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Abstract: Automated guided vehicles (AGVs) are increasingly used in logistics
and smart manufacturing systems, where traction motors play a crucial role in
traction capability, energy efficiency, and operational stability. This paper
presents the design of a low-voltage brushless direct current (BLDC) motor
based on AGV traction requirements and the development of a finite element
model in ANSYS Maxwell to analyze its electromagnetic characteristics and
operating performance. Torque, speed, output power, efficiency, current, and
magnetic flux density distribution are investigated under different operating
conditions. For an AGV with a total mass of 100 kg, accelerating at 0.2 m/s? on
a 4° slope, the required shaft power is 48.52 W per motor at the initial target
speed of 0.8 m/s. The 24 V, 12-slot, eight-pole configuration reaches a
maximum efficiency of 91.61% among the evaluated points. Retaining the
initially selected gear ratio of approximately 25.525 gives an equivalent vehicle
speed of approximately 0.43 m/s at the investigated motor speed of 1396.53
rpm. At this speed, the required shaft power is 26.06 W per motor, while the
estimated available shaft power is approximately 29.5 W, giving a margin of
about 13%. Electromagnetic torque ripple is approximately 64.1%, indicating
substantial torque fluctuations. The results support a preliminary assessment
of traction capability at the reduced vehicle speed.

Keywords: Brushless DC motor (BLDC); Automated Guided Vehicle (AGV);
motor design; finite element analysis (FEA); ANSYS Maxwell; electromagnetic
performance.
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Phan tich dac tinh dién tlr va hiéu nang van
hanh cta déng co BLDC dién ap thap rng
dung cho xe AGV bang mé phéng phan ti

hiru han

Nguyé&n Birc Bac’, Nguyén Thanh Dat

Trwdng Pai hoc Xay dwng Ha Noi, sé 55 dwong Giai Phéng, phuwéng Bach
Mai, Ha Noi, Viét Nam

Tém tat: Xe tw hanh AGV ngay cang dwoc (ng dung rong réi trong cac hé
thdng logistics va san xuét théng minh, trong d6 déng co truyén ddong déng vai
trd quyét dinh dén kha nang kéo tai, hiéu qua st dung nang lvong va do én
dinh van hanh. Bai bao trinh bay qua trinh thiét k& déng co mét chiéu khong
chdi than (BLDC) dién ap thap theo yéu cau truyén dong cla xe AGV va xay
dwng md hinh phan t& hiru han trén phdn mém ANSYS Maxwell d& phan tich
cac dac tinh dién tir va hiéu nang lam viéc cla dong co. Trén co s& md hinh
da xay dwng, cac dac tinh momen, toéc do, cong suat dau ra, hiéu suét, dong
dién va phan bé mat do tir thong dwoc khao sat trong cac ché dd van hanh
khac nhau. V&i AGV c6 tédng khéi lwong 100 kg, gia tbc 0,2 m/s? va do déc 4°,
cong suét yéu cau tai mbi truc dong co 1a 48,52 W & van tdc tinh chon ban dau
0,8 m/s. CAu hinh 24 V, 12 ranh—8 cuc dat hiéu suét Ién nhat 91,61% trong
cac diém khao sat. Khi gilr ty s6 truyén tinh chon khoang 25,525, téc dd dong
co khéo sat 1396,53 rpm twong (rng van téc quy déi clia xe khodng 0,43 m/s.
Tai van téc nay, cong suét yéu cau la 26,06 W méi dong co, trong khi cong
suét truc kha dung wéc tinh khodng 29,5 W, cao hon yéu cau khodng 13%. Hé
s6 nhap nhd momen dién t&» khodng 64,1%, cho thdy dao ddng momen con
dang ké. Két qua cung cép co sé& danh gia so bd kha nang dap (ng tai tai van
tbc didu chinh.

Twr khéa: Dong co BLDC; xe tw hanh AGV; thiét ké dong co; phwong phap
phan t& htru han; ANSYS Maxwell; d&c tinh dién tir.

