12],[89],[91].

Déi véi dong co Ex-LSPMSM tdc d6 cao, dic biét & ving 3.000 vong/phdt,
bai toan luya chon NCVC tré nén quan trong hon do nam cham vira phai bao dam kha
nang kich tir & ché do dong bo, vira phai chiu duoc tac dong cia dong dién 16n trong
qua trinh khai dong truc tiép tir lugi. Néu viéc tinh todn va lra chon NCVC khong

hop 1y, dong co c6 thé giap kho khian trong gia cong, 1ap rap, hiéu suat thap, thoi gian
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khoi dong kéo dai, tham chi khong dat duoc kha nang khaoi dong va lam giam tinh
thuong mai cua san pham [90]. Khi dugc bé tri hop 1y, dic biét trong cac cau hinh
nam cham gin chim, NdFeB c6 thé gép phan giam rung dong, ting d6 6n dinh van
hanh va nang cao d¢ tin cay cta dong co EX-LSPMSM.

Téng hop cac phan tich trén cho thay NdFeB Ia vat lisu NCVC pha hop cho
dong co Ex-LSPMSM nho kha ning tao mat dé tir cao, hd tro thiét ké réto gon nhe,
dat mémen dong bo 16n va hiéu suét cao. Tuy nhién, dé phat huy day du wvu thé cua
vat liéu nay, viéc lya chon cap nam cham va thiét ké roto can dugc xem xét co ché
khir tir ddc trung caa qud trinh khoi dong truc tiép tir ludi dién.

bac tinh duong cong B-H cua vat liéu tir ndi chung va cua nam chdm NdFeB
noi riéng duoc dua ra trong hinh 3.1 [12]:

Tir mém

A J
Puong cong J
Khir tu R

Tw cing

DPuwong cong tir hoa ban dau

He JLuc khang tor M H

B‘P

B(H)=HH+J /

Hinh 3.1. Puong cong tir tré va cdc ddc trung ciia vit liéu tir cieng [12].
* Cac didc trung co ban ciia nam cham NdFeB bao gom [12]:
a. Luc khang tu: ky hiéu He, (A/m)
Luc khang tir (hay con goi la truong khang tir hoac truong dao tir) la mot dai
luong dugc sur dung trong nganh tir hoc ( “tir hoc” 1a mot nganh khoa hoc thugc vat

ly hoc nghién ciru vé hién twong hut va dy cua cac chat va hop chat gay ra boi tur
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tinh cua ching), duoc dinh nghia bang gia tri cua tir truong can dit vao dé triét tiéu
tir 6 hoac cam ng tr caa vat tir.

Luc khang tir 1a dai Iwgng quan trong dac trung cho tinh tir cirng cua vat liéu
tur cirng. Vi vat liéu tir ciang la kho tir hoa va khé khir tir, nén nguoc lai vai vat liéu
tir mém, né c6 luc khang tir cao. Diéu kién tdi thiéu 1a trén 100 Oe, nhung vat liéu tir
ctng phd bién thuong cé luc khang tir c& hang ngan Oe tré 18n. Ngudn gdc cua lec
khang tir 16n trong céc vat liéu tir cang cha yéu lién quan dén dén di hudng tir tinh
thé 16n trong vat liéu. Cac vat liéu tir cing thuong cd cau tric tinh thé co tinh doi
xtng kém hon so vai c&c vat lidu tir mém va ching c6 di huéng tir tinh thé rat lon.

Luc khang tir cia vat lidu tir cing thong thudng dugc biét dén qua cong thuc:

He = a2t + b(N; + Npl + .= (3.1)

Is

Trong do:

Thanh phan thir nhat c6 dong gop 16n nhat véi Ky la hang sé di huéng tir tinh
thé bac 1, I 1a tir do bdo hoa.

Thanh phan thtr 2, dong gop nhé hon mot bac véi Ni,N» 1 thira s6 khtr tir do
theo hai phuong khac nhau.

Thanh phan thir 3 ¢6 dong gop nhé nhat véi As 14 tir giao bdo hoa, t 14 tng
Suat noi.

Vaa, b, ¢ lan luot 1a cac hé s6 dong gop.

b. Tich s6 nang lugng tir cuc dai

Tich s nang luong cuc dai 1a dai lugng dic trung cho do manh yéu cua vat
tir, dugc dic trung bai nang lugng tir cuc dai c6 thé ton trit trong mot don vi thé tich

vat tir. PBai lugng nay c6 don vi 1a don vi mat do nang lugng #

Tich sé ning luong tir cuc dai dugc xac dinh trén duong cong khir tir thudc vé
g6c phan tu thir 2 trén duong cong tir tré, 14 mot diém sao cho gié tri caa tich cam
ng tir B va tir truong H 14 cuc dai. Vi thé, tich ning luong tir cuc dai thuong duoc
ky hiéu 1a (B.H)max. D& c6 tich sb nang luong, vat liéu NCVC can c6 luc khang tir 16n

va cam ng tur du cao.
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c. Cam tng tu du Br (T)

Cam tng tir du, thuong ky hiéu 1a By hay Jy, 12 cam ung tir con du sau khi ngat
tor treong.

d. Nhiét @6 Curie T (°C)

Day la nhiét d6 ma tai d6 vat liéu bi mat tir tinh, tro thanh chat thuan tir. Mot
s6 vat liéu tir cirng dugc wng dung trong cac nam cham hoat dong ¢ nhiét d6 cao nén
n6 doi hoi nhiét do Curie rat cao. Loai vat liéu tir cang c6 nhiét 6 Curie cao nhat
hién nay la nhém céc vat liéu trén nén SmCo cé nhiét do Curie tir 500 °C dén trén
1000 °C.

* Piéu kién nhiét va yéu cau doi vai dong co phong nd.

Dbi v6i dong co Ex-LSPMSM duing trong mo ham 10, diéu kién nhiét 1am viéc
¢6 ¥ nghia dic biét quan trong vi anh huong truc tiép dén do on dinh tir cia nam cham
vinh ctru va d¢ tin cay van hanh cta dong co. Trong pham vi luan an nay, viéc danh
gia NCVC dugc xem xét trén co so diéu kién 1am viéc cia dong co phong nd va cap
cach dién F ciia may dién. Nhiét do 1a thdng s6 anh huang truc tiép dén diém goéi Binee
trén duong cong khir tir caa NCVC. Khi nhiét d6 ting, mién 1am viéc an toan cua
nam cham bi thu hep va nguy co khir tir khdng phuc héi ting 1én. Vi vay, d6i véi
dong co Ex-LSPMSM, viéc lya chon loai nam cham khéng thé chi dya trén yéu cau
hiéu suat hoac mat do tir, ma phai dong thoi bao dam dy trix chdng khir tir pht hop
Vvé6i diéu kién nhiét trong qua trinh 1am viéc va khai dong truc tiép tir lugi dién [30],
[56].

3.1.2. Phan tich qua trinh khe tir cita nam cham vinh ciiu
3.1.2.1. Khut ter ciia nam chdm vinh cuu

DPé md hinh hoa hién tuong khtr tir cia nam cham, can thiét 1ap mdi quan hé
gitta B, H va M ddi vai vat lidu tir. Méi quan hé nay duoc mo ta thong qua duong
cong B—H.

B = uy(H + M) (3.2)
Trong do6:
B: Mat do tir cam ( don vi T),
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H: Cuong do tur truong (don vi A/m),
M: Do tir hoa (don vi A/m),
Ho: DO tir tham cua khong khi.
DPuong cong B-H ¢ thé duoc md hinh héa bang mét ham giai tich [56]:
B = B, + pou,H + Eefa(Ka+H) (3.3)
Trong do:
Br: Mat do tu du,
wr: PO tir tham twong ddi,
to: Po tir tham cua khong khi,
E: Hé s6 chuyén doi don vi, trong md hinh nay E=1 T

Tham s6 Kz duge xéac dinh theo biéu thuc:

R
K, = ln[(Br+(#r—1;-1llo-#Hw)-E l_ H;. (3.4)

Trong do:

Hic: Cuong do khur tir noi tal,

K1: Tham s diéu chinh hinh dang cua diém gap khic (diém knee — diém

gdi) trén duong cong B—H.

Tham s6 K1 xac dinh d6 sac nét cia diém gap khuc trén duong cong B—H, gia
tri K1 cang 16n thi diém gip khic cang rd nét, thé hién su chuyén do6i dot ngot hon
giita viing tuyén tinh va viing b&o hoa cua vt liéu ti.

Tir hda hdi phuc cia cac nam cham vinh ctru dugc tinh toan bang mot mé hinh
tuyén tinh. Tir hoa hoi phuc duoc wéc lwong bang mot duong thang song song véi do
déc ban dau cua duong cong B-H, véi d6 doc dugc xac dinh theo cong thuc:

k = uo- pr (3.5)

Trong do6:

k: D6 déc cua dudng thang tuyén tinh mé phong tir hda hdi phuc,
to: Do tir tham cua khong khi,
ur: Do tir tham twong ddi cua vat liéu.

Tir héa du mai ¢6 thé dugc biéu dién bing cong thic sau:

BIeW = BS — k. H° (3.6)
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Trong do:

BI**Y va HS la gia tri tr cam va cuong do tr truong hién tai, tuong
tng,
B* 14 gid tri tir cam ban dau khi tir hoa dat mic cuc dai,

Néu diém lam viéc hién tai caa nam cham nam trong phan tuyén tinh cua
duong cong B—H, gié trj tir du s& khong thay d6i. Tuy nhién, néu diém Iam viéc roi
xudng dudi diém gap khic caa duong cong, diéu ndy sé& tao ra hién tuong khir tir.
Dbong thai, mdi quan hé B-H méi s& duoc tinh toan lai bang cach st dung céc cong
thirc tir (3.3) va (3.4).
3.1.2.2. Phan tich qua trinh kha tir bat doi xiing ciia NCVC trong qué trinh khoi dong
Ex-LSPMSM

Trong dong co EX-LSPMSM, hién tugng khir tr NCVC thuong xay ra trong
qua trinh khoi dong. Phén tich hién tugng khir tr NCVC trong qué trinh khai dong caa
Ex-LSPMSM 3.000 vong/phut, cong suat 15 kW duoc chuyén doi tir dong co khong
dong bo 16ng soc (IM) véi NCVC 3 thanh, c6 két cau roto nhu hinh 3.2 va dac tinh khi
tr nhu hinh 3.3.

7/
N

Hinh 3.2. C4u hinh réto Ex-LSPMSM 3.000 vong/phut [83].
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Material: N38

Load line 1 LLoad line

S

60°C J‘
=
Work point 1 1l NP
e 80°C 77 (i =
Work point 2 = B 5 é I\, Work point 5
el ST G 100 (1} : \ L

kneg 1_ N1
! qa ‘ ‘ I
He [
1

k0e)28 26 24 22 20 18 16 14 2 10 8 6 4 2 0

Hinh 3.3. Puong cong dac tinh khe tir cua NCVC NdFeB-N38 [83].

Hién twgng khi tir NCVC trong Ex-LSPMSM c6 thé xay ra do nhiéu nguyén
nhan, trong d6 dang cha y 1a dong dién Ion trong qué trinh khai dong truc tiép tir ludi,
su ¢b ngan mach day quan stato hoic cac diéu kién van hanh bat thuong.

Dic tinh khtr tir 12 mot trong nhitng dic tinh quan trong nhat caia NCVC, dic
tinh khi tir nam & gc phan tu thir hai. Dac tinh khir tir thudng duoc biéu thi dudi hai
dang B(H) hodc J(H), diém lam viéc cua NCVC trong qua trinh van hanh Ex-
LSPMSM trén dic tinh kht tir 1a giao diém cua dudng dic tinh tai voi duong thang
B(H) trong Hinh 3.3 [47]. Khi cung cip dién cho cudn day stato caa Ex-LSPMSM,
mat do tir thong cua NCVC dugc xac dinh theo cong thirc sau:

By, = B, + t, o Hiy (3.7)

Trong do: Bm - mat do tr thong, T; Br - Cam tng du, T; Hm - Tt truong khir
tur, A/m; po - do tu tham chéan khong; pr - do tur tham.

Theo Hinh 3.3, khi thiét ké dong co ¢ ché do dinh mic, diém lam viéc (work
point) caa NCVC thudng duoc chon sao cho ning lugng du trong NCVC 1a 16n nhat,
tuc la cuc dai [47].

Khi Ex-LSPMSM khoi dong, dong dién khai dong sé tang tir (4+8) lan dong

dién dinh muc, khi d6 dic tinh tai cia dong co s& thay doi tir duong tai (load line)
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sang duong tai (load linel), diém lam viéc (work point) trén dic tinh khir tir sé thay
d6i thanh diém lam viéc 1 (work point 1).

Trong mét sb trudng hop, chang han nhu khoi dong lién tuc, nhiét d6 cua dong
co tai thoi diém khoi dong 16n. Gia s dong co khai dong ¢ nhiét d6 60°C, diém lam
viéc trén dic tinh khr tir 1a diém 1am viéc (work point 2) va trén dic tinh khr tir ton
tai mot diém khir tir khdng phuc hdi duoc goi 1a diém gbi (knee) (Hinh 3.3). Khi diém
lam viéc (work point 2) vuot quéa diém gdi (knee) theo chiéu nguoc chiéu kim dong
hd qué trinh khir tir mot phan s& xay ra, anh huong dén cac thong sb 1am viéc cua Ex-
LSPMSM.

Trén hinh 3.4 thé hién dic tinh 1am viéc caa Ex-LSPMSM trong trudng hop

khong bi khur tur.

3500
3000 S S —
= 2500 { —
£ 2000
g 1500, |
2 1000| /

500 /
0

0 1 2 3 4 Time [s]

a) Dic tinh téc do

300
200 | [Name X ¥

m1_ 3.0100 37.3352 |
100

m1

Current [A]

-300° : : : -
(0] 1 2 3 4 Time [s]

b) Dac tinh dong dién
Hinh 3.4. Pgc tinh lam viéc cua Ex-LSPMSM.
Két qua & Hinh 3.4 cho thiy Ex-LSPMSM c6 thé khai dong va dong b hoan
toan sau khoang thoi gian t = 0,58 s, v4i dong dién lam viéc 6n dinh khoang 26,4 A.
Tuy nhién, dong dién khai dong cuc dai c6 thé 18n toi 162 A, va trong mot sb thoi
diém, dong xung khai dong co thé dat téi 278 A. Mic dong dién nay c6 thé gay ra sy
khtr tir cuc bo cua NCVC.
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Hinh 3.5 1a két qua md phong phan b mat do tir thdng sau 150 ms, tinh tir thoi

diém khoi dong. Tir két qua & Hinh 3.5, NCVC c6 do suy giam tir truong 16n nhét tai

c4c Vi tri goc caa no, twong (ng Véi cac diém tir N1 dén Ng nhu ¢ Hinh 3.6. Céc diém

N1 + Ne 1a cac diém c6 kha nang bi khir tir cao nhat. Két qua phan tich mat do tur

thdng caa diém N1 theo thoi gian trong qué trinh khoi dong duoc thé hién ¢ Hinh 3.7.

B [tesla]

3.5999
l 3.2399

3.0240
2.8080
25920
2.3760
2.1600
1.9440
1.7280
15121
1.2961
1.0801
0.8641
0.6481
0.4321

0.2161
0.0001

Magnetic field loss point

Hinh 3.5. Phan bé mdt dé tir thdng ¢ 150 ms.

Time =150.00000ms
Speed =864.103360rpm
Position = 20.177125deg

Hinh 3.6. Piém khdo sat mdr dg tir thong lam viéc ciia NCVC.

Cures Indo

2.25
2.007
1.757
E 1.507
2 1.257
1.00 7
0.751
0.50 7
0.257

U

— Mg ®
Setup? - Transnt

0.00
0.00

100.00

200.00

300.00

400.00 T [ms]

Hinh 3.7. Mdt dé tir thdng cia diém N1 trén NCVC1 theo thoi gian.
Két qua ¢ Hinh 3.7 cho thdy, duéi tac dung cua tir trudng ngoai do dong dién

khoi dong tao ra trong qua trinh khai dong, d6 ty cam tir tai diém Nj thay doi theo
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thoi gian va c6 gid tri nho nhat Bmin = 0,061 (T) tai thoi diém tmin = 235 ms. Cac khao
sat twong tu dbi voi cac diém N2 dén Ng cho két qua o Bang 3.1.

Bang 3.1. Gia tri cua mdi diém duoc chon

) NCVC1 NCVC 2 NCVC 3
biem
N1 N2 N3 N4 N5 N6
Bmin (T) 0,061 0,28 1,0 0,86 0,25 0,78
Tmin (MS) 235 135 300 405 498 278

Két qua & Bang 3.1 cho thay, véi cau tric NCVC 3 thanh trén, hai thanh NCVC
ngodi cung c6 diém lam viéc co tir trudng nho nhat lan luot 1a diém Ns (Bminns =
0,25T) tai thoi diém 498 ms, tiép theo 12 N1 (Bminnt = 0,061T) tai thoi diém 235 ms.
Diéu nay cho thiy diém Ni da bat dau xay ra khir tir mot phan. Chang to rang trong
ba thanh NCVC, hai thanh nam cham ngoai cuing dé bi khir tir hon trong qua trinh
khéi dong.

Gia str khi khoi dong nhiét do dong co 1a 60°C, tir truong tai diém knee (Brnee
= 0,3T) (Hinh 3.3), diéu nay dan dén su khu tir NCVC tai diém N5 (Bminns = 0,25T)
va diém N2 (Bminnz = 0,28T) va diém N1 (Bminnt = 0,061T). Do d6, trong diéu kién
khoi dong ctia dong co, su khir tir mot phan cd thé xay ra doi véi mot hoac hai cap
NCVC & ngoai cung cua EX-LSPMSM.

Két qua phan tich & trén cho thiy diém N5 trén cip NCVC3 va diém Ni,N2
trén cap NCVC1 1a vi tri ¢6 gia tri tir tinh du nhé nhat trong qua trinh khai dong, voi

lan lugt Bminns = 0,25 T, Bminnz = 0,061T va Bminnz = 0,28T. bay la cac vi tri nguy

hiém nhat ddi véi hién tueong khir tir cuc bo. Trén co sé d6, nghién ctu lya chon hai
NCVC2, NCVC3 dé xay dung cac kich ban suy giam tir nham danh gia d6 nhay cua
dic tinh 1am viéc cua dong co ddi véi khir tir khong ddng déu cua nam cham. Gia
thiét cac marc suy giam tir 30% (NCVC3) va 35% (NCVC1) trong nghién ciu nay
dugc st dung nhu cac mac khao sat dai dién cho vang suy giam tir manh, phuc vu
muc dich danh gia anh huéng cua khir tir ¢én kha ning khoi dong va dong bo cua
dong co, chir khong phai 1 cac gi tri duoc xac dinh truc tiép tir kha ning 1am viéc
cua Ex-LSPMSM.
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V& nguyén tic, muc suy giam tir khdng hoi phuc cua nam cham phai duoc xac
dinh trén co s diém 1am viéc cuc tiéu cua nam cham trong qué trinh khai dong, c6
xét dén nhiét do 1am viéc va duong cong khu tir cua vat liéu NdFeB-N38. Tuy nhién,
trong pham vi luan an nay, dé danh gia dinh tinh va dinh luong anh huéng caa khi
tr dén dic tinh van hanh cia Ex-LSPMSM, st dung hai muc suy giam tir cuc bo
30%(NCVC3) va 35%(NCVC1) tai hai vi tri nguy hiém nhat néu trén nhu cac kich
ban khao sat d6 nhay. Két qua thu duoc 1a co s& dé nhan xét xu hudng suy giam kha
ning dong b, ting dao dong toc do va giam d6 6n dinh van hanh khi nam cham xuat
hién khir tir cuc bo & cac ving 1am viéc bt loi.

