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Tém tit

Trong qua trinh 1am viéc, bd thang trén xe thang tuong duong véi mot dAm cong xon c6 chidu dai 16n va chiu
tai trong tap trung & dau tu do. Két ciu cla thang dugc thiét ké & dang dan d€ giam khdi lugng va giam tac dong
do gi6. Vi thé do ciing tdng thé clia thang gidm, chuyén vi tinh va dao dong trén thang 16n. Trong thuc té, dé
khéc phuc hiéu qua van dé d6, mot thang sé ap dung dong nhiéu giai phap nhu st dung vat liéu nhe, t6i wu két
cAu, diéu khién, ... Tuy nhién, cdc giai phap d6 khong thé khic phuc dong thdi ca chuyén vi tinh va rung dong
trén dinh thang. Trong mdt s6 nghién cifu gan ddy, tic gia da dé xuit mot cach khai quat giai phap st dung cac
day cap thép 1ip thém vao trong cac tay vin rong va tin dung hé théng thily Iuc sin cé trén xe dé kéo cing nhim
giam do vong tinh, diéu khién cap thép dap tit nhanh rung dong. Gii phap da cho thiy hiéu qua ro rét. O bai
viét ndy, tic gia gidi thiéu tif co s6 khoa hoc dén cAu tao va nguyén 1y 1am viéc cu thé cla thiét bi kéo cing cap
va hé thong diéu khién thiy luc dugc thiét k& phuc vu gidi phap; thiét 1ap mo hinh diéu khién dong Iuc hoc hé
thiy Iuc — cap thép. Cac danh gid vé hiéu qua ting ciing ubn va dap tat rung dong khi diéu khién hé thng ciing
dudgc trinh bay.

Tir khod: xe thang ctiu hda; do ciing ubn; dap tit rung dong; dim cong x6n; didu khién cap thép.

A SOLUTION TO INCREASE THE FLEXURAL STIFFNESS AND QUICKLY EXTINGUISH VIBRA-
TIONS ON A LADDER OF TURNTABLE LADDERS

Abstract

A ladder of turntable ladders is equivalent to a long cantilever beam subjected to a concentrated load at the free
end during the working process. Its structure is designed in the form of a truss to reduce mass and wind im-
pact. As a result, the overall ladder stiffness decreases. The static displacement and oscillation on the ladder are
large. In fact, to effectively overcome that issue, a ladder will be applied to various solutions, such as using light
materials, optimizing structure, control, etc. However, such solutions cannot overcome both static displacement
and vibration at the ladder top. In the recent studies, the author has proposed in general way solution of using
additional steel ropes in the hollow handrails and taking advantage of the existing hydraulic system on the vehi-
cle to stretch them to reduce the displacement and control quickly extinguish vibration. The solution has shown
remarkable results. In this article, the author introduces the scientific basis, the specific structure and working
principle of the rope tensioning device, and the hydraulic control system designed to serve the solution; estab-
lish the dynamics control model of hydraulics-steel rope. Evaluations of the effectiveness of flexural stiffening
and vibration suppression when controlling the system are also presented.

Keywords: turntable ladder; flexural stiffness; vibration quenching; cantilever beam; steel rope control.
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1. it van dé

Xe thang 1a thiét bi quan trong khong thé thiéu trong cong tac chita chdy va ciu hd ciu nan. DE
dap tng cdc yéu cau trong thuc té, chiéu dai lam viéc ctia bo thang ngay cang dudc yéu cau dai hon.
Dic diém cia bo thang trong qua trinh 1am viéc 1a ¢6 chiéu dai phan thang cong xon 16n, do manh
cao va khdi luong tap trung 16n & dinh thang. D6 1a nguyén nhan dan dén chuyén vi 16n va rung dong
manh trén thang. Do d6, nhiing ngudi & trong gid ctiu hd cam thiy khong thodi mai, khong an toan va
c6 thé so hii. Kha niing mét &n dinh ctia két cAu thang 1a cao. V& nguyén ly, dé ting chiéu dai, do cing
ctia thang cin phai dugc cai thién. Tiét dién mit cit ngang vat liéu ché tao ctia mdi doan thang ting
1én. Khdi lugng ban than cla thang ciing sé ting theo. Dan dén, chuyén vi va dng suit c6 thé khong
giam. Hon nita, khoi lugng toan xe ciing cin 16n hon d& dam bao diéu kién &n dinh trong qué trinh
hoat dong (diéu kién khong 1at d3). O mot khia canh khac, khdi lugng va kich thude ciia xe thang bi
gi6i han bdi kha ning chiu ti cia nén dét (dudng, cau, cdng, ...) va kich thudc clia dudng giao thong.
Nhu vy, chiéu dai thang bi gi6i han.

