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TOM TAT

Chira chay trong nha xuéng cdng nghiép luén tiém an nhiéu nguy hiém cho luc lwong tham gia phong chay chira
chay (PCCC) vi phai d6i mat khong chi véi chdy né ma con cac hda chat nguy hiém doc hai anh huéng téi sic
khoe. Cac thiét bi chita chay théng minh st dung cong nghé cao c6 thé cung cip phuong tién chita chay an toan
va giam thiéu thiét hai do hoa hoan c6 thé xay ra trong nha méy xi nghiép. Robot chira chay di dong c6 kha ning
hoat dong doc lap va duoc diéu khién tir khoang cach an toan 1a phwong tién chira chay c6 thé dap tat dam chay
ma khong gay nguy hiém dén tinh mang luc lwong tham gia chira chay. Két qua nghién ciru vé mé hinh dong luc
hoc robot chita chay trong qué trinh leo cau thang (mét chudng ngai vat thuong gap va phai viot qua khi robot
tham gia chita chay) s& 1a co so cho lya chon dong co truyén dong robot chita chay nha xuang cong nghiép. Cac
két qua md phong va thuc nghiém da chirng minh do tin cay va chinh x4c caa mé hinh dong luc hoc khi robot

leo ciu thang da duoc nghién cau.

Tir khoa: dong luc hoc chuyén dgng, leo ciu thang, nha xwéng cong nghiép, robot chira chay.

1. PAT VAN PE

Chay nd 1a mét trong nhiing tham hoa nguy
hiém, gay thiét hai nghiém trong vé vat chét
cling nhu tinh mang con ngudi cho Viét nam
cling nhu nhiéu qudc gia trén toan thé gioi.
Cung véi toc do @6 thi hoa va céng nghiép hoa
nhanh cua dat nudc trong nhiing nim gan day
cling sdy ra cac vu chay Ion tai cac khu cong
nghiép, khu ché xuat tai Viét Nam: vu chay
trung tdm thuong mai Ba Hon vao thang 12 nam
2021 khién 4 nguoi thiét mang; vu hoa hoan xay
ra tai khu cong nghiép Quang Chau, Bic Giang
vao thang 11 nam 2021 thiéu rui 10.000 m? nha
xuong cuaa cong ty Jufeng; vu chay tai cong ty
hoa chat Arirang trong khu cong nghiép Long
Binh tinh Bong Nai vao thang 6 nim 202 da
thiéu rui 1000 m? nha xuéng cling toan bo tai
san bén trong. Theo sb liéu tir cuc Canh sat
Phong chay, Chira chdy va Cau nan Cau ho,
nam 2022 trén ca nudc da xay ra hon 1700 vu
chay nd, sé lugng ngudi tir vong do chéay né gia
ting (hon 100 nguodi bao gdm ca linh chira
chay), s6 vu chay hét sic nghiém trong ciing gia
tang. Chita chay la nhiém vy rat quan trong, nhu
rat nguy hiém di véi nguoi tham gia chira chay
do méi treong lam viéc véi nhiét @6 cao, khoi
bui, khi thai doc hai do dam chay gay ra, bi db

vat dé vao ngudi do sap tran va tuong nha. .. gay
nguy hiém tryuc tiép toi tinh mang

Nghién ciru va phat trién robot chira chay dé
hd trg cong viéc chira chay tré thanh mot yéu
cau rat cap thiét. Tai cac nudc phat trién nhu
Hoa Ky, Nhat Ban, Phap va cac nudc chau Au,
robot chita chay dugc st dung rong réi do no co
thé diéu khién tir xa dé tién vao bén trong dam
chay chay véi muyc dich kiém tra dién bién vu
chay, tim kiém va phét hién nguoi bi nan, hoic
tryc tiép phun chat long chita chay [1-6]. Tai
My, robot chita chay Thermite RS3 [3] véi bo
diéu khién tir xa va su hd trg hinh anh video tur
céc camera gan trén robot, linh chira chay c6 thé
diéu khién thao tac cua robot tir khoang céch
400 m, robot RS3 la thiét bi tham gia vao cong
viéc chira chay do kha nang vugt chudng ngai
vat & xam nhap vao bén trong dam chay. Tai
Nhat ban, robot chtra chay Scrum Force da dugc
trién khai dén co quan phong chay chira chay
cua thanh phd Ichihara tinh Chiba, day la robot
dugc str dung banh xe rat linh hoat vai téc do di
chuyén nhanh, tuy nhién kha niang vuot chuéng
ngai vat con han ché do cau tao banh xe tron [6].

