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NGHIEN CUU SU DUNG PHAN MéM MOTOR-CAD
DE KIEM NGHIEM SO DO MACH NHIET CUA BONG CO

NCS.ThS. DO THANH TUNG, ThS. TRAN THANH TUYEN
Trwwong Pai hoc Cong nghiép Quang Ninh
TS. BUI MINH DINH - Trirdng Pai hoc Béch khoa Ha Ni

ac tac gia trong [3]+{6] da phan tich cach xac
dinh nhiét tré cho cac mé hinh mach nhiét
théng sé dai cho dong co khéng ddng bd
(KDB) va thay réng cac gia tri nhiét tré phy thudc
vao céc kich thwée hinh hoc va thong sé vat lidu
clia ching. Do vay, dé tinh toan cac nhiét tré cho
m& hinh nay cé hai phwrong phap: phwong phap st
dung di liéu thuc nghiém va phwong phap dwa
trén mot ho so thiét ké méi cla dong co W
Trong bai bao nay. cac tac gid dé xuat st dung
phwong phap dua irén moét ho so thiét k& maoi clia

dong co, tire 14 tinh toan so bd cac théng sé mach
nhiét ctia dong co KBB ba pha céng suét nhd, sau
d6 dung phan mém Motor Cad dé kiém nghiém két
qua thu dworc.

1. Phan mém Motor-CAD

Motor-CAD 1a phdn mém dwoc viét bdi Dave
Staton va cac cdng s tai phong thi nghiém SPEED
Laboratory Glasgow dwa trén phwong phap phan
tich mach nhiét. H.1 md ta mét mach nhiét dwoc
thiét Iép'trongqhmﬁi trwwdrng lam viéc caa Motor-CAD.

H.1. M6 hinh mach nhiét trén phdn mém Motor-CAD

Trén mach nhiét nay, cac nut nhiét duwoc tw
déng thiét 1ap & nhiing diém quan trong trén dong
co nhuw: Géng stato, rang, dau day quan, vé may,
truc quay,... Cac nut nhiét nay duwoc lién két véi
c4c nhiét tré dan nhiét, dbi lwu va blrc xa. Ton thét
la théng sé dau vao dat & cac nat phi hop. Thanh
phan nhiét dung dwoc ké dén khi xét dén qua trinh
qua dd nhiét trong déng co. Tat c& cac nhiét tré
dan nhiét, déi lwu va birc xa dwoc tw ddng tinh
toan bang cac cong thire Iy thuyét da dwoc ching
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minh trong cac coéng trinh khoa hoc céng bd cé lién
quan. D&i v&i cac van dé truyén nhiét xac lap,
Motor-CAD c6 thé tinh toan cac tham sb va dwa ra
i gidi gén nhw tlre thovi. V&i céc van dé lién quan
dén qua dd truyén nhiét, thong thuwéng mat khoang
vai gidy dé tinh toan. Day chinh la wu diém ndi bat
clua viéc st dung Motor-CAD so v&i cac phuong
phap tinh toan khac dua trén phwong phap phan
te hiru han (FEM) hodc dwa trén cac tinh toan
déng lwe hoc chét lwu (CFD).
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Motor-CAD con c6 diém manh nira dé la kha nang
phan tich d6 nhay v&i nhiéu tham sb. Phan tich do
nhay rat hiru ich d& duoc nhitng hiéu biét sau vé qua
trinh truyén nhiét trong cac déng co va mirc do anh
huéng clia cac tham so thiét ké, vat liéu dé tir dé dwa
ra cac diéu chinh nham lam mat tét hon.

Nam 2001, trong [1] tac gid cd dé cap dén xu
hwéng st dung phan mém tinh toan va phan tich
nhiét cho cac dong co dién dé dem lai nhirng wu
diém vwot troi so véi cac phwong phap phan tich
nhiét truyén théng chi dwa trén cac thuc nghiém ti
doéng co' ¢d san, cac dir liéu tir catalog hodc cac hé sb
kinh nghiém. Béng thoi, nhém tac gid ciing dwa ra
quy trinh thiét ké mét déng co nhu mé ta trén H.2.