C6 nhiéu nghién ctu va nhiéu giai phdp dudc dua ra dé 1am cho bo thang ciing hon, rung dong
nho hon va dap tit nhanh dao dong trong qua trinh lam viéc. Chiing c6 thé chia thanh hai nhém gidi
phap. Thi nhét 14 1am cho bo thang phat huy toan bd kha ning lam viéc tét nhit dbi v6i két cdu dang
dan nhu sap xép hop ly cac phan tif cia dan [1-3], st dung thép tim dinh hinh d€ ché tao ray va tay
vin [4, 5] hoic sit dung vat liéu nhe c6 cudng dd cao dé ché tao thang [1]. V6i viéc 4p dung nhom gidi
phép thi nhét, trén thang van ton tai chuyén vi tinh va rung dong kha 16n. D€ tiép tuc khic phuc vin
dé nay, nhém giai phap thif hai dugc tién hanh Ia tic dong tif bén ngoai vao thang. Nhém niy goém co:

- Tao ting suét trude dbi véi ray va tay vin [6], gitip bo thang dugc thang hon, chuyén vi dinh thang
giam ro rét. Tuy nhién, gidi phdp nay khong dap tit dao dong nhanh va két cAu thang ludn chiu mot
tai phu trong qua trinh 1am viéc ciing nhu khong 1am viéc. Ngoai ra, & mot s6 diéu kién lam viéc nhit
dinh, t4i nay giy bat 16i cho két cAu thang.

- biéu khién gidm rung dong, ddy la gidi phdp dudc st dung nhiéu nhat. Trén hau hét cic xe thang
déu st dung hé thdng thity luc d€ din dong cdc co cAu nén viéc diéu khién rung dong thong qua hé
th6ng thiy luc c6 uu diém vuot troi. Cac nghién citu gidm rung dong cho thang bang giam chin chi
dong thong qua xy lanh va céc thiét bi chip hanh thity luc ciling da dugc thuc hién. Trong [7, 8], mo
hinh thang dugc thiét 1ap nhu mot hé dong Iuc hoc hé nhiéu vat. [7] diéu khién rung dong do udn ctia
xe thang v6i mot 1dng cifu ho trén dinh. [8] diéu khién riéng biét rung dong do udn va xoan vdéi mot
doan thang phu trén dinh. Do thang dai va c6 mot khoi lugng dit & dinh thang (gid ciiu ho), bo thang
c6 thé dugc mo hinh héa nhu mot dim Euler-Bernoulli [9, 10]. Md hinh nay tiép tuc dugc xem xét
chinh xdc hon khi chia dam thanh nhiéu doan déng nhat [11-13].

Nhiing nghién ctiu trén da cho thiy hiéu qua va chiing da dudc 4p dung trong thuc té. D€ thuc hién
diéu khién theo cac phuong phap nay hé thdng thiy luc va hé thong diéu khién trén xe phai dong bod
v6i nhau. Do d6, céc thiét bi thiy luc dudc yéu cau phai ddm bao diéu khién chinh xdc hon nhu van
ty 1& chinh x4c va van servo dudc khuyén nghi sit dung. Bd ngudn thidy luc va céc thiét bi diéu khién
kém theo phéi to hon. Nhiing diéu nay dan dén mot khoan dau tu ban dau 16n hon trong khi c4c thang
ban xoay khong phéi lic nao ciing doi hoi dap tat dao dong ngay lap tiic. Ngoai ra, v6i cic phuong
phdp nay, su dich chuyén tinh 16n ctia két ciu thang giy ra bdi trong luong ban than va tai trong 1am
viéc chua dugc khic phuc.

