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NGHIEN CUU ANH HUONG CUA NHIET DO DEN KHA NANG
KHO1DONG CUA DONG CO DONG BO NAM CHAM VINH CUU
KHOI DONG TRUC TIEP 3 PHA, 2,2kW

TEMPERATURE EFFECT ON THE START UP CHARACTERISTICS OF LINE START PERMANENT MAGNET

SYNCHRONQUS MOTORS 3 PHASE 2.2kW

TOMTAT

Bong co dong bd nam cham vinh ciru khéi dong truc tiép co hiéu suat cao
dap tng cAc tiéu chudn ddi voi dong co dién chac chan s Ia gidi phap thé dong co
khong dong b6 roto 16ng séc trong trong lai. Nhung khd khan 16n nhét clia dong
co dong b nam cham vinh clu khdi dong truc tiép van 1a qué trinh khoi dong.
Trong qua trinh van hanh, dong b nam cham vinh clu khéi dong truc tiép chiu
anh hudng cla mat so yéu to nhu: Nhiét do, vt liéu ché tao, loai téi,... Bai bao
trinh bay nghién ctu va danh gia kha ndng khdi dong cia dong bd nam cham
vinh cu khéi dong tryc ti€p 2,2KW tai dai nhiét do moi truong lam viéc thong
thuong cla dong co. Tl két qua thu duge bai bao dé xudt mot sd giai phap nang
cao chat lrong khai dong cho dong bd nam cham vinh cliu khdi dong tryc tiép
trong thiét ké va van hanh,

Tir khod: Bong co dong bo nam cham vinh ciu khi dong tryc tiép, nam cham
vinh clvu, dong co dong bo, nhiét do.

ABSTRACT

Line start permanent magnet synchronous motors with high efficiency are
one of alternative solutions to replace induction motors in the future. However,
start-up capability of line start permanent magnet synchronous motors is still a
key factor in design and operation of these motors. In operation, line start
permanent magnet synchronous motors are influenced by some factors, such as
temperature, material, kind of loads. In this paper, the start-up of a line start
permanent magnet synchronous motor 2.2kW in various temperatures is in
detail studied. Some recommendations for enhancing line start permanent
magnet synchronous motors start-up characteristics in changing environmental
temperature are proposed.

Keywords: Ling-start permanent magnet synchronous motors, permanent
magnet, synchronous motors, temperature.
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CHU VIET TAT

LSPMSM bong co dong bd nam cham vinh ctu
khéi dong truc ti€p
NCVC Nam cham vinh ctru
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KY HIEU

Ky hiéu Bonvi Y nghia

Vo VsV bién 4p doc truc, ngang truc stato

Loa Lmg  H bién cdm tlr héa doc truc va ngang truc

L L', H Dién cam tan day quén stato va roto
quy doi

Lasr Las H bién cdm ddng bd doc truc va ngang
truc stato

Lar Lor H bién cdm ddng bd doc truc va ngang
truc roto

1.GIOI THIEU

Trong thoi gian gan day, LSPMSM dugc quan tam
nghién cru nham (ng dung thay thé cho déng co khong
doéng bd do c6 wu diém Ién vé hiéu sudt trong van hanh.
M6t LSPMSM dién hinh c6 cdu tao stato gidng dong co
khong dong bo, roto cé léng soc, tuy nhién réto déng co
loai nay c6 gan thém céc thanh NCVC trén bé mat hodc gén
chim trong 16i thép.

Tuy c6 wu diém vé hiéu suat trong van hanh nhung
kha nang khai dong LSPMSM van la nhuoc diém 16n cha
dong co. Gidi quyét van dé khai dong LSPMSM duoc xem
la then chét trong viéc quyét dinh sy pho bién cla dang
dong co nay.

DaGi véi LSPMSM, cac thdng so chinh quyét dinh dén kha
nang lam viéc dugc xac dinh: Dién trd stato, roto, dién cam
tan day quén stato, dién cam tan réto, dién cdm tir héa doc
truc, ngang truc, cau tric réto... [1, 3, 4]. Thdong thuong,
trong cac nghién clru gia tri dién tré cla day quan duoc
tinh toan va quy d6i vé gia tri nhiét dé la 75°C [5]. Bén canh
do, cac gia tri dién tr& stato va roto thuwong duoc xét la
hang s6 véi gia thiét qua trinh khéi dong ctia dong co la
ngan, khdng du thoi gian gia nhiét cho dién trd.