Két qua nghién ctru vé dic tinh khoi dong va dong dién cia Ex-LSPMSM khi
hai cap NCVC3 va NCVC1 bi khtr tir mét phan khong ddi xting, két qua nghién cau

vé dac tinh toc do duoc dua ra trong Hinh 3.8.
3500
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Hinh 3.8. Bc tinh toc dg ciia dong co bi khir tir mét phan khéng doi ximg.

Két qua trong Hinh 3.8 cho thay thoi gian dé Ex-LSPMSM khai dong va dat
tbc do dong bo 1a khoang 0,4 gidy, ngin hon thoi gian 0,58 gidy trong Hinh 3.4a.
Diéu nay dugc giai thich 1a do tir tinh cia NCVC1 va NCVC3 da bi giam, do d6 luc
hat tr tinh cta roto va stato da giam, lam cho thoi gian khoi dong nhanh hon. Tuy
nhién, do hién twong khir tir mot phan, Ex-LSPMSM khéng thé hoat dong 6n dinh &
téc d6 dong bo. Lic nay Ex-LSPMSM hoat dong dudi toc do dong bo va toe do dong
co dao dong voi bién d6 dao dong manh, giy ra rung dong va tiéng on trong qué trinh
hoat dong.

Do thi dong dién trong Hinh 3.9 cho thay sau thoi gian khoi dong (0,4s), dong
dién lam viéc cua dong co khong 6n dinh, bién do dong dién dao dong manh va gia
tri tang (gia tri hiéu dung cuc dai 1a 50,3 A) so vai truong hop khdng khir tir 1a 26,4
A (Hinh 3.4b), twong ung tang 1,9 1an. Dong dién cao va cing Véi Sy gia tang nhiét



84

d6 c6 thé dan dén khu tir NCVC trong diéu kién lam viéc binh thuong cua Ex-
LSPMSM.
300

Name X Y —m%-w
200 m1_3.582071.1510

100 ot

0
-100
-200

-300° ‘ ‘ | ‘ :
0 1 2 3 4 Time[s]

Currrent [A]

Hinh 3.9. Pdc tinh dong dién cua dong co bi khir tir mét phan.

Bén canh do6, hiéu suat cua Ex-LSPMSM duoc xac dinh bai dac tinh cong suat
dién tir va cdng suét co trong Hinh 3.10. M6 phong tuong tng & hai ché do cho thiy
hiéu suat ciia dong co khi khong khir tir = 93,3% va hiéu suét cua dong co khi khir
tir mot phan (Hinh 3.10) n1 = 90,10%. Hiéu suat cua dong co giam dang ké An =
3,2%, hiéu suat nay thap hon hiéu suit cua cung loai IM (90,3%).
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Hinh 3.10. Cong sudt dién tir va cong sudt co ciia Ex-LSPMSM.
Két qua nghién ctiu trén md hinh mé phong cho thay: trong qué trinh khoi
dong Ex-LSPMSM véi cau tric 3 thanh, hai thanh ngoai d& bi khtr tir nhat, mic d6
khtr tir ciia céc thanh khong gidng nhau. Trong truong hop hai cip nam cham bi khir

tr mot phan, dac tinh 1am viéc cia EX-LSPMSM kém hon nhiéu, chang han nhu: tbc
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d6 l1am viéc dao dong dan dén mat dong bo, bién do dong dién dao dong I6n, hiéu
suat dong co giam manh theo cac thong sb da phan tich.
3.1.2.3. Phan tich kher ter doi xing cuia Cac cap nam chdm doi véi Ex-LSPMSM

Cau hinh cua dong co ba pha Ex-LSPMSM (15 kW) dién &p 380/660V c6 dang
nhu hinh 3.2, trong d6 kich thudc cua NCVC c6 gia tri twong tmg d6 day h (mm) va bé
rong b (mm) [5],[47].

Nghién ctru ttng dung mé hinh md phong nay dé khao sat anh hudng ciia mot s6
truong hop suy giam tir caa NCVC dén van hanh caa Ex-LSPMSM. Trong thuc té, suy
giam tir di xung cua NCVC do chét lwong nam cham khong tét bi khwr tir trong qua
trinh van hanh. Nghién cau mot sé kich ban NCVC bj khir tir trong mét sb truong hop
sau:

Suy giam 30% Suy giam 50% Suy giam 70%

a) Suy giam tir & mot cip NCVC ddi xung

Suy giam 30% _Suy giam 50% _Suy giam 70%

b) Suy giam tir ¢ hai cip NCVC dbi xing
Hinh 3.11. Mét sé kich ban suy giam tir cizia NCVC
Do qué trinh khir tir thong thuong tac dong 1én NCVC 1a ddi xing nhau vé mat

két cu, nén ta xét suy giam tir cia NCVC trong 2 dang co ban sau day:
- Suy giam tir & 1 cap NCVC ddi xiing nhau
- Suy giam tir ¢ 2 cap NCVC ddi xiing nhau
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Ta ciing xét do suy giam tir caia NCVC & muc do tir 30% dén 70%. Muc do suy

giam tir nay phan anh tong quan anh huong caa suy giam tir caa NCVC. Néu mic do

suy giam nho hon hoic 16n hon nita qua nghién ctru nay ciing c6 thé suy ra dé danh gia

duoc. Tur do, ta co 06 kich ban duoc xét dén nhu sau:

Bang 3.2. Vi tri va marc d6 suy giam tur

STT Vi tri suy giam tir Mirc do suy gidm
Truong hop 1 1 cip NCVC dbi xting nhau 70% Br
Trudng hop 2 1 cip NCVC ddi xting nhau 50% Br
Truong hop 3 1 cip NCVC d6i xtrng nhau 30% Br
Truong hop 4 2 cip NCVC ddi xtng nhau 70% Br
Truong hop 5 2 cap NCVC ddi xtrng nhau 50% Br
Trudng hop 6 2 cip NCVC d6i xting nhau 30% Br

Khi m6 phong ddi véi 1 cap NCVC bj suy giam tir & truong hop 1+3, két qua md

phong d6i véi duong dac tinh tée do khi khoi dong nhu sau:
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Hinh 3.12. Pdc tinh toc dé cia Ex-LSPMSM & dang suy gidm tir & mét cap

NCVC doi xirg nhau

Nhu vay, tir hinh 3.12 cho thy ddi véi mirc d6 suy giam tir thi ¢ truong hop 1

cho dic tinh khoi dong tot nhat, thoi gian di vao téc d6 ddng bo 6n dinh nhanh hon 2

trurong hop con lai. Nguyén nhan cé thé giai thich do mot khdi NCVC ldc khai dong gan

nhu khong con tac dung, do d6 moémen kéo cia NCVC trong khai dong giam xuéng nén

dic tinh khoi dong sé tdt hon.
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Hinh 3.13. Bdc tinh téc dé cria Ex-LSPMSM khi suy giam tir & hai cap NCVC
dol xirng nhau
Tuong tu, d6i Vai trudng hop suy giam tir & hai cap NCVC déi xang nhau. Nhan
thiy truong hop 4 cho dic tinh khoi dong tét nhat, thoi gian di vao tdc d6 dong bo on
dinh nhanh hon 2 trueong hop con lai.

Speed_LSPMSP Ansys
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Hinh 3.14. Pdc tinh toc dé cia Ex-LSPMSM khi suy giam tir cia
NCVC ¢ hai dang mét va hai cap NCVC doi xirng nhau
Tur hinh 3.14 nhan thay rang, d6i voi suy giam tir trong 2 dang mot va hai cap
NCVC dbi xtng nhau thi chat luong khai dong ¢ dang hai cap NCVC d6i xing cho chat
lwong khoi dong cao hon, thoi gian di vao dong bo hod va on dinh téc 6 nhanh hon.
Nguyén nhan c6 thé giai thich trong ty nhu di giai thich & trén, IGc nay mdmen kéo cua
NCVC trong qua trinh khoi dong cua hai cap déi xang giam so véi mot khdi, dan dén

500.00
0.00

chat lugng khoi dong tét hon.
Bén canh d6, dé nghién ciu suy giam tir dén hiéu suat LSPMSM trong qua trinh
van hanh x&c 1ap, nghién ciu ciing mé phong dé tinh toan hiéu suat di véi ting truong
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hop da néu. Nhu hinh 3.15 bén dudi 1a dic tinh vé cdng suat dién tir va cong suit co dé
tinh toan hiéu suat dong co trong qua trinh moé phong.
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Hinh 3.15. Cong sudr dién tir va cong sudt co trong qud trinh mé phong Ex-
LSPMSM trong truong hop 1
Sau khi md phong ddi véi ting trudng hop cu thé, tong hop lai hiéu suat mo
phong trong 6 truong hop xét dén duoc thé hién trong bang 3.3 bén dudi.
Bang 3.3. Hiéu suat caa Ex-LSPMSM khi suy giam tir & mot cip NCVC ddi xung

STT Hiéu suat n(%)
Truong hop 1 91,2
Truong hop 2 92,8
Truong hop 3 93,3
Truong hop 4 90,2
Truong hop 5 92,5
Truong hop 6 92,8

Tir bang 3.3 ta nhan thay ring, trudng hop 3 & ddy s& cho hiéu suat cao nhat
(93,3%) nhung dic tinh khoi dong kém nhat. Nguoc lai d6i véi truong hop 4 ¢6 dac tinh
khai dong tot nhat nhung hiéu suét lai thap nhat (90,2%). Nguyén nhan c6 thé hiéu 1a ¢
truong hop 4 do khir tir manh nhat nén dic tinh khoi dong cua Ex-LSPMSM va hiéu suat
gan nhu trd vé trang thai cua dong co khong ddng bo. Bén canh dé ciing thiy rang, doi

V6i hiéu suat thi mac d6 khi tir ¢ hai dang mot va hai cip NCVC duéi 30% 1a dang ké.
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3.1.3. Piéu kign dam bdo khong bi kha tie NCVC ciia Ex-LSPMSM
Viéc tinh toan, thiét ké NCVC sao cho tranh duoc hién twgng khir tir trong qué
trinh khoi dong cua Ex-LSPMSM la rat quan trong [56]. Theo [96], ¢6 hai loai dudng
cong khtr tir thuong dugc sir dung: mat do tir thong qua nam cham la ham cua truong
tur (duong cong BH) va do phéan cuc tir dudi dang ham cua truong tu (duong cong
JH). Méi diém trén duong cong JH (Hm, Jm) €0 thé lién quan dén mot diém twong Gng
trén duong cong BH (Hm, Bm)
By = UoHpm + Jim (3.8)
Néu diém lam viéc thiét ké nam trong ving tuyén tinh, s& khong c6 nguy co
khtr tir. Néu duong lam viéc cat duong cong BH bén duéi diém uén caa duong cong
Khtr tir, s& xay ra hién tuong khir tir cia nam cham vinh ciru. Dé tranh nguy co khir
tir ndy, nha thiét ké phai dam bao rang diém 1am viéc nam cach xa khu vuc diém gbi
cua dudng cong tir tré trong nhitng diéu kién xau nhat. Bi véi nam cham vinh ciru,
c6 hai yéu t6 dan dén khu tir 12 nhiét do hodc dong dién 1am viéc qué cao. Hinh 3.16
bén dudi 12 qué trinh khir tir khdng phuc hoi do dong dién qua cao gay ra. Trong
truong hop xét may dién lam viéc & 80°C tai diém 1am viéc Wea, khi dong dién 1am
viéc qua cao, diém lam viéc s& dich chuyén dén diém We,. Sau qué trinh khir tir khdng
phuc hdi, tir du s& chuyén xudng diém Bz < By nguyén ban va lac nay dudng dac tinh
méi s& 1a dudng Wez va Brz thay vi duong cong BH tinh toan ban dau cho may dién.
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Hinh 3.16. Khu tir do dong dién qua cao.
Trong qua trinh khoi @éong, NCVC chiu tac dong cua 3 loai strc tir dong [40].

Ba loai nay gém: st tir dong dong stato Fs, sic tir dong dong roto Fr, Fg 12 stc tir
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dong sinh ra bai dong dién trong cudn day stato do tir théng NCVC bién doi gay ra.
Ba suc tur dong nay cung Fom do NCVC sinh ra gy ra hau qua la hién tugng khir tir
khong phuc hdi trong d6 diém lam viéc cia NCVC bén dudi diém udn. Truong hop
xau nhat cua qua trinh khtr tir khéng phuc hoi 1a tat ca cac st tir dong ¢ chiéu ngugc
v6i hudng cua Fpm. Tong hop bén sic tir dong Fs, Fr, Fg va Fom sinh ra stc tir dong
téng F, duoc xac dinh nhu sau [34]:
F=Fyu,+F+F +F, (3.9)
Trong qua trinh khai dong, 16ng séc¢ tao ra hiéu tng tim chin dién tir bao vé
NCVC khoi khtr tir do tir trudng Fs di qua cac thanh 16ng s6c. Tuy nhién, tam chan
dién tir long s6¢ khoéng anh hudng dén Fq Vi van téc roto bang van tée dong bo. Tac
d6ng cua tam chan dién tir bao vé c6 thé dugc xac dinh bang do tham thau do sau va
duogc xac dinh theo céng thac
B, = By.e~ /9 (3.10)

A= /; (3.11)
2.m.8.f1.41.01

Trong d6, Bo 1a mat d tir thdng tai bé mit thanh 1ong séc, x 1a khoang khdng
gian gitta mot diém trén thanh ldng s6c va bé mat, A 13 do sau tham thau, w, o1, s, f1
14 do tir tham, d¢ dan, do truot va tan sé theo thi tu.

Fq quay cuing téc do véi roto, vi thé bién do cua nd khéng anh huong bai hiéu

rng man chin. Fy duoc xac dinh béi cong thire
_ 0.45.M.N.ky1. Py 1
V2p " (r1/wr)+L

Trong d6, N 1a s6 vong mot pha, kw1 12 hé sb day quan co ban, p 12 s6 ddi cuc,
m 14 s6 pha, L 1a dién cam pha, ¥,, 1a tir théng mdc vong do NCVC sinh ra.

Khi bat d¢au khai dong, Ri/er rat 16n so véi L vi lac d6 or bang 0 dan dén Fy
rat 1on. Sau d6 tri s6 Ri/wr giam di rat nhanh, va L dong vai tro quan trong trong van
hanh. Lc nay Fy gan nhu 6n dinh va khong thay doi nhidu. Nhu vay c6 thé thiy ring
sau khi khai dong, bién do cua Fs bi 1am suy yéu dang ké nhd 6 man chin dién t,

nhung van con mot lugng Fs vuot qua thanh dan 16ng sdc, gay ra khi tir NCVC. Bén
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canh do, bién do Fy khong bi tac dong cua man chin dién tir, bién d6 nay ting dot
ngot lac ban dau khoi dong va cé xu hudng on dinh vé sau.

Nhu vy, néu thiét ké khdng tét co thé s& xay ra hién tuong khir tir khdng phuc
hdi & qué trinh qua do cia dong co nhu khoi dong, ngan mach, mat dong bo do dong
dién stato c6 gié tri 16n. Khi xay ra qué trinh khir tir khdng phuc hdi nay, theo phan
tich ¢ trén dudng dic tinh 1am viéc cia NCVC s& bj thay doi. Gia tri tir du ban dau
khi xay ra hién tuong khir tir khdng phuc hoi cia NCVC 13 Br2<B:. Theo cong thirc
trén, gia tri Eo phu thuoc bac nhat vao B, do vay Eo bi giam xudng do hién tuong khu
tir khdng phuc hoi nay.

Pé tranh khir tir khdng phuc hoi nhu trén da phén tich thi bé day NCVC phai

dam bao theo cong thac sau [34]:

2 m 2pHc
1< lME'Z'ﬁ.N.kW (3.13)
4 +2.N.ky,
1.?.;. e < (3.14)

Trong do, I 1a gia tri dong dién dinh trong qué trinh khéi dong. Gia tri nay
dugc xac dinh khi md phong LSPMSM tir mé hinh toan ¢ muc 2.
3.2. Phan tich lya chon tham s6 ciia nam cham vinh ciru
3.2.1. Phwong phdp phan tich tham sé

Gia st XSR" 1a tap hop cac vecto quyét dinh kha thi x, tap kha thi X thuong
duogc xac dinh bai cac rang bugc hinh hoc, cac dinh luat vat 1y, va cac yéu tb thuc tién
trong hé thong. Ham muc tiéu f : X—R dugc s dung dé danh gia mdi vecto quyét
dinh. Trong ndi dung nay, ta sir dung bai toan tdi thiéu hda ma khéng lam mat tinh
t6ng quat, boi vi bai todn téi da hoa ham f 1a twong dwong véi toi thiéu hoa ham —f
[54].

Véi ky hiéu nay, bai toan phan tich tham sé duoc biéu dién nhu sau:

y* = mxin f(x) (3.15)
véi diéu kién: xEXCR"
Muc tiéu cua bai toan 1a tim nghiém y=, twong Gng Véi gia tri nho nhat cua

ham muc tiéu f(x), trong d6 x€X. No6i chung, cac phuong phap toan hoc dugc sir dung
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dé xac dinh cac diém cuc tri (cuc tiéu cuc bo hoic cuc tiéu toan cuc) caa ham f. Trong
linh vuc k¥ thuat, dac biét 1a ky thuat dién, phuong phap nay thuong dugc ap dung
trong qua trinh xay dung va phat trién cac md hinh tinh toan.

Trong phan tich tham s6, muc tiéu & tim nghiém caa mot bai toan tiéu chuan
duéi dang ham cua mot sé tham sé nhét dinh. Céc tham sé nay 1a cac bién c6 anh
huong dén qua trinh ra quyét dinh, nhung nim ngoai kha ning kiém soat cia ngudi
thiét ké. Trong ngit canh thiét ké hé théng, cac tham sb c6 thé bao gom céc yéu cau
thiét ké chua duoc xac dinh rd rang, cac diéu Kién méi truong hodc dic tinh caa cac
phan hé khac. Vé mit truc giac, bai toan tim kiém tham s6 ¢6 thé duoc xem nhu mot
ing dyng cua tién bai toan t6i wu hoa tiéu chuan.

Gia sir & SRP la tap hop céc vecto tham s6 kha thi 6. Ta mé rong phuong trinh
(3-15) sang trudng hop tham s héa nhu sau:

y* = mxin f(x,0) (3.16)

Vi cac rang budc:

9i(x,0) =0, Vi=1,..,q
hi(x,0) >0, Vi=1,..,r
0, EO0CS RP, x€eXCR"

Trong trudng hop lua chon tham sb, ham muc tiéu duoc xac dinh nhu mét ham
cua vecto tham sb. N6i cach khac, y*(0) biéu dién mdi quan hé giira 6 va minxex
f(x,0). Do d6, nghiém phuong trinh, thay vi 1a mot diém duy nhat, c6 thé 1a mot tap
hop (c6 kha ning vo han). Céc rang budc gi va hi 1a nhitng ham phu thudc dong thoi
vao bién thiét ké va tham sé.

Trong luan &n sir dung phuong phap phan tich tham sd, cu thé phan tich kich
thugc bé rong cua NCVC khi chiéu day thay doi vai diéu kién dam bao kht tir trong
thiét ké LSPMSM. Pay c6 thé coi 1a bai toan phan tich tham sé véi khdng gian 2
chiéu. Hinh 3.17 minh hoa nghiém cua bai toan trong truong hop hai chiéu. Ving
duogc t6 dam biéu dién ving kha thi trong khong gian muc tiéu. Puong dam la gia tri
cuc dai ctia ham muc tiéu &ng voi mot gia tri 6 cho trudc. Luu ¥ rang chiéu x khdng

dugc hién thi trong hinh 12 huéng vao mit phang trang giay.
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tap nghiém
vung
kha thi

glb 9ub>

Hinh 3.17. Minh hoa khéi quét vé tap nghiém cua bai toan phan tich tham sé.

