NGHIEN CU’U - TRAO BOI

NGHIEN CUO’U THIET KE HE THONG TU BPONG KIEM DINH
CONG SUAT BINH CH(FA CHAY XACH TAY

STUDY ON DESIGN OF AN AUTOMATED SYSTEM FOR TESTING THE
CAPACITY OF PORTABLE FIRE EXTINGUISHERS

Nguyén Hitu Cwong Thinh', Phan Hoang Long" 23, Nguyén Huy Hung?,
Dwong Vin Ti">3, Nguyén Tén Tién" 23
"Khoa Co khi, Truong Pai hoc Bach khoa, Dai hoc Quéc gia Thanh phé Ho Chi Minh
2DCSELab, Trudng Dai hoc Bach khoa, Pai hoc Quéc gia Thanh phd Ho Chi Minh
Pai hoc Qudc gia Thanh phé HO Chi Minh
*Khoa K¥ thuat va Cong nghé, Truong Pai hoc Sai Gon
Email: nttien@hcmut.edu.vn

TOM TAT

Bai bdo trinh bay gidi phdp thiét ké va ché tao hé thong robot tw dong kiém dinh céng sudt
binh chita chdy xdch tay nham thay thé quy trinh thii cong tiém an nguy co mdt an toan cho ngieoi
van hanh. Hé théng robot duge dé xudt cé 5 béc tw do, g&m 3 bdc dinh vi va 2 bdc dinh huong voi
phun, sit dung co cau tay mdy toa dé tru két hop dé di chuyén trén dwong ray dé dam bao téc d va
quy dao ddp lira 6n dinh. Kién tric diéu khién phén tan gom bg diéu khién trung tam va cdc driver
servo AC tich hop diéu khién vong kin PID, cho phép dinh vi voi chinh xdc va diéu chinh toc do
phun linh hoat. Hé thong dép g yéu cau kiém dinh theo tiéu chuan TCVN 7026:2013 doi véi dam
cheiy loai A va B, dam bdo do chinh xdc, tang toc dé thao tdc, giam rii ro, va ndng cao hiéu qud
kiém dinh.

Tir khéa: Robot kiém dinh binh chita chay; Tw dong hoa kiém dinh; Tiéu chudn TCVN
7026:2013.

ABSTRACT

This paper presents the design and development of an automated robotic system for testing
the capacity of portable fire extinguishers, replacing the hazardous manual process and improving
operator safety. The proposed system features 5 degrees of freedom, consisting of 3 for nozzle
positioning and 2 for nozzle orientation, utilizing a cylindrical-coordinate robotic arm combined
with a rail-guided mobile base to ensure stable extinguishing trajectories and high-speed operation.
The distributed control architecture comprises a central controller and AC servo drivers with
integrated closed-loop PID control, enabling precise nozzle positioning and flexible spray speed
adjustment. The system meets the testing requirements of TCVN 7026:2013 for Class A and Class B
fires, ensuring accuracy, improved operation speed, reduced risk, and enhanced testing efficiency.

Keywords: Fire extinguisher testing robot;, Automated testing; TCVN 7026.:2013 standard. &
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1. PAT VAN PE

Chay 1a mot trong nhirng tai nan nguy
hiém nhat, gay thiét hai nghiém trong vé ngudi
va tai san. Theo théng ké cua Bio Nhan dan,
s0 vu chéy tai ho gia dinh chiém ty 1¢ dang ké
[1]. Do d6, viéc trang bi va kiém dinh dinh ky
binh chita chay dat chuan 1a yéu cau bét budc
dé dam bao an toan.

Binh chita chdy xach tay dugc phan
loai theo chit chita chay thanh bot kho, khi,
gbc nude va chit chira chay sach. Theo TCVN
7026:2013 [2], dé dugc chimg nhéan dat chuén,
binh phai vuot qua nhiéu phép thur, trong do
phép thir cong sudt dap tit dam chay loai A
(chat ran tao than héng) va loai B (chat 16ng)
1a quan trong va nguy hiém nhat. Quy trlnh nay
doi hoi nguoi thyc hién phai tiép can gan ngon
Ira ¢ nhiét d6 cao, khoi va khi doc, tiém an
nguy co mat an toan.

Phuong phap kiém dinh hién hanh
ap dung ky thuat “dap va tién” (progressive
extinguishing), két hop diéu chinh huéng phun
dé bao phu toan b dam chay. Mic du phan anh
duoc diéu kién thuc té, cach lam thu cong nay
kho dam bao tinh 13p lai va d6 chinh xac, dong
thoi anh huong dén strc khoe va an toan ngudi
kiém dinh.