[ Design Aims ]

| Possible Solutions |

Analytical Design )
[EM, Thermal, Mechanical]
r Spreadsheet/Math Packages
Specialist Moor CAD Pacakges
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v

[ Numerical Analysis ]

L [EM. Thermal, Mechanical]
FEA (eg Flux-2d & Fux-3d)
CED

—[ Prototypes & Test

H.2. Quy trinh thiét ké mét dong co [1]

Trong quy trinh nay, tir cac muc tiéu thiét ké,
ngudi thiét ké dua ra cac phuong an thiét ké co thé
cé. Sau do, thiét ké so b (gidi tich) bang cac phan
mém chuyén dung vé dién tir, nhiét va co khi nhw
Motor-CAD. Qua trinh tinh toan & giai doan nay can
nhanh, dwa ra dwoc nhidéu phwong an thiét ké. Phan
tich, so sanh cac thiét ké so bo dé tim ra duoc thiét
ké tdi wu voi thoi gian ngdn nhét. O giai doan tiép
theo, cac phan tich sé dwoc siv dung cho céac van dé
dién tv, nhiét va co khi trén mau thiét ké toi wu da
dwoc lwa chon tir giai doan truwdc dé& thu dwoc Ioi
gidi c6 do chinh xac cao hon. Tat nhién, cac phan
tich s s& tén kém nhiéu hon vé thdi gian va chi phi
tinh toan. Do do, chi nén dung phuwong phap nay khi
sb mau phan tich da dwoc gi¢i han. Cubi cung,
ngudi ta tién hanh cac thue nghiém dé hiéu chinh lai
hai md hinh s6 va md hinh giai tich dé thu dwoc két
qua md phdng tét hon. Tl do, tao co s& dé thu
duoc cac phan tich cd d6 chinh xac cao hon voi
mau thiét ké cai tién mai.

Trong [2], cac tac gid da khao sat va phan tich
hang loat cac dw an, bai bao va cbdng trinh khoa
hoc st dung phan mém Motor-CAD dé xay dung

mod hinh mach nhiét cho cac loai may dién khac
nhau ma pho bién nhét la cac déng co dién KDB.
C6 thé ké dén 1a cac cong trinh clia Aldo Boglietti
va Andrea Cavagnino & Politecnico di Torino (ltaly)
véi nhiéu bai bao dwoc cong bd [3]+[7]. Diéu nay
cho thay, Motor-CAD la mét giai phap tin cay, dwoc
cac chuyén gia hang dau trong linh vire phan tich
nhiét trong cac dong co, st dung dé nghién ctru va
thiét ké lam mat cho cac déng co dién.

Trong chuyén dé nay, tac gid s dung phéan
mém Motor-CAD dé tinh toan, kiém nghiém cac két
qua md phdng clia mé hinh mach nhiét thong sb
rai da dwoc dé xuat.

2. M6 hinh mach nhiét cho déng co KBB cong
suét 5,5 kW, str dung phan mém Motor-CAD

a. Cac théng s6 hinh hoc cua déng co KDB
’Céc thong s6 hinh hoc cla déng co KBB dwoc
thiét 1ap theo phuwong ngang truc nhw mé ta trén H.3.

R

. Céc théng sbé hinh hoc ngang truc
cta déng co

TR R T o D

H.4. Céc théng sd hinh hoc doc truc
cla dong co KDB

Trong dé: Kiéu canh lam mat 1a canh ma, theo
phwong doc truc, phan b tron. S6 canh 1a 36. Cac
kich thwéc canh lan lvot dwgc xac dinh nhw sau:

% S6 canh trén % goc=9 ( ca chu vi la 36 cénh)

“+ Khoang cach gitra hai canh la: 15 mm;

% Do day ciia canh la: 2 mm;

< Chiéu cao clia canh la: 23 mm.
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Trong phuong an lam mat, co bo tri thém nap
dong co bao lay phan canh lam mat dé tang cwong
cho qua trinh lam mat cudng birc bang quat gan trén
truc dong co. Sau khi thiét lap cac thong s6 ngang
truc, nhom tac gia thiét 1ap cac théng sb hinh hoc theo
phuong doc truc ctia dong co' nhw H.4. M6 hinh dong
co KPB dwoc nhém tac gia dung dé nghién ctu
thudc kiéu kin, lam mat bing quat gan trén truc déng
co’ con goi la kidu TEFC (Total End Fan Cooling).

b. Cdc thong sé day quén déng co KbB

Cac thong soO tinh toan cla day quan dwoc
nhom tac gia dwa ra trén mé hinh nhiét (H.5).

