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TOM TAT:

Bai béo trinh bay két qua nghién ctru méu xe 3 banh mét chb ngdi dung nang luong mét
troi phuc vu trong céc khu vui choi gidi tri & Viét Nam. Mau xe hoat déng ttr ngudn dién mét
chiéu dung &c quy duoc sac ttr mot tAm panen (pin) mét troi céng suét 55Wp théng qua bd
diéu khién sac &c quy. Xe duoc trang bi &c quy khé dung lwong 12V-12Ah, céng suét 250W,
két cdu khung xe gon nhe, da duoc ché tao va thir nghiém dat két qué tét. Mau xe don gian cé
thé duoc (ng dung vao thuc té va hoan thién hon dé ché tao hang loat trong twong lai tai

nwérc ta.

Twr khéa: Xe ba banh, ngudn dién mét chiéu, céng suét nhd, &c quy khé, tdm panen mét

troi, diéu khién sac &c quy.

1. PAT VAN BE

Céc nha vat ly da phat hién ra hién tuong
quang dién (photovoltaics) tir nhimg nim cubi
clia thé ky 19 [1], nhung sau 115 nam sau pin
mat troi (pin_quang dién- solar cell) méi dugc
dua vao cudc song. Ngay nay, xe sir dung ning
lwong mat troi khong con xa la ¢ cic nude trén
thé gioi.

G Viét Nam nhu clu xe dién trong cac khu
du lich, khuon vién, khu cong nghiép, truong
hoc, cong ty ngay cang 16n, nhung ngudn dién
ding sac dc quy chu yéu van tir dién lugi 220V.
Trong céc khu du lich xe di¢n hoat dong chu yéu
vao ban ngdy dudi troi néng, thoi gian xe dimg
tai chd 1au hon thoi gian xe chay. Viéc tan dung
ngudn ning mit troi dé sac ic quy khi xe hoat
dong va dimg dudi troi ndng 1a rat can thiét, dic
biét tai TP. H6 Chi Minh va céc tinh.

2.NOQI DUNG

Bai b4o trinh bay két qua nghién ciru méu xe
st dung dién mat troi cong suit nho phuc vu
trong cac khu vui choi giai tri ca phan ly thuyét
va thue nghiém, gdm: nghién ctru chon khung
xwong mau xe dién don gian mot chd ngdi va
ngudn ning luong dién tir dc quy duoc sac tir pin
mat troi (solar panels); ché tao va thir nghiém xe
trong diéu kién thuc té st dung ning lugng mat
troi tai TP.HS Chi Minh.

2.1. Xe NLMT céng suit nho

Co s& chon mau xe NLMT dya vao khd niing
ché tao trong nudc. O nude ngoai dd c6 nhidu
kiéu xe NLMT dugc ché tao: 4 banh (4x2) khong
mai che va ¢ mai che; 3 banh c6 mai che (3x1
hodc 3x2). Cic mau xe ndy tuy dang dep, nhung
két cdu cau ky, phirc tap, kho ché tao, gia cao
(hinh 1).
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Hinh 1. Phuong 4n xe NLMT nudc ngoai

a) 4x2 khong mai che; b) 4x2 c6 mai che;
¢) 3x2 ¢6 mai che; d) 3x1 c6 mai che.

MAu xe NLMT d xuét loai ba banh 3x1 don
gian (hinh 2). MAu xe nay phu hop kha ning ché
tao trong nudc, gia ré, phuc vu cho cac khu vui
choi giai tri. Cac tAm pin mat troi duoc lip trén

mui xe, 1am ludn chirc ning che ning.
Théng sb bb tri chung xe xem bang 1.

Bing 1. Thong sb bd tri chung

Thong s6 Gia tri

Kich thudc phu bi, DxRxC,
2100x1200x1860

mm

Chiéu dai co s6, Lo, mm: 1500

Chiéu rong co s6, B0, mm 1200

Khoang sang gdm xe, Hs, mm 280

Trong lugng khung & dong 35

c0,G0, kG

Trong lwong binh 4c quy, GA, 3

kG

Trong lwong tim pin mat 18

troi,GM, kG

Trong luong ngudi ngdi & %0

hang,GN,kG

Trong lugng toan bg, G, kG 146

Hinh 2. M4u xe NLMT 3x1

2.2. Ngudn ddng lwc xe NLMT

Trén hinh 3 thé hién nguyén 1y ngudn dong
luc xe dién NLMT (trong do: dién ludi 220 V chi
mang tinh dy phong).