Vi viy, viéc nghién ciru va phat trién
giai phap tu dong hoa quy trinh kiém dinh cong
sut binh chita chay xéach tay 1a can thiét, nham
giam rui ro, nang cao hiéu suat va bao dam két
qua kiém dinh 6n dinh, phu hop tiéu chuin
TCVN 7026:2013.

2. TONG QUAN

Theo TCVN 7026:2013 [1], binh chita
chay xach tay phai trai qua quy trinh ki€ém dinh

nghiém ngat trudc khi dugc dua ra thi truong,
nhim dam bao kha ning 1am viéc va an toan
van hanh. Trong d6, phép thir cong suat dbi véi
dam chay loai A va B 1a quan trong nhat nhung
tiém an nhleu nguy hlem cho ngucn thuc hién,
do yéu ciu tiép can gan ngudn lira & nhiét do
cao, khoi va khi doc. Piéu nay cho thiy nhu cau
cap thiét vé viéc tu dong hoa quy trinh kiém
dinh dé giam rui ro va ning cao hiéu qua.

Mot sb nghién ciru [2-4] di tap trung
vao viéc lugng hoa céc tiéu chi kiém dinh, xay
dung luu do thuat toan va nhom cac phép thir
theo chirc nang, phuc vu thiét ké hé thong kiém
dinh tu dong. Nghién ctru [4] dé xuat mo hinh
robot tay may 4 bac tu do gin trén dé banh xich
dé mo phong thao tac (Hinh 1). Tuy nhién, hé
théng nay con han ché vé téc do, kha nang dinh
vi va do phtrc tap khi diéu khién do ciu tric co
khi.
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Hinh 1. So' d6 nguyén Iy phwong dn cii [2-4]

Céc cong trinh [5], [6] da phat trién tay
may 5 bac tu do trén dé banh xich, dap ung
tiéu chuan qudc té ISO 7165:2009 va ISO
11601:2008. Hé thong sir dung servo AC diéu
khién vong kin, két hop chién lugc bam quy
dao va thi gidc may tinh, cho phép hoan thanh
bai kiém dinh loai 20A nhanh hon thoi gian
phun cta binh. Mic du két qua md phong cho
théy dd chinh xac va 6n dinh cao, ciu hinh di
dong tu do van d& bi anh huong boi bé mit san
va yéu cau dinh vi phtc tap.
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Bai kiém dinh s& duoc thuc hién & trong
phong thir véi yéu cau st dung san xi ming
nhan, c6 cac 16 thong gi6 & 4 goc va kich thude
nhu Hinh 2.

Hinh 2. Kich thuée phong kiém dinh [1]

Tir nhitng phén tich trén, bai bao nay ké
thira va cai tién cdc mo hinh trudce, dé xuit ciu
hinh robot tay méy toa d tru trén dé di chuyén
dudng ray (Hinh 3), gitp c¢b dinh ban kinh quy
dao, ting toc do di chuyén, don gian hoa diéu
khién va dam bao dap Gmg dy du yéu cau kiém
dinh loai A va B theo TCVN 7026:2013.

3. PHUONG AN GIAI QUYET

Dua trén cac han ché duogc chi ra trong
phan Tong quan, bai bio dé xuat mot hé thong
robot kiém dinh cong suét binh chita chay xach
tay voi cdu hinh tay méy toa do try gan trén aé
di chuyén dudng ray. Thiét ké nay g1up cb dlnh
ban kinh quy dao di chuyen dam bao toc do on
dinh, loai bo céac sai s6 do di dong tu do, dong
thoi don gian hoa bai toan diéu khién so véi mo
hinh tay may trén nén banh xich.

Hé théng duogc chia thanh ba nhom giai
phap chinh:
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Giai phap co khi — Thiét ké tay may
5 bac ty do gdm 3 bac dinh vi va 2 bac dinh
huéng voi phun, ddm bao kha ndng bao phu
toan bd viung dam chdy thar theo tiéu chuan
TCVN 7026:2013. Dé di chuyén st dung ray
dan hudng cho phép robot di chuyén chinh xac
quanh dam chay véi toc do diéu khién duoc.

Giai phap diéu khién — Ung dung kién
trac diéu khién phan tan, bo diéu khién trung
tam phoi hop vai cac driver servo AC tich hop
diéu khién vong kin PID, gitp diéu chinh dong
thoi vi tri, toc do va gbc phun cua voi chira
chay.