Tuy nhién trong thuc t€, dong co khdng chi khéi dong
tr trang thai nhiét dd6 moi truong (khéi dong lanh) ma
trong nhidu truong hop bat budc khai dong trong tinh
trang déa cé sv phat néng khi lam viéc (vi du mat dién dot
ngdt trong thoi gian ngén hodc dirng san xuat tam thoi) [3].
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Nhu vay dong co sé phai khéi dong lai khi nhiét do day
quén da thay d6i (khdi dong ndéng). BE nghién cltu anh
huéng cla nhiét do, nhém tac gid phan tich cac dac tinh
kh&i dong LSPMSM 22kW 4 cuc, 3 pha, t6c do 1.500
vong/pht, roto duoc cai tao tir SCIM 3 pha, 2,2kW, kiéu 3K-
112-S4, cach dién cép F clia Cong ty Co phan ché tao dién
co Ha Noi tai mot s6 nhiét do khac nhau. T két qué thu
duwoc, bai bao sé phan tich va dé xuat mot sé giai phap tang
cuong mdémen khéi dong cho LSPMSM.

2. DIEN TRO DAY QUAN, MO HINH TOAN VA MO PHONG
DAC TINH KHO1 DONG CUA LSPMSM

2.1. bién tr& day quéan
- Bién tré chia day dan dugc tinh nhu sau [5]:

r= p.é 1)

Trong do, | la chigu dai day dan (m), p 1a dién tr& suat
(Q.m?/m), S 1a tiét dién day dan (m?).

- Bién tré suat & mot nhiét do bat ky duoc tinh toan

Pe =P [l+(}(9-20)] (2)

Trong do, p,, 1a dién tré suat ctia day dan & 20°C (nhiét
dd phong thi nghiém), 6 1a nhiét do day dan, o 1a hé s
nhiét dién tré day dan. Bién tré suat ctia dong va nhom &
cac nhiét dé duoc trinh bay trong bang 1.

Bang 1. Dién trd sudt p, Q.mm*/m-ngudn [5]

e a ik Nhiét do tinh toan: °C
Véat liéu day dan
20 75 115
bong 1/56 1/46 1/41
Nhom dc (rbto [ong soc) 1/28 123 1/205

Tl cong thirc (1) cho thay dién tré ty 1é thuan véi dién
tré sudt, nhu vay dién tré ciia day dan phu thudc nhiét do.
2.2. M6 hinh toan ctia LSPMSM

Dé nghién ctru va md phong déc tinh khai dong, ta xét
dén mo6 hinh toan ctia LSPMSM. M6 hinh toan LSPMSM do
Honsinger [6] dé xudt c6 dang nhu sau nhu sau:

Phuong trinh dién tw;

Vi =1 g P Lol ) 0 (g -l Lo )

Vi =l P Lo g dg ) 00 (L i L -1+ U)
Vi =hdg PGy i)

Vqr Zr;-i;r 4—p(Lqr.i;qr +Lmq.iqs)

Phuwong trinh dién co:

()

M, = 5,%,[(Lmd il Lt )+ Wi + Ut —L i |

2 4

P
1w, =— (M, —M, —w, *F
p T 2.\]( I3 C T )

T¢ mé hinh toan, bai bdo ng dung phan mém
MATLAB/Simulink d€ mo phdng céc dac tinh ctia LSPMSM.
2.3. M6 phéng dac tinh khéi dong cila LSPMSM

Pé phan tich anh hudng cla nhiét do dén qua trinh
khéi dong, nghién ctru st dung LSPMSM thi nghiém mau

2,2kW. Pong co mau cé cac kich thrdc co ban dugc thé
hién & hinh 1 va 2. Bén canh do6, trong nghién clru mot s6
gia thiét dat ra nhu sau:

- Khoéng xét dén hiéu ting méat ngoai va bdo hoa mach
tlr tan.

- Phu tai 1a tai hang s6 trong qua trinh khdi dong.

- Trong pham vi xét, nhiét d6 khéng anh huéng dén
dac tinh tir héa ctia vat liéu NCVC.

Cau tao va cac tham soO tinh todn LSPMSM 2,2kW thi
nghiém nhu trong bang 2.

