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Tém tit:

Mé6 hinh mdy dién mét chiéu mdc dinh trong thuw vién ciia phan mém NI Multisim la mé hinh tuyén tinh 1y
twdng, von di bé qua cdc hién twong nhie: bdo hoa tir, tir thong duw va ton hao sdt tiv. Piéu nay dan dén sai
s6 1om khi mé phong hé thong truyén dong trong cdc ché dé nhuw qud tdi, tw kich tir hodc khi can tinh todn
chinh xdc hiéu sudt ning lwong Bai viét dé xudt mot gidi phdp phdt trién mé hinh hanh vi phi tuyén mo
réng cho may dién mét chiéu thong qua cau triic mach phu (Subczrcult) st dung truc tlep ngon ngit SPICE
(Slmulatzon Program with Integrated Circuit Emphasis). Két qud mé phong trén phan mém Multisim cho
thay, mé hinh méi hoat déng 6n dinh va phan anh diing hanh vi ciia hé thong, mé ra hiedng ing dung hiéu
qud trong thiét ké mach diéu khién mady dién va giang day chuyén nganh.

Twr khoéa: may dién mot chiéu, SPICE Netlist, bdo hoa tir, tir du, tén hao sdt tir.

Development of a nonlinear DC machine model in the Multisim SPICE
environment by integrating magnetic characteristics

Abstract:

The default direct-current machine model in the NI Multisim software library is an ideal linear model that
neglects phenomena such as magnetic saturation, residual flux, and iron losses. This limitation leads to
considerable errors when simulating drive systems under operating conditions such as overload and self-
excitation or when accurate energy-efficiency calculations are required. This study proposes a solution
for developing an extended nonlinear behavioral model of a direct-current machine through a subcircuit
structure using the SPICE language directly. Simulation results obtained in Multisim indicate that the
proposed model operates stably and accurately reflects system behavior, thereby offering promising
applications in electrical machine control-circuit design and specialized teaching.

Keywords: DC machine, SPICE netlist, magnetic saturation, residual magnetism, iron losses.
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1. Pit van dé

Trong xu hudng phat trién cta cac hé théng tw dong hoa va phuong tién giao thong dién, viéc mo
phong chinh xac cac thanh phan truyén dong co - dién dong vai trd quyét dinh dén chét luong thiét ké cua
mach diéu khién nhu mach PWM (Pulse Width Modulation), mach cau H... (Bose, 2006), Phan mém NI
Multisim, dya trén nén tang mo phong SPICE manh m& (NI Corporation, 2009), 1a mét trong nhirng cong
cu phé bién nhét duoc cac k¥ su va nha nghién ctru lya chon nho giao dién than thién, truc quan, kha nang
tuong tac va kha ning phan tich mach hon hgp nhanh chéng (Rashid, 2025). Tuy nhién, mé hinh may dién
mot chiéu c6 sin trong thu vién tiéu chudn ciia Multisim hién tai gip phai nhitng gi6i han nhét dinh. D6 1a:
(i) Tir thong dugce coi 1a hang sé va tuyén tinh hoan toan véi dong kich tir, khién mé hinh khong thé phan
anh hién tugng bao hoa tir khi may di€n van hanh & vung dién ap cao hoac qua tai. (ii) Khi dong kich tir
bang khong, tir thong trong mé hinh mic dinh triét tiéu hoan toan. Pidu nay 1am cho viéc mé phong ché do
may phat mot chiéu tu kich tir trd nén bat kha thi trén phan mém. (iii) M6 hinh chi tinh dén ton hao dong
trén cac ddy quén, bo qua ton hao sit tir bao gdm ton hao tir tré va ton hao dong xody. Do d6, két qua tinh
toan hiéu suét toan ph?m cua hé théng ludn c6 sai s6 16n so voi thue té.

Dé giai quyét cac han ché trén ma khong lam ting do phtc tap tinh toan cua thuat toan SPICE, bai bao
dé xudt giai phap can thiép tryc tiép vao ma ngudn SPICE Netlist, xdy dyng mot khdi mach phu phi tuyén
md rong. Mo hinh nay khong chi nang cao d§ chinh x4c mo6 phdng hanh vi co - dién ma con tich hop cac
“chan do a0” cho phép boc tach truc tiép tir thong va cac thanh phan ning luong t6n hao trong 15i thép
theo thoi gian thuc.