1. Gi&i thiéu

Trong nhi*ng ndm gan day, sw phat trién
manh mé ctia cdng nghé tw déng hoa, chuyén dbi
sb va cong nghiép théng minh da thuc day qua
trinh hién dai héa trong linh vic logistics va san
xuét. Cac hé théng kho théng minh, day chuyén
van chuyén tw dong va trung tam phan phdi hién
dai ngay cang yéu cau cac gidi phap van chuyén
¢6 tinh linh hoat cao, kha nang lam viéc lién tuc va

hiéu qua st dung nang lwgng I&n. Trong bbi canh
do, xe ty hanh AGV (Automated Guided Vehicle)
da tré thanh mét trong nhirng giai phap quan trong
nham nang cao nang suét van hanh, gidm chi phi
nhan céng va téi wu héa hiéu qua khai thac trong
céac hé théng logistics théng minh [1, 2].

Hiéu nang van hanh ctia xe AGV phu thudc
chd yéu vao hé théng truyén déng dién, trong do
dong co dién quyét dinh trwc tiép kha nang tang
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tbc, lwc kéo, dd 6n dinh chuyén déng ciing nhw
mrc tiéu thu ndng lwong cta toan hé thdng [3]. Déi
v&i cac AGV hoat dong trong kho logistics, ddng co
truyén dong can dap (rng ddng thdi nhidu yéu cau
ky thuat nhww momen khéi déng I&n, kha nang lam
viéc trong dai téc d6 rong, hiéu suét cao, dd tin cay
I&n va kha nang diéu khién linh hoat duéi diéu kién
tai thay doi lién tuc [4].

Trong sb cac loai dong co dién hién nay,
dong co mot chiéu khong chéi than (Brushless DC
Motor - BLDC) dwgc danh gia la giai phap phu hop
cho cac hé théng AGV nhd cac wu diém nhw mat
dod coéng suét Ién, hiéu suat cao, kha nang dap trng
dong nhanh, két cAu nhé gon, d6 tin cay cao va chi
phi béo tri thap [5, 6]. Viéc str dung nam cham vinh
ctru gilp gidm dang ké ton hao rotor, nang cao hiéu
qua chuyén dbéi nang lwong va kéo dai tudi tho lam
viéc so v&i nhiéu loai déng co’ truyén thdng. Nhirng
dac tinh nay dac biét phu hop véi cac hé théng
AGV sir dung ngudn pin dién ap thap va yéu cau
van hanh lién tuc trong thoi gian dai.

Nhiéu nghién ciru da tap trung vao viéc nang
cao hiéu nang clia dong co BLDC théng qua cac
hwéng tiép can khac nhau. Mot s6 nghién ctru tap
trung phat trién cac chién lwoc diéu khién dong
dién, momen va qua trinh chuyén mach nham giam
dao dong momen [6-9]. Trong khi dd, cac nghién
clu vé ddng co' nam cham vinh clru tap trung cai
tién céu hinh rotor va cach bé tri nam cham nham
nang cao hiéu suét va cai thién dac tinh momen
[10-12]. Bén canh d6, cac phan mém mé phéng
dién tr dwa trén phwong phap phan t& hiru han
nhw ANSYS Maxwell ngay cang dwoc s dung
rong rai nham phan tich trwdng dién tiv, danh gia
phan bé tw thong va dy doan dac tinh lam viéc cla
ddng co trong cac diéu kién tinh toan da xac dinh
[13].

Céc nghién ctvu vé diéu khién momen [7] va
cai thién hiéu suat theo cu hinh nam cham [10]
cung cap co s& phan tich dong co BLDC. Trong
nghién clru nay, van dé dwoc xem xét l1a méi lién
hé dinh lvong gilra tai kéo AGV, dac tinh dong co
va ty sb truyén, ddng thoi kiém tra tinh nhat quan
gitra momen, céng suét, dong dién va hiéu suét tai
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diém lam viéc.

