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NGHIEN CUrU - TRAO POI

THIET KE TINH TOAN LO NWONG THIT TRUYEN DONG
BANG NANG LUONG MAT TROI

THE DESIGN AND CALCULATION A GRILL MACHINE USING SOLAR CELLS

Nguyén Thé Luwong!, Nguyén Vin Thiing', Pham Vin Tuyén', Vii Hiru Long!,
Trin Minh Bing!, Dwong Quang Ha?
"Truong Pai hoec Bach Khoa Ha Noi
*Truong Pai hoc Khoa hoc va Coéng nghé Ha Noi

TOM TAT

Lo nwc)’ng thit duwoc sut dung pho bzen trong cdc ho gia dinh, nhu cdu sik dung 16 nUOng ngay
cang cao, rat nhiéu Io niromg véi nhiéu mau mé da dwoc dwa ra, nguon nang luwong cho lo nu’owg
chil yéu tir than cm va dién tir ledi dién. Hién nay, dién tir ning lwong mdt tréi dang phdt trién vt
manh mé, hiéu sudt ciia pin mdt troi ngay cao trong khi gia thanh pin ngdy cang giam, vi véy dién
twe ndng lwong mat troi dang ngdy cang dugc vmg dung rong rdi. Bai bao nay sé nghién ciku thzet ké
tinh todn 10 nuéng thit sit dung ning lugng mdt troi dé truyén dong. Két qud tinh todn chirq rang,
voi lo ning co kich thude dai rong va cao ldn luot la 600x400x250mm, cong sudt nwcrng Skg thit,
cong sudt dpng co cila 16 25W, tdc do quay cua lo nuong la 37,5 vong/phut, dia xich c6 s6 ring 7 =
14, bude xich p=12,7, chiéu dai day xich 1702mm, cong sudt pin mt troi dé duy tri hoat dong cua
lo 100W. Chip vi xit Iy PIC16F887-PU dwoc lua chon dé thiét ké mach diéu khién 16 nuwong.

Tix khéa: Lo nuéng, Pin mdt troi; Pong co; Truyén dong; Vi xu Iy.
ABSTRACT

Grill machine was commonly employed in households, needs of grill machine are increasing
in recently years. Many grill machines with new models were showed. Charcoal and electricity are
used in grill machine where electricity usually takes from gird electricity. Solar electricity is strong
deverloping; the performance of solar eclectricity is improved while the price down, the applied
solar elcetricity in houshold is becoming larger. This paper designs and calculates a grill machine
using solar electricity to spin the meat. The results showed that, long-large-high dimension of grill
machine was respectively 600x400x250mm, the power of motor was 25W, the speed of grill machine
was 37.5 rpm/min, sprocket-wheel and chain size were Z=14, p=12.7 and 1702mm respectively. The

solar electricity power was 100W.PICI6F887-PU Mircoprocessing chip were selected to design
control circuit.

Keywords: Grill machine, solar electricity, motor, mircoprocessing chip, spin.
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1. PAT VAN BE

Trong nhiing nam gan day, cing voi
su phat trién cia kinh t€, nhu cAu an udng clia
ngudi dén d4 duge néng cao, rat nhidu nha
hang va quan an d dugc mé ra dé phuc vu nhu
ciu chia ngudi dan. Mot trong cac mon an duge
wa thich 12 thit nuéng, v&i cong nghé cua Nhat
Ban va Han Quéc, bén canh d6 cling co rat
nhidu quén thit nuéng cua ngudi Viét véi cac
mén thit nwéng mang huong vi truyén théng
Viét nhu: Vit nuéng, ¢4 nuéng,...Cac mon thit
nudng dan trd thanh mon dn pho bién trong
chc bita com cia ngudi Viét. Trén thi trudng,
o6 rht nhidu loai 16 nudéng thit voi gia thanh tir
vai tram nghin dén ca chuc triéu dbng dé phuc
vu nhu ciu ciia ngudi dan [1-3]. V6i nhing 16
nuéng nho co gia vai tram nghin thutng kich
thude nho, loai nay thuong phai dao thit va
quat gio bang tay, ngodi ra loai 16 nay chi co
thé nuwong duge miéng thit nho, thit thuong bi
Kkho. D&i véi loai 16 nirémg 6 kich thudce 1om,
thuong co lap thém quat va hé thong quay thit
bang dién, loai nay co thé nuong duge nhiing
tang thit 16n, tuy nhién kem theo s& ¢6 kich
thurde va trong luwong 16m, rht khé di chuyén,
khéng phil hop vei cac hd gia dinh. Bén canh
d6, cac 10 nuéng nay thuong st dung dong
co chp dién tryc tiép tir ngudn dién luéi dan
t61 nguy hiém do dudng day ¢o thé bi ho gy
gidt dién va khi mét dién thi 10 khong thé quay
dugce. Hién nay, dign tir ning luwgng mat troi
4 dugc ing dyng trong rat nhiéu linh vue cla
doi sdng x3 hoi tir nhimg tmg dung nho nhu:
Sac dién thoai, quat mét dén nhing linh vuc to
16n nhur vil try, e, tau, may bay dién.. .[3]. Bai
béo nay sé trinh bay nghién ctru tinh todn thiét
ké 16 nuéng thit cdng sudt nho, st dung dién tr
nang lugng mat ol dé dan dong quay thit va
quat gi6 cho 0.