Khong gian tham sé kha thi c6 thé dugc xac dinh mot cach don gian bang cac
gidi han trén va dudi, hodc cé thé bai cac rang budc tong quat hon (phi tuyén). Trong
mét s6 ung dung, viéc dinh nghia cac rang budc dudi dang ham cua ca x va 0 13 hitu
ich. Vi du, tham s c6 thé 1a mot dap ting cia cac bién thiét ké, tirc 1a 6=0(x), véi anh
Xa 0:R"—>RP. Rang budc nay, 6=0(x), s& duoc biéu dién dudi dang mét rang budc
dang thirc trong phuong trinh (3.16).
3.2.2. Ung dung phwong phdp phén tich tham sé dé lwa chen thong sé NCVC
3.2.2.1. Mb hinh tinh toan hiéu sudt Ex-LSPMSM

Trong qué trinh van hanh xac 1ap, Ex-LSPMSM c6 c4c ton hao chinh nhu sau:
t6n hao trén cuon day stato, ton hao sit tir va ton hao co.

T6n hao day quan trén stato hay con goi 1a ton that dong Pey duoc xac dinh
theo cong thuc [112].

P., = 3I?R (3.17)
bién tro cudn day stato R ¢6 thé duoc udce tinh 1a dién tré DC (Rec):
lCNC
RdC = Pc 1 (318)

Trong d6: pe 13 dién tré suat cua day dan stato, Ic 1a chiéu dai caa mot vong

day quan duoc xac dinh theo cong thuc:
L= 2L+ L) (3.19)
Trong d6: 2L — chiéu dai day dan trong rdnh stato; 2lend — chiéu dai day dau

ndi ¢ hai dau ranh stato, cé thé xac dinh theo mo ta trén hinh 3.18.
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Hinh 3.18. Chiéu dai mét vong ddy qudn stato [112]
Chiéu dai lend duoc xac dinh:
lena = 2lext + T, (3.20)
Trong d6: lex 12 chiéu dai mé rong dau cudn day va la gia trj thuong nam trong
khoang tir 10 dén 30 mm, tly thudc vao kich thudc may, 1y 1a budc cudn day tinh
bang mm va duoc xac dinh

n(D+2(Hgo+Hg1)+Hgp)
Ty — SOp s1 S2 )ﬁ (3.21)

Trong d6: B - 1a ty 1& budc ngin; D - Buong kinh stato tai phia khe ho khdng
khi (mm); Hso, Hs1, Hs2 — Chiéu cao cua dau ring stato, ném rinh, va phan tir ném dén
day ranh (mm)

T6n hao sit tir trong Ex-LSPMSM duoc x4c dinh gan ding nhu sau

Wi = Kof *Bfax + Knf Biax (3.22)

Trong d6: f— 14 tan s6; Ke, Kn - 1a hé s ton that dong xody Va tir tré; Bmax -1a
mat do tur thong cuc dai.

Dudi tac dong cua tir théng khdng sin vai nhiéu thanh phan séng hai bac cao,
thi tong ton hao sit tir trong dong co dugc xac dinh nhu sau:

Wi = Wy1(@, Byax) + Ziez {Wa(Brn) + Wa(Bo )} (3.23)

Trong d6, W1 va Wi lan luot 14 ton hao sat co ban va ton hao sat thanh phan

song hai thi n; o 1 ty s6 truc cua tir trudng quay. Céc dai luong B,., v Bg,, lan luot
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biéu thi thanh phan song hai bac n cua mat do tir cam theo huéng xuyén tim va huéng
chu vi.
T6n hao co bao gdm tén hao quat gid 1am mat va ton hao do ma sat co Pur.
Thong thudng gia tri nay wdc tinh 1% tong cong suat dau ra.
P, = 0.01P,,; (3.24)
Cong suat dau ra caa dong co
Pout = Nphase E1lpn (3.25)
Trong d06: Nphase 12 $6 pha cuia may, Ipn 12 gid tri hiéu dung caa dong dién cuon
day va E; la gi4 tri hiéu dung cta thanh phan co ban cua suat dién dong nguoc duoc
xac dinh theo cong thuc.
Tir d6, hiéu suat cua hé thong co thé duoc xac dinh theo biéu thic:

n= Pou (3.26)

Pout +Pcore +Pcu+PWf

Trong do6:

P, : cong suét ra hitu ich, P, : ton hao 15i sat,

P.,,: ton hao dong trong cudn day, Pyy: t6n hao gid va ma sat.
3.2.2.2. Tinh todn kich thuoc cua nam chdm vinh cuu (NCVC)

Thé tich ctia nam cham vinh ciru trong dong co ty 18 thuan vai cong suit dau
ra. Do d6, thé tich so bo ciia NCVC dugc lya chon sao cho dap ung cong suat yéu
cau. Thé tich so bo can thiét cia NCVC trong dong co Ex-LSPMSM duogc xac dinh
theo cong thuc [47]:

V. = Zkof(1+kEc)P2
M n2§2pfBrHc

(3.27)
Trong do:

- P,: cOng suat dau ra ctia dong co;

- H;: lyc khang tir cua vat liéu nam cham;

- kosihe sd qué tai;

- kgq:hé s6 dang tir hoa;

- kgt hé s6 suat dién dong;

&: hé s0 sir dung nam cham;
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- p: s6 d6i cuc cua dong co;
- f: tan s nguon;
- Br:matdo tur du.
Mit khac, dé tranh hién twong khir tir, chiéu day téi thiéu cia NCVC theo
hudng tir hoa can dugc dam bao theo cong thirc [34]:

m 4\/§Nkwsl
2m 2pHe P

Ly = (3.28)

Trong do:

- lm: chiéu day cia NCVC theo hudng tir hoa;

- lp: gié tri dinh cia dong dién trong qua trinh khdi dong;

- N: s6 vong déy trén mot pha;

- kws: hé sb dang ranh stato;

- m: s0 pha cua dong co.

V6i dong co Ex-LSPMSM 15 kW, cé: m = 3; kws = 0,92; N = 120 vong/pha;

HC = 950000 A/m; | = 26,2 A. Khi st dung cho phu tai quat gi6 cuc bo trong khai
thac mo ham 10 thi boi sé dong khai dong tir 2+3 lan dong dinh muc, chon kg =
2,2lam — Ip = 2,2.26,2 = 57,6 (A)

3 4 +/2.120.0,92
23,14 2.950000

Tir phan tich giai tich vé ly thuyét & phan trén cho thdy Ex-LSPMSM la dong

7,6 =9mm - chonly, =9mm

co ¢6 hiéu suat cao, tuy nhién trong van hanh do anh huéng caa dong qua do trong khoi
dong sé co thé xay ra qua trinh khir tir cia NCVC. Anh huéng khir tir tac dong dén tat
ca cac thong s van hanh cia dong co, qua d6 anh huong dén hiéu suat van hanh ¢
trang thai xac lap cua dong co. Trong nghién ciru nay, sé lya chon kich thuéc NCVC
dé t6i da hoa hiéu suat van hanh va tranh hién tuong khir tir trong dong co. Péi tuong
khao sat 1a dong co Ex-LSPMSM 15 kW, 2 cuc ¢6 c4c théng sé chinh nhu sau:



97

Bang 3.4. Thong sb dong co Ex-LSPMSM

Tham sb Ky hiéu Gia tri Pon vi

Puong kinh ngoai stato Dout 245 mm
Duong kinh trong stato Din 152 mm
Duong kinh ngoai roto D 151 mm
Puong kinh truc roto Dt 52 mm
Vat liéu thép stato Steel 1008

S ranh stato Z; 36 ranh
S6 ranh réto Z; 28 ranh
Chiéu dai khe hé khong khi 5 0,5 mm
Pién 4p nguon cap Un 380/660 \Y;
Tan s6 ngudn cap f 50 Hz
Nam cham vinh ctru NdFeB-N38

Cau hinh réto Ex-LSPMSM 15 kW, 2p = 2 m6 phong nhu hinh 3.19:

Hinh 3.19. Cdu hinh EX-LSPMSM thuc nghiém 15 KW, 2p = 2
Két cau roto cua dong co Ex-LSPMSM thyuc nghiém gém hai cuc, mdi cuc bd
tri ba thanh nam cham vinh ctru (NCVC) ¢6 kich thuéc va dic tinh gibng nhau. Dya
trén cac thong sé thuc nghiém cua Ex-LSPMSM va sir dung cac cong thic so bo
(3.27) va (3.28), thé tich can thiét Vm ciia nam cham c6 thé duoc tinh toan cho qua
trinh ché tao. DBé tranh hién twong khir tir, c6 thé lva chon chiéu day nam cham Iy =

9 mm. Kich ban mé phong duoc thiét 1ap vai chiéu day thanh nam cham Iy =9 mm,
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trong khi chiéu rong wm duoc thay doi, dam bao rang thé tich Vv cua nam cham
khong thay d6i qua 10% so V&i gia tri tinh toan ban dau. Do d6, bai toan mé phong
duoc thyc hién véi gia tri ww thay doi tir 29 mm dén 35 mm, véi bude ting 1 mm,
tuong tng 7 truong hop mo phong.

Véi kich ban ww thay d6i tir 29 + 35 mm budc 1 mm, két qua md phong dic
tinh tbc do khai dong Ex-LSPMSM nhu hinh 3.20 bén dudi

3000 | /
Curve Info
2500 | wM="29mm’
| wM="30mm’
'E' 20001 J — wM="31mm’
[=% ] / wM="32mm"
'_E' 1500 1 F/ wM="33mm’
@ | —  wM="34mm’'
& 1000 P wM="35mm’

5007

-500 ‘ -
0.00 0.25 0.50 0.75 1.00 1.25 1.50
Time [s]

Hinh 3.20. Pdc tinh toc do khéi dong cua EX-LSPMSM 15 kW, 2p = 2
Hinh 3.20 cho thay, dong co Ex-LSPMSM c6 thé khoi dong veéi tai dinh mic
tai cac gid tri khac nhau cua ww. Tuy nhién, khi chiéu rong nam cham ww ting 1én,
qua trinh khai dong tré nén kho khan hon. Pac biét, khi wmv > 33 mm, thoi gian dong
bo hoa cua dong co ting dang ké, ddn dén dong co khoi dong cham va qua trinh bat
d6ng bo dién ra rat cham. Két qua dua ra trong bang 3.5.

Bang 3.5. Thoi gian khéi dong

wm (mm) tst (S) Aomax (vong/phat)
29 0,734 200
30 0,767 126
31 0,848 163
32 1,059 15
33 1,128 110
34 1,352 0
35 1,405 44
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Trong do:

tst : thoi gian dong bo hda — 1a khoang thoi gian tir khi bat dau khai dong dén
khi tbc do roto dat trang thai déng bo on dinh;

Aomax : dao dong tdc d6 cuc dai trong qua trinh qua do.

Nhu vay, c6 thé thdy 1a bé rong wm cang 16n thoi gian dong bo hoa ts cang
I6m, dong co vao ddng bo khé khan. Truong hop 16n nhat ang véi wmv = 35 mm, thoi
gian vao d6ng bo 1.4s so voi Ww = 29 mm thi thoi gian vao dong bo ww 16n hon gap
doi.

Pé danh gia kha nang kht tir caa ting thanh NCVC trong qua trinh khai dong,
ta md phong dé tim diém lam viéc ¢ tri so6 B cuc tiéu (Bmin) trén mdi thanh NCVC.
Tai diém Bmin ndy nguy co xay ra qua trinh khir tir khéng phuc héi 1a cao nhat ddi voi
NCVC. Két qua mo phong tim diém Bmin cho timg thanh NCVC nhu sau:

Két qua md phong Bmin cho thanh NCVC1 trong qua trinh khoi dong caa dong
co nhu hinh 3.21 bén dudi.

1.40
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a) b)
Hinh 3.21. Piém cuec tiéu toan cuc ciia trang thai lam viéc cua NCVCL.
a) Pic tinh khir tir theo thoi gian; b) Diém lam viéc nho nhat theo sy thay doi ciia Wi
Két qua md phong cho thay rang trong qué trinh khai dong, NCVC1 chiu anh
huong dang ké caa dong dién khoi dong, nhu thé hién trong Hinh 3.21(a). Khi chiéu
rong nam cham Wy ting, gia tri Bmin gidam, diéu d6 cho thay thanh nam cham vinh
ctru bi khir tir nghiém trong hon. Gia tri Bmin Nho nhit cua cac thanh NCVC khi wi
>34mm gan nhu bang khong, nhu thé hién trong Hinh 3.21(b). Do d6, khi wm >

34 mm, NCVCI c6 nguy co rat cao xay ra hién tuong khur tir,
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Két qua md phong Bmin cho thanh NCVC2 trong qué trinh khoi dong cia dong

co nhu hinh 3.22 bén dudi.
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Hinh 3.22. Piém cuc tiéu toan cuc ciia trang thai lam viéc cua NCVC2,
a) biac tinh khu tir theo thoi gian; b) DPiém lam viéc nho nhat theo su thay doi ciia W

Ciing tuong ty nhu thanh 1 véi bé rong wm 16n hon hodc bang 34 mm, thanh

NCVC2 c6 diém lam viéc thap nhat xap xi khdng, c6 kha nang bi khir tir khdng phuc

hoi. Bén canh d6 ciing c6 thé thay 1a véi ww = 35 mm thoi gian duy tri qua diém lam
viéc thap nhat ciia thanh NCVC2 tuong dbi dai.

Két qua md phong Bmin cho thanh NCVC3 trong qua trinh khoi dong caa dong

co nhu hinh 3.23 bén dudi.
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Hinh 3.23. Piém cuc tiéu toan cuc cia trang thai lam viée ciia NCVC3;

a) bac tinh khir tir theo thoi gian; b) Diém lam viéc nho nhat theo su thay do6i cia w.

Ciing twong ty nhu thanh 1 va thanh s6 2 véi chiéu dai wm 16n hon hoic bang

34 mm, thanh NCVC s6 3 ¢ Bmin thap nhat xap xi khong (nhung van Ién hon gia tri

cua thanh NCVC s6 1 va s6 2). Nhu vay, ldc nay vai thanh NCVC sé 3 nay van c6 kha
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ning bi khtr tir. Bén canh d6 ciing c6 thé thay 13, véi wv = 35 mm thoi gian duy tri
diém lam viéc thap nhat cua thanh NCVC s6 3 tuong ty nhur thanh sb 2.

Tong két gia tri diém lam viéc mo phong thap nhét trong céc thanh NCVC
tuong GNg V4i chiéu rong nhu bang 3.6 bén dudi:

Bang 3.6. Biém lam viéc nhé nhat trong qua trinh khai dong cua cac thanh NCVC

wm (mm) Bmin (Tesla) Bmin (Tesla) Bmin (Tesla)
NCVC sé 1 NCVC s6 2 NCVC sé 3

29 0,329 0,281 0,420

30 0,335 0,278 0,377

31 0,368 0,249 0,317

32 0,220 0,181 0,277

33 0,205 0,101 0,184

34 0,008 0,014 0,043

35 0,004 0,002 0,009

Két qua trong Bang 3.6 cho thay khi chiéu rong nam cham w ting tir 29 mm
1én 35 mm thi diém 1am viéc cuc tiéu Bmin ctua cac thanh NCVC giam rd rét. O mién
wWm = 29+33 mm, c4c gié tri Bmin Van con twong di 16n; tuy nhién, khi wv> 34 mm
thi Bmin Cua ca ba thanh NCVC suy giam dot ngot, lan luot dat 0,008 T; 0,014 T;
0,043T tai wm = 34 mm va 0,004T; 0,002T; 0,009T tai wm = 35 mm. Diéu nay cho
thay khi tang ww , mac di tir thong kich tir va site dién dong nguoc ¢6 xu hudng ting,
nhung diém 1am viéc caa nam cham lai dich chuyén vé gan viing gi caa duong cong
khtr tir, 1am gia ting nguy co khir tir khdng phuc hoi.

Vit ligu ciing 14 yéu té anh huong rat 16n dén khir tir khdng phuc hoi cua
NCVC. Trong qua trinh mé phong tac gia su dung vat liéu NCVC la NdFeB-N38 cua
Arnold Magnetic Technologies ¢ nhiét do 20°C. Dac tinh cia NdFeB-N38 nhu hinh
3.24 bén dudi [30].
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Hinh 3.24. Buong cong khir tir ciia vat liéu NdFeB-N38 cua Arnold Magnetic
Technologies [30]
Déi chiéu véi dac tinh khu tir cua vat liéu NdFeB-N38 trong Hinh 3.24 cho

thdy, ¢ nhiét do 20°C, diém gdi cua duong cong khir tir X4p Xi Bknee =~ 0,05T. Nhur
vay, d6i Vi cac truong hop ww > 34 mm, c4c gia tri Bmin Clia cac thanh NCVC déu
d3 nho hon hoic tiém can thap hon ngudng nay, do d6 nam cham di di vao ving c6
nguy co khtr tir khdng phuc héi. Khi nhiét ¢o 1am viéc cua roto ting 1én khoang 60°C,
diém gdi tang 18n x4p Xi Bknee = 0,3T, khi d6 mién l1am viéc an toan cua nam cham
tiép tuc thu hep; trong treang hop ndy, ngay ca mot s6 cau hinh ¢6 ww > 31 mm ciing
xuat hién it nhat mot thanh NCVC ¢ Bmin < 0,3T. Két qua nay cho thay nhiét do lam
viéc c6 anh hudng rat Ion dén kha nang chdng khir tir caa nam cham, va viéc lya chon
wwm khong thé chi dya trén yéu ciu ting tir thdng ma phai dong thoi thoa man diéu
Kién an toan khur tir.

Két qua md phong dang song suc dién dong ngugc o ché do van hanh xac lap
cua Ex-LSPMSM nhu hinh 3.25 bén dudi.
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Hinh 3.25. Dang song B-EMF ciia EX-LSPMSM 15 kW, 2p=2 vdi wm = 35 mm
Tinh toan bién d6 cua dang song strc dién dong nguoc cua EX-LSPMSM nhu

bang 3.7 bén dudi.

Bang 3.7. Bién d¢ strc dién dong nguoc khong tai cua Ex-LSPMSM 15 kW.

wn (mm) Bién do B-EMF Bién do B-EMF theo md phong | Sai s6 (%)
dinh muc (V) FEM (V)
29 380 346.8 8.7
30 380 349.1 8.1
31 380 354.4 6.7
32 380 360.2 5.8
33 380 365.5 3.8
34 380 371.3 2.3
35 380 375.5 1.2

Bang 3.7 trinh bay két qua so sanh bién d6 dang song sic dién dong nguoc B-
EMF cua dong co Ex-LSPMSM 15 kW khi thay doi bé rong nam cham ww. Két qua cho
thay khi wwm tang tir 29 mm [én 35 mm, thi két qua md phong phan tir hitu han ting tir
346,8 V Ién 375,5 V. Sai s so Véi gia tri dinh muc trong khoang tir 1,2% dén 8,7%,
trong d6 sai s6 lon nhat xuat hién tai wm = 29 mm va giam dan khi bé rong nam cham

tang.
DPé dam bao ngudn tir cho Ex-LSPMSM Iam viéc thi lra chon bé rong cua
NCVC d¢ sai s6 caa EMF nhé hon 5%, khi d6 chiéu rong twong tng W > 33 mm.
Vi kich ban mé phong ww thay doi tir 29 + 35 mm buéc 1 mm , két qua mo
phong hiéu suat 1am viéc cia Ex-LSPMSM & trang thai xac lap nhu hinh 3.26 bén duéi
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Hinh 3.26. Pdc tinh hiéu sudt & trang thai van hanh xdac lap cua EX-LSPMSM;
a) Pac tinh hiéu suat theo thoi gian, b) Gia tri trung binh cta hiéu suat so véi wm
Tong hop hiéu suat 1am viéc caa EX-LSPMSM ¢ ché do van hanh xac lap doi
Vi cac bé rong NCVC khac nhau nhu bang 3.8 bén dudi

Bang 3.8. Hiéu suat lam viéc cua Ex-LSPMSM ¢ trang thai van hanh xac lap

wwm (mm) Hiéu suat n
29 0.9417
30 0.9446
31 0.9471
32 0.9497
33 0.9519
34 0.9536
35 0.9551

Két qua mo phong vé hiéu suat véi cac ww khac nhau nhu ¢ hinh 3.26 va bang
3.8 cho thiy ww cang tang thi hidu suat cang ting. Nguyén nhan khi ww ting thi gid tri
B-EMF s& ting, dong co lam viéc du kich tir, hé s6 cong suat tang, dong lam viéc thap
hon, nén ton hao thap dan dén hiéu suit dong co ting 1én. Bén canh do, cin cir vao tiéu
chuan IEC/EN 60034-30-1:2014 cho dong co xoay chiéu tan s6 50 Hz, dong co 2 cuc,
VGi CAc gid tri hiéu suat dat dugc khi md phong déu duoc xép 16p 1E4 (93.3%)

Véi cac gia tri ww bién doi tir 29+35 mm, tong hop d6 thi giira hiéu suat, diém
lam viéc nho nhit cac thanh NCVC ctua Ex-LSPMSM theo bé rong mé phong nhu
hinh 3.27 bén dudi
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Hinh 3.27. Hiéu sudt va diém lam viéc nhé nhat theo sw thay doi clia Ww

Ta nhan thay, dé dam bao mirc hiéu suat IE4 (>93.3%) thi c6 thé n6i tat ca cac
ww khac nhau trong gigi han xét déu dat yéu cau. Mat khac véi Ex-LSPMSM 15 kW
thuc nghiém, lya chon wwm cang 16n thi hiéu suét cang ting.