Xuét phat tr nhirng van dé trén, nghién ctru
nay thwc hién thiét k& mot dong co BLDC dién ap
th4p theo yéu ciu truyén dong cta xe AGV trong
kho logistics. Trén co s& déng co da thiét ké, mo
hinh phan tl hiru han dwoc xay dwng trén phan
mém ANSYS Maxwell nham phan tich cac dac tinh
dién tir va danh gia hiéu nang van hanh ctia dong
co dwdi cac diéu kién lam viéc khac nhau. Cac dac
tinh quan trong nhw momen dién tir, tbc dd, cong
suéat dau ra, hiéu suét, dong dién tiéu thu va phan
bd mat do tir thdng dwoc khdo sat nham danh gia
kha n&ng dap (rng yéu cau truyén dong clia dong
co dbéi voi xe AGV. Béng gop cla nghién ctu 1a
danh gia moét cidu hinh BLDC dién ap thap theo
trwdng hop tai AGV cu thé, lwong hoa cong suat
va momen yéu ciu, déi chiéu v&i cac duwdng dac
tinh dé lwa chon diém van hanh va ty sé truyén.
Phan tich nay khéng dé xuét c4u truc déng co hodc
thuat toan diéu khién méi; két qua chi ra kha nang
dap &ng so bd va cac gi¢i han clia ciu hinh khao
sat.

2. Thiét ké dong co va phwong phap mé phéng
2.1. Xac dinh yéu cau thiét ké déng co truyén
dong cho xe AGV

Viéc xac dinh dung yéu cau truyén dong la
co s& quan trong dé lwa chon va thiét ké dong co
phu hgp cho xe AGV. Trong nghién ctru nay, cac
thong sb truyén dong dwoc xac dinh dwa trén
trwdng hop thiét ké ctia AGV trong kho logistics,
bao gbém tai trong, tbc d6 di chuyén, diéu kién mat
san va dac tinh chuyén déng.

Trén co s& do, lwc kéo yéu cau va cong suét
truyén dong duoc tinh toan dé lam co sé thiét ké
dong co BLDC. Xe dwoc xét trén san phang (a =
0°) va doan dbc I&n nhéat 4°; gia thiét hé sé can lan
khong dbi, bd qua can khong khi & téc dé thap va
chia déu tai kéo cho hai banh cha déng khi xe di
thdng. Cac lwc tac dung Ién xe duoc biéu dién
trong Hinh 1. So' db truyén déng duoec trinh bay
trong Hinh 2; cac théng sé dau vao dwoc tbng hop
trong Bang 1.
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Hinh 1. Lwc tac dung Ién xe
Nguén DC 24 V
Nghich luu Nghich luu
3 pha trai 3 pha phai
boéng co Pong co
BLDC tréi BLDC phai
Giam toc Giam toc
i = 25,5 i =255
ntr = 0,85 ntr = 0,85
Banh trai Banh phai

Hinh 2. So d6 truyén dong tir ddng co’ dén hai banh chu

dong theo phuwong an tinh chon ban dau

Bang 1. Thong sbé lam viéc cla xe AGV trong trudng hop thiét ké

Théng s6 Gia tri Don vj
Khéi lwong xe AGV 50 kg
Khéi lwong hang 50 kg
Van téc tinh chon ban dau v 0,8 m/s
Giatbéc a 0,2 m/s?
DPuwong kinh banh D 0,15 m
Hé sb can lan f, 0,015 -
Go6c dbc a 0/4 °
Hiéu suat truyén déng n 0,85 -
S6 doéng co 2 -

Trong dé:

F: Lwc kéo tiép tuyén cla xe

V4.: Téc d6 di chuyén cuia xe

M: Momen xod&n trén truc banh xe chi déng

Gy,: Trong lwong cua thung hang

Gagy: Trong lvong cua xe AGV

g: Gia téc trong trvéng 9,81 m/s?

V&i tbng khéi lwgng m = 100 kg, trong lwong
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G =100 x 9,81 = 981 N. Thay sé cho trwéng hop
tang tbc trén déc 4° nhw sau:

- Lwc can di chuyén khi xe ché hang, tinh
theo (1):

W=W1+Wo+W3+W, (N) (1)

trong do:

+ Lwc can do ma sat, tinh theo (2):

W,=fp. G. Cosa(N) (2)

W, =0,015 x 981 x cos 4° = 14,679 N.

véi:

fo: Hé sb can di chuyén bé mét san bé téng
cong nghiép phu epoxi = 0,015

G: Tdng trong lwong ctia xe AGV va hang (N)

a: Géc nghiéng clia duwdng, bang 0° trén san
phéng va 4° & doan dbc I&n nhét.

+ Lwc can do déc, tinh theo (3):

W5=G. Sina(N) (3)

W, =981 x sin 4° = 68,431 N.