Trong c4c yéu cau tinh ning ky thuat, vuot
chuéng ngai vat 12 mot yéu cau bét bugc ddi voi
robot chira chay do robot phai truc tiép vuot qua
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cac dia hinh phirc tap nhiéu vat can do ¢am chay
gay ra, khi d6 robot can phai vong tranh voi
chuéng ngai vat 16n hoic leo qua dbi Voi
chudng ngai vat nho. Ngoai ra, viéc leo cau
thang ciing 1a mot yéu cau bat bugc déi vai robot
chira chay, vi robot can phai leo ciu thang dé
tiép can gan dam chay trong nhiéu truong hop
can thiét khi xay ra chay né tai cac tang phia
trén. Do vay, cac robot chira chay duoc trang bi
banh xich c6 wu diém nhat dinh so v&i robot
chira chay trang bi banh tron théng thuong [6].
Trong bai bao nay, ching toi tap trung nghién
cau dong luc hoc cua robot chira chay dugc
trang bi banh xich trong qua trinh leo cau thang,
tir d6 dé xuat bo diéu khién chuyén dong cho
robot. Két qua moé phong va két qua thuc
nghiém véi cac do doc cu thang khac nhau da
cho thay tinh tin cay cia mé hinh dong luc hoc
va tinh hiéu qua cta bo diéu khién dbi véi robot
thuc té.
2. PHUONG PHAP NGHIEN CUU
2.1. Phwong phap nguyén ciu ly thuyét

Tir cAu tao co khi cua robot chira chay va qué
trinh hoat dong leo cau thang cuaa robot, nghién
ctiu st dung co hoc ly thuyét, &p dung dinh luat
Newton dé xay dung mé hinh, thiét lap céc hé
phuong trinh dong luc hoc twong ttng vaéi cac
trang thai dong hoc cua robot trong qua trinh leo

cau thang. St dung phan mém Matlab dé khao
sat cac hé phuong trinh vi phan dong luc hoc tur
d6 cho ra d6 thj thay d6i cua cac tham sb khi
robot leo cAu thang nhu g6c nang S ; van téc va
gia toc khdi tam; tbc d6 quay, momen dau, cong
suit ma dong co truyén dong can phai dap ung.
2.2. Phwong phap nghién ciu thwc nghiém

Str dung céc thiét bi do va cac phan mém xu
ly s6 liéu hién dai dé xé4c dinh tinh dap ung caa
dong co dién dugc nghién cau lya chon thdng
qua két qua ly thuyét, déng thoi ciing khing
dinh do tin cay cua két qua nghién ciru ly thuyét.
3. KET QUA VA THAO LUAN
3.1. Céu tao robot chira chay

CAu tao cua robot chita chay duoc thé hién
trén cac hinh 1 gdm: Hé thdng dong luc banh
xich; khung xe va vo xe ¢6 chira ap quy, dong
co truyén dong, bo diéu khién robot bén trong
dé chdng nuéc, ngoai ra hé thdng lang phun chat
chira chay (lang phun, 6ng dan...) ciing dugc
gan trén khung va vé nhung & phia ngoai.

Hé thdng dong luc cua robot dugc thé hién
trén hinh 2 bao gém 2 dai xich chéng chay dugc
truyén dong doc 1ap; 2 hé thdng banh truyén
dong doc 1ap voi banh dan dong duoc gan voi
dong co mot chiéu (dong co DC) thdng qua hop
s6, banh dan huéng, banh phy cang xich...