Nhu vay, su phan tich & trén cho thay ring dé dam bao théng sé l1am viéc va
tranh nguy co khir tir c6 thé xay ra trong qua trinh khai dong, cé thé lua chon kich
thugc NCVC véi chiéu day 9 mm va chiéu rong 33 mm khi boi sé dong khoi dong
cao hozc chiéu rong 34 mm khi boi s6 dong khai dong nho (duong dac tinh tai khong
bi suy giam vé phia trai goc 1/4), khi ¢6 vin dam bao hiéu suat dong co & gia tri 95,19
%, hoac 95,36%.

3.3. Phan tich kiém tra lya chon loai NCVC
3.3.1. Mat do tiv thong do NCV'C sinh ra trong khe ho khong khi

So d6 mach di¢én tuwong duong cho dong co EX-LSPMSM 2p = 2 ¢ che do
khong tai dugc dua ra trén Hinh 3.28 va dac tinh lam viéc ciia nam cham vinh ctu
trén Hinh 3.29 [45].

Hinh 3.28. So' d6 mach tir thay thé ciia Ex-LSPMSM & ché d¢ khéng tdi [45]
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Hinh 3.29. Ddc tinh lam viéc cia nam cham vinh citu [45]
Trong d6: (Lrec) - duong dac tinh khar tir cia NCVC; (Lio) - duong dac tinh tai

& ché do khong tai; (Lso) — Dic tinh khi dong co mang tai
Phuong trinh cua cac duong Lrec VA Lio duoc viét nhu sau:
® =Dy + Ay F (3.35)
& =—-A.F (3.36)

Nhu vay diém lam viéc cia NCVC No (Pno, Fro) duge xac dinh:

A

Pno = Prem Aptng (337)
d)‘rem
Fio = e (3.39)
Ttr dan mach tir & ché do khong tai duoc xac dinh:
At = /15 + Ao‘ = kGM'A6 (339)

Trong d6: As 1a tir dan cua khe hg khong khi, né la tir dan hiru ich, twong tng
véi tr théng hiru ich chay khép kin tir roto qua khe hd khéng khi sang stato. As la
thanh phan tir dan tan, twong Gng vai tir thong khép kin cuia mdi thanh nam cham vinh
ctiru hay tir thong tan qua ranh stato, roto, vat licu khong dan tir, khe hé khéng khi
gitra nam cham va 14 thép.

Do tir dan cia NCVC duge xéc dinh

A, = HobtrecSm (3.40)

hm
Trong d6, Sw, 1a tiét dién ¢t ngang ciia nam cham vinh ctu

Nhu vay, tir thong caa khe ho khong khi dugce xac dinh
Drom (3.41)

As

Dsy = ———
00 ™ Am/kom+As
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Trong d6, hé s6 tir théng tan Kem duoc xac dinh
7 [40)

4hpy,

= _— +
koy =1+ —— In[1 (1_ap)fp] (3.42)

Luc do, tir dan khe ho khong khi As duoc xéac dinh
As = (apTpLretto)/(8kc) (3.43)

Trong d6: tp : Budc cyc tir, 8: Khe ha khong khi, ke : Hé sé diéu chinh khe ha
khéng khi, kc = Kcs.ker dugce xac dinh khi cé mat ranh stato va roto.
kes = Tss/(Tss — ¥s9) (3.45)

_ #|Pos oo Dos / bos)?
ys—nlzsarctgm In 1+(28)] (3.46)

Tuong tu xac dinh cho hé s6 ker. Nhu vay, tir cdng thic (3.40) néu bo qua béo

hda mach tir, tir thong khe hd khong khi & ché o khong tai dugc xac dinh:

(prem
4)60 B kaM"‘ﬂreckCi_q) (347)
P

| 2ap
Trong do: Cop = — (3.48)

P

As+Ay

Cp = Urec iM (349)

Tt phuong trinh (3.47) ¢6 thé tinh toan dugc mat do tir théng khe hg khong
khi Bor & ché do khoéng tai
B, = —2rem (3.50)

C
kaM"‘llreckC%

B-EMF duoc xac dinh

Ey = 444fwk, —T"— = 4.44fwk,, ! .D';Fe .Byom (3.51)

Kom+hreckcg® Kom+hreckcg®
Tir cdng thic (3.51) cho thdy, B-EMF phu thudc vao mat dé tir du cia NCVC.
MAi quan h¢ giita Br va Eo 1a quan hé tuyén tinh, khi B tang thi Eo ting va nguoc lai.
Bén canh do, ciing co thé thay rang gia tri B-EMF con phu thudc vao hé sé cuc tir ap,

nghia 1a phu thudc vao chiéu dai caa NCVC trong mach tu.
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3.3.2. Phan tich lwa chgn logi NCVC

Cac thdng sb dic trung ctia nam cham vinh ciru, bao gdm luc khang tur, tir du,
tich nang lugng, nhiét d6 Curie va mat do tir théng hitu hiéu, duoc liét ké trong Bang
3.9 [86].

Bang 3.9. Cé4c thdng s6 dic trung cia nam cham vinh ciru

Loai NCVC B: (T) Hee (KA/M) | He (KA/M) | BHmax (kI/mMd)
N35 1,170 876 1,590 263
N38 1,220 907 1,590 286
N40 1,220 939 1,590 302
N42 1,280 087 1,590 318

Trong d6: Br - Mat do tir thong du; Heg - Cuong d6 tir treong khang tir cuc
tiéu; Hey- Cudng d6 tir truong khang tir cuc dai; BHmax - Tich nang lwong cuc dai

Viéc lya chon nam cham vinh ciru NdFeB phai tranh hién tugng khir tir [44].
Viéc tinh toan kich thuéc nam cham NdFeB trong thiét ké dong co Ex-LSPMSM
thuong duoc thuc hién theo cac budc sau [10]:

Budc 1. So bd lra chon loai nam cham vinh ciru dung cho thiét ké dong co
nhim xéc dinh cac tham sé ban dau (Br, Hes, Hes, BHmax).

Buéc 2. Tinh toan so bo bé rong cuc dai cia nam cham Wnax:

Winax = V2R1max (3.52)

Buéc 3. Tinh toan thé tich tdi thiéu cia nam cham vinh ciru:

_ Z-kocf-kfd-(l‘l'kEC)-Pn

Vm = n2.£2.p.f By.H¢ (3.53)
Budc 4. Tinh toan chiéu day tdi thiéu ciia nam cham vinh ctu L
Vin
Lbn = Hypn Wi (3.54)

Trong d6, Rimax - Khoang cach tir tim dén day ranh roto; Koet - Hé $6 qué tai;
ko - Hé 56 dang tir hoa; kec - Hé s ste dién dong (0,6 + 0,95); Pn - Cong suit dinh
muc; & - Hé s6 sir dung nam cham (0,3+0,7); Br - Mat do tir thong du; Hc - Cudng do

tir truong khang tir cuc dai; Hm - Chiéu dai nam cham vinh cau.
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Cac cong thuc (3.52), (3.53) va (3.54) phu thudc vao nhiéu hé sé (kea, kec, Kocf,
g-...), C&c hé s6 nay c6 dai bién thién 16n, va viéc lua chon chii yéu dua trén kinh
nghiém. Chinh céc yéu t5 nay khién cho viéc lya chon so bo nam chdm NdFeB &
Budc 1 ¢6 thé thiéu chinh xac, tir d6 anh huong dang ké dén cac tham sé lam viéc
cua dong co EX-LSPMSM.

Nghién ciru EX-LSPMSM dugc thiét ké trén nguyén mau Ex-IM véi cong suat
15 kW, téc do 3.000 vong/phut va dién ap danh dinh 380/660V. Lua chon so bd
NCVC ban dau NdFeB loai N38, ciu traic NCVC trong réto dong co st dung loai két
cau 3 thanh, st dung céc cong thtc (3.52), (3.53) va (3.54) dé xac dinh kich thudc so
bo cia NCVC N38 can sir dung 1a: W.L = 9x34 (mm). Cac thdng sb cau tric caa Ex-

LSPMSM duoc md hinh héa trén phan mém Ansys/Maxwell phan tich so sanh cac

dic tinh khoi dong, dac tinh mémen xoin, dic tinh dong dién ciing nhu sirc dién dong
khéng tai, hiéu suat caa Ex-LSPMSM sir dung NCVC (N35, N38, N40, N42).
Phan b tir trudng trong Ex-LSPMSM & Hinh 3.30.

o.-u._"‘

BisizuaBmiait

EEERES

Hinh 3.30. Phdn bé tir trieong trong déng co-
Két qua nghién ctru c6 thé tinh toan cac thong sb: Tir trudng 16n nhit trong

mach tir (Bmax), hiéu suét (77) va hé sd cong suét (cosg) dugc trinh bay ¢ bang 3.10.
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Bang 3.10. Gia tri hi€u suat va hé so cong suat cua dong co.

Loai Bmax(T) 11 (%) ((01Y7)
N35 1,8 95,7 0,956
N38 1,9 96,31 0,961
N40 2,05 96,6 0,967
N42 2,2 95,6 0,953

Tir Hinh 3.30 va Bang 3.10 c6 thé thay rang khi st dung nam cham N38, mat
d6 tir trudng trong mach tir chua dat dén trang thai bao hoa (vat liéu thép 1008 cho
phép dén 2,1T), khi str dung nam cham N42 mach tir lam viéc trong trang thai bao hoa
véi mat do tir thdng khoang (2,2T), ddi voi nam cham N35, mat do tir trudng trong
mach dat 1,8T chua dat ngudng bdo hoa, khi sir dung nam cham N40 mat d tur trueong
dat gia tri 2,05T, khi d6 hiéu suat cua dong co dat (96,6%), cung voi hé s6 cong suat
(0,967), cao hon so vai truong hop st dung NCVC N38. Viéc stir dung nam cham co
kha ning chiu nhiét d6 cao lam cho tir truong ciia nam cham khong bi suy giam dan
t6i hiéu suat cua Ex-LSPMSM ting 1én so véi loai thuong.

* Pac tinh khéi dong va mémen caa Ex-LSPMSM
Dic tinh khai dong va dic diém mdmen cia Ex-LSPMSM trong Hinh 3.31.
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Hinh 3.31. Pac tinh khgi dong va mdémen cua Ex-LSPMSM.

Két qua mo phong cho phép phan tich céc théng sé khoi dong cua dong co bao
gom: thoi gian dat toe do dong bo (ts), thoi gian qua do (tians), toc dd (@), mémen cuc
dai (Mmax) va @6 gon moémen (RipT). D6 gon mémen cua Ex-LSPMSM trong mot
chu ky duoc tinh toan [50]:

RipT = TWT—TW (3.55)

Trong d6, Tmax — gié tri mdmen cuc dai; Tmin— gié tri mdmen cuc tiéu; Te — gia
tri mdmen trung binh ctia dong co dién, Mm; Ripr — d6 gon séng mémen, %.
Bang 3.11. Bac tinh moémen ctia EX-LSPMSM.

Loai ts (S) tirans (S) RipT (%) Mmax(NmM)
N35 0.71 1.12 26.1 420
N38 1.14 1.14 23.6 415
N40 0.84 1.12 26.3 435
N42 1.33 1.33 29.8 428

Tir két qua & Hinh 3.31 va Bang 3.11, ¢ thé thay rang: Thoi gian dong bo nho
nhét (ts = 0,71 s) la khi sir dung NCVC N35, thoi gian dong bo 16n nhat 1 khi sir dung
NCVC N42 (ts = 1,33 s); thoi gian qua d6 nho nhat (twans = 1,12 s) khi sir dung NCVC
N35 va NCVC N40; thoi gian qua do 16n nhat (tuans = 1,33 s) khi sir dung NCVC
N42. Trong trudng hop st dung NCVC N35, do gon mémen dat 26,1%; nho nhat 1a
23,6% khi str dung nam cham vinh ciru N38, va I6n nhat 1a 29,8% khi sir dung nam
cham N42.

Dac tinh dong dién va stc dién dong khong tai (E) trong Hinh 3.32.
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Hinh 3.32. Ddc tinh dong dién va ddc tinh sirc dién dong nguoc (B-EMF)
cua EX-LSPMSM.
Tong méo song hai (THD) ctia dong dién va gia tri st dién dong khong tai (E)
cling thay d6i tuy theo ting truong hop sir dung cac loai nam cham vinh ctru khac

nhau. Cong thirc sau dugc sir dung dé tinh toan:

\/2;‘5;2 12 \/1§+1§+1§+152+1§+...
THD; = =

: - (3.56)
AE% = E=2100% (3.57)
1NB

Trong d6, Exns 14 gi4 tri hiéu dung cua thanh phan hai bac nhat cua stc dién
dong khong tai.

Bang 3.12. Két qua tinh toan dic tinh dong dién va sirc dién dong nguoc.

Loai tirans (S) Imax (A) THD; (%) Eg (V) AE (%)
N35 0,90 308 17,8 389 +2,3
N38 0,95 314 16,1 400 +5,2
N40 0,80 312 14,3 410 +7,1
N42 0,85 337 17,6 420 +10,5
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Két qua nghién ctru tir Hinh 3.32 va Bang 3.12 cho thay thoi gian qua do cua
dong dién (tuans) nho nhat khi str dung nam cham vinh ctru loai N38, N40 (tians = 0,8
s), tiép theo 1a N42 (tans = 0,85 5), N35 (tyans = 0,9 s). Dong dién khai dong cuc dai
nho nhét dat duge khi st dung N35 (Imax = 308 A), tiép theo 1a N40 (Imax = 312 A),
N38 (Imax = 314 A) va 16n nhét 12 N42 (Ima = 337 A). Chi s6 ¢ méo hai dong dién
(THD1) nho nhit twong tng véi loai N40, tiép theo 1a N38, N42 va 16n nhat 1a N35.
Déi véi sire dién dong khong tai, gid tri 16n nhat dat dugc khi st dung N42 (E:NB =
420 V), tiép theo 1a N40, N38 va nho nhat 1a N35.

Céc két qua dua ra trong bang 3.11 va bang 3.12 cho thay khi sir dung nam
cham N38, N40 cho céc két qua kha twong dong, chénh léch nhau khong 16n. Néu sir
dung N40 cho cac chi s6 hiéu suét cao (sai 1éch v&i N38 1a An = 0,29%). Thoi gian
vao dong bo nhanh (sai 1éch v6i N38 13 Ats=0,3 s). Thoi gian qua do thip (sai léch
v6i N38 12 Atians=0,025 s). Trong khi d6 voi N38 thi cho d6 gon momen thap (sai
1éch v6i N4O 12 ARIpT = 2,7%) sai s6 so véi stc dién dong nguoc thap. Ngoai ra, véi
nam chadm N40 thi mat do tir thong trong mach tir Bmax = 2,05 T, diéu nay s& gy ra
mot s6 diém bdo hoa trong mach tir (hinh 3.30). Pong thoi véi d6 1a gia thanh cua
nam cham N40 cao hon gi4 thanh cua nam chdm N38. Do vay, trong ludn 4n dung
nam cham N38 14 phu hop cho dong co Ex-LSPMSM 160 mm.

3.4. Két luan

Chuong 3 da trinh bay mot cach hé thong va toan dién anh hudng khir tir dén
hoat dong cua dong co phong nd dong bd nam cham vinh ciru khoi dong truc tiép
(Ex-LSPMSM). Két hop phan tich 1y thuyét, mo phong phan tir hitu han va danh gia
sb liéu dé xac dinh anh huong cia tham s6 hinh hoc nam cham 1én trang thai tir hoa
va kha ning dong bo ciia dong co. Céc két qua thu duoc dong vai tro quan trong trong
viéc dinh hudng t8i wu hoa roto va nang cao do tin cdy van hanh cua EX-LSPMSM.

Trude hét, Chuong 3 da phéan tich dac tinh kha tir cua vat liéu nam cham
NdFeB-N38 thong qua duong cong khir tir BH va JH, 1am 16 vai tro cta diém udn

trong vi¢c xac dinh vung lam viéc an toan. Tai 20°C, diém knee cua vat li¢u & muc
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khoang 0,05 T, trong khi & 60°C ting 1én x4p xi 0,3 T, cho thiy nhiét d6 lam viéc cta
roéto 1a yéu t6 anh hudng truc tiép dén kha ning gitr tir cia nam cham.

Dong thoi v6i do, dong dién khoi dong ciing anh hudng 16n dén van dé khir tir
ctia NCVC. Trong chuong 3 di phén tich dugc kha ning khtr tir mat ddi xtmg khi
khéi dong Ex-LSPMSM ciing nhu anh huéng cua hién twong khir tir d6i xtmg dén
qua trinh van hanh cua dong co. Tir d6 x4c dinh diéu kién giéi han chiéu day, chiéu
rong dé tranh hién twong khir tir. Két qua mo phong truong dién tir cho thiy chiéu
rong nam cham wwm anh hudng dang ké dén phan bé tir thong trong khe ho khong khi
va kha nang xay ra khir tur.

Tir két qua phan tich 1y thuyét va chimg minh trén két qua mo phong da lua
chon duoc thong sé phil hop cia NCVC. Trong d6, dé tranh hién tuong khir tir xay
ra thi chiéu day ctia NCVC lwa chon 13 Iy= 9 mm. Pé dam bao duoc ngudn kich tir
do NCVC tao ra thi Iyra chon duogc bé rong NCVC 1a Wu = 33 mm véi trudng hop
boi s6 dong khoi dong 16n hodc 34 mm véi boi sé dong khai dong nho va ching loai

NCVC lya chon N38 14 phu hop trong ché tao EX-LSPMSM.
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CHUONG 4. THUC NGHIEM VA PANH GIA KET QUA

4.1. Ché tao, lip rap dong co Ex-LSPMSM

Trong nghién ctu ndy, cu trac roto cia dong co Ex-LSPMSM dugc ché tao
dwa trén két qua cua Chuong 2 va Chuong 3 vé6i qué trinh ché tao roto dugc thuc hién
theo céac budc:

- Gia c6ng 16i thép roéto: Ldi réto dugc dap tir vat liéu ton silic ki thuat dién,
c6 dac tinh ton hao thap va d6 tham tir cao, nham dam bao giam ton hao sat va nang
cao hiéu suat. Cac 14 thép duogc ép chat, dam bao do chinh xac hinh hoc va han ché
sai léch khe hé khdng khi so voi thiét ké.

- Gia cong ranh chita nam cham: Rénh réto dugc gia cong bang may cit day
CNC dé dam bao d6 chinh xac vé kich thudc, vi tri va goc dat nam cham. Sai so gia
cong duoc kiém soat trong pham vi +0,01 mm nham dam bao d6 déng déu phan bd
tir truong khi 1ap nam cham.