H.5. Céc théng s6 day quén déng co KDB

Day quén cho mo hinh déng co la kiéu day quan
2 l&ép voi sb vong day cia mét bbi day 1a 40
vong. Do do, téng sb thanh dan tac dung trong
mét rénh stato 1a 80. Hé sé dién kin cla réanh la
0,4602. Cac tham sb dau vao cta day quén co
anh hwéng toi két qua phan tich nhiét nhu la: bé
day I&p gidy cach dién; bé day phan khe hé gitra
cach dién va I8i thép stato, hé s6 danh gia chéat
lwong tAm say.

c. Thiét Iap d liéu dau vao

Cac di liéu dau vao clia dong co khéng déng
bd can thiét lap:

% Thong s6 vé kidu lam mat:

< Théng sb vé tdn thét;

< Théng 36 vé vat liéu;

< Thoéng so ve cac |ép tiép giap;

% Théng so ve blrc xa;

% Thong sb vé dbi lwu tw nhién;

% Thong sb vé dong chay khéng khi bén trong
doéng co;

+ Théng so dac treng cla ddi lwu cla ving
khéng khi cudi nap dong co’;

o Thlet l&p chung cho bd giai;

Mot s6 Bang thiét 1ap dwoc gi&i thigu nhw mé ta
trong cac H.6, H.7.

M Loss Models |[lil nssﬁ;sﬁ'ﬁwﬁnﬂi =
- Loss Variation with Speed- = = - e
: coef[A] Speed Dependent Losses
- PB - d rpr Ll
Plspeed] = Pfinput] x I: Speed[REF] Shaft Speed [rpm] 1440
[ Single value of Speed[REF] [rpm]
Component  Plinput] | Speed[RE| coeflA] | Wikg Plspeed]
Units i Watls ipm
Loss [Stator Copper] | 19352 1436 0 3.
|Loss [Rotor Cage] 246 1436 o 2662 246
Loss [Stator Back Iron]| 6078 1436 15 2167 61.03

H.6. Théng s6 vé céc ton thét trong dong co

[ 5= Cooling | 3 Losses| s Materials [T interfac

s | %9 Radiation |

1 Natural Convection | © Blown Over | & End

Component Material from Tha:ma,l Specifi| Density| Weight| Weight| Weight | Weight
Linits & | wimic | kikalC| kotm3 ka ka ka

Housina [Activel Aluminium {Alioy 195 | 168 0833 2790 5947 1 5947
Housing [Fronf] Aluminium (Alioy 195 > | 168 0.833 2790 1.858 1 0 1.858
Housina Rear Aluminium (Alloy 195~ 168 0833 | 2790 1.858 1 0 1.858
Housina [Totall = 9.664 9 664
Endcap [Frootl Aluminiurm {(Alloy 195 168 0.833 2790 | 06059 1 Q 06059
Endcao [Rearl Alurninium (Alloy 195 158 0833 | 2790 | 06059 1 0 0.6059
Stator L am (Back N 58 046 7800 | 2817 1 1] 2817
inter [ am (Back lron) £ 58 042 272 | @ 1 o a
Stator Larmn (Tooth) I 58 046 7800 8.964 . o 8964
Inter Lam (T oocth} | pg2723 1007 1127 0 1 o] i}
Stator Lamination g : 3713 3713
Copper [Activel Copper {Pure) it 401 0.385 8933 | 5481 1 0 5481
Copoer [Front Copper {Pure) 401 0385 | 8933 | 1. 1 o] 1.58
CopperfRear Copper {Pure} 401 0385 | 8933 158 1 1] 1.58
Coag_e;! ! o‘taﬂ i ; 8641 8641

H.7. Théng sé vat liéu ché tao dong co va vat liéu lam mét
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Schematic [@) Radal [ 3 Azl [ FEA] V> Valdaton
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H.8. Két qua phén tich mé hinh mach nhiét trén phdn mém Motor-CAD