Nhu vay, can thiét c6 mot gidi phap gidi quyét dudc cic ton tai & trén sé hudng t6i 1am ting chiéu
dai 1am viéc gi6i han ctia thang, giam gia thanh va c6 thé 4p dung trén cic dbi tuong xe thang thé hé
cii, chua dugc trang bi cac thiét bi dong bo d€ gidm rung dong.

Trong [14, 15] da trinh bay mot cach chung nhét giai phdp thém céc day cap thép vao bén trong
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céc 6ng tay vin rdng. Cac cdp thép nay dudc kéo cing dén mot mic nhit dinh va diéu khién dé dap
tat rung dong trén dinh thang thong qua dong cd thiy luc ¢& nhd lap thém trén ddu mdi tay vin. Giai
phép da cho thy hiéu qua & nhiing khia canh xem xét nhu luc cing cdp thép c6 anh hudng tich cuc
dén giam rung dong trén thang, diéu khién luc gidm chin cho hiéu qua dap tit rung dong tot hon luc
kéo ciing cdp ban dau, ... Tuy nhién, cic nghién ctfu ndy chua thé hién chi tiét gidi phap néu trén va
chua thiét 1ap md hinh hé thiy luc — cap thép d€ diéu khién. Bai viét nay sé gidi quyét cac ton tai d6
va dong thoi ddnh gia mot cach toan dién vé kha ning ting stic chdng udn ciing nhu hiéu qua dap tat
nhanh rung dong cho bd thang da dugc ti uu vé két cau.

2. Dé xuét giai phap
2.1. Co sd dé xudt

Trong qua trinh 1am viéc, khi bo thang md rong toan bd, né duge mod hinh héa nhu mot dim cong
xOn. Mot dau lién két v6i may co s6, dau tu do chiu tai trong tip trung 16n do trong lugng gid ctiu hd,
vit tu, thiét bi va ngudi dugc citu hd. Bo thang chiu udn va bi cong trong mit phang thing ding. Cac
thanh ray phia duéi chiu tai nén va cic tay vin phia trén chiu tai kéo nhu trén Hinh 1. Thuc té, két cAu
bd thang dang dan dudc ché tao véi ray cé kich thude mit cat tiét dién kha 16n, tiét dién tay vin thi lai
nhd. Do d6, y tudng dudc dé xuit 1a 1am ting kha niing chiu kéo clia céc tay vin trong khi gitt két ciu
ctia thang khong thay ddi bang cach ludn day cap thép vao phia trong dé chiing ciing chiu tai véi tay
vin. Nhiam ting hiéu qua, céc cap thép sé dudc kéo cing, gitp cc thanh ray giam bét tai nén va cic
tay vin giam bt tii kéo. BO thang gin nhu khong con bi cong trong mit phang thiang diing khi mé
rong. Diéu niy c6 nghia 12 chuyén vi tinh trén dinh thang da dudc 1am gidm dang ké.

Hinh 1. Dang ting suét trong cic thanh bién ctia bd thang

Trén bat ky xe thang ndo ciing c6 trang bi hé thong thity luc d€ phuc vu diéu khién céc co ciu 1am
viéc theo tinh ning ky thuét ctia xe. Y tudng tiép tuc dé xudt 1a tin dung ngudn ning lugng thiy luc
c6 san dé thuc hién diéu khién chii dong luc cing clia cap thép da gin thém nham dap tit dao dong
trén dinh thang.
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2.2. Cdu tao va nguyén ly bo thiét bi dé xudt

Céc thiét bi phuc vu y tudng d& xuit gan thém vao trong két ciu ctia mot bo thang dang dan gébm
ba doan da dugc t6i uu két cAu [1] nhu trén Hinh 2. Dong co thly luc ¢d nhé 1 xy lanh thiy luc c6
dudng kinh u6t 40 mm va hanh trinh dich chuyén ctia pit tong 50 mm gin 6 mdi dau phia dudi ciia
moi tay vin dé kéo cing va diéu khién cdp thép khi can. Cac cap thép ludn bén trong tay vin réng c6
ty 1& giam chin 2%, mot dau cb dinh vao can pit tdng cla xy lanh, mot dau cb dinh vao dau con lai
ctia tay vin. Chiing dudc dd bdi cac gbi cach déu nhau bang vat liéu nhua téng hop nhe nhim muc
dich git cap thép khong bi vong.