2. Co s& toan hoc clia may dién mét chidu phi tuyén

2.1. M6 hinh todn hoc ciia mdy dién mét chiéu
M0 hinh toan hoc ctia dong co dién mdt chiéu dugc mé ta boi cac phuong trinh (Vidlak et al, 2021):

Vo = €q + Ralq + Lo o2 () J=24Bon=T.-T; (3)

Eaq — Ka. @ Mm (2) Tg - Ka. Q) ia (4)

trong do, v, - di¢n &p vao dong co; i - dong dién phan tng, R, - dién tr¢ day quén phan tng; L, -di¢n
cam day quén phén ung; e, - suc phan dién; @ - tir thong dudi mot cuce tu; @, - toc do goc cua rotor; K|
- hang s6, phu thudc céu tao ddy quéan phan tng; J - mo-men quan tinh clia rotor va tai; B - hé s6 ma sat
nhét; T - mé-men dién tir do dong co sinh ra; 7, - mé-men tai.

- Pé téng quat hoa phuong trinh cin bang dién 4p va mo-men cho may dién (ché d6 dong co va may
phat), phwong trinh (1) duoc viét thanh (Fitzgerald et al., 2003):

ai
Va = €q = (Rala+ Lo 2 (5)
va tuong ty, phuong trinh (3) viét thanh:
dwp,
J?JFB.COm:i(Te'TL) (6)

(Y32

trong d6, dau “+” twong tng véi ché do dong co va dau “-” twong tung véi ché do may phat dién.

2.2. M6 hinh todan hoc ddc tinh bao hoa tw va tir dw

Dic tinh tir hoa thyc té cua 16i thép may dién c6 ban chét phi tuyén va co tir du, diéu ma mo hinh tuyén
tinh mic dinh trong SPICE/Multisim khong thé dap ting. Dé khic phuc gi6i han nay, tac gia da khai thac
kha ning xdy dung ngudn hanh vi tiy bién cta thuét toan SPICE bang cac ham Polyl, PWL, Table (NI
Corporation, 2009) va chon ham s6 phi tuyén arctan(x) dé x4p xi hoa duong cong bio hoa mach tir nhd wu
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diém mo ta muot ma ving tiém can bio hoa. Pong thoi, mot hang s6 phi hop duoc tich hop vao phuong
trinh toan hoc nhim mo ta hién twong tir du cua 15i thép.

Ham sb arctan(x) co déc tinh toan hoc tuong déng rat tot voi qué trinh tir hoa thuc té ciia vat liéu sit tir
(Morée & Leijon, 2023). Dic biét, do ham s6 nay lién tuc va c6 dao ham tai moi diém, giup giai quyét triét
dé 151 hoi tu toan hoc (Convergence error) trong thudt toan giai cia SPICE khi mé phong cac qué trinh qua
d6 bién doi nhanh. Bén canh d6, hang sd tir dur 14 thanh phan dai dién cho tir tinh con Iuu lai bén trong céac
mach tir cua stator sau khi dong dién kich tir da ngat vé khong.

Khi d6, cong thirc biéu dién tir thong cuc tir phi tuyén tong quat duge xac l4p nhu sau:

2
@ = Dyes + Laf.;. arctan(Ksa . Iy (7)

trong ‘d('): D - héng sb tir thong du; L~ dién cam tuong hd giita cudn kich tir va cudn phan ung; K,
- hé s0 dieu chinh mtc dd bdo }16a; If— flbng dién kich tu.

2.3. M6 hinh hoa dac tinh ton hao sat tir

Tén hao sit tir P trong 13i thép mdy dién vé co ban bao gdm hai thanh phén chinh: t6n hao tir tré P,
va ton hao dong dién xoay P, (Fitzgerald et al., 2003). Cac thanh phan ton hao nay phu thudc tryc ti€p vao
bién d mat do tir thong cuc dai B va tan sb tir hoa /. Dya trén mo hinh ly thuyét Steinmetz cai tién (Xu
et al., 2023), téng cong suét tiéu tan do sit tir duoc xac dinh theo biéu thirc:

Feore =P, +F = kh'fB'Br?l + ke'fz'Bsi (8)

trong do, k, va k, 1an luot 1a cac hé sb ton hao tir tré va dong dién xo04y; cac chi sb a va B la cac hé sb
Steinmetz ddc trung cho déc tinh cua tirng loai vat li€u 16i thép (o = 1,5 + 2,5 va 1 < g <3). Doi voi vat
lidu sit tir mém véan hanh & tan s thap, hé sé mii cia tin s trong thanh phan tir tré duoc chudn hoa g = 1
(Petrescu et al., 2017).