- Lap dat nam cham vinh ciru NdFeB-N38: Nam cham duoc xir ly bé mat bang
I6p phit Ni-Cu-Ni dé chong oxy hoa va an mon. Qua trinh lap dat sir dung keo chuyén
dung c6 tac dung cb dinh co hoc.

- Can bang dong roto: Sau khi lip nam cham vinh ctu, réto dugc can bang
dong theo tiéu chuan 1SO 1940/1 G2.5, nham dam bao d6 on dinh co hoc trong qué

trinh van hanh & téc d6 dinh muc 3.000 vong/phdit.

Hinh 4.1. Két cdu roto sau khi ché tao
- Lap ghép vai stato: R6to hoan thién dugc lap véi stato di quan day quan ba

pha. Khe ho khéng khi duoc kiém tra lai ¢é dam bao gié tri thiét ké. Cong doan nay
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dic biét quan trong, vi khe ho khdng khi anh huong truc tiép dén tir thong lién két va
momen khéi dong ctaa dong co.

Toan bo qué trinh ché tao dugc thuc hién trong diéu kién kiém soét chat luong
chat ch&, dam bao sai s6 gita md hinh mé phong va mau thuc nghiém nho nhat c6
thé. Viéc ché tao roto va lap dit dong co hoan chinh khdng chi 13 bude chuyén tiép
tir md phong sang thuc nghiém, ma con dong vai trd then chdt trong viéc kiém chirng
tinh chinh xé&c va kha ning (ng dung cia mé hinh ly thuyét da xay dung.

4.2. M6 hinh thi nghiém

Mo hinh thi nghiém duoc xay dung tai B6 mon Dién khi hdéa, Truong Pai hoc
Mo - Dia chét. Do diéu kién co s& vat chat va trang thiét bi hién c6 con han ché, mo
hinh thyc nghiém trong nghién ctiu nay chu yéu dugc st dung dé danh gia mot s6 dic
tinh van hanh co ban ctia dong co, nhu dang song dong dién, suc dién dong khéng tai
va hiéu suat. Pong co Ex-LSPMSM thurc nghiém duoc ghép ndi co khi véi may phat
dién dong bo ba pha; dau ra cia may phat duoc néi véi tai gom bong dén va dién tro.

Dong dién dugc do bang bién dong do luong co ty sé bién dong 400/5 A. Viéc
lya chon CT 400/5 A nham bao dam phl hop véi mién dong dién khéi dong cua dong
co thu duoc tir mo phong, trong d6 dong dién cuc dai dat khoang 312-314 A. Vi ty
s6 bién dong nay, cac gia tri dong dién néu trén twong (ng véi dong dién thir cap
khoang 3,90 A dén 3,93 A, nho hon dong thtr cap dinh mac 5 A cua thiét bi do. Do
d6, CT 400/5 A dap tmg duoc yéu cau do dac dong dién khai dong cua dong co trong
nghién ctru nay, dong thoi bao dam viéc ghi nhan tin hiéu dong dién trong ca giai
doan qua do va ché do 1am viéc xéc lap.

Po luong tin hiéu dién &p sir dung may bién ap cach ly NDK — 50AIEC
(415/380/220/110/48/24/12V). Tin hiéu cua may bién 4p va may bién dong dugc dua
vao may hién séng (Oscilloscope), md hinh thi nghiém dugc thé hién trén hinh 4.2.
Trén co s& hé do nay, cac két qua thuc nghiém trong chuong duoc sir dung dé danh
gia dinh lugng dac tinh dong dién, mirc A0 méo hai va stc dién dong khong tai cua
dong co, ddng thai ddi chiéu vai két qua md phong nham kiém ching tinh hop 1y cua

mé hinh nghién ctru. Céc thiét bi chinh trong mé hinh thi nghiém bao gom:
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* Pong co Ex-LSPMSM: Thong s dong co ché tao tir dong co nguyén mau

Bang 4.1. Thong sb dong co

Ex-IM 15 kW, dién &p 380/660 V, 2p = 2, loai c6 thdng s6 co ban trong bang 4.1:

Tham s6 Ky hiéu Giatri | Ponvi | Ghichi

buong kinh ngoai stato Dn 245 mm
buong kinh trong stato D’ 152 mm
buong kinh ngoai réto D 151 mm
buong kinh truc réto Dt 52 mm
Vit liéu thep stato Steel 1008

S6 ranh stato Zy 36 ranh
S6 ranh roto Z> 28 ranh
Chiéu dai khe ha khong khi g 0,5 mm
Dién ap ngudn cap Udm 380/660 Vv
Tan s nguon cap f 50 Hz

Roto dong co duoc cai hoan dé thanh Ex-LSPMSM st dung loai nam cham

N38, c6 kich thudc 35 x 34 x 9 mm (do phu tai trong phong thi nghiém duoc tang

dan nén boi s dong khoi dong nho).

* Pong co may phat loai may phat tc ¢6 3.000 vong/phut, thong sé co ban

cua may phat trong bang 4.2:

Bang 4.2. Thong sb ciia méay phat dién

Tham s6 Ky hiéu Gia tri Pon vi Ghi chd
Cong suit P 15 KW S=18,75kVA
Téc d6 vong quay N 3000 vong/phut (2 cuc)
Dién ap U 380 V
Tan s F 50 Hz
Heé sb cong suat CosQ 0,8
Hé thong lam mat Quat gid
Cap bao vé/Cach dién IP55

May phét duoc cap dau ra cho céc tai bao gom dién try va bong dén.
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C4u tric md hinh thi nghiém dugc minh hoa ¢ Hinh 4.2, bao gém céc thanh
phan chinh:

1 -Dong co EX-LSPMSM,;

2 — May phat di¢n;

3 — Pau do tdc do;

4 — Bién dong CT;

5 — May bién ap;

6 — Két cau roto di ché tao;

7 —Tua do luong U,Lcoso;

8 — May hién song

O
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Hinh 4.2. M6 hinh thir nghiém trong phong thi nghiém

4.3. Két qua thwe nghiém
Két qua khao sat dic tinh dong dién cia Ex-LSPMSM trén may hién séng voi

mo hinh thu nghiém trong phong thi nghiém dugc dua ra ¢ Hinh 4.3.
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CHI /8.08mV
Pos#8.80ps

Hinh 4.3. Dac tinh dong dién cua Ex-LSPMSM trén may hién song
Két qua trong Hinh 4.3 cho thay dic tinh dong dién c6 dang sin, twong tu nhu
hinh dang dong dién thé hién trong két qua mé phong trén Hinh 2.21 (Chuong 2).
Hinh 4.4 trinh bay két qua do strc dién dong cua Ex-LSPMSM

Hinh 4.4. Két qua do sike dién dong ciia Ex-LSPMSM
Két qua do strc dién dong (EMF) thé hién trong hinh 4.4 cho thdy dic tinh
EMF c6 dang hinh sin hoan toan phi hop véi céc két qua md phong trén Hinh 2.23
(Chuong 2)
Khi céc thong sé tai thay ddi tir 0 + 110% tai dinh muc va hiéu suat chuyén

doi ctia co cau ghép ndi co khi va may phat 1a 82%, dac tinh hiéu suat cia dong co
Ex-LSPMSM duoc thé hién trong hinh 4.5.
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Két qua trén Hinh 4.5 cho thay hiéu suat cia dong co dat tdi da 92,9% & muc

tai khoang 92% tai dinh muc. Khi tai dong co vuot qua 100% tai dinh mirc, hiéu suat

dong co c6 xu hudng giam dan. Két qua nay thap hon muac hiéu suat thé hién trong

két qua mod phong do cac yéu té sai sb cong nghé trong qué trinh ché tao Ex-
LSPMSM.

Két qua do dong dién hinh 4.3, strc dién dong khong tai hinh 4.4 va hiéu suat

hinh 4.5 khi thuc nghiém duoc so sanh véi két qua mé phong trén cac Hinh 2.21,
Hinh 2.23 ¢ Chuong 2 nhu trinh bay trong bang 4.3.

Bang 4.3. Bang so sanh két qua dong dién, stc dién dong, hiéu suat khi
thuc nghiém

sr oo s A - Thl_l’c . X ro
STT Gia tri Mo phong nghiém Sai so (%)
1 Dong dién | Bién d6 (A) 26,2 25,4 31
2 EMF Bién do (V) 365,5 357,9 2,1
3 Hiéu suét (%) 96,6 92,9 3,8

Két qua trong bang 4.3 cho thiy gia trj trong dong gitra két qua mé phong va

thuc nghiém. Sai léch giira két qua md phong va thuc nghiém nam trong khoang

2,1%-3,8%. Két qua nay chiing to phuong an thiét ké va ché tao dugc dé xuat 1a phu

hop.
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4.4. Két luan

Chuong 4 d3 thuc hién ché tao va thi nghiém dong co Ex-LSPMSM c6ng sut
15 kW, tdc d6 3.000 vong/phdt trén co s& phuong an két cau roto duoc lwa chon tir
cac chuong trude. Két qua thuc nghiém cho thiy dong co van hanh 6n dinh, dang
song dong dién & ché do xac lap gan hinh sin, stc dién dong khéng tai c6 dang gan
sin va hiéu suét dat gia tri cao ¢ ving tai gan dinh muc.

Vé mit dinh luong, két qua thuc nghiém cho thay dac tinh dong dién cho gia
tri bién d6 dong dién la 25,4 A giam hon dong mé phong 26,2 A (sai khac 3,1%).
Bién d6 strc dién dong nguoc dat 357,9 V sai khac 2,1%. Ngoai ra, dang song cua
dong dién va stc dién dong nguoc c6 nhiéu thanh phan séng hai nhu mé phong da
chi ra. Thuc nghiém ciing da chtirng minh hiéu suat ciia déng co dat duoc 92,9% (sai
khac 3,8%) so véi 96,6% dat duoc khi md phong. Diéu nay 1a sai s6 do cdng nghé

ché tao va qua trinh do tao ra.
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KET LUAN VA KIEN NGHI
1. Két luan

Luén an d nghién citu mot cach cé hé thong dong co Ex-LSPMSM c¢6 chiéu
cao tam truc 160 mm noi chung va d6i tugng cu thé 1a loai 3K160M-2, hudng téi tng
dung cho céc phu tai quat gié va bom nudc trong khai thac mo ham 16. Trén co s
t6ng quan cac nghién ciru trong va ngoai nudc, luan an da chi ra khoang tréng nghién
ctru ddi voi dong co Ex-LSPMSM c6ng suit trung binh, téc do cao, c6 yéu cau van
hanh tin cay va phu hop véi diéu kién 1am viéc khac nghiét cua nganh mo tai Viét
Nam. Noi dung cua luan &n tap trung vao giai quyét cac van dé:

- Luan an da phan tich cac phwong 4n thiét ké khac nhau theo s luong va cach
bd tri NCVC dang 2, 3 va 4 thanh ciing nhu két cau rdnh bé tri NCVC c6 cau tir va
khong c6 cau tir. Két qua nghién ciu chi ra rang cau hinh rdto 3 thanh NCVC khong
cd cau tir 12 phu hop nhat véi thoi gian ddng bo hda ngén (ts = 0,45 s), d6 gon song
momen thap (RipT = 23,1%), tong méo hai dong dién nho (THDI = 14,3%) va hiéu
suit cao ( = 93,3%).

- Luén an d4 phan tich dic tinh khir tir cia NCVC va xéc dinh diéu kién tranh
khtr tir d6i véi NCVC. T cac phan tich ké trén, két qua tinh toan duoc kich thudc
NCVC phu hop dé ché tao 12 35 x 34 x 9 mm va loai N38 duoc sir dung dé ché tao
Ex-LSPMSM.

Trén co s& cac két qua nghién cau Iy thuyét va md phong, mot dong co Ex-
LSPMSM 15 kW, 3.000 vong/phut thuc nghiém di duoc ché tao va thir nghiém trong
phong thi nghiém. Két qua thuc nghiém cho thay cac dic tinh dong dién, dién &p va
hiéu suit cua dong co phu hop véi két qua md phong, sai léch nam trong gidi han cho
phép. Hiéu suat cuc dai ciia dong co dat khoang 92,9% ¢ viing tai gan dinh mic, cang
cb tinh hop ly cia mé hinh nghién ciu va cho thay trién vong wng dung thuc té cua
phuong an dé xuat.

Nhitng dong gop méi cua luan an bao gém:
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- D& xuét két cau roto véi ba thanh NCVC khéng c6 cau tir cho dong co Ex-
LSPMSM loai chiéu cao tam truc 160 mm, téc do 3.000 vong/phit pha hop cho quat
gi6 va bom nudc cuc b trong khai thac mo.

- Sir dung phuong phéap phan tich tham sé dé lua chon hop ly théng sé cua
nam cham vinh ciru cho dong co Ex-LSPMSM loai chiéu cao tam truc 160 mm, téc
d6 3.000 vong/phat nham cai thién dac tinh 1am viéc khi xét dén diéu kién khur tir,

- Ché tao thir nghiém thanh cong dong co Ex-LSPMSM 15 kW, 3.000
vong/phut trong phong thi nghiém tng dung cho cac phu tai quat giéo va bom nudc
cuc bo trong khai thac mé ham 19.

2. Han ché va dinh huéng nghién ctru

Mic du cac két qua cua luan an da duoc chiang minh théng qua co sé toan hoc,
md phong va thuc nghiém. Tuy nhién, thoi gian va ngudn lec nghién ctu con han
ché. Két qua nghién ctru van con han ché vé mit thuc nghiém khi chua kiém chang
day du cac thong sé lam viéc cia Ex-LSPMSM. Ngoai ra, d6i vai bai toan phan tich
lya chon thdng s can thiét phai xem xét tac dong cua nhiét do anh huong dén qua
trinh khtr tir va chua xét dén gam cong suat Ion.

Dé khic phuc céc han ché cua luan &n, tac gia dé xuat huéng nghién ctu tiép
theo, giai quyét cac van dé con ton tai caa luan an.

- Tiép tuc nghién cttu M rong ddi véi dong co Ex-LSPMSM c6 gam cong
suit Ion hon, phu hop véi dic thd khai thac mo.

- Trién khai céc thuat toan ti wu dé cd thé xem xét thém céc yéu té anh hudong
cua nhiét 4o, dic diém cua tai dén viéc lya chon kich thudc hop ly cia NCVC.

- Pau tu co sd vat chat dé c6 thé tién hanh thuc nghiém cac dic tinh théng sb
lam viéc cia dong co.

- Két hop nghién ciru dong co Ex-LSPMSM véi cac giai phap diéu khién dé
han ché dong khai dong.
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PHU LUC
TINH TOAN THIET KE PONG CO EX-LSPMSM - 3.000 vong/phut

1. Phan tich phwong 4n thiét ké dong co EX-LSPMSM

Trong thiét ké may dién c6 hai phuong an chinh d6 14 thiét ké méi hoan toan
va thiét ké cai tién sir dung cac day cong nghé day truyén hién cé.

Thiét ké dau tu méi hoan toan: Vi phuong phap nay can thiét phai dau tu may
mac day truyén moi hoan toan, diéu nay doi héi nguon luc 16n tuy nhién phuong an
thiét ké nay c6 thé dua ra cac thiét ké méi, dot phé thich hop néu c6 nguon luc dau tu
I6n vé kinh té ciing nhu nghién ctru, nha xuéng va day truyén san Xuat.

Thiét ké cai tién: Phuong 4n thiét ké nay s& st dung lai duoc toan bo cong
nghé day truyén hién cd, giai phap nay duoc sir dung rat nhiéu trong thiét ké may noi
chung va thiét ké may dién ndi riéng. Viéc thuc hién lién tuc nham cai thién céc tinh
ning ctia may dién. Phuong an nay st dung cac thiét ké da dua vao san xuat thiét ké
lai theo hudng cai tién tir d6 ¢ thé sir dung lai mot phan day chuyén cdng nghé cii
gilp tiét kiém cong stc va tai chinh.

Can nhic giira hai phuong an thiy phuong an thiét ké cai tién cd rat nhiéu uu
diém hon so vai thiét ké mai vi vay sé sir dung phuong 4n nay dua vao tinh toan thiét
ké trong. Va trong noi dung luan &n, dong co Ex-LSPMSM s& duoc cai tién tir dong
co khong dong bo 3 pha roto 16ng sdc phong né cé cling cong suat. Do vay viéc tinh
toan thiét ké dong co Ex-LSPMSM duoc tinh qua hai bude co ban 1a tinh toan thiét
ké dong co Ex-IM c¢6 hiéu suat IE1 (phd hop vai hiéu suat cong b hién tai va ning
lyc san xuét cia cac nha san xuat trong nudce). Sau d6 tinh toan thiét ké dong co Ex-
LSPMSM IE2 dya trén thdng sé co ban cua dong co Ex-IM, giai phéap thiét ké nay c6
thé tan dung lai toan bo day truyén san xuét cua dong co Ex-IM ma van tao ra duoc

chang loai dong co thé hé mai Ex-LSPMSM c6 hiéu suat cao IE2.
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2. Thiét ké dong co Ex-IM co s¢ 15 kW
Bang A.1. Thong sb cua dong co Ex-IM co sé duge dua ra trong bang sau

TT Théng sb Gai tri
1 |Cong suat (KW) 15
2 |Chiéu cao tam truc h (cm) 16
3 [Téc do (vong/phut) 3000
4 [Hiéu suat yéu cau IE1 (%) 88,7 (IEC60034)
5 |Hé s cong suat cose 0,89
6 |Dién ap dinh mac Ugm(V) 380/660 dau A/Y
7 |Dong dién dinh muc lam (A) 28,9/16,7
8 |Tansd f (Hz) 50
9 |Boi s6 dong dién khoi dong lka/lam D.O.L 7,5
10 |Boi s6 mémen max MmaxMam 2,3
11 |Boi s6 mémen khoi dong Mya/Mam 1,8
12 |Cap bao vé IP55
13 [Cap cach dién F
14 |Ché @6 lam viéc S1
15 [Dang lap dat Ngang
16 |[Mbi truong lam viéc Ham mo

2.1. Tinh ton cac kich thwéc chia yéu
1. Sé doi cyc tir
60f  60.50

p=n—db=m=1hay2p=2
- TUr y8u cau ban dau ta lya chon chiéu cao tam truc h=16 cm
2. buong kinh ngoai stato:
- Theo tai li¢u [1] duong kinh ngoai Dy chon (24,5+27,2) cm, ¢ day ta chon Dn=24,5
cm.
3. Buong kinh trong stato

-Theo bang 10.2 [1] chon ko = (0,52 + 0,64)
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D = kpDn = (0,52 + 0,64)24,5 = 12,74+ 15,68 (cm)
— Chon D =15,2cm

4. Cong suét tinh toan

_ kgPyy _ 0,982.15
" n.cosp  0,887.0,89

Trong d6 ke=0,982 theo hinh 10-2 tai liéu [1]
n=88,7% , cosp= 0,89 theo yéu cau thiét ké dat ra.