'\\fui_:f:rf
M
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Hinh 3. So db nguyén Iy dong luc xe NLMT

Xe duoc sur dung nguén dong luc tir dong co
dién mot chidu (DC). O day khong di sdu phan
tich v& pin mat troi va kha ning tich phat dién (c6
thé tham khao trong [1-5]. Ching ta chi dé cap
tinh toan sao cho di sé pin mit troi (panen) va hé
thdng diéu khién sac dc quy, bo diéu khién dong
co (Electronic Control Module- ECM) dam bao
xe hoat dong du thoi gian cho phép trong khu vui
choi, nhu: thoi gian sac nhanh nhét, hoat dong
lau nhét co thé. Ngoai ra, ciing ciing luu ¥ kha
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nang thay binh nhanh tir ic quy sac sin (thuong
xuyén) tai cac tram sac ic quy nh¢ anh néng mat
troi trong cong vién va khu vui choi.

Dé chon dong co dién phu hop véi miu xe
thiét ké, cin tinh toan so bd cong sudt cin dé
dong co dap ung dugc cac yéu ciu van hanh.
Piéu kién cin bing cong suit dong co khi xe

chay trén dudong bang, toc d6 t6i da:
Ney = Ni/ne= N+ No)/mg (D
vOi: Ny~ cong suét dong co, W
Ni- cong suét kéo & banh chu dong, W
N¢- cong suét can lin, W
N,,- cong suét can gio, W
Ne-hiéu suét truyén luc, chon 1,=0,98.
hay 13: Ney = (£.G.Vinax tKE Vi) (2)

Véi: f- hé sb can lan cia duong, khi xe chay
trén duong nhua, léy f = 0,015; G-trong luong
xe; v6i mau xe mot chd ngéi, chon: G = 146 kG
~ 1460 N; k- hé sb can khong khi, chon
k = 0,2 Ns*/m*; F- dién tich can chinh dién, so bd
dién tich F = 0,4 m?; v, - toc d0 cuc dai cua xe.

O vmax=25 km/h =6,94 m/s, cong suat hitu
ich ctia dong co dién s€ la:

Ne =N/ 3

Thay vao (2) va (3), tinh dugc cong suat can
& tbc do 10n nhat: Ne=198,79W. Hiéu suét dong
co dién dat nt =80%, chon dong co DAAC DC
250W —36V.

2.3. Kiém tra diéu kién chuyén dong

Toa d trong tdm xe tir phan bb tai trong cua
cac cum, chi tiét theo phwong doc va phuong
dtrmg xe. Chon h¢ toa d6 vai tam O tai diém tiép
xuc banh xe trude voi mat duong. Trong tam cia

cac cum, cho bang 2 va hinh 4

Bang 2. Toa do trong tdm cac cum

Thanh ph?m G, N a;, m h;, m
Khung xe 220 0,70 0,60
Pin mit troi 180 0,73 1,385
Ac quy 130 1,17 0,412
Dong co dién 130 1,54 0,280
Ngudi+hang 800 0,68 0,95

0,49
L

hg=0,

Hinh 4. Toa d6 trong tam xe
a) khong tai; b) co tai
Toa d6 trong tdm xe s€ la:
a, =2Gi Xi/ZG; 4
h, =2Gi.h/ZG; )
Trong d6: a;- khoang cach tir trong tdm cac
cum chi tiét dén mit phing ding qua tdm banh

xe trude; hi- chidu cao tir trong tdm cac cum chi
tiét dén dén mat dat.
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Khi xe khong tdi a,0= 0,920 m; hgo= 0,600 m;
khi xe ddy tai: a = 0,795 m; h, = 0,490 m.

Téng trong lugng xe 146 kG = 1460 N; phan
luc mat duong tac dung lén cac banh xe trudc
Z, =707 N va banh sau Z, = 753 N (banh chu
dong).

Kiém tra diéu kién can va da dé xe chuyén
dong dugce: Py, < Pimax <Py 6)

Chon hé sb bam ¢ =0,7; luc bam ¢ banh sau
s€ la: P, = Z,.¢=753 x 0,7=527 N.