Tan s tir hoa f'ti 16 thuan véi d6 10n van toc goc w (Fitzgerald et al., 2003) va dé tan sb tir hoa khong
am bat ké chiéu quay cua rotor, ta léy tri tuyét ddi van tée gbc:

f= k.ol 9)
Mat d¢ tir thong B, ti 1¢ tuyén tinh voi tir thong @ (gid thiét tiét dién 151 thép khong déi) va dé B_ ludn
duong ta 14y tri tuyét d6i tir thong:

B, =ksz.|2| (10)

trong do, kf va k,la cac héng sb phu thudc vao s6 doi cuc pva tiét dién ctua mach tir. Khi do, biéu thic
(8), duoc viét lai thanh:

Prore = (Kn-kp. kg). @] [#1% + (ko kF. k3). lw]?.|®[* (11)

D0 16n moé-men can rotor [M__ | tuong tng voi cong suat ton hao 16i dugc xac dinh bang:
Peor .
Meorel = =222 = (ki Ky kg). |17 + (k. kf. kB). |w]. |21 (12)

Trong méi truong SPICE, phwong trinh biéu dién mé-men can do ton hao sit tir (13) duoc thiét lap
nhu sau:

— o 2 :
Mcore = Sign(w). (Cp.|2|" + Co.lw].2%) (13)
trong do, C,va C, la cac hing sb da dugc chuin hoéa dé dai dién cho ton hao ning luong trén truc quay.

Ham dau sign(w) duoc tich hgp nham dam bao mo-men M, ludn tdc dong nguoc chiéu véi chidu quay
cua may dién (NI Corporation, 2009).
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3. Phuwong phap thiét ké md hinh hanh vi SPICE cho may dién

3.1. Thiét ké céu tric linh kién tiy chinh

Céu trac mé hinh may dién c6 hai phan: Pién va Co. Dé tuong thich voi thuat toan giai cia SPICE
trong Multisim, qua trinh thiét ké mo hinh dya trén nguyén 1y twong duong Co - Dién (Ogata, 2004), véi
cac thong sé va dai lwong co hoc cia truc quay duoc quy ddi sang cac thong sé va dai luong dién twong
ung:

Van toc goc w(rad/s) => Dién ap V(v)

Mé-men quay T(N.m) => Dong dién I(A4)

Mo6-men quan tinh J(kg.m?) => Tu dién C(F)

Hé s6 ma sat nhét B(N.m.s/rad) => Pién din G(Q")

Mo hinh may dién DC c6 san trong thu vién Multisim dugc dong goi dudi dang mot khdi mach phu
(.SUBCKT) véi giao dién c6 8 chan, chi cho phép phan tich cac truyén dong co ban (Hinh 1a). Dé dap tng
yéu cau nghién cuu chi tiét vé dic tinh phi tuyén va ton hao tir tinh, linh kién d3 duoc thiét ké lai thanh
khdi mach phy mé rong voi 12 chan (Hinh 1b). Viéc nang cap cdu trac 12 chan nay khong lam thay doi
cac quy luat dong hoc cdt 16i ciia mo hinh may dién gbc, ma con cho phép tich hop cac dic tinh mé phong
hanh vi bio hoa tir, tir du va ton hao 13i thép.

Hinh 1. Dong gdi linh kién mdy dién DC
u1

TTTT

I
DC_Machine_Wound_Field DC_Machine_SatRes_PcorePhPe_G

a) b)
a) M6 hinh tiéu chudn; b) M6 hinh mo rong

Nguon: Phan mém NI Mitisim 14.3

3.2. Trién khai cdc nguon hanh vi tiy bién

Trong mdi trudng SPICE, cac hién twong nhu bio hoa tir, tir du, va ton hao 15i thép duge thuc hién
thong qua cac ngudn hanh vi tuy bién (Arbitrary Behavioral Sources), 1a cac ngudén dong phu thudc va
ngudn ap phy thudc. Cac md hinh ngudn hanh vi toan hoc phi tuyén trong nghién ciru nay duoc xay dung
va cAu tric nghiém ngit dua trén viée tudn thu cac ¢t phap, ham s6 va tha tw vu tién toan tir theo quy chuin
ctia trinh giai mach chuyén dung phan mém Multisim (Rashid, 2025).