H.9. Két qua phén bé nhiét trén
dong co theo phwong huwéng kinh

s

H10. Két qua phan bé nhiét trén
ddng co theo phuwong hwéng truc
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H.11. Két qud phan bé nhiét trén mé hinh

mach nhiét da dé xuat
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Sewp [Geapn]
¢ Graph Setings: | Colour Setinga: NV AlEEORN T oI B FEIIIE ST o
RONE O File: [No File Selecied
| ©Percemage | O sign [ loasaDamtembde | SsveDamwrte ]| | | ClearDats
Node L A | Difference Percentage
Units < = c %
i $00
Housi = Housing [Actvel = s96 s3.0 34 Sa
OH [Fronn ing OH [Fronfl 586
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Stator Too tor Tooth G649 708 59 83
Stator Stalor gl 6865
Rotar Reotor Surface = 236 6.8 as o8
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End Space [F] End Space [E£] 715
Ends Ena Space IR] 70
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H.12. Két qua kiém tra sai s6 gitra mé hinh mach nhigt trén Motor-CAD va mé hinh mach nhiét dé xuét
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H.13. Két qua so sanh vé sai s nhiét db gicka m6 hinh mach nhiét trén Motor-CAD va mo hinh mach nhiét dé xuét

3. Két qua phéan tich mé hinh

Sau khi da thiét lap cac théng sé co ban cia
md hinh mach nhiét trén phdn mém Motor-CAD,
chay phéan tich nhiét & ché d6 xac lap. Két qua
phan tich bing dwgc thé hién dwdi dang so do
mach nhiét nhw H.8. )

Khao sat phan bb nhiét trén déng co KPB &
mét sb diém co ban dwoc thé hién trén H.11 va
H.12. So sanh két qua phan bd nhiét tinh toan
bang phan mém Motor-CAD vé&i két qua xac dinh
phan bd nhiét bAng mé hinh mach nhiét da de
xuat nhw H.11. Motor-CAD ciing hé trg céng cu
dé xac dinh sai s& mé phéng nhw trén H.12 va
H.13. Dang d6 thi cdt nhw H.13.

4. Két luan

T cac két qua mé phdng trén, nhom tac gia rut
ra mdt sé nhan xét nhu sau:

< Phan bd nhiét gitra hai mé hinh 1a twong dbi
gibng nhau & mot sb diém co ban nhu: vd may,
gbng-rang stato, roto, truc quay;

% Phan bd nhiét gitba hai md hinh cé sai s6 Ion
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nhét 13 & phan tlr day quan stato, véi chénh léch
nhiét dd Ion nhét 14 12,6 °C. Sai sb nay c6 thé do
cac nguyén nhan sau:

» Qua trinh truyén nhiét theo phwong doc truc
clia day quén stato da bj bo qua;

» Hé sb truyén nhiét gitra day quéan stato va 15i
thép phu thudc vao nhiéu tham sd cong nghé va
vat liéu. Thuat toan tinh toan hé sbé nay trong
Motor-CAD rét phirc tap va dwgc ghi nhan la khac
biét so v&i cac cong thirc quy ddi gan dung da
cong b6 va st dung dé tinh toan trong md hinh
mach nhiét d& xuét;

» Qua trinh trao dbi nhiét déi lwu & vang khéng
khi dau cudi ndp may rat phirc tap, néu chi lya
chon dwa trén cac hé sé kinh nghiém thi khé dat
dwoc do chinh xac cao.

D& md hinh mach nhiét don gian va chinh xac
hon, can hiéu chinh lai cac tham sé néi trén. Viéc
hiéu chinh nay co thé phai thwe hién bang céch
phdi hop mét sé phuwong phap nhu:

» Ky thuat phan tich nhiét st dung FEM;

» Tinh toan déng hoc chat lwu CFD;

» Thuc nghiém.O
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SUMMARY

The paper presents some results of
testing with thermal model by Motor Cad
software. The authors have used proposal
thermai circuit model with sprayed
parameters to achieve simplicity and
accuracy in calculation and design of
electric motors.
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SUMMARY

The paper shows the new method to
determine the insulation parameters of 660
V network with isolated neutral. The network’s
capacitance and insulation resistors are
deducted from Ug, Iy, | which are directly
resulted from simulation model. The model
reflect the realistic of loads, it is also very
flexible and allow the users to simulate any
type of underground mines’ network with
variety input parameters.
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