Giai phap dién va an toan — Hé thng
cAp ngudn bang pin két hop bién tan, bao dam
tinh co dong va an toan cho ngudi van hanh.
Cam bién phan hdi tir encoder tuyét ddi duoc
stt dung dé loai bo nhu cau lap dat thém cam
bién phirc tap, ddng thoi tich hop gii han hanh
trinh mém va cung nham ngan chan su cd.

Céc phan tiép theo cuia bai bao s& trinh
bay chi tiét timg giai phap, bao gom thiét ké co
khi, chién lugc diéu khién va ciu hinh hé théng
dién, nham chirng minh tinh kha thi va hiéu qua
ctia phuong an dé xuat.

3.1. Giai phap co khi

Hé théng co khi dugc thiét ké dudi
dang tay may toa do tru (cylindrical coordinate
robot) gom 5 bac tu do:

* 3 bac dinh vi: Quay quanh tryc théng
dung (R-rotation), di chuyén tinh tién theo
phuong ngang (R-linear), va nang/ha theo
phuong thang dimg (Z-axis).

« 2 bac dinh huéng: Gat lén/xubng
(pitch) va quét trai/phai (yaw) cta voi phun.
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CAu truc nay cho phép tay may bao phu
toan bd vung dam chay thir loai A va B theo yéu
cau TCVN 7026:2013, dong thoi giir khoang
cach phun 6n dinh. Dé robot chay trén duong
ray tron gitp cd dinh ban kinh quy dao, ting do
chinh x4c khi di chuyén va giam tai cho bd diéu
khién.

Hinh 3. Phuwong an co khi

3.2. Giai phap diéu khién
Kién trac diéu khién phén tan gom:

« Bo diéu khién trung tim (PLC hoic
may tinh cong nghi¢p) dam nhén 1ap ké hoach
quy dao, dong bo hoa cac chuyén dong.

* 05 driver servo AC tich hop vong kin
PID, dam bao diéu khién vi tri, toc d6 va mo-
men ddc 1ap cho tung truc.

He¢ thdng c6 kha nang luu trir va goi lai
cac quy dao tiéu chuan cho ting loai binh va
loai dam chay thtr, gitup kiém dinh nhanh chong
va lap lai chinh xac.
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Hinh 4. So d6 diéu khién
3.3. Gidi phap dién va an toan
Nguén cap gém pin dung lugng cao két
hop bién tan, bao dam tinh co dong va tranh
kéo day dién gan khu vuc chay. Tat ca dong co
déu su dung encoder tuyét doi dé phan hoi vi

tri, loai bé nhu cau str dung thém cam bién bén
ngoai.
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Hinh 5. So do dién

Hé thdng an toan gom:
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« Gi6i han mém qua phan mém (soft limit)
dé ngdn tay may vuot qua pham vi lam viéc.

* Chan ctng co khi (hard stop) ¢ cac vi
tri nguy hiém.

« Nt dimg khan (E-stop) b tri thuan tién.

Ngoai ra, HMI (Human Machine
Interface) cho phép nguoi van hanh chon loai
dam chay, loai binh, gidm sat trang thai, va
nhan canh bao.

4. KET LUAN

Bai bao da phan tich cac han ché cta
phuong phép kiém dinh cong suat binh chita
chay xach tay hién hanh va tong hop cac nghién
ctru lién quan, tir d6 dé xuat giai phap tu dong
hoa quy trinh kiém dinh duya trén robot tay méay
toa do tru gin trén dé di chuyén duong ray. Cau
hinh nay cho phép cb dinh ban kinh quy dao,
tang tc do di chuyén, don gian hoa diéu khién,
dong thoi dam bao bao phil toan bd ving dam
chdy thur loai A va B theo TCVN 7026:2013.

Hé théng duoc thiét ké v4i ba nhom
giai phap chinh:

« Co khi: Tay may 5 bac tu do, dé di
chuyén ray din hudng.

« Piédu khién: Kién triic phan tan véi
servo AC tich hgp vong kin PID.

« Dién va an toan: Ngudn pin — bién tan,
encoder tuyét ddi, giéi han hanh trinh mém va
cung.

Giai phap nay htra hen nang cao hi¢u
suat, do chinh xdc va an toan cho qua trinh
kiém dinh, déng thoi giam sy phu thudc vao
thao tac thu cong cua con nguoi.

Huéng phat trién tiép theo sé& tip trung
vao: Hoan thién ché tao nguyén mau va thir
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nghiém thuc té; Tich hop thi gidc may tinh dé
nhan dang va dinh vi ddm chay thir tu dong; va
Nghién ciru toi wu quy dao dé riit ngan thoi gian
kiém dinh va tiét kiém chét chira chay.
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