Lyc can tong cong cua xe khi chay déu véi
tdc d6 16n nhét trén duong nam ngang:

P,=P;+P,=G.f+ Wv*=26,35N @)

Trong d6: Py luc can lan; P,- lyc can gio.

Vong quay dong co dién tai N.max khoang n
=145+ 180 v/p; chon n = 150 v/p.

Luc kéo 16n nhét tai banh xe chu dong:

Pk :Mk/rb:(Nc.nd/co)/rb:[Nc.nd/(TtnB ()]/rb

Ng¢ = 0,8 - hi¢u suét cua dong co dién,

1,=0,2 m- ban kinh 1lam viéc ctia banh xe,

Pmax = 53,08 N

Diéu kién xe chuyén dong theo (6) thoa:

26,35 N < 53,08 N <527N.

2.4. Ngudn ic quy

Ac quy 1a ngudn cung cép dién cho dong co
DC cua xe. Kich thuéc, khdi lugng, dung lugng
cua binh ic quy anh hudng rat 16n dén két cdu va

thoi gian van hanh cua xe.

Ac quy cin théa man cic yéu cau: mat do
nang lugng cao, quang duong chay dai, cap dién
dn dinh sau khi nap, tudi tho cao, it bao tri, dd an
toan co hoc cao, cho phép x4 sau: kha nang
phong dién dat t6i gan 90% dung luong (nap

nhanh, én dinh khi nap hay chay xe, thoi gian
phong dién lau, gia ré,...).

Dé dam bao didu kién lam viéc va tang tudi
tho cho dong co, dai thoi gian st dung dai sau
khi sac, ic quy can cung cip dong nho nhung van
du cong suét phu hop, cé d6 tin cdy cao, chon ic
quy kin khi AGM VRLA (ic quy duy tri -deep
cycle battery) hiéu GLOBE WPI12-12, véi cac

thong sb:

Dung luong: 12V - 12Ah.
Kich thudc bao, DXRxC:  151x98x95mm
Trong luong: 4,075 kG.

Ngudn gém 3 binh dc quy mac nbi tiép dé
cung cép du cong suét tai cho dong co.

Thoi gian sir dung dc quy va quing dudng xe
chay xét cho khi xe chay vdi Vmax= 25 km/h
trén dudng bang. Theo diéu kién can bang cong
suét cua xe 1a Ne=198,79 W v&i hiéu sudt n =0,8
va cong suét can cung cap cho dong co 1a 250W.

Thoi gian st dung dc quy (T) phu thudc

dung luong dc quy va cong suit tai:
T=A.V.n/P=36.13.0,7/250=1,2 (h), (8)

A- dung lwong ic quy (Ah); V-dién ap (V);
1 - hé s6 st dung dc quy; P — cong suét tai
(W).

Cong thuc (8) tinh cho ic quy c6 su dam bao
vé& chét lwong, dong xa cyc dai 4c quy khong qué
3 lan dung luong cta dc quy va thoi gian hoat
dong & ché do nay khong dugc qua 3 phut lién
tuc. Thuong nén chon dung lugng ic quy dé xe
c¢6 thé hoat dong trén 2 gid. Dong nap dc quy
duoc tinh khoang 10% - 15% dung lugng c quy.
Heé s6 sir dung 4c quy thay dbi theo muc xa dc
quy (n = 0,8+0,9 néu dong xa < 20% dung luong
dc quy; 1 ~ 0,7 néu dong xa ic quy < 70 % dung
lwong c quy; = 0,6 + 0,5 néu dong xa >70 %
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dung luong dc quy; quing dudng chay S = 25 x
1,2 =30 km).
2.5. Cong suit ciia pin mit troi
V6i dc quy 12V — 12Ah, chon tim pin mat

troi dién 4p ho mach va dong dién ngin mach:

Uocmax>14.2 Vi Iscmax > C/5 = 2,4 A.