5. YREU CAU K¥ THUAT LO NUONG

Lo nudng c6 kich thude nho gon co
kha ning nuéng va quay dugc Skg thit va1 3
xién nuéng cung lac, thc do quay cta 1o trong
khoang 40 vong/phut. Lo hudng dén dbi tugng
12 ho gia dinh v&i s6 ngudi phyc vu tbi da 15
ngudi. Lo c6 tinh co dong cao, tinh thao lap dé
dang, co hidu suit nhiét tt va c6 gid thanh re.
Lo sir dung nang luong sach va nang luwgng tai
1ao.

3. NGUYEN LY LAM VIEC CUA LO
NUGNG THIT

W Quat

= B4 dién khién 16 pudng Lich
| Acquy '

Hinh 1. Nguyén Iy lam vigc ca lo nudng thit

Duya theo y€u cau k¥ thuét 6 trén, nhém
tac gia dd hua chon than cui va dién tir nang
Jwong mat troi dé gia nhiét va tao chuyén dong
cho may, dudi day s& trinh bay chi tiét nguyén
1y 1am viéc clia may (hinh 1).

Than ciii duge cho vao 10 nudng va gia
nhiét d6t chdy than cti, dién tlr pin mét trot se
duoc truyén dén bo dicu khién sac, tai day dign
s& duoc truyén dén d6ng co va quat dé cung
cép dién cho dong co va quat, trong truong
hop 16 nudng khong hoat dong, bo diéu khién
sac s& didu khién dé nap dién cho c quy du
phong trong truong hop khong ¢6 nang lugng
mit troi. Khi 10 nuéng hoat dong, quat g10 sé
didu khién tbc d6 gia nhiét ctia 16, dong co dién
thong qua bo truyén dong s& quay cac xién thit
nudéng.
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3. TINH TOAN NHIET LO NUONG
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Hinh 2. M6 hinh tinh toan nhiét cia o nudng thit

Theo kinh nghiém, d& nuéng kg thit
cin dién tich nudng toi thidu khodng 400 cm?
va 400 gam than cui, vi vy dé nudng hét 5
kg can dién tich 2.000 cm? va 2 kg than cui,
dé thém dién tich dy trir cho 16 ta chon dién
tich 10 nuéng khoang 2.400 cm?, trong yéu
cau thiét ké 10 nuéng nhd gon va cb tinh
thAm my, chiéu dai, rong, cao chon 1an luogt 13
600x400x250mm, sau day s€ tinh toan nhiét
cho 106 c6 kich thudc nhu trén. Qua trinh tinh
todn dugce thuc hién theo cong thire sau [4]:

Q=mq (1)

Trong do:

Q-Nhiét lrong toa ra (J).

g-Ning sudt tda nhiét cta nhién lidu
(J/kg), ning suat toa nhiét than cii q =34.106
Jikg [4].

m-Khbi lwong cia than ctii bi dbt chay
hoan toan (kg), m=2kg.

Thay vao cong thirc (1) ta c6 nhiét
lugng toa ra la:

Q=2.34.10°=68.105(J)

Lugng nhiét nay toa ra trong thoi gian
khoang 2h &t dé nuéng chin Skg thit, tinh
trung binh tdc dé téa nhiét trong mot gior 12
81,6.10° (Kcal/h).

Nhiét hrong téa ra bao gom, nhiét dé
nudng thire dn theo hudng [én trén, nhiét tda
ra xung quanh va xubng déy 10, vi viy phuong
trinh cén bang nhiét ciia 16 ¢6 dang nhu sau:

Q=0Q,+Q,+Q,+Q,+Q,+Q, )

Trong d6: Q,, Q,, Q,, Q,, Q, la nhiét

lugng toa ra céc thanh va day 16 (hinh 2).