+ Lwc can do quan tinh, tinh theo (4):

W3=m.a (N) (4)

W3 =100 % 0,2 =20 N.

\ o/

+ m: khéi lwong cha xe AGV va hang (kg)

+ a: Gia tbc clia xe AGV (m/s?)

+ Lwc can do gid, tinh theo (5):

Wa=q. AN) ~ (5)

W,=0xA=0N.

Vi

+ q: Ap lyc can khong khi, 1ay béng 0 (N/m2)
theo gia thiét b qua can khi & téc dd thap.

+ A: Dién tich chén gié (m?)

- Vay lwc can di chuyén khi xe ché hang theo
(6) la:

Wit=W gt Woyt+ W +Woit (N) (6)

W =14,679 + 68,431 + 20 + 0 = 103,110 N.

- Cong suat di chuyén khi xe ché hang

+ Cong suat di chuyén chung tinh toan theo
(7):

W.
N="2W) ()

N =103,110 x 0,8 / 0,85 = 97,045 W.
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VOi:

W: Lwe can di chuyén khi xe ché hang (N)

v: Téc dd di chuyén cla xe

n: Hiéu suét truyén doéng cta co ciu di
chuyén

- Cong suét 1 dong co di chuyén dworc tinh
theo (8):

N, =N, =97,045/2 =48,522 W.

- Chon c6ng suét va hop giam téc (HGT):

+ Cbng suét clia mot ddng co duoc tinh theo
(9):

Nenon=55 W>48,522 W (9)

+ Dién ap cap cho dong co: 24V

+ Ty sb truyén HGT tinh chon: igt = 25,525
(xap xi 25,5).

+ Tbc d6 dong co, tinh theo (10):

. 60
Nac=igi—' (rpm) (10)

Nge = 25,525 x 60 x 0,8 / (11 x 0,15) = 2600
rpm.

Téc d6 banh xe nb = 60v/(TiD) = 101,859
rpm; momen yé&u cau tai méi banh Mb = WD/4 =
3,867 N-m. V&i ty sb truyén 25,525 va n = 0,85,
momen yéu cau tai méi truc déng co la 0,1782
N-m. Muc tiéu 55 W tai 2600 rpm twong rng
0,2020 N-m va duy trlr cong suat 13,35%. Day 1a
muc tiéu tinh chon; kha nang thyc té theo duwdng
dac tinh dwoc dbi chiéu & Phan 4. Két qua tinh
toan yéu cau truyén dong cia xe AGV la co s& dé
xac dinh cac théng sb thiét ké ban dau ctia déng
co BLDC. Trén co s& d6, mé hinh déng co dwoc
xay dwng va phan tich bang phwong phap phan to
hru han nhadm danh gia cac dac tinh dién to va
hiéu nang van hanh.

2.2. Thiét ké dong co va xay dwng md hinh
phan tir hiru han

Trén co s& cac yéu cau truyén dong da xac
dinh & muc 2.1, dong co BLDC dién ap thap dwoc
thiét ké nham dap ng yéu cau lam viéc clta xe
AGV trong hé théng kho logistics. Qua trinh thiét
ké dwoc thwe hién theo quy trinh tinh toan thiét ké
may dién truyén thdng, bao gém Iwa chon c4u truc
dong co, xac dinh cac kich thwéc hinh hoc chu
yéu, thiét ké day quén stator, lwa chon vat liéu nam
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cham vinh ctru va kiém tra cac thong sé lam viéc
cla dong co. Cac thong sb thiét ké cha dong co
dwoc xac dinh thdng qua quy trinh tinh toan nay va
dwoc khao sat bang mé phdng dién ti truéc khi
tién hanh phan tich cac dac tinh lam viéc. Sau khi
hoan thanh qua trinh thiét k&, md hinh cGa déng co
duoc xay duwng dé phuc vu phan tich dién tw béng

Nguyen & Nguyen

phwong phap phan t& htru han. M6 hinh bao gédm
stator, rotor nam cham vinh ctru, day quén ba pha
va khe h& khoéng khi, cho phép khao sat cac dac
tinh dién tir va hiéu nang van hanh ctia déng co
trong cac diéu kién lam viéc khac nhau. Hinh 3
trinh bay mé hinh hinh hoc cta déng co BLDC
dwoc str dung trong nghién ctru.