Hinh 1. CAu tao clia LSPMSM thi nghiém

D42=1

N\ %
Im=36 !
)

Hinh 2. Cc kich thuéc chd yéu clia LSPMSM

a) Rénh stato b) Ranh rdto, c) Kich thuéc NCVC

Bang 2. Cac thong s6 LSPMSM

Thong s6 Ky hiéu Giatri Ponvi

Budng kinh trong stato D,, 104 mm
56 rénh stato 36
56 rénh rdto 28
Chiéu dai khe hé khong khi 5 05 mm
Tan s6 nguon F 50 Hz
Dién cam tan day quan stato L, 13 mH
Dién cam tan r6to quy doi L, 132 mH
Dién cam tir hoa doc truc Lo 284 mH
Dién cdm tlr hoa ngang truc L 131 mH
Tirthdng NCVC s 0,59 Wb
Mat do tir du NCVC B, 11 T
Momen quan tinh rbto & 0,03 Kg.m?
Momen tai dinh mic T 14 N.m
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T m6 hinh toan, tng dung MATLAB/Simulink mo6
phéng cac dac tinh khéi dong clia LSPMSM (t6c do, mdmen,
dong,...) tai hinh 3. Tuy nhién, trong céac dac tinh trén thi
dac tinh téc do khéi dong la quan trong nhat. Véi dac tinh
nay co thé danh gia dwoc kha nang khai déng ctia déng co,
vi thé Iya chon dac tinh toc do dé danh gia trong khi mo
phéng LSPMSM. Vi LSPMSM 2,2kW déac tinh t6c dd khéi
dong ctia LSPMSM dugc md phoéng & hinh 4, trong dé cac
thong s6 cla LSPMSM 2,2kW duoc tinh toan va téng hop
tai bang 2, dién tré duoc tinh toan & nhiét do 75°C.
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Hinh 3. Md hinh LSPMSM duroc m6 phdng véi MATLAB/Simulink
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Hinh 4. Bac tinh toc d6 khdi dong md phdng ctia LSPMSM khi khong tai
3. ANH HUONG CUA NHIET PO TOI BAC TINH KHOI
DONG DONG CO

Pé danh gia anh hwang clia nhiét dé, nghién ctru khao
sat dac tinh khéi dong clia LSPMSM 2,2kW trong mot dai
nhiét d6 phu hop voi diéu kién van hanh thyc té. Dai nhiét
do duoc khao sat tir 20°C (nhiét do phong thi nghiém) dén
120°C (nhiét dd mai treong trung binh lam viéc dong co cap
céch dién F-Nhiét d6 t6i da la 155°C). Khi nhiét dé thay d6i, gia
tri tinh toan dién tré stato, roto dwgc xac dinh tai bang 3.

Bang 3. Gid tri dién trd stato, roto theo nhiét do

Nhiét o (°C) 20 40 75 120
Dién trd stato (2) 2,96 318 36 4,11
Dién trd roto (Q) 1,73 1,87 2,11 2,41

M6 phéng dac tinh khéi dong cia LSPMSM véi thdng s
tinh toan cho tai bang 2 va cac gia tri dién tré stato, roto
trong dai nhiét do khao sat tai bang 3. Bac tinh khéi dong
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LSPMSM sau khi mé phéng & dai nhiét do 20°C + 120°C
dwoc thé hién & hinh 5.
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Hinh 5. Dac tinh toc d6 khdi dong ctia LSPMSM tai déi nhiét do 20°C + 120°C

Tl két qud mé phéng dac tinh khéi dong LSPMSM
2,2kW trong & dai nhiét dd 20°C + 120°C c6 thé thay nhiét
dé anh hwong dang ké dén qua trinh khai dong. Nhiét do
moi truong cang cao thi chat lwvgng khéi dong ctia LSPMSM
cang t6t. Viéc cai thién dac tinh khéi dong chud yéu do nhiét
dd mdi treong lam viéc tang, dién tré roto tang twong (ng
dan dén trong qué trinh khai dong mémen kéo (mdmen
khéng dong bd) tang, LSPMSM s& c6 mémen khéi dong tot
hon. Nhuwng khi nhiét do tdng hon 75°C thi mic dd anh
huéng cta nhiét do Ién dac tinh khéi dong rat nhé va
khong dang ké.
4. MO HINH THU NGHIEM VA DANH GIA LSPMSM

Pé danh gia thir nghiém LSPMSM, nhém nghién ctu
thwc hién ché tao va Iap dit mé hinh LSPMSM 2,2kW duwoc
cdi tao tr dong co khdng dong bd 3 pha 3K112-S4 cla
Céng ty C6 phan ché tao dién co Ha Noi. V&i mo hinh trén,
ngoai danh gia dac tinh khéi ddéng, mé hinh con cho phép
danh gia hiéu suat déng co dé chirng minh vu diém cla
LSPMSM so v&i dong co khéng dong bd. Cau hinh duwgc
dung th®* nghiém LSPMSM nhu hinh 6.

ai dién tro

3P

RGN

MCB-3P ﬂT
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Thir nghiém
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M
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May phit dién
kich tt NCVC