Q, — Nhiét lugng diing dé nuéng.

Taco: Q,,Q,,Q,, Q,, Q, tinh theo cong
thire truyén nhiét qua vach phang [4].

Q=A.Elt-t) o (3)

Trong do6: A 14 hé s6 din nhiét cia 16p
cach nhigt (Kcal/m.°C.h).

8- Chiéu day cia 16p cach nhiét.

F
(m?).

T Dién tich cac maét truyén nhiét

A =t —t: DO chénh I&ch nhiét d6
gilra mit trong va mét ngoai cua thanh 16 (°C),
v0i t, — Nhiét d§ xung quanh thanh 16 va day
10, t,=40°C, t, - Nhiét d9 thanh 10, bang thuc
nghiém ta xac dinh dugc, nhiét 6 thanh 16 va
d4y 16 14n luot 13 110°C va 650°C.

Vit ligu cach nhigt 1a bong thuy tinh +
Ximang chiu nhiét c6 hg so truyén nhiétla A =
0,5 (Kcal/m.°C.h).

Chiéu day l6p cach nhiét dugc chon
bang 10 mm, § = 10 mm.

Hinh 2, chi ra ring dién tich tda nhiét
cua thanh 16 Q, va Q,, Q, va Q, 1a nhu nhau, vi

viytaco Q,=Q,,Q,=Q,
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Ap dung cong thirc 3 ta co:
Nhiét téa ra mit bén Q, =Q,= 350(Kcal/h);
Nhiét toa ra mit bén Q, = Q, = 525 (Kcal/h);
Nhiét toa ra mit day Q, = 7320 (Kcal/h).

Khi d6tacéd: Q =Q-2Q, —2Q,-Q~
72530 (Kcal/h).

Téng lwong nhiét that thodt la:
Q,=Q,+Q,+Q,;+Q,+Q, = 9070 (Kcal/h).

Phin trim luong nhiét that thoat 13
(Q,/Q).100% = 9070/81600.100%=11,12%.

4. THIET KE TINH TOAN LO NUGNG
THIT

4.1. Thiét ké 16 nuéng

sl

Il

Hinh 3. L6 muedng thit st dung ndng hrong mat troi:
1) Péng co; 2) Bdnh xich chu ddng; 3) Banh xich bi dong;
4) B¢ cang xich; 5) BY zmyen fruc vit banh vit; 6) Ac quy;
7) Quat; 8) Banh xe; 9) Khéi V: 10) Ciia cap gid;

11) Thdn I6; 12) Béng thity tink + Xi mang chiju nhiéi;

13) Hop dén gm 14) Gia dé 16;

15) Bo didu khién sac ndng lugng mdt troi MPPT,

16) Tém pin nang lugng mdt iroi; 17) Xién don;

18) Xién kép; 19) Ddy xich.

Nhu d4 tinh toan & trén, than 16 11 ¢
kich thudc 600x400x250mm, thin dugc phu
1ép cach nhiét 12 va dugc ddt trén gia d& 1o
14 sao cho kich thude tong thé ca 16 800 mm
(hinh 3). Pé thuan tién cho viéc di chuyén, 16
nudng dugc Jip thém cac bénh xe 8, k& va than
16 duge 1am doi sau do Iap ghep vo1 nhau bang
bu léng. Lo duge thiét ké c6 thé 1ip dugce nhiéu
loai xién nuéng nhu xién don 17 va xién kép
18 cung lic, trén thén 10 co bb tri khoi chit V 9
& dinh vi c4c xién nuéng (hinh 3). Dign tur pm
ning lwong mit troi 16 thong qua bd diéu khién
sac 15 s& diéu khién déng co dién mot chiéu 1
chay, théng qua bd truyén truc vit-banh vit 5,
tbc d6 banh vit trong khodng 30 + 40 Vong/phut
fir day toe d6 cta banh vit duge truyén dén banh
xich 2, banh xich 2 s& &n khép vdi déy xich 19
dé dan dong céc xién quay thit, @8 dam bao toc
dd 6n dinh, trén 10 nudng co bé tri thém bd cang
xich 4, Téc d0 tda nhiét cia 1o dugc diéu khién
thong qua dicu khién luong gi6 cap cho 10 10
thong qua didu khlen tbe @6 quat 7. Trén 1o dwoc
bb tri ac quy 6, 4c quy s& lam nhiém vy cung cap
dién cho 10 trong truong hop ning luong mat
troi khong di, khi ning lugng mét troi dt 16m,
dign tir nang lwong mat troi s€ dugc sac nguoc
lai cho 4 dc quy (hinh 3). Bé dam bao cho 10 hoat
dong 6n dinh va higu qua, céc tinh toan chi tiét
hé thong truyen dong va cong sut dién cta 1o
nuong duge thé hién & cac ndi dung tiép theo.