Hinh 3. M6 hinh phan tlr hi*u han cia déng co BLDC trong ANSYS Maxwell
Bang 2. Cac thong sb thiét ké chinh ctia déng co BLDC

Théng so Giatri Don vi

Coéng suat tinh chon ban dau 55 W
Toc dd tinh chon ban dau 2600 rpm
S6 cuc 8 -

Dién ap 24 \%

Puwong kinh ngoai stator 70 mm
Puwong kinh trong stator 42 mm
Puwong kinh trong rotor 20 mm
S ranh stator 12 slot
Chiéu dai mach tw 30 mm
Loai nam cham NdFeB N35 -

Pbd cao nam cham 2,5 mm
Puang kinh ngoai rotor (ké c& nam cham) 41,5 mm
Khe hé khéng khi 0,25 mm

Cac thiét 1ap tinh toan va mé phdng dwoc
trinh bay trong Bang 3. Hinh 4—7 dwoc xac dinh
bang tinh toan giai tich; Hinh 8-9 1a két qua phan
tich trwéng bang phwong phap phan ti hiru han.
Momen truc clia b6 dac tinh dwoc phan biét voi
momen dién tlr khi déi chiéu cong suét.

3. Két qua mé phéng
Trén co s& md hinh dong co BLDC va cac

thiét lap & Bang 2-3, cac d&c tinh dién tir va hiéu
nang van hanh clta dong co dwoc khao sat trong
diéu kién lam viéc dinh trwdc. Cac két qua mo
phdng bao gébm dac tinh momen — tbc d9, hiéu suat
— téc d8, cong suat dau ra, dong dién tiéu thu va
phan bd mat do tir théng. Cac két qua nay la co s&
dé danh gia kha nang dap &ng yéu cau truyén dong
clia dong co dbi voi xe AGV dién ap thap.
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Bang 3. Thiét |ap tinh toan va mé phéng

Noéi dung

Thiét 1ap

Day quan 0.3671 Q tai 75 °C.

Ba pha, néi sao, hai I&p; bwdc day 2 rénh; 64 vong ndi tiép/pha; dién tré pha

L&i thép 1008 véi dwérng cong tr hda B—H phi tuyén; nam cham NdFe35; khe hé

Vat liéu va khe hd
atlieu va khe ho khong khi 0,25 mm.

Tinh toan giai tich két hop méd phéng phan t&r hiru han hai chiéu qua dé. Ngudn

Phuwong phap va
ché d6 mé phéng
Diéu kién bién va

lwoi mién mé phéng la 790.

mot chiéu 24 V; chuyén mach sau bwéc, goc dan 120°. M6 hinh giai tich xét sut
ap khoa 0,2 V, di6t 0,5 V va tén hao co; md phdng trwong stiv dung khoa ly tuwéng.
Bién ngoai A = 0; cap bién lién két phan tuan hoan; tbng sé phan ti luwéi trén

Buwérc thoi gian 0,1 ms; thoi gian md phdng 0,3 s; nguwdng sai sé dw phi tuyén

Thoi gian va hoi tu
g T 107

3.1. Dac tinh momen — téc do

Pac tinh momen — téc dd dwoc st dung dé
danh gia kha nang sinh lwc kéo va pham vilam viéc
cia déng co BLDC. Két qua mé phéng dac tinh
momen theo tbc d6 quay dwoc trinh bay trong Hinh

4 cho thay momen truc gidm theo téc do, twr 4,8337
N-m tai n = 0 vé 0 tai tbc do khong tai 1483,26 rpm.
Tai 1310,58 rpm, momen truc dat 0,4118 N-m.
Pwong dac tinh khong c6 ving momen khong ddi
trong dai tbc d6 khao sat.

Momen déng co BLDC 24V (Nm)

3,00

4.00 -

Momen (Nm)
g

'\IH
=
=

1

1,00

0,00 +———r————————
0 300 600

900 1200 1504

Tée dé (rpm)

Hinh 4. B&c tinh momen - téc d6 ctia dong co BLDC

bac tinh thu dwoc md td kha nang sinh
momen theo diéu kién ngudn clha phép tinh. Kha
nang lam viéc lién tuc khéng dwoc suy ra chi tir gia
tri momen Ién & tbc d6 thap, ma con phu thudc gidi
han dong va tén hao.
3.2. Pac tinh hiéu suéat - toc do

Déc tinh hiéu sut dwoc sir dung dé danh gia
kha nang chuyén dbi nang lvong cia dong co

trong cac ché dd van hanh khac nhau. Két qua mé
phdng dwoc trinh bay trong Hinh 5.