Hinh 1. CAu tao robot chira chay ’
(1) - Hé thang banh xich; (2) - Khung xe; (3) - V6 xe; (4) - Lang phun chdt léng chiza chay; (5) - Ac quy

Hinh 2. Hé théng dong luc robot chira chay
(1) - Pai xich chong chay, (2) - Banh ddn déng, (3) - Péng co mét chiéu,
(4) - Banh dan huéng, (5) - Banh cang xich
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3.2. Phén tich dgng luc hec qua trinh robot
leo cau thang

Trong tac nghiép chira chay véi nhitng dam
chay trén céc tang cao, robot thuc hién dong tac
leo 1&n cau thang dé tiép can voi dam chay va
leo xubng cau thang khi nhiém vu chira chay két
thdc. Twong ng véi dong tac leo 1én va leo
xudng, trang thai dong hoc s& c6 su thay doi kéo
theo cac phwong trinh dong luc hoc tai moi
trang thai la khac nhau, sau day nghién ctu s¢
tién hanh phan tich trang thai dong hoc va dong
luc hoc cua robot trong rng vai cac giai doan.
3.2.1.Phan tich dgng hec robot leo 1én cau
thang

Mit xich

e
¢ 1Y
m
q‘l\l/'B‘ md Ty ’
UZ_U- —Jﬂ—'n"—n—“ﬁfg
Mit xich day ~ 1rang thail

Khi robot tién hanh déng tac leo 1én, robot s&
trai qua 6 trang thai dong hoc va tuong tng la
phuong trinh dong luc hoc khac nhau lan luot
nhu sau:

Trang thai 1 bat dau khi mit xich phia truéc
tiép xtc voi miii bac cau thang dau tién, va két
thac khi diém dau tién caa mit xich day cham
miii bac cau thang dau tién, khi dé gc nang f
¢ sy thay ddi ting, trang thai nay robot bao
gom 2 chuyén dong gom chuyén dong quay
quanh trong tdm nguoc chiéu kim dong hd va
chuyén dong tinh tién dé di chuyén tién Ién
(Hinh 3). Khi d6, hé¢ phuong trinh dong luc hoc
trang thai 1 khi leo 1&n gom:

=

»
>

X

Hinh 3. Phan tich dgng luc hoc trang thai 1
( B - goc nang cua robot khi leo cdu thang; @ - goc leo cia banh xich; w -goc nghiéng cua rang béanh xich;

I" -chiéu cao bdc cau thang; a,, - gia tac tai khi tam robot (phan thanh hai thanh phan theo truc X va truc

Yla ay va ay,);a,- gia toc tai diém A; L - khodng céch tir trong tam téi banh dan hwong trusc; L, -

khodng cach tir trong tAm téi banh dan huwéng sau; L- chiéu dai mat xich day, h - chiéu cao trong tam.)

2
2F, :m%:maMX =F, cos(0+p+y)+F,—-F.
d?y .
IF, :mwzmaMy =F,sin(@+f+y)+N,+N.—-mg
M. =(+mR *)Q=N,(u—LcosfB—-q)+ (L. cosB+q)mg (1)
2
¢ X, =a,, ~[f(L,c05+ hsin ]
d?y s .
anm =[p(L,cos S —hsin S)]

106 TAP CHI KHOA HOC VA CONG NGHE LAM NGHIEP SO 2 - 2023



Ky thudt & Cong ngh¢

Trong hé phuong trinh (1) thi F,,F. lathanh
phan cac luc ma sat theo phuong X tai diém A
va C; N,, N la cac phan luc tai diém A va C;
412 hé sb masat; Q la gia toc goc robot tai khoi
tam; R, la ban kinh quay; F,, la luc kéo sinhra
bai banh cha dong.

R, = \/(LC +q)° +(C—L,sing—hcosB)’ (2)

G-E

Fy =—"-T 3)
r

v6i T 12 mémen do dong co truyén dong
(d6ng co mat chiéu) sinh ra, G 1a ty s6 truyén
hop s6, E 1a hiéu suat hop s6. Theo diéu kién can

Trang thai 2 X

AY

I 2
/ r '
L . >

bang dé robot c6 thé thuc hién duogc trang thai
3, ching ta chon:
= —htan
::c ] A g Y 4)
A=A +htany

