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TOM TAT

Nghién civu trinh bay qud trinh tinh todn va thiét ké hé thong mdy ria bét biang chuyén céng
nghiép vin hanh lién tuc, dat nang sudt 3500 san pham/gio. Hé thong tich hop bén module: bé
ngdm suc khi, xich tai POM, buéng phun rita dp liee kép va buong sdy nhiét UV, B diéu khién PLC
Siemens S7-1200 két hop thudt toan PID va relay ban dan (SSR) duy tri sai sé nhiét d¢ dwéi +1°C,
dam bao tiét trung déng nhat. Két quad mo phong xdac nhan hé théng dat dé on dinh dong hoc cao,

bat dia dau ra dat tiéu chudn vé sinh, déng thoi 16i vu tiéu thu nudc va héa chat.
Tw khoa: Bang tai xich; May ria bat; PLC; Tu dong hoa.
ABSTRACT

This paper presents the kinematic calculation and design of a continuous conveyor
dishwashing system for industrial kitchens, targeting a throughput of 3500 items/hour. The system
integrates four modules: an aeration pre-soaking tank, a POM chain conveyor, a dual-pressure
spray washing chamber, and a UV thermal drying chamber. A Siemens S7-1200 PLC with PID
control and solid-state relays (SSR) maintains temperature accuracy within +1°C for consistent
sterilization. Simulation results confirm high dynamic stability and compliance with food safety

hygiene standards, with optimized water and chemical consumption.
Keywords: Chain conveyor, Dishwasher, PLC,; Automation.
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1. GIOI THIEU CHUNG

Tai cac bép an tap thé quy mé 16n (bénh
vién, truong dai hoc, khu cong nghi¢p), nhu
cau xu ly 2.000-4.000 suat an/ca trong thoi
gian chuyén ca ngan (1-2 gid) dat ra yéu cau
cép thiét vé tu dong hoa khau v¢ sinh dung cu.
Phuong phéap thu cong va cac dong may rua
dang mé (door-type) khong dap g duoc nang
suét cling nhu tleu chuén khir khuan, dong thoi
gy 4p luc 16n vé nhan cong va chi phi van
hanh.

May ria bat dang bing chuyén
(conveyor-type) 1a giai phap tdi wu cho van
hanh lién tuc, song cac thiét bi hién c6 (Meiko
[1], Hobart [2]) déu nhap khau véi chi phi cao

va kho tuy bién. Nghien clru nay hu:ong dén
ndi dia hoa mot h¢ thong hoan chinh gém bén
module chtrc ning gém bé ngam suc khi, xich
tai, budng phun rira va budng sy, v6i hé didu
khién PLC tich hop cam bién va dong co AC
Servo, nham t6i wu chi phi va lam chu cong
nghé.

2. PHUONG PHAP NGHIEN CUU

Thiét ké dugc xay dung dua trén khao
sat thyc té kich thude dung cu an uéng pho bién
(Bang 1) va ké thira uu diém tir cac hé théng
thuong mai hién c6. M6 hinh 3D toan hé théng
duoc hoan thién trén phﬁn mém CAD dua trén
co so tinh toan chi tiét tmg module.

Bdng 1. Théng s6 mot s6 san pham thuwong ding

San phim Puong kinh (cm) | Chiéu cao (cm) Khéi lwong (g) Vit liéu
Chén 6,5-8 2,5-4 60-120 S, nhya
Bat com 8-10 5,5-6,5 150-250 S, nhya
T6 canh 16-20 7-9 500-900 S, nhya
bia 20-24 2-3.5 350-700 St, nhya
2.1. Thiét ké hé thong truyén dong
2.1.1. Mo hinh dé xuit .
San phin h.'lll. & . Besye | Nich tai 1| Sin phdem spch

Vé6i nang suit thiét ké 3500 san pham/
gid, hé thdng van hanh theo nguyén ly day
chuyén lién tuc qua cac module tuan tu: (1) bé
ngam suc khi hoa tan ddu m&; (2) budng phun
rira tuan hoan; (3) budng trang nudc néng; (4)
budng sdy nhiét tich hop UV. Kich thudc cac
khau tuan thu tiéu chuan DIN 10510 [3], tong
thoi gian xur ly trung binh 90 gidy; khoang rtra-
trang co6 kich thudc 1,8 m x 0,8 m. Diéu kién
toc d6 dam bao ‘khéng don @ san ’phém: Vi~
Vi Viogim: S0 do nguyén 1y h¢ thong duoc chi

ra trén Hinh 1.