Hinh 2. Két cAu ctia bo thang gom ba doan véi cic cdp thép da dugc thém vao

Trén mdi dau cla cac doan thang c6 gan cac 5 .
cam bién dé€ c6 thé xdc dinh cac thong sb dong Tl ™ ﬂi—Eﬁ
hoc tai diém dit ching. Tin hién ghi nhan dudgc )
truyén vé bd diéu khién trung tam, tai day, bo diéu
khién loc tin hiéu, khuéch dai, phan tich va cung
cAp tin hiéu diéu khién cho cic dong co. Day la
mo hinh diéu khién dang mach kin véi da tin hiéu
dau vao va da tin hiéu dau ra. Chi tiét vé mo hinh
diéu khién dugc trinh bay trong Muc 3.2.

Hinh 3 13 s6 d6 mach thiy luc diéu khién xy
lanh kéo cing cp. Hé thdng st dung mot van phan
phdi ty 1& chinh x4c ¢d nhd 5 diéu khién dong dau
cung cép cho xy lanh. Xy lanh hoat dong theo mot
chiéu, chiéu con lai do stic ciing cta céap kéo vé.

; \‘H_JH'HL

Cic cdm bién 6, 7 va cam bién dich chuyén tich ) Il
hop trong 9 dé€ xdc dinh luu Iugng, dp suét cla dau
thiy luc va vi tri clia pit tong. Céac van diéu khién Hinh 3. Mach thiy luc diéu khién thict bi

gian tiép 4, 10 va 11 ddm bio ap suét dau & mdi vi
tri dit ching c6 ap suét theo yéu cau va dam bio an toan cho hé thdng ciing nhu két ciu thang.

Nhu vy, c6 thé thiy, cac cap thép c6 thé khdng can kéo cing néu khong can thiét, hodc don thuan
chi kéo cing dé€ khic phuc do vong tinh hoic diéu khién luc cing dé€ dap tat nhanh rung dong khi c6
yéu cau.
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3. Danh gia hiéu qua khi ap dung giai phap
3.1. Ting ciing uén

Nghién ciiu thuc hién dng dung gidi phdp trén mot bd thang dang dan dudc ché tao tir hop kim
nhdm va c6 ciu tao tif ba doan thang 1dng vao nhau theo bing sang ché US 2009/0101436 Al. Cac
tiéu chuin st dung vao viéc tinh toan, kiém tra va danh gid gom [16-22].

Tién hanh md phéng bd thang trong chuong trinh tinh toan két cAu & trang thai thang md rong tbi
da, tuong ting vdi hai vi tri clia géc nang trong mit phang thang diing 1a 0° va 75°. Thang lién két véi
mdy co s& thong qua bdn khép cau. Tii trong tinh todn kiém tra gdm 9 loai tai trong, gid tri va dic
diém ctia ching da trinh bay trong [23]. Ngoai cic tai trong thong thudng nhu tinh todn thiét ké can
truc loai can dng 16ng dang dan va xe thang, tai trong xem xét thém 1 tai gy bdi luc cing clia cac cap
thép dugc dé xuét gin thém vao bén trong céc tay vin F,, bao gém sdu cip luc dit & cac dau cia tay
vin thang. Gia tri céc lvc kéo cing trén moi doan thang 1a nhu nhau, tuong tng trén doan thang thi i
la F);.

Frij = kyij - Frit (1)

trong do k,;; la hé s6 luc cing, kyij=0—6; Fylagidtrilyc cingcosd;i=1-3;j=1-8.
S6 t6 hop tai trong tinh todn gdm 36 t& hop, dudc xem xét trong ba trudng hop: may lam viéc khi
khong c6 gié; mdy 1am viéc khi ¢6 gié va mdy 1am viéc & cac diéu kién thi nghiém.