So bo cong sudt tAm pin mat troi Py

Py=C.Up.na.n=12.12.0,7.1,3 =32,76 Wp.
V6i: C- dung luong dc quy (Ah); Us- dién ap
(V)ina-hiéu sudt ic quy; n- h¢ s6 du phong (thuc
nghiém cao hon 1,3 lﬁn). Tt thue té, chon 3 pin

mat troi hiéu RedSun cong sult 55 Wp, c6 cac
thong s6 k§ thudt nhu & bang 3 va hinh 5.

z Intensity Dependence ‘
. ml
5 E=1ULOme’ Power r,f;; Temperature dependence
£ 60w
¢} Ll \
% \
E =100 mWiem’ \
Wy ‘\
(|
|
15 T=75 'c-\‘
506
PLIVI %0~ |
5 |
| B ‘
: 0100 200 300 400 500 600 700 mV
0 10 20
Voltage [V]

Hinh 5. Ddc tinh pin mat troi 55Wp

B6 diéu khién sac dc quy tir pin mat troi (goi
tat 1 pin) phai théa cac yéu clu:
- Dién thé vao phu hop dién thé cua pin, dién
thé ra tuong tmg dién thé cua ic quy.
- Nap theo quy dinh ctia nha san xuét 4c quy.
- Cong suét b didu khién sac du nhan dién
ning va di cong sudt nap cho c quy.
- Khi dong tir pin thap, bd diéu khién sac lam

nhiém vu néng dong dé nap vao 4c quy.

- Khi dong tir pin cao, bd diéu khién sac lam
nhiém vu ha dong dé bao vé ic quy.
- Ngin dong dién chay nguoc tir ¢ quy vé

pin khi dong tir pin mat troi thap.

Bang 3. Thong sé KT pin mat trdi 55Wp

Max Power (Pmax)
Opencraitvoltage (Vo) | 2042 | 2149 A5
Sotdrutaren(s) | 38| 33 360
Voltageat max power (Vmp) | 17264 1773 17.82
(Cretatmacpoer(img) | 29| 3p | iy
Eficency (%) [ | B3 | uH
Mod_u_lejachnology Glas_s_-foi\-lémina@§Mum frame

-r:Iig'h transparent solar glass (tempered),ﬁm
Encapsulation :EVA-Solar Cell-EVA |
Poly-crystalline solar cells, 156 x 60 mm

‘ Module Design
\

' Type of Solar Cells ;

._Array - | 4x9 i
Di_mgnsions (LWxt)mm | SN0 k35 |
Weight kg LTS 57

)  Power ( Pmax : -0.38%/K
VoK
Isc: +0.00164K 5
40 ~ +80 degree Celcius
-40 ~ +45 degree Celcius

Comply with EC 61215 IEC 61730

| Temperature Coefficients

OgeratingTemperature_ |

Ambient Temperature@g\; i_
Qualification |

2.6. Bp diéu khién sac (Solar Charge
Controller)

Ngoai ra bo diéu khién sac (nap) ic quy con
phai min mot s6 yéu ciu an toan, nhu: khéng cho
nap qua (co6 thé pha hong dc quy); khong nap
thiéu (lam giam tudi tho 4c quy); cin nap can
bang sau thoi gian nhét dinh, tranh sulfat hoa lam
dung luong dc quy giam va hu ic quy.

C6 3 ché do sac: véi dong khong dbdi; véi ap
khong ddi va nap ndi. Lua chon ché d6 sac &c
quy con tuy thudc vao myc dich sir dung cua ic
quy. Muc dich cac phuong phép nap dc quy chu
yéu 1a diéu khién dong dién nap & cudi qua trinh

nap.
C6 3 kibu bd didu khién sac (hinh 6):

- 3 pin mit troi 55 Wp mic ndi tiép (a).
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- bo diéu khién sac 12V — 20A mic doc lap
véi 3 tAm pin sac cho 3 dc quy (b).

- 1 b diéu khién sac 12V- 20A cho 3 4c quy

méc song song (c).

| 33Wp H 35Wp H 35Wp ]

‘ Ba didu khién sac ‘
"l asv o204
\ i

Ac Ac Ac
a) quy quy quy
‘ S5Wp | | SSWp | | $5Wp ‘

£ I !