P’ = 18,12kVA

5. Chiéu dai tinh toan 16i sit stato
Theo tai lidu [1] So bo chon ke = 0,92: 14y 0s=0,64, ks=1,11, A=250A/cm,
Bs=0,53T.

L 6,1.P'.107 B 6,1.18,12.107
%" as.ks. kg A.Bs.D%.ng,  0,64.1,11.0,92.250.0,53. 15,22.3000

18,4cm

Chon chiéu dai 16i sat; ls=1:=1=18,8cm

6. Buoc cuc
. m.D _ 1.15,2 _ 23.88¢m
2p 2
7. Dong dién pha dinh mac
I P.103 15.10° 16,74

T V3.U,.n.cosp  3.380.0,887.0,89
2.2. Tinh toan day quan, ranh stato va khe hé khong khi:
1. S6 ranh stato
L4y :1=6 suy ra sé ranh stato z1=2mpg:=2.3.1.6=36 ranh
2. Budc ranh stato
_ Q _ . 15,2
7, 36

3. Sb thanh dan tac dung cuia mot ranh

ty = 1,33cm

Chon s6 mach nhanh song song a;=2

S6 canh tac dung trong mét ranh:
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A.ap.t;  150.2.1,33 11
L 167

Upp =

Chon day quan ddng khudn hai 16p do d6 ur phai 12 mot sé nguyén chin, chon
urn=40
4. S vong day quan néi tiép cua mot pha
Uy

= —1640—120 C
w; = p.qq o, - oo T vong

5. Tiét dién va duong kinh day dan:
So bd chon mat do dong dién J; = 4,54/mm?
. L 169
M T a5z
Chon s soi chap n1=3

Suy ra dudng kinh day quan can thiét:

4.s; 41,8
d' = = = 0,874mm
T. Ny . 3

Chon dudng kinh day tiéu chuan:
d, = ¢(0,85) + ¢(0,9).2 (mm)

Vs T
S, = Z(d%.nl +d2.n,) = 2(0,852 + 0,92.2) = 1,84 mm?
Pat yéu cau
6. Hé s6 day quan
Chon kiéu day quan hai I16p budc ngan y=15
y y.2.p 152

=== = 0,833
p T Zy 36
Hé sé budc ngan:
1 - 0,833.m
k, = sinf — = sin = 0,9659
2 2
Heé sb budc rai:
. a . 10
sing; 5 sin|6.—-
ky = —2 = ( 2)=0,96

(hSin% - 6.sin (7)
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Trong do:

Hé s6 day quan:

kq = kyk, =0,9659.0,96 = 0,927
7. Tu thong trong khe ha khéng khi

krU,; 0,982.380

d = = =0,015Wb
4.k ky. fow;  4.1,11.0,927.50.120
8. Mat do tir thong ¢ khe ho khdng khi
®. 10* 0,015.10*
= =0,522T

8= a5.7.1,  0,64.23,88.18,8
Két luan: khong sai khac nhiéu so véi lya chon so bo (0,53T) nén khéng can
phai chon lai
9. So bo chiéu rong cua rang stato

Bs.ti _ 0522133 _
By k, 115096 <M

So bd chon Bz1=1,15T, hé s ép chit ke=0,96
10. So b chiéu cao gong stato
®.104  0,015.10*
2.Byi.li k. 2.1,78.18,8.0,96
¢ day chon Byi=1,78T
11. Lya chon kich thudc ranh
hr1=24,5mm; h12=18,4mm; b1=6,8mm;
bs1=3mm:; d>=0,98mm; h41=0,6mm
Dién tich ranh: s,=193,65 mm?

I
bz, =

I
hgl—

= 2,33cm
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68

Hinh A.1. Ranh stato

_ n(df.ng +d3.ny)u,, (0,857 +0,9%.2).40

= = =7 2
Sq 2 2 3,59 mm

Hé sb 1ap day:
_Sq 73,59
47 s, 193,65

Phi hop véi diéu kién cong nghé long tay.

=0,38<0,47

12. Bé rong ring stato

A A
byun = 5 (D + 2hys +2.006) — by = 2= (15,2 +2.0,12) — 0,68 = 0,667 cm
T
bZlZ = E(D + 2h41 + 20,12 + Zhlz) - d2

s
= %(15,2 +2.0,12 4+ 2.1,84) — 0,98 = 0,688 cm

by by, 0,667 + 0,688

721 = 5 > = 0,677 cm
Pat yéu cau Chiéu cao gong stato:
D,—D d, 24,5-—15,2 0,98
hgr = o = by + 2 = = 2,45+ ~— = 2,36

Két luan: dat yéu cau
13. Khe ho khéng khi

5=—2 <1+9)—152 (1+9)—052
1600\ ' 2p) T 1600\ T 2) T e

Theo cac may da ché tao chon: §=0,5 mm=0,05 cm
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2.3. Tinh toan day quan, ranh va gong roto
1. S6 rénh roto
Theo bang 10.6 [1], v6i Z1 = 36 rénh, chon Zz = 28 ranh
2. buong kinh ngoai roto
D'=D-26=152—-2.0,05—-151cm
3. Budc ranh réto

. _T[.D’_n.15,1
27z, 28

=1,69cm

4. So bd xé4c dinh chiéu rong rang roto
, _ Bs.t; 0522.1,69
2 "Bk, 110,96

0 day chon B»=1,1T
5. buong kinh truc réto:
D~0,3D=0,3.15,2=4,56 cm

= 0,835cm

Theo cac may da ché tao chon Di=5,2cm

6. Dong dién trong thanh dan réto

L = I, = kI, 20K g g 167 8120927 oo,

Z, 28
O day lay ki=0,92 theo hinh 10-5 [1]
7. Dong dién trong vong ngan mach

I, = I_tdnp = PTSS,T = 15853 A
2. st—2 .Sinsg

8. Tiét dién thanh dan nhém

I, 355

Stq = E = 27 = 131,48 mm2

So bo chon J, = 2,7 A/mm?
9. Tiét dién vanh ngan mach
So bd chon mat 6 dong dién trong vong ngan mach J, = 2,5 A/mm?
I, 15853

=—= = 634,12 z
I 25 mm

Sy
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10. Kich thuéc rénh roto va vanh ngan mach
Chon loai ranh hinh qua 1&€ nhu hinh veé:

23 1

7 * Fr}.sh
'W.I )l ek s
W e
-'rl- ' | ‘ ‘ ///// | v .
( ! =1 =
I\'-.__ & 15 =
. | |,
f K\'?"i‘

Hinh A.2. Ranh roto va vanh ngdn mach
hr2=26,7 mm; h12=21 mm; h42=0,5 mm;
b21=7,5 mm; bs2=1 mm; b22=3 mm
11. Dién tich ranh réto
Sy, = 136,91 mm?2
12. Dién tich vanh ngan mach
Sy, = a,.b, = 23.28 = 644 mm2

13. Bé rong rang roto

T
by = Z—(D’ + 2(hyy + hyy — 0,15 = 2,1)) — by,

2

T
= %(15,1 +2.(0,05 + 2,67 — 0,15 — 2,1)) — 0,75 = 0,839 cm
T[ !
by22 = Z_(D —2(h,, — 0,15)) — by,
2
s

=5 (151 -2.(2,67 - 0,15)) — 0,3 = 0,828 cm

b, +b 0,839 + 0,828
b, = Z21 5 222 _ > = 0,633 cm

14. Chiéu cao gong roto

D’ 15,1
hgz = 7 — hrz = T — 2,67 = 4,88 cm
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2.4. Tinh toan mach tir
1. Hé s khe ho khong khi
t, 1,33

Ken = = = 1,14
17 ¢ —v,6 1,33-3,27.0,05
bi\* (03
o G
s+ % 5+ 00635 |
t, 1,69
ks, = _ = 1,017
%2 =t —v,5 1,69—0,75.0,05
bar\? 0,1
GG
" spbe 5, 01T
5 0,05

2. Lua chon loai ton
Dung tén nguoi 50A600 twong duong tbn Nga 2013:
3. St tir dong khe ho khong khi
Fs = 1,6.Bs.ks.5.10* = 1,6.0,522.1,16.0,05. 10* = 484,44
4. Mat do tu théng ¢ rang stato

5. — Bs.t; 0522133 17
2" bk, 0677.096

5. Cudng @6 tur trudong trén rang stato
Tra bang V.5 [1] duogc: Hz1=3,7 Alcm
6. Strc ty dong trén rang stato

dy

F,21 == Zhi'H21 = 2 (hrl - ?) = 2. (2,67 -

)

98
3 ).37 = 17,344

7. Mat d¢ tu thong trong rang roto
B — Bs.t, 0522.1,69
“2 " b,.k. 0833.096

1,1T

8. Cuong do tur trurong trén rang roto

Tra bang V.5 [1] dugc: H,=3,7 Alcm
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9. Strc tu dong trén rang roto

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

F,, =2.h,,.H,, = 2.2,67.3,7 = 19,76A
Hé s bio hoa ring
L = Fs+F, +F, _ 484,4 + 17,34 + 19,76 _q
z Fs 484,4 ’

Mat do tir thong trén gong stato
®.10* 0,015.10*

B.. = = =1,76T
9t 2.hgy. L k. 2.2,36.1,88.0,95
Cuong do tr trrong ¢ gong stato
Trabang V.8 [1] dugc: Hg1=16 A/lcm
Chiéu dai mach tir & gong stato
(D, —h n(24,5 — 2,36
Ly = (Dn = hg) _ il ) _ 34,780m

2p 2
Stre tir dong trén gong stato

Fy = Lg1.Hyy = 34,78.16 = 556,484
Mat do tir thong trén gong réto

5 ®.10* _ 0,015.10*
92 2.hgp.lp. k. 2.4,88.1,88.0,96

= 0,85T

Cuong do tur truong ¢ gong roto

Trabang V.8 [1] dugc: Hg2=1,38 A/lcm
Chiéu dai mach tir & gong réto

Lgz = 2hy, = 24,88 = 9,76cm
Strc ty dong trén gong réto

Fyp = Lgy.Hy, = 9,76.1,38 = 13,74

Tong stc tir dong ctia mach tir

F =Fs+Fy + Fp + Fyy + Fyy

=484,4+ 17,34+ 19,76 + 556,48 + 13,47 = 1091,4A

Hé s6 bao hoa toan mach

_F 10914
“TFs 4844

= 2,25
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21. Dong dién tur héa

p.F 1091,4
=27 Wik, ~ 271200927 ~ >34
1% = =293 1000 = 22,24%
w0 =T T 16,7 ’

2.5. Tinh toan tham sé ciia déng co dién & ché dd dinh mirc

RL25

SRt
\_ |

53.8

20

53.8 ‘ 230

Hinh A.3. Kich thuoc vong day stato

1. Chiéu dai phan dau ndi day gén stato
l2/=271mm

2. Chiéu dai mot vong day

L, = 2(Iy + 230) = 1002 mm
3. Chiéu dai day quan 1 pha cua stato

Ly = lpw;.1073 = 1002.120.1073 = 120,24m

4. Pién tro tac dung cia day quan stato

L1 12024
T Pus s T 41 21,84

= 0,797Q
Tinh theo twong dbi:

I 16,7
= rlU—l = 0,797. 5 = 0,034
1

5. Pién tro tac dung caa day quan réto

l,, 1072 1 18,8..1072

2 - = 0,549.107Q)
s,, 25 136,91 ’

Tta = Pal

6. Bién tré vanh ngan mach
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_ w10 1miz10?
WP T T 25 28644

VéiD,=D"—b,—04=151—-28—03=12cm

7. Dién tro roto
2.8,36.1077

27, 4
Ty =Tg + 7z = 0,549.107* + W

=0,883.107*Q

Voi
A=2. P _ =2 T 0,2239
= 2.sin Z sm28
8. Hé s6 quy doi
am,;(w kz)?  4.3.(120.0,927)?
= = = 5303,3
4 7, 28 ’

9. bién tré roto da quy doi
r, =y.r, = 5303,3.0,883.107* = 0,468Q

Tinh theo don vi tuong ddi:

I
S =1r,— =0, . = 0,0199
=Ry 380
10. Hé s6 tur dan tan stato
9.8
7/' i
| =
= )
06 .
¥ "'
1?

)

6,8

e —

Hinh A.4. Kich thuwodce ranh roto

_ e (h h‘“)k 18 0906+(2+06) 0,875 = 1,232
bb41336,8 68 3) T
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Voi
., 1+38 1+3.0833
== 2 = 0,875
" =1+3kg=1+3.0,875=0906
k 4 4 ’

11. Hé sé tir tan tap stato
09.t, (‘h- kd1)2,0t1- kyq

A1 = 5 ks 01
_ 0,9.1,33.(6.0,927)2.0,6.0,851 0003 = 0978
0,05.1,16 ’ ’
Trong do:
kyy=1- O,OSS.E =1- O,OSSL = 0,851
6.t 0,05.1,33

Véi pu=0,6 tra bang 5.3 [1] ; 61=0,033 tra bang 5.2a [1]

12. Hé s6 tir tan phan dau nbi stato

Ay = 0,34%(1611 —0,648.7)
1)

= 0,34.

27,1 — 0,64. 2 =1
18,8( 7, 0,64.0,833.23,88) ,559

13. Hé sb tir dan tan stato

2,11 = Ay + Ay + Ay = 1,232 4 0,978 + 1,559 = 3,769

14. bién khang day quan stato

f orwin? s
= 0,158. E 2
*1 100 (100) g La

50 (120)2 18,8
100\100/ 6
Tinh theo don vi trong dbi:

= 0,158. 3,769 = 1,3430Q

)

I
x; = x,— = 1,343

= 0,057
U, 380
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15. Hé sb tir dan tan rénh roto

Hinh A.5. Kich thuéc ranh réto

h 7. b2, \* h h
Arz 12 (1 _ 21) + 0,66 _ 472 + 42

~3.p, 8.5, 2by, | 2ba,
21 <1+ 7.7,5 )2+066 5 05 e
~ 3.7,5 8.136,91 ’ 275 1 7
16. Hé s tir dan tap roto
_ 09.t, (QZ- kdz)zptz- ks, o
t2 5. ks 2
~0,9.1,69. (4,667)2. 00042 — 2399
B 0,05.1,16 Y -
09t,(q2ka2)?prsksy  0,9.1,69.4,6672 00042 — 2399
t2 = 5. ks 2= 7005116 T~
Vi ka2 =1; kao=1; pr=1
_ % —28—4667 =" =0,0042
©=3p 732 " 2T 100,42

Theo bang 5.2c [1].
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17. Hé s tir tan phan dau ndi
2,3D, 4,7.D, 2,3.12 4,7.12

1 = ; _ z = 0,91
=7 L,atda +2.b, 28188.0,22392 92 +228

18. Hé sb tir tan roto
Z A, = Ay + Ay + Ay = 2,385 + 2,399 + 0,91 = 5,694
19. Pién khang tan day quan roto:
x, =709.f. lZ.Z/lz .1078 =7,9.50.18,8.5,694. 1078 = 4,228.107Q
20. Pién khang roto di quy doi:

X, =y.x, = 53033,3.4,228.10™* = 2,2420Q

Tinh theo don vi tuong d6i:

I 16,7
X3 = x} U—l = 2,242. 5 = 0,0955
1

21. Bién khang hd cam

Uy — I,x; 380 —3,63.1,343

I

= 103,340
., 3,63

X12 =
Tinh theo don vi tuong d6i:

* I 16,7
Xipg = X2 77— = 103,34_ = 4‘,4‘0

U, 380
22. Tinh lai ke
o Uy -l 3803631343
U, 380 ’
Ak = 100E = Kro _ 12987 — 0982 _ o
kg 0,987

Sai khac dudi 5% nén khong can tinh lai.
2.6. Tinh toan tén hao thép va ton hao co

1. Trong lugng rang stato

d, .
GZl = ]/Fe. Zl' bZl <hT1 - ?) ll' kC' 10

)

98
= 7,8.36.0,677. (2,45 —3 ).1,88.0,96. 1073 = 7,29kg
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2. Trong luwgng gbng stato
Ggl = Yre- ll' Lgl' hgl' 2. D- kC' 10_3 = 23,11kg
3. Ton hao sit trong 16i sit stato

a. Ton hao sét trong ring

f B

Prez1 = kgcz- p1. (%) Bzzl- Gy1- 1073
50
50\
= 1,8.2,5. <%) 1,1%2.7,29.1072 = 0,039kW

Vé6i may khong ddng bo 1dy Kgez=1,8, pre=2,5W/kg tra bang V.14 [1]

b. Ton hao sit trong gong

Y _
PFegl = kgcg'pFe' (%) B‘gl Ggl 10 3
50\"
= 1,6.2,5. <%) 1,762.23,11.1073 = 0,286kW

Véi dong co khong dong bo 13y Keeg=1,6
c. Tong ton hao trong ca I6i sat
Prer = Preg1 + Pregi = 0,039 + 0,286 = 0,32kW
4. Ton hao bé mat trén ring roto
T6n hao trung binh trén mot don vi bé mit réto:

t2 b4-2

bym1 = 2pT. Ay ppm- 1077

2

1,6 1
= 2.23,88.————.18,8.381,3.1077 = 0,032kW

1,69
Trong do6:
Zon L5
—05.k ( ) 10. Byt,)?
Pbm °\10000 ( ot2)
=0,5.1,7 (28'3000)1’5 (10.0,254.1,69)% = 381,3
TN 10000 e S

O day ko 1a hé s6 kinh nghiém, theo [1] ko=1,7-2, chon ko=1,7
Bo - bién d6 dao dong cua mat do tir thdng tai khe ha khdng khi
Bo=PoksBs=0,42.1,16.0,522=0.254T
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Vi Po=0,42 tra theo hinh 6-1 [1]
5. Ton hao dap mach trén ring roto

ZlTl. 10. Bd

1,5
G,,1073
10000) z2

Pam = 0,11 (

B (36.3000.10.0,048
o 10000

2
) .8,04.1073 = 0,023kW

Trong do :
B — v16B ~3,27.0,05
47 2t, 227 21,69
GZZ = ]/FE'ZZ' hT’Z' bZZ' lz, kC' 10_3

= 7,8.28.2,45.0,83.318,8.0,96. 1073 = 8,04kg

1,1 = 0,048T

6. Tong ton hao thép
Pre = Prer + Pymi + Pam = 0,325 + 0,032 + 0,023 = 0,38kW
7. Ton hao co

P —06( n )2 (D")4 10—3—06(3000)2 (24’5)4 1073 = 0,194kW
co— =7\1000/ \10/ ° — 77\1000 10 /) ° o

8. Ton hao khoéng tai:
Py = Py, + Py = 0,38 + 0,194 = 0,57kW

9. bac tinh lam viéc
ri=0,797Q; x1=1,343Q2; x12=103,34Q
r, = 0,468Q; x; = 2,242Q

(:1=1+£=1+ 343 = 1,013
X1, 103,34
CZ =1,026; Igp, =1, = 3,634
C,=1 A R L343 1,013
X1, 103,34
L. = pFe.lgg’l-]i-&Iﬁ.rl _038. 103 J;?;836632. 0,797 _ 0,364
L .