4.2. Tinh to4n h§ thong truyén dong 16 nwéng
4.2.1. Tinh todn lwa chon dpng co dién

Khi 16 1am viéc, momen cta déng co sé
truyen tGi tryc vit, qua hop gidm toe truc vit —
banh vit s¢ Jam g1am tbc do dong co. Piu ra clia
banh vit duoc ndi ddng truc véi dia xich, qua bo
truyén xich s& dan dong cho xién nuong quay.
Xién nuéng duoc gin dia xich c6 thong s6 1am
viée 1a; S6 rang Z = 14, bude xich p = 12,7, ti
d6 tinh duoc duong kinh vong chia dia xich [5, 6]:
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p 12.7

— A Em
sm(g) SH}{E)

~ 57 (mm)

Dé don gian, ta 1am b truyén xich véi
ti 80 truyén 1. Nén ta chon dia xich cé thong s6
giong voi thong so dia trén xién.

Tir yéu cau téc do vong quay w = 40
vong/phtit va ban kinh dia xich r = 0,0285 m,
ta tinh dwgc van toc dai cta xich:

v=wsr=0,12 (m/s)

Cong sudt tinh toan:

P =F+v=6 (W)

Cong suét can thiét ciia dong co:

Py
E ct —
n
Trong d6: 13 hiéu suét chung cta bo
truyén, duge xac dinh theo cong thirc:

n=mn,*1,

n,, — Hiéu sut bd truyén truc vit, chon
s0bd Z, =2nénn =0,78.

N~ Higu suét bo truyén xich, chon n =
091.

Ttr do ta co:

P P 6

PCL‘*

N Mew*fe 0,78 0,91

~ 8,46 (W)
Dua theo dong co trén thi trudng ta
chon ddng co 1 chiéu coéng suat 25W, toc d6

vong quay 1500 vong/phut.

Tir thong s6 ctia ddng co va ti sO truyén

TAP CHI CO KHI VIET NAM, S6 7 nim 2017

ctia bo truyén truc vit-banh vit, tinh duge tde
d6 quay thyc té cua xién:

1500

n=——
40

= 37,5 (vong/ph)

4.2.2. Tinh todn b truyén xich

Cac dia xich c6 dudng kinh vong chia
d = 57mm. Do vy, khoang cach lip gifra tryc
clia xién va dia din dong 13 57mm. Hai xién
duge dit trén 2 thanh V dé dinh vi. Hai dia xich
dan dong duoc 1§1p sao cho truc cach mat trén
cta [6 1a 50mm. Do viy, 2 thanh V phai dugc
13p sao cho truc cia 2 xién cich tryc cia dia
dan dong 13 57mm (hinh 4).

Pé lép dat dé dang tao d6 cin b?mg, ta
lap tryc banh xich chi dong cach day 1o 80mm
va & gitta than 16 (hinh 4).

Bé Cfm_g;ich 180 Eﬁ: Bong co

| ™ B truyén tgcvit-ndnavit
Hinh 4. So d6 tink todn b truyén xich
Do trong qua trinh hoat dong, dia xich
déan dan s€ bi mon nén céan ldp 1 bd cang xich.
Dé cén bang v§i phia dong co, bd cang xich sé
dat cach tryc banh xich chi dong 13 180mm.

Chiéu dai xich can thiét:

ISSN 0866 - 7056

www.cokhivietnam.vn



NGHIEN CU*U - TRAO BOI

7% (57 +57)

L~500+375+180+289 +2+% % 1702 (mm)

Sé mit xich can thiét:
L 1702

p 12,7

Chon sb mit xich 13 136.
4.2.3. Tinh chon cong sudt pin mt trdi

Dé cung clp du Iuu lrong gi6 cho qua
trinh chéay trong 10, can chon quat gi6 12V -
1A co the thay dbi the @o. Cuy thé khi méi bat
dAu, cAn nhiéu oxy cho qua trinh chdy nén dé
quat chay hét cong sudt, sau khi lira da chay, su
dung ch1et ap &8 diéu chinh tdc do quat hodc
c6 thé tit han quat.