Trang thai 2 bat dau khi trang thai 1 két thic
(hinh 4), ldc ndy mat xich day tiép xGc véi mili
bac cau thang thtr nhat, goc nang tiép tuc ting,
tdm robot van c6 xu huéng xoay theo chiéu
nguoc chiéu kim dong hd, trang thai 2 két thic
khi khdi tdm robot di qua miii bac thtr nhat chiéu
theo truc X. Tai trang thai nay, hé phuong trinh
dong luc hoc cua robot sé cé dang:

0+ p

2r

v

an aAy = 0

a; X

Hinh 4. Phan tich dgng luc hoc trang thai 2

2

d7y
dt?

o
dt?
d’y

i =ay, = B(L,cos B —hsin )

2
> F, :m¥:maMX =F, cos(B+y)+F, —F,
D> F,=m—3>=ma,, =F,sin(8+y)+N,+N,—mg
M. =(1+mR,,*)Q =N, (u - LcosB~-q)+ (L. cosB—q+hsin f)mg ®)

=a,, =a,, - B(L,sin f+hcos B)

V6i g, =(T—LsinB)/tan B, R, =+/(Le c0S #-0,)? +(L,sin f+hcos g —T)?

Trang théi 3 bat dau khi trang thai 2 két thuc,
ltc nay do khéi tm robot da vuot qua miii bac
thi nhat (theo phuong truc Y) do vay, robot s&
c6 xu hudng ddi chiéu quay (quay theo chiéu

kim ddng hd) dé tiép can véi mii bac thir 2,
ddng thoi banh xich day nhac lén khoi mit dat,
lGc nay tdm quay tai diém A (hinh 5).
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Trang thai 3 X

Hinh 5. Phén tich dong luc hoc trang thai 3

*F, =ma,, = F,cosy + F,cosy — N ,siny — F,

IF, =ma,, = F,siny + F,siny + N, cosy —mg + N, (6)
> 'M, =F, [-Tcosy + Bsiny |+ N [+ B]-mgL,
voi B=L, +L, trinh dong hoc thuan duoc biéu dién bai cong

Trang thai 4 bit dau khi banh xich dusi tiép  thic (7).
xUc véi miii bac thém thir 3. Khi d6 hé phuong

AY

mg

Hinh 6. Phan tich dgng luc hoc trang théi 4

IF, =ma,, = F,cosy + F,cosy — N,siny — F,

IF, =ma,, =F,siny + F,siny+N,cosy —mg + N, 7)

=M, = N¢[2u+ 2Bcosy |- F,, [2['cosy — 2Bsiny]-mgL,
VGi 2B =L +L, va két thic khi robot nam trén mat phang nam

Sau khi két thiic trang thai 4 dién radé robot ~ ngang (chiéu nghi, mat san), khi d6 khoi tam

lan Tuot leo I&n cAc bac ciu thang con lai cho  robot s& ¢ xu hudng quay theo chieu kim dong
dén trang thai 5 dién ra. Trang thai 5 bat dau khi 0. Hé phuong trinh dong luc hoc dugc bieu
khéi tam robot di qua miii bac thém trén cung  di€n tai phuong trinh (8).

Trang thai 5 X

Hinh 7. Phan tich dong luc hoc trang thai 5
108 TAP CHI KHOA HOC VA CONG NGHE LAM NGHIEP SO 2 - 2023



Ky thudt & Cong ngh¢

> F, =ma,, =F,cosf-F,

D Mgy, =19

Trang thai 6 1 trang théi robot di chuyén trén

mit phing nim ngang (mit san tang, dudi dét,

chiéu nghi...), do vay robot chi c6 chuyén dong

>'F, =ma,, =F,sing+N, -mg

(8)

h . h
=-F,cosf(——+ ALtan B) + F,ALsing + F.(——+ ALtan 8) + N.AL
wC0S/J (Cos 5 B)+Fy B+F; (COS 5 B)+Nc

tinh tién theo truc X, khi d6 phuong trinh dong
luc hoc la:

ZszmX.:FM_FAZFM —umg (9)

Hinh 8. Phan tich dong luc hec trang thai 6

3.2.2.Phan tich déng hec robot leo xuéng cau
thang

Tuong tu nhu leo 1&n, qua trinh leo xudng
cau thang, robot ciing s& trai qua trang thai lan
luot nhu sau:

Trang thai 7 caa leo xubng bt dau khi khdi
tdm di qua miii bac cau thang trén cing (theo

phuong cua truc Y), khi d6 robot vira quay vira
tién, van toc quay sé tang theo su bién doi cua
AL, trang thai 7 két thac khi phan phia trudc cua
mat xich day cham vao bac thém phia duéi. Hé
phuong trinh déng luc hoc mo ta trang thai 7
nhu sau:

Hinh 9. Phan tich dgng luc hoc trang thai 7

ZFx =ma,, =—F,cospB+F.

D> Mgy =1Q

Trang thai 8 bat dau khi mat xich day tiép
xdc vai bac phia dudi cau thang, vao két thic
khi diém tiép d¢au mat xich day tiép xtc véi mili

> F,=ma,, =-F,sing+N.-mg

(10)

h . h
=—-F, cosf(——+ALtan B) - F,ALsing + F.(——+ ALtan 8) + N.AL
M ﬁ(COS ; B)-Fy B+F (COS 7 B)+N¢

cau thang phia duéi. Hé phuong trinh dong luc
hoc biéu dién trang thai 8 nhu sau:
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Hinh 10. Phan tich dgng luc hec trang thai 8
2F =mX=F.+F,cosf—N,sinf-F, cosfg
2F,=my=N +N,cos B -F,sing-F,sin g

SM. =(1+m(R,)")Q (11)

= N,J[ﬁ(,usinﬂ—cosﬂ)—(sinﬂ+,ucos,3)}+ mg {ﬁ—cosﬂ(rsinﬂ— LC)—hsinﬂ}

o . (T Y
Vol Rr3—\/h +(cosﬁ Lcj

Trang thai 9 1a trang théi di chuyén ma mat  thang, IGc nay hé phuong trinh dong luc hoc
day xich robot tiép xdc voi miii hai bac ciu  duoc biéu dién tai (12):

AY

pre: LT x

Hinh 11. Phan tich dong luc hoc trang théai 9

*F, =ma,, =cosy(-F, —F,+F.)—siny(N, +N.)
F, =ma,, =sin(y)(-F, + N, +N¢)-cosy(N,+N.)-mg (12)
>'M, =F, [(2rcosy)-Bsiny |-mgL, + N [ 2 (siny - ucosy )+ B(cosy + usiny ) |
Trang théi 10 dién ra twong tu nhu trang thai  khi mat xich day tiép xtc véi bac cau thang thir

7 khi khéi tam di qua mili bac thir hai, khi ¢ ba phia dui. Sau trang théai 10 thi robot s& lap
robot s& c6 hién tuong quay quanh miii caa khdi  lai trang thai 7 va 8 cho tai khi chuyén sang
tam tha 2. Hé phuong trinh biéu dién trang thai  trang thai 11.
10 dugc md ta tai (13). Trang thai 10 két thic

AE =h/cos(y + )
—AL.tan(y + )

YLC

X

Hinh 12. Phén tich dgng luc hoc trang thai 10
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> F, =ma,, =—-F,cosf+F.cos - N¢sinj
> F,=ma,, =—F,sing+F.sinB—mg + N.cosp (13)
D Mgy =1Q==F, [sin(B)AL+cos()AE |
+N, {[—sin (B)AL + ucos(B) |AL + AE[ usin ()AL + cos(B)]}
va a,, =a, —-QAE; a,, =a, —QAL hai mili bac cu thang tai diém dau va diém cudi
Trang thai 11 Ia trang thai robot tiép xc vsi ~ Cua mat xich day.