E1=U1-1,.x1=380-3,63.1,343=357,2VV

_ 6.wkg  6.120.0,927
Tz, 28

= 23,84
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I _L_ 3% = 14,89 4
27k, 2384
I, 14,89.0,468 00185
Sam = Tp T T T 3752
r, 0,468 0131
Sm =X~ 1,343 =Y
__l_ )
C, ¥ ozt 224
S Ponvi| 0,005 | 001 |0,0185 | 0,02 | 0,025 | 0,131
1 = C? (Z—l 2—2) QO | 96,857 | 48,832 | 26,767 | 24,820 |20,017 | 4,473
1
, Q 3,661 | 3,661 | 3,661 | 3,661 | 3,661 | 3,661
Xps = Cf (Z—1+x2)
1
Z.s = JTZ + x2, QO | 96,926 | 48,969 | 27,016 | 25,088 | 20,349 | 5,781
15:612% A 3,971 | 7,861 | 14,249 |15,343|18,917 | 66,592
COS<pé=;in‘: 0,999 | 0,997 | 0,991 | 0,989 | 0,984 | 0,774
sing; =’Zc—:j 0,038 | 0,075 | 0,136 | 0,146 | 0,180 | 0,633
Ilrzlderrcé—zcosgaé A 4,278 | 8,098 | 14,296 | 15,344 | 18,729 | 51,232
1
le=Idbx+cé—Zsin<pg A 3,778 | 4,210 | 5536 | 5840 | 6,990 | 45,265
1
I, =12 + 2, A 5707 | 9,127 | 15,331 | 16,8 |19,991 | 68,364
COS<p=111—1T 0,70 085 | 087 | 090 | 0,88 | 0,649
P, =3.U,1,,1073 KW | 4877 | 9232 | 16,297 17,493 21,351 | 58,404
P, = 3.12r,1073 kW | 0078 | 0,199 | 0,562 | 0,645 | 0,956 | 11,175
P.,=3.1%",10"% | KW | 0,022 | 0,087 | 0,285 | 0,331 | 0,502 | 6,226
P; = 0,005P, KW | 0,024 | 0046 | 0,081 | 0,087 | 0,107 | 0,292
P, kW | 0574 | 0574 | 0574 | 0574 | 0,574 | 0,574
Yp KW | 0,698 | 0906 | 1,502 | 1,637 | 2,139 | 18,267
P,=P, —Yp KW | 4,178 | 87326 | 14,795 | 15,856 | 19,213 | 40,138
n=£—:-1000 % 80,68 | 84,19 | 86.67 | 88.68 | 8588 | 63,72
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10. Bdi s6 mdmen cuc dai

2
_ Mmax _ (lém) Sam _ (66.592)2 00185 _ 4 0
- - — 9,

Manax = Ty Lam) Sm 14,249/ 0,131
2.7. Tinh toan dac tinh khéi dong
1. Tham s cua dong co khi xét dén hiéu tng mat ngoai vai s=1
§ =0,067.avs = 0,067.24 = 1,61
V&1 a=hr2-h42=24,5-0,05=24mm
Theo hinh 10-13[1] , khi £€=1,61, tra ra y=0,87
(0=£-1=0,61; kr=1+¢=1+0,67=1,67
ra:=Kr.rs=1,67.0,549.104=0,917Q
Dién tro roto khi xét dén hiéu ang mat ngoai véi s=1:
21, . 2.836.1077 )
Tag = Teag + 37 = 0.917.107 + o — = 1,251.107
bién tro roto quy doi:
7',26 = y.1¢ = 5303,3.1,25. 10~* = 0,66340
Hé sd tir dan ranh réto khi xét dén hiéu tng mat ngoai s=1:
Age = AW + % = 2,385.0,87 + 0;15 = 2,575

42

Tong hé so tir dan ranh roto khi xét dén hiéu tng mat ngoai voi s=1:
Z Aoe = Ayae + Az + Agz = 2,575 + 2,399 + 0,91 = 5,884

Dién khang roto khi xét dén hiéu (g mat ngoai véi s=1:

2126 5,884
2l 242,20 — 2317
Yoy, Tt 5694

Téng tré ngan mach khi xét dén hiéu ang mit ngoai véi s=1:
Tag =T + 75 = 0,797 + 0,6634 = 1,4600,

! —

Xne = %1 + x5 = 1,343 + 2,317 = 3,660

Zng = |72 +x2 = 146042 + 3,662 = 3,940
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Dong dién ngan mach khi chi xét dé hiéu tng mit ngoai:

_ U _380_ 96,454
™z 394

2. Tham sé cuia dong co khi xét ca hiéu tng mit ngoai va sy bo hoa cua mach
tur tan khi s=1:
So bd chon hé sé bdo hoa kph=1,3
Inpne = kpn-Ing = 1,3.96,45 = 125,44

Stc tir dong trung binh cia mot ranh stato
(k bk Zl) _ o7 125,4.40
a, BT TyRaz ) T

= 3548,44
Theo duong cong trong hinh 10-14 [1] ks=0,87

6 = 0,64 + 2,5 0,05 = 0,96
t,+t, "~ ]1,33+1,69

p _ Fan107* 35484107
®0 " 1,6.Cop. 8 1,6.0,96.0,05
Theo hinh 10-15 [1] tra dugc y5=0,5
C, = (t; — by)(1 — xs) = (1,33 — 0,3)(1 — 0,5) = 0,515
hy +058.h; G
by, C; +1,5b,,
_ 0,05 + 0,58.0,2 0,515
0,3 0,515+ 1,5.0,3
Hé sb tir dan tan rdnh stato khi xét dén bdo hoa mach tir tan:
Aipn = Ay — Aipn = 1,232 — 0,295 = 0,937
Hé sb tir tan tap stato khi xét dén bao hod mach tir tan:
Aipn = Apr xs = 0,978.0,5 = 0,489

Tong hé sé tir tan stato khi xét dén bdo hod mach tir tan:

Inbhf- Uprq

36
Fopn = 0,7 (0,87 + 0,9659.0,927%)

Cbh = 0,64 + 2,5

= 4,62T

Ah1bh =

= 0,295

Z Auon = Avipn + Aerop + Agy = 0,937 + 0,489 + 1,559 = 2,985
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Dién khang stato khi xét dén bao hoa mach tir tan:

Y Aipn 2,985
Xipn = % 5 3435725 = 10636
C, = (t, — byy)(1 — x5) = (1,69 — 0,1)(1 — 0,5) = 0,795
hysCy 0,05.0,795

Adpn =

= = 0,444
bay(C, + bsy)  0,1(0,795 + 0,1)

Hé s6 tir tan rénh roto khi xét dén b&o hoa mach tir tan va hiéu tng mat ngoai:
/1r2§bh = AFZE - AAth = 2,575 - 0,444 = 2,31
Hé sb tir tan tap roto khi xét dén bdo hoa mach tir tan:
Aigpn = Aep- x5 = 2,399.0,5 = 1,2
Tong hé s6 tir tan roto khi xét bao hoa mach tir tan va hiéu tng mit ngoai:
Z AZ{"bh = ATZfbh + ACth + /1(12 = 2,13 + 1,2 + 0,91 = 4,241
Dién khang roto khi xét dén hiéu (tng mat ngoai va bao hda mach tir tan:

’ ’ ZAZfbh )
erEbh =X ZZ—/lz = 2,2 2@ = 1,67

3. Céc tham sb ngan mach khi xét hiéu trng mat ngoai va sy bdo hoa cia mach

Tngbh =11 + 7' = 0,797 + 0,6634 = 1,404
Xngbh = X1 + X'z = 1,0636 + 1,67 = 2,73360

Zngbh= \[r,fgbh + x2e, = /14042 + 2,7336% = 3,0730

4. Dong dién khoi dong
Uy _ 380
Zngon 3,073

I, = = 123,64

Tri s6 nay sai khac <15% so véi gia thiét nén khdng can phai tinh toén lai

5. Boi s6 dong khoi dong
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Dién khang hd cam khi xét dén bdo hoa:
X1i2n = xlzkﬂ = 103,3.2,25 = 232,4

X' 2¢bh 1,67
Corpn = 1 + —— =14+ —— = 1,007
28bh X12m 232,4
P = = 22900 _ 19274
K7 Cogon 1,007 77

6. Boi s6 momen khai dong

(TN (122,74)2 06634 oo 1oc
e =N\ ) 7, 0™ T \14,249) 0468 0T

2.8. Tinh toan nhiét
Pong co co quat thoi ngoai vé may qua cac canh tan nhiét, dong thoi cé gio
tuan hoan bén trong nho cac canh khiy dit trén vanh ngan mach cua réto, So do tinh
toan nhiét duoc tinh theo so do thay thé hinh 8-7 [1],
1. C4c ngudn nhiét trong so d6 thay thé bao gém
To6n bao dong trén stato:
Qcu1 = Py +0,5p; = 562 + 0,5.81 = 602,5W
To6n hao sat trén stato:
Qre = Ppe = 380W
Tén hao trén roto:
Qr = Pcuz+0,5p5 + Peo + Pom + Pam
=2,85+0,581+ 194 + 32 + 23 = 574,5W

2. Nhiét tré trén mat 16i sat stato:

Rpe =R +R—1 1+1 ‘1(1+1)
Fe = Treg T 000 T g \a, | as,)  1447\0,169 ' 0,09

=1,177.1072 °c/w

Trong d6
Spn, = m.D,l = m.24,5.18,8 = 1447cm2
Tra bang 8,2 [1] duoc Are=40W/cmO°C; §55=(0,08-0,1) W/cm? °C
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Are _40.1072
hgy 236 7 T om2 °C

Chon §54=0,09 W/cm? °C
3. Nhiét tro phan dau néi day quan stato:

5. 1 ( 0,04 1

1.5, asS;  \0,16.10-2 0,9248)7836,3

8y =

R4 =3,78.1073 °c/w

Trong d6 8:=0,04cm(hai 16p gidy cip F=0,2 mm)
Tra bang 8,2 [1] duoc A.=0,16.102 W/°C ddi véi cach dién cap F
ag = (14 0,54v2)1073 = (1 + 0,54.41,362)10~% = 0,9248W /cm? °C
_ m.Dgn 2653000
Y= 76000 6000
Sq=2.2,.Cp.lg = 2.36.4,03.27,1 = 7863,3 cm2

Dq=26,5cm — duong kinh quat gio

= 41,63m/s

C, ~ \/1,2.4. T d2q. My Upyg

=/1,2.4.7.[(0,85 + 0,08)2 + (0,9 + 0,08)2.2].40 = 40,3mm

Chu vi twong dwong mot canh cia mot bbi day

4. Nhiét tro dac trung cho do chénh nhiét gitta khong khi nong bén trong va
VO may:

1 _ 1

aS', 4,356.1073.2359,1
Trong do6: a=ow0(1+kovr)=1,42(1+0,04.41,36).10°=4,356.10°W/cm?2.°C
Theo [1] ko=(0,05-0,07), chon ko=0,05
Tra bang 8,3 [1] duoC ao=1,42.10 W/cm?.°C

R, = =9,731.1072 °c/w

cm?

2nD?
4

S o Dy (Lipan — L+ 1) +

224,52
= 1.24,5(34,6 — 18,8 + 2,6) + — = 2359,1 cm2
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5. Nhiét tré bé mit ngoai vo may

1
T a,S, + a,S, + a,S;
1 1
S, +a S, +a S, a,S,+a .S, +a,S",

1
©11,22.1073.2633 + 12,72.1073.551,5 + 1,42.1073.551,5

=2,68.1072 °C/w

Trong d6 o', =3,6d %2 v>%.107* = 3,6.0,05327%2,.20,68%8.10* =
7,3.1073W /cm?. °C

d- 1a duong kinh ranh thong gié twong duong cua rdnh théng gio doc than may,
d~2.c=2.2,66=5,32cm=0,532m, v\~ toc d6 gid thdi mat ngodi vo may da tinh dén su

suy giam 50% chiéu dai gan tan nhiét, duong kinh ngoai canh quat lay bang Dn:

t : i
1k E}.El I'!IlI
;?:;':". II|IIII'.- ;— m 'I:III II '.:‘.;
T 1 fil /i
W il -] I
I 1 | e i
= U7
lﬁ-:f’:}f | ."IN
[Fal ..-
Ri'.' o
al &

Hinh A.6. Ranh lam mat déng co
w=0,5vr=0,5.41,36=20,68 m/s
ow=Kg0’v=1,537.7,3.103=11,22.10° W/cm?.°C
O day:
T c N ag b _ 2,66 N 3,73.1072 0,4
9 b+c a,b+c 044266 7,3.1073 0,4+ 2,66
a,g=P.An(Bn)=0,955.4.10%tanh(0,955.2,3)=3,73.10"2 W/cm?2.°C

_ |2.a;,  [2.73.1073 0955
B = Ab . |4.1072.04

= 1,537

Voi
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Déi véi gang khdng ba A=4.10" W/°C
Hé s tan nhiét trén nap sau (tbc do gi6 khong bi suy giam):
a', = 3,6d7°2.v3%.107* = 3,6.0,05327°2.41,36%8.10~*
=12,72.1073W /cm? °C
Hé s tan nhiét trén nap trudc khong cd gio thoi:
a, =1,421073W /cm? °C
Bé rong gan b=0,4cm, khoang cach gan c=2,66cm, chiéu cao gan h=2,3cm
Dién tich tan nhiét cua vo may ké ca gan
S, =~ 0,5(m.D, + hn)l = 0,5(1.26,5 + 2,3.30)34,6 = 2633cm2
Vi Dy=26,5cm — duong kinh vo may, nc=30 sb canh tan nhiét

Dién tich tan nhiét trén nip:

sy o sy a0 2057 oo s
n n 4 4 )
6. Nhiét tro trén 16p cach dién rénh
O 0,04

R, =9,166.1073 °Cc/W

" 2.S. 0,16.10722727,5
Voi: S, = Z,Cyl; = 36.4,03.18,8 = 2727,5cm?2
7. B chénh nhiét gitra vo may vai méi truong
0o = (ch1 + Qre + QR)Ra
= (602,5 + 380 + 574,5)2,69.1072 = 41,7 °C

8. P tang nhiét cua day quan stato

, Reo + R
QCul(RFe + Rc) + QFeRFe + QRRa Rge_|_ R/C
61 - R R a + 90
1 +RI Fe + C
“Rs+ R,

_602,5(1,177. 1072 +9,166.1073%) + 380.1,177.1072

1,177.1072 4+ 9,166.1073
3,78.1073 +9,731.10°3

1,177.1072 + 9,166.1073 4
" 3,78.1073 +9,731.1073

= 23,74 + 4,7 = 65,44 °C

1+

+ 574,5.9,731.1072 41,7
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2.9. Tinh toan két cAu co khi cho déng co

DPong co duoc thiét ké tuan tha theo yéu cau cua tiéu chuan Viét Nam TCVN
10888-0:2015 (IEC 60079-0:2011) va TCVN 1088-1:2015 (IEC 60079-1:2014);
TCVN 7079 - 7: 2002. Bong co phong nd ding cho Quat gié dung trong 10, cé két
c4u than dong co hinh tru. Vo dugc ché tao dudi dang bao vé khdng xuyén nd dang
“d”, muc dich ché tao dé sir dung trong mai trudng cé khi chay va bui nd thuoc mo
than ham 10, thuoc nhém 1. Nap trude va nap sau cia dong co duoc ché tao bang thép
tam lién, trén nap co bé tri gdi d& 6 bi dé d& hai dau truc cua dong co. Pong co co
hai dau tryc gan lién voi Roto, day 1a vi tri 1ap hai canh quat cua quat gio.

Hop dau day co cac dau cuc duoc lién két vai than dong co bang dng ndi rang
ren, dé néi giita hop dau cap vai 6ng ndi va ong ndi vai mat bich, mat bich dugc ¢b
dinh voi than dong co bang 04 bu long luc ning tao thanh méi ghép phong nd, gitra
dng néi véi mat bich gitr dng ndi va hop ndi cap duge dau ndi véi nhau dudi dang
mdi ghép dang ren, dam bao budc ren dn khép >5mm va chiéu dai ren an khép dam
bao > 8 mm, dng ludn cap co tac dung dua day dan tir cac pha cua dong co di qua ng
luén cap dén hop déu cap.Pong co co 3 bd phan chinh gom:

- Than dong co chira cac b phan stato, day quan, roto c6 két cau dac biét;

- Hop dau day c6 co cap, chira cac coc dau day dé cap dién cho dong co;

- Ong ndi gitra than dong co va hop dau cap dung dé ludn day dan pha tir cac
cudn day 1&n hop dau day.

V6 dong co va hop dau cap duoc ché tao bang gang GX18-36, 6ng ndi duoc
ché tao bang thép éng CT38, canh quat duoc ché tao bang hop kim nhom. D6 nham
gia cong cac bé mat méi ghép phong nd sau khi phay nhan boéng c6 d6 nham < 63
um. Tt ca cac kich thuéc trong cac ban vé tinh bang mm. Toan bo két cdu cua vo
bén ngoai cia dong co dugc son chdng ri chiu axit va I16p son mau xanh nhat. Trén
dé cuia than dong co c6 co cu bat day tiép dia sir dung bu lon M10x15. Thé tich phan

trng bén trong cua dong co, c6 thé tich tu do >100 cm3.
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2.9.1. Thiét ké than

V6 stato phai phdi hop vai yéu cau vé truyén nhiét va thong gié, dong thoi
phai c6 di do cimg va do bén, khdng nhitng sau khi lap 18i sat ma ca khi gia cong vo.
DPong co phong nd yéu cau kin, chdng bui va 4m w6t nén ta chon vé stato 1a vo gang
duc, khong ¢ gan bén trong. Stato dwgc xép cac 14 thép rdi ép chit sau d6 méi ép
vao Vo stato. Dung mot chét chdng xoay chdt stato véi vo, dé gitr cho stato khong bi
quay boi mémen dién tur.

Ddi v6i dong co, vo stato ngoai dam bao ché sao cho may gon nhe, dam bao
do tin cay cua may ldc 1am viéc, dam bao bao dudng may thuan tién, dam bao ché
tao don gian, gi4 thanh ha, thi con phai dam bao théng gi6 va tan nhiét tét. Di Voi
dong co dién kiéu kin, nhiét lugng trong may duoc tan ra mdi truong xung quanh qua
bé mit ngoai cua vo may va nap gdi truc. Bé tang cudng hiéu qua tan nhiét, trén vo
may c6 ché tao thém nhiéu gan doc truc. Nhu vay nhiét lugng sé& téa ra & phan vo

giita cac gan va & bé mat cua gan tan nhiét.

bg

Hinh A.7. Kich thudc gdn tan nhiét ngodi vo may
Trong do: by - D6 day gan tan nhiét; cg- Khoang cach gitra 2 gan tan nhiét; hg
: Chiéu cao gan tan nhiét
Theo chon duogc kich thude gan nhu sau [1]:
Cg (Mm); hg (mm); by (Mm).
buong kinh ngoai cua vo may Dng:
Dyg = Dy + 2.bg(mm)

S6 gan tinh toan trén vo may ng:
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. Dpg

n, = (gan)
& byt

Chiéu dai vo may [1] ta c6 Lma = Lac + lan (mm).

- Than dong co phong n6 phai dam bao céc yéu cau ky thuat vé an toan no
nhu: d6 day than, d bén co, tan nhiét, khe ha méi lap ghép.

- Trén vo hodc chan dé caa dong co dién phong nd phai cé co cau dé bat chit
day néi dat.

- Hinh dang két ciu va kiéu than dong co dién phong no dugc thiét ké tly theo
linh vuc sir dung.

- Vat liéu ché tao than: Pdi véi dong co dién phong nod lam viéc trong ham
ngam, than duoc 1am bang thép (duc hoic han) hodc gang c6 d6 bén co cao nhu: gisi
han bén kéo a;, >4000 kg/mm2, giéi han chay o, > 2000 kg/mm? , 6 dai va dap ax
= 350 kgm/ mm?.

Ddi véi dong co dién phong nd ¢ cong dung khac, than c6 thé 1am bang thép
hoac gang co6 co tinh khdng nho hon co tinh cia gang GX15-32.

- Than dong co dién phong no phai co do day va do bén co cao so v6i dong co
dién thong thuong thi mai dam bao khong bi lan truyén né ra ngoai méi truong, khi
c6 hién tuong nd khi xay ra bén trong vé dong co. Trong dong co dién phong nd
khong ddng b, khe ha khong khi gitra stato va roto nho do vay su bién dang cua than
c6 thé gay ra sét cdt tao tia lira gay chay no.

Phan lip ghép giira than va nap dong co dién cd chiéu day, do chinh xac va do
bong tuan thu theo TCVN 7079-0-2002 nham dam bao do kin khit dé tia lra khong
thodt ra ngoai gay chay no.