Hinh 6. Cau hinh th( nghiém LSPMSM

Hé thdéng thwc nghiém bao gom mot LSPMSM thir
nghiém, dong co duwoc ndi truc véi may phat dién xoay
chiéu ba pha kich tlr NCVC. May phat dién duoc ndi voi tai
tré (bdng den sgi dot) cho phép diéu chinh mirc do tai dat
vao hé thong. Nhém nghién cvu ti€n hanh thic hién mot
s6 thuc nghiém:;

*Pac tinh khéi dong khi khong tai:

bac tinh nhiét dé khéng tai (ng véi nhiét dé phong thi
nghiém dwoc so sanh voi két qua mé phéng tr mo hinh
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toan clia LSPMSM. Bac tinh khéi dong (téc dd khai dong)
cla LSPMSM thuc nghiém dugc do lvong théng qua mot
Encoder. Encoder dugc két ndi véi truc clia hé dong co-may
phat. Két qua thyc nghiém nhu hinh 7.
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Hinh 7. Bac tinh t6c d6 khdi dong LSPMSM

K&t qua md phoéng va thuc nghiém cho thay su twong
dong cua dac tinh téc do khéi dong. Nhu vay, két qua mo
phéng tir m6 hinh toan ctia LSPMSM la phu hop véi thuc té.

*Hiéu suat LSPMSM

Cong suét tac dung dau ra clia LSPMSM (cong suat dau
truc) dwgc tinh toan théng qua cong sudt clia may phat
kich tlr NCVC v6i cac tai khac nhau. Cong sudt tiéu thu dau
vao LSPMSM dugc do truc tiép thdng qua Oat ké W,. Cong
sudt tac dung dau ra LSPMSM dugc do gian ti€ép thdng qua
Oat ké W,. Hiéu suat LSPMSM duoc tinh toan thdng qua ty
I& gia tri cong sudt dau ra va cong suat dau vao. Do may
phat dién kich tir NCVC c6 hiéu suét cao va cong suét ton
hao ndi truc (ddng co-may phat) nhd nén két qua tinh toan
hiéu sudt LSPMSM tr cAu hinh th nghiém la chidp nhan
dugc. M hinh trién khai do luong thic té nhw hinh 8.

1l )

Hinh 8. M hinh thir nghiém LSPMSM
Hiéu sudt LSPMSM 2,2kW thyc nghiém va hiéu suat
déng co khong déng bd 2,2kw 3K112-S4 clia Cong ty Co
phan ché tao dién co Ha NGi dwoc cho ¢ bang 4.

Két qua thuc nghiém LSPMSM trén cho thay wu diém
vurot tréi vé mat hiéu sudt cting nhw hé s6 céng suat (gan
bang 1) ctia LSPMSM so v&i dong co khdng déng bd. Uu
diém nay c6 duogc do khi van hanh 6n dinh véi toc dd dong

b, LSPMSM khong con t6n hao do dién tr¢ roto gay ra. Bén
canh do, LSPMSM thuc nghiém van dam bao kha nang khéi
dong véi tai dinh muc.

Bang 4. Hiéu suat va hé so cong suat ctia LSPMSM thire nghiém

Pong co Tai dinh mtc HiéKu Hé s6 cdng suat
' (2,2kW) suat (cosp)
LSPMSM Khéi dong duoc 93% 0,95
SCIM 3K112-54 Khéi dong dugc 80% 0,83
5.KET LUAN

Qua m6 phéng cac dac tinh khéi déng LSPMSM 2,2kW &
dai nhiét dé 20°C + 120°C, c6 thé rit ra két luan sau:

e Nhiét do anh huéng tryc ti€p dén dac tinh khéi dong
clla LSPMSM. Nhiét d6 cang cao dac tinh khéi dong
LSPMSM cang tot.

e Khi thiét k&, can tinh toan dé LSPMSM c6 thé khdi
dong t6t & nhiét dd moi trudng ma déng co van hanh,

e DAi vGi LSPMSM khéi dong khé khan, vi thé khi van
hanh ngudi st dung ciing can chi y dén nhiét dé dé dam
bao kha nang khéi dong ctia LSPMSM. Khi nhiét d6 moi
trvong lam viéc cda LSPMSM thép (thdp hon nhiét do
khuyén céo tir nha san xuéat), nguwoi s dung can c6 nhirng
bién phap gia nhiét dong co trwéc khi khéi dong.

¢ LSPMSM la dong co wu diém vé hiéu suat, hé s6 cong
sudt khi so sanh v&i dong co khong dong b, bén canh dé
nd van gitt duoc kha ning khai dong truc tiép tir lugi cho
nén dong co nay sé thay thé tirng phan cho déng co khéng
dong bo trong thoi gian téi.
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