Hinh 1. So dé nguyén Iy hé thong
2.1.2. Tinh todn thiét ké xich tdi

Xich tai 1a co cu cdt 181, duge ché tao
tir nhwa POM (Polyoxymethylene) nho d6 bén
co hoc cao, chiu hoa chit va tu boi tron [4].
Phan go trén mat xich dong vai tro diém tua
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chéng truot khi san pham di chuyén qua mat
phang nghiéng ciia bé ngdm nhu thé hién trén
Hinh 2. Budc xich xac dinh theo kich thudce san
pham nho nhét (chén chdm); két qua chon s6
rang dia xich Z = 7, bude xich p = 64 mm, p,
= 50 mm, dudng l‘<inh con lan d, = 25 mm; goc
om o = 46,4°, chiéu rong rang dia b = 13,8 mm
nhu dugc mo ta trong Hinh 3 [5, 6].
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Hinh 3. So' d6 tinh dia xich
2.2. Thiét ké hé thong thiy luc

Hé thdng str dung voi phun hinh nén ap
luc cao dé boc tach vét ban. Ap suét tai dau ra
xa nhét dugc tinh theo phuong trinh Bernoulli
cho dong chat 1ong thyc ¢ ton that [7]. Dé can
bang giita luu lugng bao phu va cong sudt bom,
hé s thu hep tiét dién voi phun duoc chon so
bo i =6, s6 16 phun so bo trén mot dng la n =
6 15; duong kinh dng nudc lya chon theo tiéu
chuan MISUMI [8] va quy cach dng inox [9] 1a
@21,34. So d6 mit cat tinh ap suét tai dau ra &
vi tri xa nhéat duoc chi ra trén Hinh 4.

,"'"r Wi

Bang chuyén

Hinh 4. So do mat cdt tinh ap sudt tai dau ra & Vi
tri xa nhat

2.3. Tinh toan may bom

Tt phuong trinh Bernoulli &p dung cho
hai mit cit dau vao va dau ra hé thong phun,
cOt ap yéu cAu duoc xac dinh 13 25 m. Luu
luong tinh toan theo tiét dién 6ng va van tbc
dong chay (v = 0,6 m/s) cho két qua chon bom
cong nghiép truc ngang Adelino BW2-6: luu
lwong 60 1/phut, cong suit 750 W.

2.4. Thiét ké hé thong diéu khién

Bo diéu khién trung tim PLC Siemens
$7-1200 CPU 1214C DC/DC/DC (tbc do xtr ly
1.7us) dugc mé rong qua cac module SM 1231
RTD (doc cam bién PT100) va SM 1232 AQ
(xuét tin hiéu Analog). Thuat toan PID (S.PID)
[10] xuit xung PWM diéu khién relay ban din
SSR, cho phép dong cit tan s cao, loai bo hd
quang dién va duy tri sai s6 nhiét d6 duéi £1°C
tai cac budng rira-say. Toan bd quy trinh vén
hanh khép kin dugec moé hinh héa qua luu d6
thuat toan trén Hinh 5.

Logic diéu khién phdi hop ba 16p cam
bién (quang-nhiét-mac nudc): khi cam bién
quang phat hién san pham tién vao khoang siy,
dao gi6 ap sut cao thoi nudc dong, giam tai
nhiét cho budng siy va t6i uvu hoa ning luong
toan hé thong.
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Hinh 5. Luu do thudt todn diéu khién cia hé théng

3. KET QUA VA THAO LUAN

Trén co so céc tinh toan thiét ké & Phan
2, hé théng may rta bat bang chuyén duoc
hoan thién v6i bén module chiic ning lién tuc.
Phan nay trinh bay chi tiét két qua thiét ké timg
module, danh gia tinh hop 1y ctia cac thong s6
va phan tich kha nang dap ung yéu cau van
hanh thyec té.

3.1. Module bé ngam suc khi

Bé ngam dugc thiét ké véi kich thude
2,0m x 1,0 m x 1,2 m (dai x rdng x cao), du
chtra dong thoi nhiéu mé bat dia trong thoi gian
ngam t6i thiéu theo tiéu chuan DIN 10510 [3].
He¢ thong bom khi syc tao dong bong bong hen
tuc glup hoa tan va boc tach diu m&, 1am mém
vét ban kho trude khi chuyén sang budng phun
rira — giam dang ké yéu cau ap luc tai cac voi
phun, tir d6 tiét kiém ning luong bom.

Co ciu dan xich trong bé ngam dugc
thiét ké véi goc nghiéng phu hop dé bat dia tu
dinh vi theo huéng miéng bat hudng lén. Dong
co giam toc diéu khién téc do xich phan doan

bé ngam duoc thiét 1ap thap hon hai budng tiép
theo, ddm bdo thoi gian ngdm du ma khong gay
don o tai diém chuyén tiép. So dd bé ngdm suc
khi duoc chi ra trén Hinh 6.

Hinh 6. Bé ngdm suc khi

3.2. Module budng phun rira va trang

Cum voi rira gdm 48 voi phun hinh nén
phan bd trén 8 nhanh 6ng (4 dng trén, 4 6ng
duéi), dam bao phu kin toan bd bé mat bat dia
cé hai phia. Puong kinh dng nhanh ©21,34 mm
va Ong tong @42,7 mm dugc chon theo tiéu
chuan dng inox [9] va catalog MISUMI [8],
tuong thich véi luu luong bom 60 1/phut va ap
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sut cot 25 m. Cum voi trang thiét ké tuong tur
v6i 36 voi/6 nhanh, luu luong thap hon nhung
su dung nudc sach nhié¢t dd cao (> 82°C theo
DIN 10510) dé dam bao diét khuan va hd tro
lam kho tg nhién (Hinh 7).