YL :

Z; L

Hinh 13. Phan tich dong luc heoc trang thai 11
2F, =ma,, =cosy(-F, —F,+F.)—siny(N,+N¢)
2F, =ma,, =siny(-F, + N, +N.)—-cosy(N,+N;)—mg (14)
=M, = F, [2I'cosy — 2Bsiny]—mgL, + N[ 2I'(siny — ucosy ) + 2B (cosy + usiny) |

Sau trang thai 11, robot s& Ian luot 1ap lai cac  quay, khi dudi ciia cua mat xich day roi khoi bac
trang thai 9 va trang thai 10 dé tién hanh leo  cau thang cudi thi trang thai 12 két thic. Khi do
xubng cac bac cau thang tiép theo cho téi khi  hé phuong trinh dong luc hoc duoc biéu dién
trang thai 12 xay ra dé robot tiép xdc véi mat  nhu sau:
dat (hinh 13), tai trang thai 12 s& c6 hién tugng

*F, =ma,, =F. —-F,cos f—N,sin f—F, cos
IF, =ma,, =N, +N,cosf-F,sin B-F,sinj

=M, =(| + m(RrS)Z)Q = NAF[ﬁ(uSinﬂ—COSﬁ)—(Sinﬁ+/l005ﬁ)} (15)

r . .
mg{w—cosﬂ(F51n,B—LC)—hsm,B}

o . (T Y
Vol R,3—\/h +(cos,3 Lc]

Cudi cuing la trang thai 13 dé robot la qua  (hinh 13). Khi d6, hé phuong trinh dong luc hoc
trinh bién doi dé robot tiép xuc hoan toan vai  bao gom:

mat dat, két thic qua trinh leo xudng cau thang

A
Y

L. cos f—hsin B

\

Hinh 14. Phan tich dong luc hec trang thai 13
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ZFX =ma,, = F,cosf-F.

ZMCZ

ay, =8y — QL sin g —hcos B)
a, = Q(L, cos f—hsin j)
3.3. M6 phéng va thir nghiém

Dé khao sat tinh chinh xac cua hé phuong
trinh dong luc hoc trong qué trinh di chuyén cua
Robot, dong thoi 1a co s¢ dé lya chon dong co
cho hé théng dong luc robot. Nghién ciu tién
hanh mé phong céac tham s caa robot trong qua
trinh di chuyén leo cau thang (leo 1én, di trén
mat phang, leo xuéng).
3.3.1.Két qua mé phéng

Dé tién hanh mod phong, nghién ctiu st dung
md hinh dong luc hoc robot dugc nghién ciu tai
muc 3.2; sir dung mé hinh déng co dién mot
chiéu; dong thoi ¢ céc gia thiét nhu khong xay
ra hién tuong truot trén nén, robot chi di chuyén
trén mot duong thang (khdng cé chuyén dong

IQ=F,

Goc leo

> F,=ma,, =F,sing+N.-mg

cosf3( L cos B —hsin B) (LC cos 8 —hsin 3)
—sinB (L, sin B +hcos f) +N

t(sec)

(16)
—u(Lcsin B+ hcos 3)

quay ngang trén mat cau thang khi leo 1én va leo
XUOng) bo qua tac dong tuc thoi khi robot roi
xuéng cac bac thang. Dong thoi gia thiét cac
thong sé cua robot va cau thang nhu Bang 1.

Két qua mo phong duoc thé hién trén hinh tur
Hinh 15 t&i Hinh 18, Hinh 15 thé hién sy thay
d6i cua goc nang B trong qua trinh leo cua
robot, hinh 16 va hinh 17 Ian luot 1a van toc va
gia tbc khdi tam robot theo hai truc X va Y.
Tuong (ng Vai van toc va gia tbe cua robot, hinh
18 thé hign van toc va gia toc ciia dong co truyen
dong cho banh XICh robot, dong thoi hinh 19 the
hién momen xoén quy ra dau truc dong co can
sinh ra va cong suat cua dong co dé robot co thé
thue hién duoc qua trinh leo cau thang.