Bang 1. Ludng giam dng suét 16n nhit trong ray va tay vin

Gia tri Ray 1 Ray 2 Ray 3 Tay vin 1 Tay vin 2 Tay vin 3
kri 0° 75° 0° 75° 0° 75° 0° 75° 0° 75° 0° 75°
0,5 00% 01% 01% 01% 0,1% 04% 04% 09% 0,8% 2,3% 1,1% 3,1%
1 0,1% 0,1% 0,1% 0,1% 03% 08% 0,7% 1,8% 1,7% 4,7% 2,3% 6,2%
0,1% 03% 02% 02% 0,6% 15% 14% 3,7% 3,3% 9,4% 4,5% 12,4%
02% 04% 03% 03% 08% 23% 21% 55% 50% 141% 68% 18,6%
02% 0,6% 04% 04% 1,1% 3,1% 28% 73% 6,7% 18,7% 9,0% 24,8%

03% 0,7% 05% 05% 14% 38% 35% 91% 83% 234% 113% 31,0%
03% 09% 0,6% 0,6% 1,7% 46% 42% 11,0% 10,0% 281% 135% 37.2%

AN AW

Két qua thu dudc chi ra khi Iuc cing cia céc cdp thép trong tay vin ting 1én thi ting suét trén hau
hét cic phan tif cAu tao bo thang gidam xubng. So sdnh giita bo thang nguyén ban va bd thang c6 ap
dung giai phap véi cac miic luc cing khac nhau, phan trim ludng gidm dng suit 16n nhit trén tay vin
va ray trong céc ng suit tinh todn tit 36 t& hop xem xét nhu trong Bang 1. Trit hai phan ti thanh
chéo gan véi gbi lién két v6i ban xoay c6 xu hudng ting 1én (3 vi tri géc nang 16n nhét: ting suat 16n
nhét ting t6i da 3,6% va ty 1& dng suit 16n nhit so vé6i ting suit cho phép 1a —0,175; & vi tri thang
nam ngang: ng suét 16n nhit ting t6i da 1,2% va ty 1& ding suét 16n nhit so vdi ding suét cho phép la
-0,498). Miic do ting nay 12 rit nhé va gia tri ting suit vAn nim trong ngudng an toan [23].

Chuyén vi tinh trén dinh thang gidm dang ké. Mic d6 gidm cang 16n khi luc cing cdp cang 16n va
4nh hudng clia luc cing céap trong tay vin ctia doan thang thi 3 dén chuyén vi dinh thang 12 16n nhét.
Lugng giam khi kéo cép trén ca ba doan thang va chi kéo trén doan thang tha 3 1a 1,5% — 17,5% va
0,9% — 10,5% tng vSi hé s6 kéo cing tir 0,5 dén 6. Tuong tu nhu vay, trong hai trudng hop kéo cap
nhu trén, lugng gidm chénh 1éch chuyén vi § dinh thang khi chua chiu tai va sau khi chiu tai véi sb
ngudi trén gid ciu hd gip 1,5 1an quy dinh theo tiéu chuian BS EN 14043:2014 14 3,5% — 41,6% va
2% —24,5%.
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Nhu vay, c6 thé thiy riang khi kéo cing cap thép trong cic tay vin, chuyén vi dinh thang giam rd
rét, bo thang thang hon, giam tai cho tay vin va ray. Didu d6 thé hién kha ning chdng ubn trong mit
phéng thang ding da dudc cai thién trong khi khéi lugng bo thang hiu nhu khong ting.

3.2. Pdnh gid vé khd ndng ddp tdt rung dong
a. Mo hinh dong luc hoc bd thang

Gia thiét trong lugng ctia mdi doan thang phan bd déu trén chiéu dai clia né. Trong lugng clia gid
cifu hd, ngudi, thiét bi va vat tu ctiu ho dit trén dinh thang dudc coi 1a tii trong tap trung. Luc cing
gdly bdi cap thép lap thém gy ra luc nén doc truc va ubn thang do luc cing 1éch tim so véi truc trung
hoa cuda thang.