Trong cac diém khao sat trén Hinh 5, hiéu
suét |&n nhat dat 91,61% tai 1408,88 rpm, sau d6
gidm & vung gan khong tai. Tai diém hiéu suét I6n
nhét, cong suat truc la 25,45 W; vi vay, lwa chon
diém van hanh can xét ca cdng suét yéu cau cua
tai.
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Hiéu suit déng co BLDC 24V (%)

100,00

80,00 -

60,00 -

Hidu suit (%)

40,00 1

20,00 -

0,00

0 300 600

800 1200 1300

Toc dé (rpm)
Hinh 5. D&c tinh hiéu suét - tbc d6 cla déng co BLDC

3.3. Pac tinh céng suéat va dong dién

Déc tinh cong suat dau ra va dong dién tiéu
thu dwoc str dung dé danh gia kha néng cung cép
céng suét cling nhw mure tiéu thu nang lwong cla
déng co trong qua trinh van hanh. Két qua mé
phdéng dwoc trinh bay trong Hinh 6 va Hinh 7.

Két quéa trén Hinh 6 cho thay cong suét dau
ra I&n nhét trong cac diém khao sat dat 162,04 W
tai 688,06 rpm, sau dé gidm. Dong dién ngudn mot
chiéu trén Hinh 7 1a 32,10 A tai n = 0 va gidm dan
khi tbc do tang. Pay la dac tinh v&i ngudn 24 V,

chwa ap dung gi6i han dong; cong suét cwc dai
khéng déng nhat véi cong suét tinh chon 55 W
hodc céng suét lam viéc lién tuc. Dong tain =0 la
dong khoa rotor clia phép tinh, khéng déng nhét
v&i dong khdi dong qua do khi bo didu khién co
gi¢i han dong. Tai 1310,58 rpm, cong suét truc dat
56,51 W, dong dién ngudn la 2,662 A va hiéu suét
la 88,46%. Céac sb liéu nay nhat quan véi momen
truc 0,4118 N-m theo quan hé gitra cong suét,
momen va téc dd, ddng thdi phi hop véi ty sé gitra
cong suét truc va cdng suat nguén mot chiéu 24 V.

Céng suat ddu ra déng co BLDC 24V
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(=] (=]
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| |
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Hinh 6. D&c tinh cong suét - tbc d6 ctia ddong co BLDC
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Dong dién DC cap cho dong co BLDC 24V

40,00

30,00 |

A)

Dong dién (
[3*]
=)
k=)
S
L

10,00 -

0.00

0 200 400 600
Téc dd (rpm)

800 1000 1200 1400 1600

Hinh 7. D&c tinh dong dién - tc d6 cla déng co BLDC

3.4. Phan b6 mat do tir thong

Phan bbé mat do tr thong dwoc st dung dé
danh gia trang thai lam viéc clia mach tir va kha
nang khai thac vat liéu tr clia dong co. Két qua md
phéng dwoc trinh bay trong Hinh 8.

Thang mau cda Hinh 8 cé gi¢i han trén
1,9379 T, cac vung mat do tir théng cao tap trung
cuc bé & dau rang. Ban dd thé hién sw phan bd
khoéng déu cla tir thdng trong mach ti; danh gia
murc dd bdo hoa can dbi chiéu véi dwdng cong B—
H cua 16i thép.

4. Phan tich, thao luan va danh gia kha nang
trng dung

Kha nang (rng dung ctia dong co dwoc danh
gia bang cach déi chiéu cac dac tinh & Phan 3 voi
yéu cau truyén déng cta AGV. V&i cac théng sb
trong Bang 1, bén trwéng hop khéo sat dwoc xac
dinh tlr hai do déc 0° va 4°, két hop véi hai mirc
gia tbc 0 va 0,2 m/s2. Tong khéi lwong xe va hang
la 100 kg, hiéu suét truyén dong la 0,85; luc kéo
dwoc chia déu cho hai banh cha déng khi xe di
thang.