Cong suft can thiét chay quat 1a [7]:

P —UI=12*1=12(W)

BLDC f"v"snﬁﬁ

Do do, cong suat dién can thiét dé chay
hé théng gom cdng suit cung cép cho quat va
ddng co:

P, =P, +P =25+12=37 (W)

Dé nap duoc ndng luong tir pin mat trani
véo &c quy can pha1 qua mot thiét bi dé chuyén
d6i voi higu sut khoang 80 + 90%. Mt khac,
hiéu suét hép thu ning lugng mit tr0r1 clia tim
pin phu thudc vao hudng chidu niang va do

manh clia 4nh séng, trong khoang 60 + 80%.
Do dd, chon hidu suét chuyén thanh di¢n sau
cung cia tam pin 12 60%. Vi vy, cong suét can
thiét cua tAm pin 13:

B3 _geraw
~ 06 06 S

~ Chon cﬁng’suét tdm pin 1a 100W (cong
suét phtt hop véi tam pin trén thi truong).

4.2.4. Thiét ké mach diéu khién 16 nwéng tich
hop MPPT

Hinh 5. Mach diéu khién tich hop MPPT trong 10 nudng
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Hinh 5, chi ra mach b¢ diéu khién 16
nuong tich hgp MPPT (Maximum Power Point
Tracker), bao gbm khéi vi xir ly PIC16F887-
PU, 1(1'101 didu khlen pm mit tréi MPPT, khéi
nguon dé cung cap nguon 5V va 12V cho mach
diéu khién, khéi giao t1ep v6i may tinh dé nap
dit liéu cho vi xir 1y, khéi cong suft dé didu
khién d6ng co va quat. Pién 4p ra clia pin mit
troi duwoe dua vao chén 2 (RAQ) cua vi xt 1y
théng qua mach chia ap (su dung dién tré R1,
R2)vabo khuéch dai 18p st dung mach khuéch
dai thuat toan. Dong dién cép bai pin mit trdi
s& do va bién ddi thanh dién 4p dua vao chan 3
(RAL1) cua vi xir 1y tir sensor do dong ACS712
st dung céng nghé cam bién Hall véi d6 nhay
khoang 100mV/A. Viéc sir dung sensor Hall
s lam ting d§ chinh x4c ciia mach do dong
do dugce cach ly véi mach céng sudt. T d6,
b6 vi xtr 1y s& tinh toan dugc cong suit cung
cép thuc té clia pin mit trdi dé 4p dung thudt
todn MPPT. Cung véi cac thong tin vé cong
suat phét ra tir pin mit trévi, dién ap thye té trén
dc-quy s& duge do tryc tiép tir mach chia ap
(dién trd RS va VR1). Dya vao cac thong tin
nay, vi xir Iy diéu khién mach buck-boost cia
b6 bién d6i DC/DC bing cich diéu khién d6
rong xung (PWM) déng mé MOSFET Q1 va
Q2 thong qua 2 chén didu khién 16 (RC1) va
17 (RC2) cha vi diéu khién va Iya chon ché
d6 hoat dong thich hop (sir dung ngudn tir pin
mit trdi hodc chi st dung ngudn dién tir de-
quy) bang role (chén 8 — RE0). Bén canh do,
nhiét 4 do dugc cua 16 quay thit nwdng sé
duge do dac thong qua dién try nhist RT1 dé
tir d6 vi didu khién didu chinh tdc do cua quat
va co cAu truyén dong bang tin hiéu tir 2 chin
9 (RE1) va 10 (RE2). Ngoai ra, mach cling c6

céc chire ning phu khac nhu giao tiép may tinh
qua cbng RS232 va didu khién 16 quay bang
cac nit nhin trén mach.

5. KET LUAN

Bai bao d4 thiét ké thanh cong 16 nudng
thit va mach diéu khién 1o nudng sir dung nang
lwong mit trdi. Nghién ctru chi ra rang, viée sit
dung béng thity tinh két hgp véi xi mang chiu
nhiét 1am thanh 16 giup ton that nhiét & mirc
11,12%. Tinh to4n cho thdy, cong sut dong co
va toe d6 ctia 16 14n luot 14 25W va 37,5 vong/
phit, banh xich co6 s6 rang 14 14 ring, chiéu dai
day xich va s6 mit xich lan hrot 13 1702mm va
136 mit xich, céng suat pin mat troi 100W. s
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