Gia toc goc leo

2B jt2(radt
a4
& B R

=3

5
0
0 1 2 3 4 5 6 7 8

Hinh 15. Thay déi goc nang robot S

Van toc theo truc X

d2xj:2|]m's:

Gatncth-at uc)(

. l“\“h I L

Hinh 16. Van téc va gia téc khéi tdm robot theo truc X

0.6 Van toc theo truc Y

i - —

04

03r

dydtfm‘sjn

02

04},

1e Gia toc theo truc Y

1F

d2ydt2 mis

& o
s =) s
n" '

S

t(sec)

t(sec)

Hinh 17. Vén téc va gia téc khdi tam robot theo truc Y
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Théng qua su thay ddi cua goc nang g va
trong tng 1a van téc, gia toc theo hai truc X, Y
trén cac hinh 15, hinh 16, hinh 17 ching ta co
thé nhan xét: khoang thoi giantr 0 stéi 1,1 s 1a
khoang thoi gian robot trai qua trang thai 3, khi
d6 co su thay doi cua goc nang A ; tir giay thir
1,1 s téi gidy tha 3,7 s la khoang thoi gian robot
trai qua trang thai 4 v6i goc nang dugc gitr
khong d6i bang do dbc cau thang (B=y), day
1a giai doan robot lan luot leo 18n cac bac cau
thang nhu da phan tich tai muc 3.2.1; tr 3,7 s
dén4dsla khoang thoi gian robot trai qua trang
thai 5 dé tiép xuc véi mat san trén cling cua cau

Van toc dong co

2 3 4
t(sec)

8

d2Q {2 (rad/s®)

thang, 10c nay goc nang B giam tir giatri =y
vé giatri B=0rad; tir 4 s dén 5 s thé hién trang
thai robot di chuyén trén mat phang nam ngang
(mat san tang trén, mat dat...). Tuong tu nhu
qua trinh leo 1&n, qua trinh leo xudng duoc thuc
hién tir gidy tha 5's, tir 5 s dén 5,3 s robot trai
qua trang thai 7 téi trang thai 11 tuong g Vi
su thay doi cua goc B tir 5,3 s dén 8 s la qua
trinh robot thyuc hién qué trinh di xubng véi cac
trang thai 9, 10, 11 duoc lap lai tuan hoan; tir 8
St6i 8,2 s latrang thai 12 va trang thai 13 xay ra
dé robot tiép xtc véi mat dat.

Gia toc dong co

1000

| |

i ||||Hh

,:nn

4
t(sec)

Hinh 18. Vin téc va gia téc déng co truyén dong robot

Momen xoan dong co

Tm2(Nm)

2 3 4
t(sec)

- 1500
|
1000 -
< R i
= ~ v v
500 X -

Cong suat

t(sec)

Hinh 19. Momen xoan va cdng suit dgng co truyén dong

Thong qua db thi vé van téc, gia téc, momen
X04n va cong suat dong co (hinh 18 va hinh 19)
1a co s& dé nghién ctu lya chon dong co truyen
dong cho banh xich cua robot. Bong co truyén

dong cho banh xich can phai thoa man cac diéu
kién nhu van téc > 200 rad/s (twong duong >
1900 vong/phat), momen xoin dau truc > 8,2
N/m, cong suat dong co >1300 w.

Bang 1. Thong sé robot va cau thang sir dung trong md phéng

STT Tén Ky hi¢u Pon vi Gia tri
1 Téc d6 max dong co max (gla thiét) ® RPM 3000
2 Tysh truyen hop s6 gin dau dong co G - 1/60
3 Hiéu suat hop sé E - 0.55
4 Ban kinh banh sao chu dong (banh r m 0.1
truyén dong cho xich)
5  Hésb ma sat U - 0.6
7 Khdi lwong toan tai robot m kg 150
8  Trong lugng robot toan tai mg N 1500
9 Do ddc cau thang y Rad 40x 3.14/180
10  Chiéu rong mat bac cau thang B m 0.285
11  Chiéu cao bac r m 0.2
12 GAc leo robot 0 Rad 45 x 3.14/180
13 Chiéu dai mat day banh xich L m 0.65
14  Chiéu cao tir trong tdm toi day robot h m 0.3
15  Momen quan tinh I Kg*m? 44
16  Thoi gian tang toc cua robot ta (s) 0.2
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3.3.2. Két qud thir nghigm

Tir co s6 két qua md phong & trén, nghién
ctru lya chon dugc dong co mot chiéu véi tham
sb dong co duoc thé hién trén Bang 2. Trén co
s dong co duoc lva chon, nghién ciu da tién
hanh Iap dit va thir nghiém tinh dap tng cua
dong co véi kha niang leo cau thang cua (két qua
nghién ciu hé thdng diéu khién chuyén dong
robot s& duoc c4c tac gia cong bd riéng). Hinh