Bang 4 tbng hop yéu cau tai theo cac coéng
thirc & muc 2.1 tai van tdc tinh chon ban dau 0,8
m/s va van téc diéu chinh khoang 0,430 m/s, dwoc
xac dinh tir d&c tinh dong co' & phan duéi.

Bang 4. Yé&u cau truyén dong cla AGV tai hai van téc khao sat; cong suét tinh cho médi dong co

Chi)d@ (a; Lue kéo toan xe (N) Mom(eNn.mm)Si banh Cé:%,séuit/éw), v ngizléé:n(/\;\/)’ v
0°; 0 m/s? 14,715 0,552 6,925 3,719
0°; 0,2 m/s? 34,715 1,302 16,336 8,775
4°; 0 m/s? 83,110 3,117 39,111 21,007
4°; 0,2 m/s? 103,110 3,867 48,522 26,063

O van téc tinh chon ban dau 0,8 m/s, tang
tbc trén dbc 4° yéu ciu cdng suét In nhét, bang
48,522 W tai méi truc dong co. Khi giam van toc
xudng khoang 0,430 m/s, cdng suét yéu ciu cla
trwdng hop nay con 26,063 W. V&i cuing do déc va
gia téc, luc kéo va momen banh xe khoéng dbi theo
gia thiét bd qua can khong khi; cong suét yéu cau

gidm theo van téc.

Cac duéng dac tinh trén Hinh 5-7 cho thay
cobng suét Ion nhat dat 162,04 W tai 688,06 rpm,
trong khi hiéu suét I&n nhat dat 91,61% tai 1408,88
rpm trong cac diém khao sat. Hai diém cuc dai
khéng trung nhau, do d6 lwa chon vang van hanh
can xét dong thoi hiéu suat va cong suéat kha dung
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theo tai yéu ciu. Cong suét cuc dai ctia dweng ddc
tinh khong déng nhét véi cong suét 1am viéc lién
tuc ctia dong co.

V6i ty sb truyén tinh chon ban dau khoang
25,525, van téc xe 0,8 m/s doi héi tbc do6 dong co
khoang 2600 rpm, vuot téc d6 khong tai 1483,26
rpm cla bd d&c tinh khéo sat. Vi vay, ciu hinh nay
chwa dap (rng van tbc ban dau véi hop giam téc da
chon. Theo (10), tbc d6 khao sat 1396,53 rpm
twong trng van tbc quy ddi 0,4297 m/s, xap xi 0,430
m/s. Phwong an danh gia tiép theo gitr ty sé truyén
va diéu chinh van tdc theo gia tri nay.

Noi suy tuyén tinh momen truc va dong dién
ngudn tir sb liéu ctia Hinh 4 va Hinh 7 tai 1396,53
rpm cho céac gia tri xap xi 0,2020 N-m va 1,345 A.

B [tesla]
19379

18088
16796
15505

14213
12922

11631
10339
0.9048
0.7756
0.6465
05173
03882
02530
01239
0.0007

Nguyen & Nguyen

Co6ng suét truc va hiéu suét tinh tlr cac dai lwong
nay lan lvot xap xi 29,5 W va 91,5%. Vé&i van tbc
quy ddi 0,4297 m/s, momen yéu cau I&n nhét tai
méi truc 14 0,1782 N-m va cong suét yéu cau 13
26,063 W. Cong suat kha dung cao hon yéu cau
khoang 13%, cho thay kha nang dap trng so bd vé
momen va cong suét tai van téc diéu chinh. Dé
danh gia chét lwgng momen, Hinh 9 trinh bay dang
séng momen dién tir & ché do ap dat tbc do
1396,53 rpm. M6 phdng st dung ngudn moét chiéu
24 V, chuyén mach sau budc véi géc dan 120°,
khéng str dung didu ché do rong xung va khéng
gidi qua do co.

Céc thiét lap twong (rng dworc trinh bay trong
Bang 3.