Goc phun ciia voi dugc thiét ké nghiéng
so voi phuong thing ding dé dong nudc tao
lie boc tach tiép tuyén trén bé mat cong cia bat
dia, hi€éu qua hon so véi phun truc dién. Co cau
dinh vi gitp cac 6ng nhanh giit nguyén phuong
vi trong sudt qué trinh van hanh, tranh rung lic
do phan lyc dong chay lam 1éch huéng phun
(Hinh 8).

Hinh 8. Co cau dinh vi voi ria trang (trdi), co
cau gitr co dinh cdc nhanh voi rira trang (gita) va
canh nho (phai)

3.3. H¢ théng xich tai va canh nhd

Xich tai POM voéi budce xich da tinh
toan van hanh xuyén suét ca ba budng (ngam-
rira- say) ma khong can ndi chuyen loal bo hoan
toan dlem dung trung gian. Két cau canh nho
trén moi mat xich tao goc nghiéng khoang 15°
s0 voi phuong ngang, gitr ¢6 dinh bt dia khong
bi truot khi di qua doan dbc vao/ra bé ngam,

ddng thoi cho phép dong nuée phun thoat tw do
qua khe h¢ gitra cac mat xich, tranh dong nudc
cuc bo.

Nhua POM c6 hé s6 ma sat thip (p =
0,1-0,3) va kha nang ty boi tron [4], phu hop
voi moi truong am udt, hoa chét lién tuc ma
khéng can béi tron dinh ky — giam chi phi bao
tri. Két qua mo phong dong hoc xac nhan hé
théng xich van hanh tron tru, khong c6 hién
tugng nhay xich hay ket tai cic diém chuyén
hudng ¢ dia xich Z = 7 rang.

3.4. Module budng siy va hé théng dao gi6

Trude khi vao budng sdy nhiét, bat dia
di qua dao gio (air knife) 4 ap suit cao dugc kich
hoat béi tin hiéu tir cam bién quang. Ludng khi
th6i bay phan 1on nuoc dong trén be mat, gidm
tal nhiét cho buong sdy va rat ngan thoi gian
sdy. Budng say két hop quat tudn hoan khong
khi néng voi dén halogen UV: nhiét d6i luu
dam bao say kho dong déu, trong khi birc xa
UV (A = 254 nm) khir khudn bd sung cho bé
mat bat dia sau rira-trang.

Hé diéu khién PID + SSR duy tri nhiét
d6 budng say 6n dinh véi sai s6 dudi £1°C,
dam bao bat dia dau ra dat do kho déng nhét
ma khong bi qua nhiét gay bién dang voi cac
loai nhya. Pay 1a diém khac biét quan trong so
v6i cac thiét ké khong c6 vong phan hoi nhiét
d6, von phu thude vao diéu kién phu tai thay
d6i trong ca lam viéc.

3.5. Panh gia thiét ké tong thé

Thiét ké tong thé hé thong (Hinh 9) dap
mg ddy du cac yéu cau dit ra: ning suit 5.000
san pham/gid, van hanh lién tuc khong gian
doan, va tiéu chuan vé sinh theo DIN 10510.
So voi cac dong may nhap khau (Meiko M-iQ

[1], Hobart PROFI CN [2]), thiét ké noi dia hoa &
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nay ¢ uu diém vé kha nang tiy bién kich thudc
budng rira theo thuc té bép an Viét Nam, dong
thoi sir dung linh kién thuong mai sin c6 trong
nuée (bom Adelino, PLC Siemens, dng inox
Son Ha), giam dang ké chi phi dau tu va thoi
gian bao tri thay thé.

Mot han ché can luu ¥ 13 nghién ctru
hién dimg & giai doan thiét ké va mo phong;
cac thong sb thuc nghiém nhu muc tiéu thu
nude, hoéa chat thue t& va chi tiéu vi sinh cua
bat dia ddu ra s& can dugc kiém ching trong
giai doan ché thir va van hanh thir nghiém tiép
theo.

Hinh 9. Thiét ké tong thé ciia hé thong rira bat
4. KET LUAN

Nghién ctru di thiét ké thanh cong hé
théng may rtra bat bang chuyén nodi dia hoa voi
nang suat 3500 san pham/gid. Ba dong gop ki
thuat chinh:

- T6i uu thiét ké co khi: Hoan thién tinh
toan truyén dong xich, bom thuy luc, quat siy
va luc kéo xich, ddm bao van hanh lién tuc on
dinh trong moi trudong cong nghiép.

- Kiém soat nhiét chinh xac: PLC + PID
+ SSR duy tri sai s6 nhiét d6 dudi £1°C, dam
bao chat lugng khir khuan dong nhat theo DIN
10510.

- Pong bd chuyén dong: Diéu khién vong
kin Servo loai bo va cham va don r san pham, cho
phép van hanh lién tuc khong giam sat.

H¢ thdng 14 co s& quan trong dé phat
trién cac giai phap ty dong hoa thong minh hon
cho nganh dich vu thyc phém, déng thoi mo ra
huéng nghién ctru tiép theo vé tich hop IoT va
giam sat tir xa. %
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