13 didu khién spe 133 didu khién spe B4 didu khién sac

12% — 20A 12V - 20A 12 — 204
a’\. c Ac Ac
h:l quy quy quy
i 1 1

B didu khién sac

12V - 20A
4 4 4
Ac Ao Ac
quy quy qu
[
) L T T

Hinh 6. So dd mach bo diéu khién sac

a. So dd mach bo didu khién sac 36V- 20A
b. So @ mach bd diéu khién sac 12V- 20A
¢. So @6 mach b didu khién sac 12V- 20A (tai tram)

Dé dap tng dung yéu cdu, chi cin bd didu
khién sac 36V — 20A theo thong s6 cia pin mat
troi. Thue té & ta hién khong c6 bd diéu khién sac
nay, ta chon phuong an 2 va 3 dé nap ac quy tai
tram va thay thé ic quy cho xe. Bo diéu khién sac
hiéu AST (CT Viét Linh) ma SLC12-20MN
12V-20A (hinh 7) c6 thong 5O k¥ thuat (bang 4).

Véi bo didu khién sac trén, thong ) dong dién
sac dc quy la C/5 = 2,4A thi thoi gian sac ddy ic
quy la T =12/2,5=15 gio.

Hinh 7. B diéu khién sac SLC12-20MN
Bang 4. Thong sb k§ thuat SLC12-20MN

Model SLC12-20MN

DPién ap pin vao 12VDC-dién ap hd mach max
21V

Dong sac 20A max

Dién ap ra tai 12V DC (theo dién 4p dc quy)

Dong dién ra tai 20A max

Dong tén hao 25 mA

Ngudng ngit sac Voar >14,5V +2%

Sac lai Ve < 13,6 V£ 2%

. I tai >20A
Qu tai T
Bio Bao v¢ bang cau chi

Ve . Vi< 10,2V £ 2%
Thap ap A .
Tu dong cat dién ap ra

Bao co Solar vao (xanh)

Cé dién DC ra tai (LED vang
sang)

LED hién thi Qué tai / binh thip (LED vang

tét)

Dung lugng binh
full/normal/empty

Kich thudc, mm 170 x 120 x 40

Khéi lwong, kg 0,5
Bao hanh 12 thang
2.6. Khung xe NLMT

Khung xe NLMT két cdu tir cac thép bng
CT3, lién két qua cac mbi han va tit ca cac éng
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d&u chiu lyc. Tinh bén va bién dang khung xe
duoc dung nho phin mém RDM. Toa d6 céc
diém mé hinh tinh toan theo bang 5, mé hinh hoa
khung day hinh 8.

Két qua tinh toan cho thdy: chuyén vi cua
khung xuong nho, tmg suit thoa gidi han bén
(Omax = 90,85 Mpa < [6] = 120 Mpa). Bang phan
mém RDM, thé hién tri s6 lyc cit doc (hinh 9) va
moment M, tac dung 1én khung (hinh 10).

Bang 5. Toa do cac giao diém mé hinh

Toa do diém trong khong gian
STT

X y z
1 400 0 1020
2 0 0 1020
3 -400 0 1020
4 400 1400 1240
5 0 1400 1240
6 -400 1400 1240
7 400 0 0
8 0 0 0
9 500 0 0
10 -400 0 0
11 -500 0 0
12 0 1112 350
13 0 1000 0
14 85 1500 0
15 -85 1500

Hinh 8. M0 hinh toa d¢ khung day khung xe.

/
5 Mot voncn 350 < TR 0=

noy ¢ Buow 105102 000 e

Hinh 9. Lyc cit tac dung 1én khung

X/
,
.
i
.

Famm & ‘avs\au:’m’ax W= 1090 o

mor t Beon B -2 000w

Hinh 10. M; tac dung 1én khung xe

2.7. Thir xe NLMT cong suét nho
Trén hinh 11 12 miu xe NLMT ba banh mét

chd ngdi, cong sut nho duoc nghién ctiu va ché

tao phuc vu khu vui choi giai tri.

Xe da duogc thtr nghiém theo cac chi tiéu:
thoi gian sac va sit dung 4c quy, thoi gian st
dung 4c quy, tbc d6 cua xe. Cac két qua thu duoc

nhu sau:
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Hinh 11. Téng thé xe NLMT 3x1

- Thoi gian sac va sir dung ic quy

Sac 4c quy: Ba tAm pin mat troi Redsun 55Wp
dién ap ho mach Voc = 21,49V dong dién ngén
mach Isc = 3,34A dit trén mui, bd didu khién sac
hiéu AST (SLC12-20MN) 12V-20A, ba dc quy
hiéu GLOBE (WPI12-12) 12V-12Ah. Thu
nghiém xe trong ba thoi diém cho thay thoi gian
sac ddy 4c quy (khi dén bao day binh trén bo didu
khién sac sang) khac nhau (l4n 1: tr 9h,
20/10/2012; 14n 2: tir 10h, 21/10/2012; 14n 3: tir
11h, 22/10/2012), két qua theo bang 6:

Bang 6. Két qua khao sat

VOC = 21,49 (V); ISC = 3,34 (A)

Voc (V) Vsac (V) Isac (A) T (gi®)
1951 14.10 25 48
19,46 14.29 25 5.0
18,10 13.80 25 52

Két qua thir nghiém véi ba tAm pin mat troi
cong sudt 55Wp sac cho ac quy thi thoi gian sac
déy 4c quy 12V — 12Ah trung binh 1a 5 gio, gin

V6i gid tri tinh toan ban dau.

- Thir nghiém thoi gian sir dung fc quy

+ Thtr nghiém xe chay trong nha véi van tc
25 km/h: thoi gian su dung dc quy dat gén 1,2 gio
(dén béo can binh bat sang).

+ Thir nghiém xe chay ngoai troi ning (xe
vira chay va sac dc quy nho ning) véi v = 25
km/h, sau 1,5 gi¢ dén bao can binh bat sang.

- Thir nghiém toc do ciia xe

Téc d6 t6i da khi xe thir trén duong bang,
gi6 nhe dat 28 km/h (tinh toan 25 km/h), phu hop
diéu kién trong cac khu vui choi giai tri.

- Nhén xét

Két qua thir nghiém cho thdy miu xe hoat
dong tt voi didu kién tai tinh toan va cuong do
btrc xa trung binh.

3. KET LUAN VA HUONG PHAT TRIEN
3.1. Két ludn

Miu xe NLMT (3x1), mét chd cong sudt
nho c6 két ciu don gian st dung nang luong mat
troi, d& ché tao va duong nhién gia thanh thip so
v6i san pham nhap ngoai, phuc vu tbt trong cac
khu vui choi giai tri kha phu hop diédu kién thuc
té ¢ Viét Nam.
3.2. Huéng phat trién

Dé trién khai rong rai mau xe NLMT trong
diéu kién Viét Nam, cé thé nghién ctru thém cac
hudng:

- Tbi wu két cdu khung xe (dung vt liéu bén,

nhe); tang tinh én dinh xe.

- Lap c4c tram sac ic quy dé thay thé, t6i wu
hoa kha ning sac ac quy tir pin mat troi (sac
nhanh hon, ting thoi gian st dung dc quy).

- Nang cong suit dong co, ting lugng binh
4c quy, hé théng pin mit troi dé ché nhidu ngudi
va kéo dai thoi gian hoat dong xe.

Trang 84



TAP CHi PHAT TRIEN KH&CN, TAP 17, S0 K7- 2014

- Nghién ciru hé théng ty dong thay ddi
hudéng cho phép pin mat troi xoay theo phuong
c6 cuong do buc xa mat troi 16n nhét.

- St dung mach MPPT (Maximum Power
Point Tracking - xac dinh diém cong sudt cuc dai
cla pin mit troi) vao bd didu khién sac dc quy,

didu khién dong co - nang cao kha ning hép thu
t6i da nang luong mit troi.

- Cai tién bd diéu khién trung tdm nham diéu
khién nhe, linh hoat va chinh xac hon.

- Thay dong co dién 24V hodc 48V phu hgp
b diéu khién sac c6 sén trén thi truong.

Small Solar Vehicles Served in The
Entertainment Parks in Vietham

¢ Nguyen Huu Huong
e Nguyen Le Duy Khai
¢ Nguyen Trong Tri

University of Technology, VNU-HCM - nhhuong@hcmut.edu.vn

ABSTRACT:

This paper presents research results of one-seat three-wheel vehicles using a
solar power served in entertainment parks in Vietnam. The model operates from DC
power source using battery charged from 55Wp solar panel with solar charge
controller. The vehicle equipped with dry battery 12V-12Ah capacity, 250W power,
lightweight chassis structure has been fabricated and tested with good results. This
simple model can be applied and perfected for mass production in the future of our

country.

Keywords: three-wheel bicycle, DC power source, low power, dry battery, solar cell,

solar charge controller.
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