Moi doan thang dugec mo hinh nhu mot dim cong x6n véi chiéu dai 1a L; va bao gdm (n+ 1) miéng
cing ig, iy, ..., iy, (i = 1 =3, n > 2). Miéng cting i, 1a bd phan ngdm. Miéng cting 2,, dudc lién két
v6i 1; bdi dém 1-2. Miéng ciing 3, dugc lién két v6i 2; bdi dém 2-3. Miéng 3 lién két véi xe co s bdi
chot ban 1& va xi lanh thily luc. Phan tif thi j, (j j= 0- n) ctia doan thang i ¢6 toa do (X;;, yij, @i ]) dudgc
dit & trong tim ctia nd. Cac miéng ciing trén mdi doan thang lién két véi nhau bang cac 10 xo xoin va
cdc gidm chin nhu mod ta trén Hinh 4. Trong d6, k; va ¢; 1a do cling va hé s gidm chin ciia céc 10 xo
va giém chén trong doan thang thi i (trii 10 xo va gidm chén trén cung); k; va ¢} 1a do cling va hé sb
giam chin ctia 16 xo xoan va giam chin trén cling. Muc dich ctia viéc chia cic cip 1o xo xoan va giam
chin thanh hai nhém 13 d€ ddm bio chuyén vi trén dinh thang mo hinh va thuc té tuong duong nhau.

Lifc g trung

Hinh 4. M6 hinh dong luc hoc ctia bd thang c¢6 gin thém cac cap thép

Viéc 1ap dit cac cap thép phia trong tay vin khong c6 dd vong nén ching ¢ thé dudec mo hinh héa
nhu mot 10 xo kéo k; va gidm chin c.; (i = 1 — 3). Mdi dau ctia ciip 10 xo va giam chén nay lién két
v6i mdi dau clia cac doan thang biang mot khdp ban 1&. Khép nay léch tim véi dudng tim ctia thang
mdt khoang 6,; (i = 1 — 3).
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M6 men ubn giy béi luc cing cap thép lap thém & doan thang thi i 1a:
Ti = keiGei (Ucai = leaio), 1=1-3 (2)

trong d6 [.4jo 12 chiéu dai tu nhién va I 1 chiéu dai lam viéc ctia cap thép.
Tai giam chan do cép thép gan thém & doan thang thi i gdy ra

D; = Cciéeiicai’ i=1-3 (3)

V6i I.4; 12 the d0 thay d6i chiéu dai /., theo thoi gian.
Phuong trinh chuyén dong ctia b thang dudc viét dudi dang:

T ..
M @ (1d|_|Q (4)
o, 0 A Y

trong d6 M 1a ma tran khdi lugng, @, 1a ma tran Jacobian cla cac rang budc, ¢ la véc to gia toc, A 1a

véc to nhan tif Lagrange, Q 12 véc to luc suy rong, va  1a véc to vé phai clia phuong trinh gia toc.
Toa do tdng quat q dugc dinh nghia bdi

T
(I=[ X10 Y10 ©10 - X3n Yin 3 ] (5

Bing phuong phép s6, hé phuong trinh (4) dudc gidi va tim dudc cac thong sb dong hoc clia cac
miéng ciing. Do dich chuyén, van tdc va gia tdc clia dinh thang c6 thé xac dinh thong qua céc thong
s6 tuong dng clia toa do trong tim miéng cing 1,.

b. Anh hudng ctia luc cing cdp dén rung dong trén dinh thang

St dung phan mém Matlab d€ lap trinh va mo phdng chuyén dong trén dinh thang véi tit ca cac
qua trinh 1am viéc clia mdy trong trudng hop c6 cap thép va khong cé cap thép 1p thém.

Theo két qua mo phong, anh hudng ctia luc cing cap thép dén do rung & dinh thang trong qua
trinh thang 1am viéc 1a ddng ké [14]. Tat ca cdc bién do rung dong, bién do van tbc va gia tdc déu giam
so v6i trudng hop khong c6 cap thép. Luong giam nhiéu hon trong qud trinh ha thang (xem Béng 2).
Céc gid tri nay giam sdu khi luc cing cac cap thép tang 1én. Cap thép trong doan thang thd 3 anh
hudéng nhiéu hon dén su gidm rung dong & phan dinh thang.