3.2.1. Tich hop ddc tinh bdo hoa tir, hién twong tir du va trich xudt chéan do ngoai

pé thé hién mdi quan hé giira dong dién kich tir I(L) va tir thong &, dic tinh bao hoa dugc nhing vao
nguon ap hanh vi Eflux_out thong qua ham phi tuyén arctan (). Pong thoi, hang so tir du Phi_res duoc
cong truc tiép vao theo biéu thic (7). bai lugng tir thong tinh todn ndi bo nay dugc gan truc tiép lam dién
ap dau ra ctia chan Flux_out.

* Khai bao tham sé mach tir phi tuyén

+ Ksat=3

+ Phi_res=0.05

* Ham tir thong phi tuyén tai nut flux_out va dua ra chan do Flux
Eflux_out flux_out 0 value = {Phi_res + Laf*(2/pi)*arctan(Ksat*I(Lf))}
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3.2.2. Ldp trinh hanh vi ton hao sdt tir phi tuyén

Hanh vi ton hao sit tir cua 16 thép duoc biéu dién bdi md-men can M, theo cong thirc (13), dugce tich
hop truc tiép vao phuong trinh dong luc hoc cia truc quay bang cach st dung mot nguon dong hanh vi
Gceore_loss nut toc dd omega xudng diém 0V. Viéc sir dung toan tir diéu kién ba ngdi (cond ? thiét 1ap 1 :
thiét 1ap 2) ciia SPICE cho phép xtr Iy tot ham dau sign(w) (NI Corporation, 2009)

* Khai bao tham s6 dinh luat Steinmetz cai tién

+Ch=0.2159  ; Hé s ton hao tir tré

+Ce=0.001039 ; H¢ sb ton hao dong xoay

+alpha=1.6  ; Hé s6 mil Steinmetz

* Ngudn dong md phong moé-men can (co tic dung him truc quay omega)

Gceore loss omega 0 value = {(v(omega) > 0 ? 1 : -1) * (Ch * (abs(v(flux out))*alpha) + Ce *
abs(v(omega)) * (v(flux_out)"2))}

3.2.3. Phdn tdch va trich xudt cdc cong sudt ton hao ra chan do ngodi

Dé c6 thé tryc tiép giam sat cac thanh phan ton hao theo thoi gian thye ma khong lam anh hudng dén
mach dong lyc, cac thanh phan ton hao trong 15i thép dugc truc tiép dua ra cac chan do vat 1y: P _core out,
Ph out, Pe_out. Cong suat tiéu tan (W) dugc tinh toan thong qua moi quan hé véi mo-men va toc do quay,
céc gia tri nay duoc dua ra cac chan do doc 1ap dudi dang dién ap chuén héa (1V = IW).

* Chan P_core_out: Tong cong suat ton hao sat tir (W)

Ecore power P core out 0 value = { abs(v(omega)) * (Ch * (abs(v(flux out))*alpha) + Ce *
abs(v(omega)) * (v(flux_out)*2)) }

* Chan Ph_out: cong suét ton hao tir tré (W)

Eph Ph_out 0 value = { abs(v(omega)) * Ch * (abs(v(flux_out))*alpha) }

* Chan Pe_out: cong suat ton hao dong xoay (W)

Epe Pe_out 0 value = {(v(omega)"2) * Ce *(v(flux_out)*2) }

4. Két qua va thao luin

Dé danh gia tinh chinh xac ctia mo hinh may dién dé xuit trong méi truong NI Multisim, ching t6i
kiém ching mdt dong co mot chiéu co cac thong sb: Cong suét truc co P, =1KW,U, =220V,I, =354
(A); Dién ép kich tr U, = 110V, dong dién kich tr [, = 0,56A, n, = 1800 vong/phut; mé-men co T, =
5,3 N.m; hi¢u suat n = 80%.

Sau khi tinh toan va nhdp cac thong s6 ndi bd ctia dong co vao md hinh, bd sung cac thiét ké ngudn
hanh vi & muc 3 vao mé hinh SPICE Netlist c6 sin va thuc hién mé phong dong co DC & ché dé tai dinh
mirc (hinh 2). Két qua md phong khép hoan toan véi cic tinh toan tir cac phuong trinh dién, co.