Hinh 8. Phan bd mat do tir thong ctia dong co BLDC

Momen déng co BLDC 24V
0.40
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avg: 0.23
pp: 015
0.30
|
E
&
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275 280 285 290 295 300
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Hinh 9. Dang séng momen dién tw tai tbc d6 1396,53 rpm
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Trong khoéng thoi gian cudi 250-300 ms trén
Hinh 9, momen trung binh theo th&i gian la 0,2284
N-m va chénh léch dinh—dinh 12 0,1464 N-m. Hé sb
nhap nhd, xac dinh bang ty sb gitra chénh léch
momen dinh—dinh va momen trung binh, béng
khoang 64,1%. Céc gia tri dwoc tinh tlr div liéu sb
trwére khi lam tron chu thich trén hinh. Két qua cho
th4y momen dién tir con dao dong dang ké & ché
dd nay. Anh huéng dén chuyén dong ctia AGV con
phu thudc quan tinh va ddc tinh co cAu truyén
doéng.

Nhw vay, véi ty sé truyén khodng 25,525, ciu
hinh khao sat c6 kha ndng dap &rng so bd yéu cau
momen va coéng suat & van tbc quy dbi khoang
0,43 m/s. Cong suat truc va hiéu suat dong co
duwoc danh gia tr bd dac tinh Hinh 4—7; momen
dién tir & Hinh 9 dwoc dung danh gia do nhap nho,
khéng thay trwc tiép cho momen truc. Két qua dbi
chiéu chwa xac lap kha nang duy tri van téc cla
toan xe bang mé phdng quéa dé co’; kha nang diéu
chinh t6c dd theo tai va lam viéc lién tuc can dwoc
kiém chirng.

5. K&t luan

Nghién ctu da két hop tinh toan yéu cau
truyén dong cla xe AGV véi md phéng déng co
BLDC dién ap thap dé phan tich dic tinh dién tw
va danh gia kha nang dap &ng tai. Vi AGV c6 tbng
khéi lwong 100 kg, gia tdc 0,2 m/s? va do dbc 4°,
cobng suét yéu cau I&n nhét tai méi truc dong co
giam tlr 48,522 W & van tc 0,8 m/s xudng 26,063
W & van tbc diéu chinh khodng 0,430 m/s.

Dbi v&i ciu hinh 24 V, 12 ranh—8 cuc, hiéu
suéat I&n nhat trong cac diém khao sat 1a 91,61%
tai 1408,88 rpm. V&i ty s truyén khodng 25,525,
tbc d6 khao sat 1396,53 rpm twong ¢ng van téc
quy déi khodng 0,43 m/s. Tlr dac tinh déng co,
cong suét truc va hiéu suét tai téc dd nay dwoc woc
tinh 1an lwot 13 29,5 W va 91,5%; cong suét kha
dung cao hon yéu cau Ién nhat khodng 13%. Két
qua la co s& dé xuét van tdc diéu chinh phu hop
v&i kha nang cung cAdp momen va cong suét cla
cau hinh khado sat; chwa khang dinh van téc toan
xe da dwoc kiém chirng bang mé phdng déng luc
hoc.

Nguyen & Nguyen

O ché d6 khao sat cla dang séng momen,
hé sb nhap nho khoang 64,1%, cho thdy momen
dién tir con dao dong dang ké. Ban dé mat do tw
thong cho thay cac vung tap trung tr théng cuc bd
& dau rang stator. Cac két qua nay cung cap co sé&
dé xem xét diéu chinh thiét ké va diéu khién nham
cai thién chat lwong momen clia dong co'.

Nghién ciru lwgng hoa méi lién hé gitra yéu
cau strc kéo AGV, dac tinh dong co va ty sb truyén,
hé tro lwa chon so bd cAu hinh truyén dong phu
hop. Cac nghién clru tiép theo sé tap trung gidm
nh&p nhé momen, hoan thién diéu khién va thuc
nghiém kiém chirng kha ndng dap (rng tai, phat
nhiét va ché d6 lam viéc lién tuc cha hé truyén
dong.

Tuyén bd vé viéc sir dung Al tao sinh

Trong qua trinh chuan bj bai bao nay, cac tac
giad da str dung ChatGPT (OpenAl) nham cai thién
kha n&ng doc hiéu va dién dat ngoén ngir ctia ban
thao. Sau khi str dung cdng cu nay, cac tac gia da
ra soat va chinh stra ndi dung khi can thiét, déng
thdi chiu hoan toan trach nhiém vé noi dung cla
bai bao duwoc cong bd.
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