Chiéu dai cua than cd thé dugc tinh theo cong thuc;

_P'R
0

b

Trong dé: - p 1a &p suat thir thay trong than dong co kg/cm?
+ Poi véi dong co dién phong nd 1am viéc trong ngam p tra theo bang A.2
+ Pbi véi cac dong co dién phong n con lai p tra theo bang A.3

- R 12 ban kinh trong than.;- ¢ 1a (g suét cho phép cua vat liéu.
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Bang A.2. Ky hiéu vo

Ky hiéu Ap suat tinh toan (kg/cm?) khi thé tich tu do cua vo (V)
VO Pén 0,1 lit | Trén 0,1+0,5 lit | 0,5 lit<V<2 lit | 2 lit<V<10 lit | V> 10 lit
1 3,0 6,0 7,0 8,0 9,0
2 - 6,0 7,0 8,0 9,0
3 - - - 8,0 9,0
4 - - - - 10,0
Bang A.3. Ky hiéu loai hdn hop nd
Loai hon hop Ap suét tinh toan (kg/cm?) khi thé tich tu do cua vé (V)
no Dén 0,5 lit 0,5 lit<V<2 lit V> 2 lit
1 3,0 6,0 8,0
2 4,0 8,0 10,0
3 4,0 8,0 10,0
4 4,0 8,0 10,0

2.9.2. Thiét ké nap

Nip dong co dién ¢ nhiém vu nhu mot géi dd truc dong co do d6 no chiu tac
dung cua luc hudng tdm va luc doc truc, ngoai ra nap con chiu &p hre khi nd bén trong
nhu than dong co dién bai vay khi thiét ké nap can phai dam bao:

- Vit liéu ché tao nip: Dbi voi dong co dién phong nd 1am viéc trong ham
ngam nap duoc 1am bang thép (Puc hoic han) hoic gang c¢6 do bén cao, giéi han bén
o3, >4000 kg/mm?, g, > 2000 kg/mm?, ax = 350 kgm/ mmZ. Ddi véi dong co dién
phong nd c6 cong dung khéac co thé 1am bang thép hoic gang ¢ co tinh khong nhé
hon co tinh cua gang GC 15-32.

- C6 chiéu day nap phai dam bao an toan khi c6 chay bén né trong dong co.

- C6 d0 bén co dam bao dong co dién lam viéc on dinh, ém.

- C6 @6 ddng tam cao giita go bét ndp vao than dong co va 15 1ap bi.

- D¢ sai léch twong ddi 12 it nhat, pht hop véi cap chinh xéc.

- Loai trir anh hudng dén 6 d& do bién dang truc khi lap rap.
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Dung sai ldp ghép giita nip va than dong co phai chon sao cho dam bao do
d6ng tam cao gitra g d& bi va duong kinh trong cua I8i thép stato dat trong than va
d6 kin khit dé tia lira khong thoat ra ngoai cling nhu xAm nhap vao bén trong.

- Nép dong co phai théa man céac yéu cau caa TCVN 7079-1-2002.

- Tai cac vi tri cd 15 bat bu 16ng phai dam bao cho céc bu 16ng lap ghép khong
bi long va chi ¢6 dung cu chuyén dung méi thao dugc bu 16ng.

- Nip dong co lip vao than dong co dugc bit chat bang cac bu 1ong. Puong

kinh bu 16ng dugc xac dinh theo cong thuc:

i=|—%
0,45'0-6'2

Trong d6: Q - Luc tac dung Ién bu long: Q = %. (D? — d?).P; D - Buong kinh tai vi
tri ghép lap vao than; d - Buong kinh ngoai 6 bi; P- 4p suat tinh toan, lay bang 1,5 lan
ap suat thuc gay no; o, : gisi han chay cua vat liéu 1am bu 16ng. Z sé bu 16ng.

Pau buldng khong duoc xé ranh (dung loai bu 16ng chim) theo yéu cau cua
TCVN7079-0-2002, nap mé cham phai ¢6 ky hiéu Ex d

Mdi ghép ciia nip va than dong co ¢ hai diu truc:

+ Kiéu mbi ghép: Mbi ghép cé dang nit ng;

+ Cb dinh méi ghép: Biang 6 bu lon dau chim M10x35;

+ Bé rong nho nhat ciia moi ghép: > 25 mm;

+ Khe ha 16n nhit cuia mbi ghép: < 0,3 mm;

+ D6 nham gia cong bé mat < 6,3um.
Méi ghép phong né ciaa mit bich giir 6ng ndi véi than dong co: Mdi ghép ciia mit
bich véi than dong co dudi dang méi ghép dang phang, va duoc giit chat vai than
dong co bang 04 bu long luc ning M10x25, phan day 16 bu long duoc bit kin, chiéu
day phan bit kin c6 chiéu day > 5mm dam bao khéng xuyén qua thanh vo vao bén
trong.

- Bé rong nho nhat cua méi ghép: > 12,5 mm;

- Khe hg 16n nhat caa méi ghép: < 0,3 mm;
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- P6 nham gia cong bé mit < 6,3um.
2.9.3. Thiét ké cum hop cuc

Cum hop cuc bao gdm than hop cuc, nap hop cuc, 6ng dan day va céc bu 16ng
coc cuc. vat lidu ché tao than, nap hop cuc va éng dan day duoc duc bang gang xam.
GX15-32 hoic dung bing gang c6 d6 bén cao ddi voi dong co dién lam viéc trong
ham ngam.

- Hop cuc phai dam bao d6 kin dé tia hira khong thoét ra dugc va khéng xam
nhap duoc vao bén trong. Theo cap bao vé IP 55,

- Céc coc cuc va dau cét phai dat TCVN 7079-0-2002.

- C4c coc cuc dan dién phai duoc cb dinh virng chiac khéng bi xé dich, cach
dién giita cac coc cuc voi vo dong co bang dng cach dién duoc ché tao tir nhya ba ké
lit chiu hd quang hoac 6ng si.

- Ong dan day duoc thiét ké sao cho khdng c6 canh sic dé day cap khong bi
xay xudc khi dich chuyén phia ngoai tir bat cir huéng ndo (ké ca hudng nguy hiém
nhét 12 90°) va theo quy dinh ctia TCVN 7079-0-2002, phai c6 co cau kep day dé day
khong bi dich chuyén trong qua trinh dong co dién phong né lam viéc.

- Trong hop cuc phai c6 coc dé bat chit day ndi dat, coc ndi dat phai duoc b
tri dam bao khe hé va khoang cach ro dién véi coc ddu day pha theo quy dinh tai
Bang A.4.

Bang A.4. Khe hg va chiéu dai duong rd

bién ap lam viéc Chiéu dai duong ro nho nhat (mm) Khe hé nho
danh dinh Nhom vt liéu nhat (mm)

Ue (V) | T lla
<320 6,3 8,0 10,0 6,0
<400 8 10 12,5 6
<500 10,0 12,5 16,0 8,0
<630 12,0 16,0 20,0 10
<800 16,0 20,0 25,0 12
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- Ky hiéu pha, cuc tinh cta cac cuon day phai tuan tha khoan 6.8.1 cia TCVN
6627-8:2010 (IEC 60034-8:2007).

- Thanh bén trong cua hop dau ndi phai dugc phu dong nhét bang son chdng
hd quang.

- Céc 6ng 16t cach dién (6ng 1dng cach dién-sit xuyén), coc ddu day dan dién
qua cac thanh va vach cua vo dong co dién phong nd phai tuan thu theo quy dinh tai
Piéu 11 TCVN 10888-0:2015 (IEC 60079-0:2011).

Ddi vai ¢6 cap vao dong co dién phong nd: Cac dau vao dan cap dén hop dau
ndi cap cua dong co dién phong nod phai tudn thu theo Piéu 16 va Phu luc A TCVN
10888-0:2015 (IEC 60079-0:2011), Piéu 13 TCVN 10888-1:2015 (IEC 60079-
1:2014)

M@éi ghép phong né caa nap hop dau cap

Hop dau cap duoc ché tao bang gang loai GX18-36;

- Kiéu méi ghép: Kiéu méi ghép cua niap hop dau cép co dang nit ong;

- C6 dinh mdi ghép: Bang 6 bu lon dau chim M8 x 20 ¢6 vong dém vénh chong
tu nai long;

- Bé rong nho nhat cia mbi ghép: > 12,5 mm;

- Khe ho 16n nhat cua méi ghép: < 0,4 mm.

- D6 nham gia cong bé mit < 6,3um.

Co cap dau vao dong co quat gid

Cb cap dau vao cua hop dau cap cho phép sir dung cap cao su mém c6 duong
kinh ngoai kich thudc (18 ~30)mm;

- Pé lam kin cép véi vo may str dung vong dém cao su chéng 140 hoa, chiu
dau, chdng chay chuyén sir dung cho céc khoi dong tir mo do Trung qudc san Xuat;

- Pé ép chat ¢ cap sir dung cac bulon dé bat chat ¢ cap nén vong cao su;

- Pé ngan khong cho luc kéo tir bén ngoai dan dén cac coc dau day sir dung
chi tiét kep chit cap bang thanh kep duoc bt chit vao ¢b cap bang bu lon;

- Chiéu day cua vong dém cao su sau khi ép chat, c6 chiéu day > 20 mm.
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- Hop dau cap duoc cb dinh vai vo quat gié bang 4 bu 16ng luc ning dau chim
M10x25;
M@i ghép giira hdp dau cap véi ng ndi

M&i ghép cua hop dau cap va mit bich éng ndi;

- Kiéu méi ghép: Méi ghép c6 dang ren; M60x1,5

- Chiéu siu an khép cua ren Lren > 14mm
M#i ghép giira 6ng ndi véi mat bich

Mbi ghép cua dng ndi véi than dong co;

- Kiéu mdi ghép: Méi ghép c6 dang ren; M60x1,5

- Chiéu sau an khép ca ren Lren > 14mm
Mdi ghép phong né ciia mit bich giit 6ng noi véi than dong co

Mbi ghép ctiia mat bich voi than dong co dudi dang méi ghép dang phang, va
duogc giit chat véi than dong co bang 04 bu long luc nang M10x25, phan day 16 bu
long duoc bit kin, chiéu day phan bit kin ¢é chiéu day > 5mm dam bao khong xuyén
qua thanh vo vao bén trong.

- Bé rong nho nhat cia mbi ghép: > 12,5 mm;

- Khe ho 16n nhat cua méi ghép: < 0,3 mm;

- P6 nham gia cong bé mat < 6,3um.
Mdi ghép phong né ciia sir xuyén

Str xuyén duogc 1am biang Composite, coc dan dong dugc ¢d dinh véi sit xuyén,
muc dich dé dua dong tir ngudn vao dong co qua coc dan dong. Céc coc dan dién (gu
gidng) M6 lam bang dong (LcuZn20) duoc dic ¢d dinh vai st xuyén cach dién
(composite): 06 bo;

- Kiéu méi ghép: Méi ghép c6 dang hinh try;

- Bé rong nho nhat cua mébi ghép: > 14 mm;

- Khe hg 16n nhat caa méi ghép: < 0,4 mm;

- D6 nham gia cong bé mit < 6,3um

- Khe ho nho nhét tir phan dan dién dén vo: > 15 mm;

- Khoang cach ro nho nhit tir phan dan dién qua st xuyén ra vo: > 20 mm;
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- Khe hd nho nhét gitra hai phan mang dién >16mm.
- . Qe }jr

Hinh A.8. Cum hép cuc déng co phong né

2.9.4. H¢ théng lam mdt

- Pong co duoc 1am mét bang quat gié nam & ngoai than va nap cua dong co.
Quat gi6 phai c6 nap che véi két cau virng chic, va cham nhe khé bi bién dang.

- Cira gi6 vao c6 cap bao vé 1P20, cira gi6 ra IP10 dap tng TCVN 7079-0-
2002. - Khe h¢ giita canh quat gi6 va nap che quat gi6 it nhat > 10mm, dé dam bao
trong qua trinh van hanh dugc an toan, khéng gay tia lua do co sat gitra quat gio va
nap che.

Trén vong ngan mach roto ta s& dtc 1ién canh quat 1én d6. Theo (Bang 7.2 -
[19]) s6 canh quat 14 nq = 11.

g fs

Hinh A.9. Cdu tao quat gi6 dong co

Cac 14 thép roto sau khi duoc cat s& duoc ghép lai, ép chit, sau d6 dem dac
nhdm cho 1ong s6¢ va quat trén vong ngan mach. Vat liéu duoc dung dé ché tao canh
quat 1am mat bén ngoai cua dong co dién phong nd phai tuan thu theo quy dinh tai
Diéu 7 va diéu 8 cua TCVN 10888-0:2015 (IEC 60079-0:2011).

- Quat 1am mat dong co dién phong nd phai tuan thi cac diéu kién vé ky thuat
an toan theo yéu cau tai khoan 17.1 cua TCVN 10888-0:2015 (IEC 60079-0:2011).
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- Trong diéu kién 1am viéc binh thuong, khoang cach giita canh quat va bo
phan dung yén khong dugc nho hon 1% duong kinh cia canh quat va nam trong
khoang tir 1 mm dén 5 mm.

- Néu céanh quat duoc 1am bang nhua, dién tré cach dién bé mit khong duoc
vuot qua 1x109Q (1000 MQ).

Do tang nhiét dong co so vaoi nhiét dd moi truong xung quanh xac dinh theo
cong thuc:

AP
“S.a

Trong d6: AP — la tong ton hao cua dong co

At

S — dién tich bé mat truyén nhiét (m?)
a - hé sb truyén nhiét W/(m2. °C) phu thudc vao vit liéu, duong kinh
ngoai 18i thép, téc do, kiéu bao vé IP.
Thé tich khdng khi 1am mat trén gidy tinh theo cong thuc:

kAP m®
57 1100. At giéy)

Trong d6: AP — tong ton hao trong dong co & ché do dinh muc, At — d6 ting
nhiét caa khdng khi. km — hé s phu thudc vao chiéu dai bé mat bén ngoai vo 1am mat.

n
k,=m WD
Hé s6 m dugc xac dinh theo chiéu cao tam truc, véi dong co c6 tée d6 n=3.000
vong/phut, xac dinh nhu sau:
m=2,6 véi chiéu cao tam truc H<132mm
m=3,3 véi chiéu cao tam truc H>160 mm

Luong khong khi quat gi6 can tao ra tinh theo:

3

n m
Q’B = 0!6D3 LY )
100 “giay
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2.9.5. Két cdu truc quay

Ngoai viéc phai chiu toan bo trong luong cua réto ra, truc quay con chiu
mdmen xo4an va mémen udn trong qua trinh truyén dong tai. Truc con chiu luc hudng
truc, thuong 1a luc kéo. Truc quay can phai dam bao céc yéu ciu co ban sau:

Phai co du d6 bén ¢ tat ca céc tiét dién cua truc khi may 1am viéc, ké ca ldc co
su ¢b ngan mach.

Phai c6 dii d6 ctng dé tranh sinh ra d6 vng qua I6n 1am cham réto véi stato.
Tbc @6 gigi han cua truc phai khac nhiéu vai toe @6 ldc may 1am viée binh thuong.
buong kinh truc da tinh toan ¢ trén la: Dt (mm).

MoOmen dién tu trén truc quay Ma::
Pdm
Mg = — (Nm
ac =~ (Nm)
Véi w 1a van téc goc cua roto:

2m.n rad

60 S

w =

Véi n = 3.000 vong/phut 1a te do quay cua dong co.
Tra) voi mémen dién tir Ma: (Nm) ta duoc chiéu dai dau tryc 1a: le (mm).
M@éi ghép phong né ciia nip trwéc va sau ciia dong co véi truc dong co
- Kiéu méi ghép: Méi ghép c6 dang truc xoay;
- C6 dinh méi ghép: Mbi ghép duoc gia cong truc tiép trén nip trudc va sau
cua nip dong co;
- Bé rong nhé nhat ciia méi ghép: > 25 mm;
- Khe h¢ 16n nhat cua méi ghép: < 0,3 mm

- D6 nham gia cong bé mit < 6,3um.
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Hinh A.10. Truc roto
Két qua tinh toan so bo thdng s6 dong co Ex-IM — 15 kW co s duoc thdng
ké trong bang A.5
Bang A.5. Két qua tinh toan théng sé dong co Ex-LSPMSM 15 kW

TT 1. Kich thwéc va thong so c6 ban dong co Ex-IM Pon vi
1 | C6ng suat 15 kKW
2 bién ap day 380/660V \Y
3 | bau sao/tam giac Dau T
4 | Higu suit so bo 88,7 %
5 Heé sb cong suat 0,89
6 | Socuc2p 2 cuc
7 | S6 rénh stato 36 ranh
8 | S ranh roto 28 ranh
9 buong kinh ngoai 16i ton 24,5 cm
10 | Buong kinh trong 16i t6n 15,2 cm
11 Khe hd khong khi 0,05 cm
12 | buong kinh trong 14 ton roto 5,2 cm
13 | Chiéu dai I6i ton 18,8 cm
14 Vat liéu long soc réto N
15 Kich thudc vanh cham (a x b) 2,3%x2,.8 cm
16 | Buong kinh tim vanh chap 12 cm

Day quan stato va roto
17 | Sé vong/bin day quan stato - 20 vong Vong
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18 | buong kinh day 0,85+0,9x2 nn
19 | Sb soi chap 3 Soi
20 | S6 mach nhanh song song 2
21 | Budc day quan 15 ranh
22 | Cac kiéu day quan

1 — Day quan xép 2 16p,

2 — Day quéan dong tdm 1 16p(2 mat phang),

3 — Day quén dong tdm 1 16p(3 mat phang),

4 — Day quan moc xich 1 16p,
23 | Chon kiéu day quan 1
24 Cho cac kich thudc bin day
25 Lb 23 cm
26 Ty 22 cm
27 fq 5,38 cm

KET QUA TINH TOAN

28 | Cong suat 15 KW
29 bién ap 380/660 V
30 | Hiéu suat 88,8 %
31 | Hé sd cong suat 0,9
32 | Ton hao dong stato 562 W
33 | Ton hao dong roto 285 W
34 | Ton hao phy 81 W
35 | T6haoco 194 W
36 | Ton hao thép 380 W
37 Dong dién Stato 15,331 A A
38 | Mat @o dong Stato 4,17 A/mm?
39 | Mat do dong trong thanh dan stato 2,59 A/mm? | A/mm?
40 | Mat do dong trong vanh chap 2,46 Al/mm? | A/mm?
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41 | bién tré pha (115°C) 0,797 0
42 Mat d6 tur thong rang stato 1,1 T
43 Mat do tur thong gong stato 1,76 T
44 Mat do tur thong rang roto 1,1 T
45 Mat do tur thdng gong réto 0,85 T
46 | Mat do tir thong khe ho khong khi 0,522 T
47 | Taiduong A 231 Alcm
48 | Bo sb dong dién khoi dong 7,63

49 | Bo s6 mdmen max 3,08

50 | Bo s6 mdmen khoi dong 1,95

51 | Hé sb bdo hoa 1,3

52 | Dong dién tur hoa khong tai 3,63 A
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PHUC LUCB
TiINH TOAN SO BQ KiCH THUOC NAM CHAM

Ddi véi cAu trac roto trén hién tai kich thudc cia nam cham vinh ctiru hién d3 xac
dinh:

+ Chiéu dai: In = I2= 170 (mm)

+ Chiéu rong: wm = 35 (mm)

+ Chiéu cao: hm chua xac dinh
Thé tich khi nam cham sg 1a:

Vo, = cy f;"—:;c

Trong do:
+ Br: Mat d¢ tur du, N38 nén Br = 1,33
+ Hc(A/m) luc khang tir, vi N38 nén He = 920 (KA/m)
+ Cv duogc xac dinh

_ 2Kocfkfq(1+3)
m2.&

. koct 12 hé 6 qué tai cia dong co, chon Kocr = 1,6
. & 1a hé s6 tan dung hoa, lya chon & = 0,55

Cy

.5 = E¢V1 1a hé s sirc dién dong c6 gia tri 0,6 + 0,95, lya chon >=0,9
Ti lé cuc-dé/budc cuc o a; = 0.6

Véi ai = 0,6, tuyén tinh hoa twong ung véi ke = 0,913, Vay:
_ 2Kocfkfq(143)  21,6.0913.(140,9)

Cv = m2.& 12.0,55 1,022
Vay, thé tich khdi nam cham sir dung Ia:
v, =cp =2 =1,022—=2__ 10° mm3 = 250572 mm?
f.By.H 50.1,33.920000

Mat khac co: Vm = 6.hm.Wm.Im

Vi 250572
T6W, .l 635170
Lwva chon: hm =7 (mm); Wy = 34 mm
Kich thugc NCVC: 170 x 34 X 7 mm

—)hm

7,02 (mm)
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