4.1. Kiém chieng ddic tinh bao hoa mach tiv va hién twong tiv dw

- Thyc hién mé phong & ché do quét dong kich tir dé do tir thong trén chan Flux ciia mé hinh phi tuyén,
ta dugc két qua hinh 3. Két qua nay hoan toan tuwong ddng voi dic tinh bio hoa tir va tir du ciia mot may
dién thuc té nhu hinh 4 (Fitzgerald et al, 2003). Hinh anh ciing thé hién téc do bdo hoa nhanh hay cham
theo hé sd K, lr'rng Vf'yi mirc bao hoa xéq dinh boi Laf ’ ’

- So sanh d6i chiéu ¢ Hinh 5 cho thay, md hinh tuyén tinh khong mé ta dugc tir du va khién tur thong
tang vo han phi thuc té & dai dong dién cao (dat hon 3Wb tai 2A). Nguoc lai, mé hinh dé xuit di tai hién 16
rét dic tinh bio hoa tir mém (xép xi 1,5Wb tai 2A) va tich hop chinh xac lugng tir du cia 13i thép thuc té.
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Hinh 2. Mé phéng twong tic dong co DC 6 ché dg tdi
dinh mirc

la(A): 5.395 F’_cere(W): 56.41
®pry +@ prg | Ph(W): 33.85
” Pe(W). 22.56
'310] I
If(mA). 563.6 17 PR7
- u1 HOF™
2 ® 8 :
PR v Téc dé goc(rad/s): 188.5
e core
v r—L Pe 9 @ u2
—av Y G PRe_(7)
T Flux T=53
vér Van 8 [—
| : . | PRS
0 DC_Machine_SatRes_PcorePhPe_G 3 ®JPR4 Ti théng(Wh): 1.075
—l— ()'prs Mdién tir (N.m): 5.799

Ea(V): 2026

Nguén: Phan mém NI Mltisim 14.3

Hinh 4. Pic tuyén bio hoa va tiv dw

Hinh 3. Dic tuyén béo hoa va tiv dw
actia mo hinh
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Hinh 5. So sanh ddc tinh tir thong 6 2 mé hinh

®. ) thuc te
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05
0.0
05 |
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i1 Current (A)
= V(5) VIPR12NPR14)
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fif

Nguén: Fitzgerald et al. (2003)

Nguon: Phan mém NI Multisim 14.3

4.2. Khdo sat qud trinh tw kich tir clia mé hinh mdy phdt dién
Thuc hién mo phong qué d6 (transient) cta 2 mo hinh ta dugc két qua nhu hinh 6.
Mo hinh cai tién thé hién tinh van ning cao khi giit nguyén tap thong s nhan dang tir ché do dong co

van mé phong chinh xac hién tuong tu kich tir & ché d6 may

phat. Sy ton tai ctia mire tir du 0,05Wb giap hé

thdng ty thiét 1ap dién 4p mdi 9,425V tai t = 0, tao tién dé cho qua trinh ty kich 1én dién ap xac 1ap 250,7V

dudi dac tinh gidi han bao hoa ciia ham arctan(). Trong khi
dién dong va di¢n ap ra (E, = 0V, U = OV).

d6, mo hinh tiéu chuan khong thé thiét 1ap sirc

4.3. Khdo sdt diic tuyén khéng tdi trén mé hinh mdy phat dién kich tiv djc lip
Thuc hién mé phong quét dién ap ra khong tai theo dong dién kich tir trén mé hinh cai tién cho két qua

nhu Hinh 7. D6 thi dién 4p ra khong tai theo dong kich tir

cua mo hinh céi tién c6 dang twong dong véi

dic tuyén khong tai may phat kich tir doc 14p ¢ Hinh 8 (Chapman, 2005), phan anh chinh x4c ban chit vat

1y ciia may phat.
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Hinh 6. Qud trinh tw kich ¢ mdy phdt dién mot chiéu tw kich tiv

lrafA) 1.28
2

Ura(V): 250.7
) pre Y pR1

u
Tir théng(Wh): 1.35 :) %:
Vi J_ Q
188.5V PR — e
| 15— |
o PR2\Y
b 4DC_Machine_SatRes_PcorePhPe_G

PRA 2 i £ uravy ot
Ea (V): 255 4 O o

Mémen &t (N.m): -1.74

Mé&men d (N.m): 0 -
rs|

pra
Ea (V) 0V i

=
1

Hinh 7. Dic tuyén khong tii 6 mé hinh cdi tién
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Nguén: Phan mém NI Multisim 14.3

Hinh 8. Diic tuyén khong tii ¢ mdy phdt dién

Ey[ = K¢w]

w = wy
n = ng (constant)

Vr
"F[ RF]

Nguon: Chapman, (2005)

4.4. Khdo sdt cdc thanh phén ton hao sit ti trén mé hinh dpng co

Hinh 9 va Hinh 10 1a két qua md phong khao sat sy phu thudc ciia ton hao 15i sat tir P_

~va cac thanh
ore

phan cta nd gém ton hao tir tré P, va ton hao dong xody P theo tdc do va theo tir thong cua dong co, khi
dong kich tir khong doi. Ket qua nay phan anh chinh xéc tinh chat vat 1y theo cong thirc (11).