20 thé hién két qua thar nghiém qué trinh leo
robot v&i md hinh cau thang d6 déc thay doi tir
y=20°dén y =45, Hinh 21 thé hién két qua thir
nghiém véi cau thang thuc té. Tur két qua the
nghiém nay da ching minh tinh ding dan cua
md hinh dong lec hoc dugc xay dung, két qua
md phong tor mé hinh dong luc hoc da gitp
nghién ciru lya chon ding dwoc dong co truyén
dong cho hai banh xich robot.

Bang 2. Thong s6 ky thuat dong co truyén déng banh xich robot

STT  Tén dic tinh Thong s6 ky thuat
1 Tén dong co DPong co mot chiéu
2 Ma hiéu 110BLF 110-630
3 Hang san xuat WOTO
4 Xuat xir Dai Loan
5 S6 lugng: 2
6 Ngudn dién sir dung Ngudn 1 chiéu 24-48 V
7 Dong dién dinh muc 8.2A
8 Cong suat dau ra 16n nhat 2000 W
9 Téc do max 3000 RPM

10 Dong dién max 25A
11 Momen xo04n dau ra max 20 N/m
12 Khdi luong 7Kg

S
1 €S

Hinh 20. Thir nghiém kha ning leo ciia robot véi md hinh cau thang

g 4

(1) - md hinh cau thang; (2) - robot chiza chay;
(3) - hé thong do luwong may tinh siz dung pham mém do heong Spider-8 cuia Dirc

Hinh 21. Thir nghiém kha ning leo ciu thang thuc té
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4. KET LUAN

Nghién ciru md hinh dong luc hoc caa robot
chira chay trong qué trinh leo cau thang, mot
chudng ngai vat bt bugc ma robot budc phai
vuot qua trong tac nghiép chira chay duoc thuc
hién trong nghién ctru nay. Cac trang thai dong
hoc cua robot trong toan b qua trinh leo duoc
phén tich, cung vai do la cac hé phuong trinh
dong luc hoc cua robot da dugc nghién ciru xac
dinh. Dya trén cac hé phuong trinh dong luc
hoc, nghién ciru da tién hanh mé phong dé xac
minh tinh chinh xac cua md hinh dong luc hoc
dugc thanh lap. Két md phong ngoai chung
minh tinh chinh xac cia mo hinh dong luc hoc
con 1a co s& dé nghién cau lva chon dong co
truyén dong cho robot. Két qua thuc nghiém cho
thay kha nang dap ang tbt cua dong co khi robot
leo cau thang, ddy ciing 1a co s& chac chan dé
khang dinh db tin cay cua nghién cau ly thuyét

vé dong luc hoc chuyén dong robot chira chay.
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RESEARCH ON DYNAMICS OF FIREFIGHTING ROBOT
IN CLIMBING STAIRS OF INDUSTRIAL FACTORIES

Hoang Son?, Nguyen Xuan Nguyen?, Nguyen Pham Thuc Anh?, Nguyen Thi Huyen?

vietnam National University of Forestry
“Hanoi College for Electro-Mechanics
®Hanoi University of Science and Technology

ABSTRACT

Fire fighting in industrial factories always has many potential dangers for the forces participating in fire
prevention and fighting because they have to face not only with fire and explosion but also with dangerous and
toxic chemicals that affect people health. Intelligent automate devices for fire extinguishing using high
technology can provide a safe facility for fire fighting and minimize losses when fire breaks out in factories.
Mobile robots which can work independently and be controlled from a safe distance are good candidate to
extinguish fires without risking the life of the firefighter. In this is paper, the dynamics of fire fighting robot in
climbing stairs -a common obstacle that must be overcome when the robot operates in firefighting areas have
been formulated and became the basis for selecting driving motors. Simulation and experimental results have
proven the reliability and accuracy of the dynamic model when the robot climbs up/down stairs.

Keywords: climb stairs, dynamics, fire fighting robot, industrial factorie.
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