Bén canh d06, cac dic tuyén ton hao st tir theo toc d6 va tir thong ciing lam ndi bat gia tri vat 1}’1 cua
mo6 hinh bdo hoa cai tién. Tai diém dinh mirc (I 563,67mA), mé hinh phan tach chinh xac tong ton hao
16i 56,23W thanh ton hao tir tré 33,75W va tén hao dong x0dy 22,48W, dam bao tinh bao toan nang luong.
bic biét, tai 1,=0, md hinh vin ghi nhan mot lugng tén hao sit tir nhod (0,298 W) do tir thong du quét qua
khi truc quay, mmh chtig cho do nhay va tinh chan thyc vuot trdi ciia mo hinh dé xuat.
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Hinh 9. Ton hao st tir theo téc dé dong co
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Hinh 11. Dic tuyén higu suit ciia mé hinh
dong co
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Hinh 12. Bic tuyén hiéu sudt dong co thuc té
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Nguon: Wildi, (2002)

4.5. Khdo sdt diic tuyén higu sudt ciia mé hinh dpng co

Mo phong khao sat dic tuyén hiéu suat mé hinh dong co theo cong suét tai cho két qua nhu Hinh 11.
Puong cong hiéu suat nay c6 dang dién hinh va twong dong véi cac nghién ciru trong cac gido trinh (Wildi,
2002). Két qua nay cho thay, mo hinh phan anh chinh x4c tinh chat vat 1y cia may dién thyc té.

- So sanh d6i chiéu dic tuyén hiéu suit theo mo-men co trén 2 mé hinh, ta ciing thiy: V& mit hinh dang,
c4 hai m6 hinh déu thé hién dic tinh twong déng do quy luét chi phdi cua ton hao dong bac hai ¢ cac ving
tai. Tuy nhién, vé mat dinh lwgng, mo hinh ti€u chuan cho két qua hiéu suét tai tai dinh muc 1én t41 83,0%,
cao hon so v6i mirc 80,0% ctia mo hinh cai tién. Sai 1éch 3% hiéu suat nay la mot khiém khuyét ciia mé
hinh tiéu chuan, xuét phat tir viéc bé qua hoan toan cac thanh phan ton hao sét tir. Viéc danh gia thap tong
t6n hao (17% so v6i 20%) s& dan dén nhirng sai lam nghiém trong trong bai toan thiét ké hé thong tan nhiét
va du bao tudi tho cach dién cua may dién.
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Hinh 13. So sdnh dic tuyén hiéu sudt theo mo-men tdi
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Nguoén: Phan mém NI Multisim 14.3

5. Két luan

Nghién ctru di xay dung, trién khai va kiém chimg thanh cong mé hinh cai tién cua may dién DC tich
hop cac hién tugng bao hoa mach tir, tir du va phan tach ton hao sat tir. Thong qua cac khao sat toan dién
tir ché d6 may phat dén dong co, cac két luan quan trong dugc rit ra nhu sau:

- M6 hinh d& xuét d3 tai hién mot cach chinh x4c cac hanh vi phi tuyén cua 15i thép 13 hién tuong bio
hoa tir va tir du. Day 1a yéu td quyét dinh gitip mé hinh mé phong thanh cong qua trinh ty kich tir trén may
dién kich tir song song va ndi tiép - mot hién tugng ma mo hinh tuyén tinh Iy twong khong mo phong duoc.

- M6 hinh dé xuét di boc tach va dinh luong tudng minh cac thanh phan ton hao 13i phu thude vao tde
d6 quay va tir thong. Hé qua 1a ddc tuyén hiéu suat theo mo-men tai (hay cong suat co) ctia dong co duoc
xé4c dinh chinh x4c v6i hiéu suat dinh mirc dat 80,0% tai mé-men dinh murc 5,3 N.m.

- M6 hinh duoc dé xuit khong chi dat d6 chinh x4c cao vé& mit dinh lvgng ma con phan anh siu sdc ban
chét twong tac Co - Pién cta hé théng. Bén canh tiém ning ting dung trong tdi wu hoa tan nhiét va thiét
ké truyén dong hiéu suat cao, mo hinh con déng vai tro nhu mot cong cu giang day truc quan va tin ciy
trong cac truong dai hoc k¥ thuatm
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