Bang 2. Ludng gidm gi4 tri cac thong s6 dong hoc

Thong sb Nang Ha M§ rong Thu lai
Chuyén vi 30,3% 73,9% 6,8% 69,8%
Vin toc 27,1% 74,8% 17,7% 71%
Gia tbc 29,2% 74,6% 29.2% T2%

Nhu vay, luc cing clia nhiing cap thép 1ap thém anh hudng tich cuc dén qua trinh lam gidm rung
dong & dinh thang. Tuy nhién, d€ bién do rung dong tiép can vé 0 ma khong diéu khién day cap thi
van can mot thoi gian kha dai.
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c. Diéu khién dap tat rung dong
St dung ky thuat nhing, bién hé phuong trinh (4) thanh hé phuong trinh don gidn hon véi sb
luogng 4n bang vé6i sb bic tu do ctia hé thdéng. Sau dé, tién hanh tuyén tinh héa hé phuong trinh thu
dugc. Véc to gia téc ciia chuyén dong nhiéu (chuyén dong b sung) c6 thé xic dinh tit hé phuong
trinh sau:
ij = =M(»~'C(n = M)~ Knn + M®O™" (F + kppD) (6)

trong d6 ij, 7,77 1an ludt 1a gia tdc, van toc va chuyén vi clia chuyén dong bd sung trén thang; M(7),
C(#), K(7) tuong ting 12 ma tran khéi lugng, ma tran gidm chin va ma trin do ciing; D 12 ma trin tai
trong bao gdm T; va D; sinh ra do cap thép gan thém vao; F 1a ma tran luc suy rong khong bao gdm
cdc thanh phan luc gy bdi cac cap thép thém vao; krp = 0F(1)/0D, v6i F(£) 12 ma tran luc suy rong
tong.

D€ diéu khién cédc phan ti cia ma tran D trong hé phuong trinh (6), mot ma tran dudng chéo Keong
dudc thém vao. N6 dudc dinh nghia nhu sau:

Keons = diag| kri  kpr  kr2 kpy  krs  kps | (7)

Vi kp; va kp; (i = 1 — 3) 1a c4c hé sb diéu khién dng véi cac thong sb T; va D; trong doan thang thi i.
Cubi cung, véc to gia tdc ctia chuyén dong bd sung dudc xac dinh bdi

il = M)~ 'Ct)ig - MO ' K(t)n + M(©®) ™" (F + kppkeony D) (8)

Dua trén phuong trinh (8) va cic dic diém lam viéc ctia bd thang, mo hinh diéu khién rung dong
da dugc mo phdéng biang Matlab-Simulink nhu thé hién trong [15] véi bbn ché do diéu khién (diéu
khién cép thép lan ludt trén titng doan thang va diéu khién tong thé). Trong do, ba bo diéu khién
Ty 1& - Pao ham (PD) gom (T1, D1), (T2, D2) va (T3, D3) thiét 1ap cic gi4 tri diéu khién k7; va
kpi (i = 1 —3). Theo [15], két qua mo6 phdng diéu khién cho thdy qua trinh diéu khién 7; da tic dong
dén viéc giam chuyén vi tinh, n6 4nh hudng khong ding k€ dén qua trinh triét tiéu dao dong. Rung
dong tat nhanh trong qua trinh diéu khién D; va né ti 1& nghich véi cac gia tri kp;. V& viéc xem xét véi
ting doan thang, qua trinh diéu khién kp3 cho thiy sy t6i uu nhét, dao dong bi dap tit nhanh chéng.
Viéc diéu ki€ém kp, kém hiéu qua hon va dao dong gidm khong dang ké trong qua trinh diéu khién
kpi.

Vay, viéc st dung dong co thily luc d€ tién hanh diéu khién hé thiy luc — cap thép dap tit rung
dong nén thuc hién trén doan thang 3. Ngoai cac hiéu qua nhu da néu § trén thi § doan thang 3 kich
thudc tay vin thudng 16n hon va gan véi may co sé hon nén thuc hién lap thiét bi thiy luc & d6 dé
dang hon.

Ba bo di€u khién Ty 1& - Pao ham trong mo hinh diéu khién & [15] thay thé biang m6 hinh ctia cac
phan ti thiy luc va mé hinh dong luc hoc hé nhiéu vit ctia bo thang dudc gitt nguyén. Dan dén, mo
hinh diéu khién thiy luc — cap thép rit gon lai nhu trong Hinh 5. Trong d6, bdn khdi chic niing ctia
thiét bi dugc thiét ké trong phan mém Matlab-Simulink gom:

- Khéi tao tin hiéu diéu khién: Lam nhiém vu tao ra tin hiéu diéu khién. Tin hiéu dau vao la cic
tin hidu van tc. N6 dudc khuéch dai bién do theo thdi gian nham dam bao van ty 1& luon nhan dudc
tin hiéu manh thay vi tin hiéu yéu dan do rung dong gidm. Trong mdi chu ky cta tin hiéu, van dat
dugc hai trang thdi mé hoan toan. Vi vy, hiéu qua giam chin chi dong van & mifc tdi da ngay c khi
rung dong trén thang gizm. Chic ning khuéch dai sé bi ngat khi bién do rung dong dat gia tri nhod
gi6i han. Gia tri ndy c6 thé dudc thiét 1p ngay tir dau khi cai dit.
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- Khéi van ty 1&: Chiic niing ctia n6 12 nhan tin hiéu diéu khién va cic gid tri 4p suét tai cic cong
truéc va sau ctia van d€ cung cip luu lugng theo dudng dic tinh van.

- Khéi xy lanh: Cé chifc niing bién d6i ning lugng thity Iuc thanh co ning clia pit tong.

- Khéi gidm chin chii dong: Nhan tin hiéu van tc cia pit tong tif khbi xy lanh va tao ra luc giam
chin.

V6i van phan phéi ty 1& D-3-F-C cia hang Parker, dic tinh luu lugng clia né tuong dng véi ty 18
phan trim clia tin hiéu dién dau vao va luu lugng gidi han c6 thé tim thiy trong [24].

Il Outi D
| Tin hiéu
|_ n2 Oui2 = In1
/ - . . o o
, Tao tin hiéu dieu khién l
f W In2 Luwru hegmg
= L
Loads |—— a2 | —
| Van tv 1&
: 4 | xytanmh —{]
Lypc tap trung fen g —
Toc d pit tong
Omega Il I
- y o]
- Giam chan _
é g chi dgng Lyc gidgm chan

Ired
_— . ! : N |
Mo hinh ket cau thang |

Chuyen vi dinh thang

Hinh 5. Mb hinh diéu khién thiiy luc - cap thép trong Matlab-Simulink

Luu lugng dau qua van dudc xac dinh

* A X
0= Ciion \[ ©)

trong d6 Ap, 1a chénh léch ap suit giita cong vao va cdng ra khi 1am viéc, Apyom = 5 bar 1a dd chénh
1&ch dp suat khi dong chéy c6 luu lugng danh nghia, Qy,,, 12 luu lugng danh nghia tuong dng véi
cudng do tin hiéu diéu khién

U
ONom! ONom = f(U ) (10)

v6i U 1a dién dp diéu khién, Upax 12 dién dp 16n nhit va Qu,,, 12 Iuu lugng danh nghia tuong ting
U max-

Dua trén dudng dic tinh ctia van, (10) c6 thé dudc thiét 1ap dudi dang ham todn hoc tudng minh
nhu sau:

1
0 khi 0 < < —
max 10
ONom _ | 10U ~ Unax khi —— < v < ! (11)
QN om 20U, max 10 U max 4
37U — TUmax .1 U
—————F khi- < <1
30Umax 4 Umax
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Trong qua trinh kéo cap thép, chénh 1éch ap suét dugc tinh béi

4F,r

n(dg - d},) (12

Apyx = pon —

trong d6 p,;, 12 4p suét tai cira vao ctia van, F »r 1aluc kéo pit tong do day cap gay ra, dj, la duong kinh
xy lanh va dj, 1a dudng kinh pit tong.

Qua trinh pit tong bi luc cing cip kéo vé phia trudc, su chénh 1éch 4p suit c6 thé dudc biéu thi
bing

Apy = —) — Pou (13)

Vi poy 12 4p suit tai ctia ra clia van.

d. Panh gid két qua

Thuc hién mo6 phéng qua trinh lam viéc ctia bd diéu khién thity Iuc — cdp thép véi thai diém bat
dau 1am viéc muon hon so v6i mo hinh dao dong bac thang 1a 30 ms. Thdi gian tré 1a 4 ms.

Két qua md phong thu dudc do thi tin hiéu dién diéu khién van ty 1¢ trén Hinh 6, dd thi luu luong
dau qua van ty 1¢ trén Hinh 7, tbc do pit tong trén Hinh 8, luc gidm chin va chuyén vi trén dinh thang
thé hién trén Hinh 9 va 10. Qua d6 cho thdy, & trang thdi thang c6 thé giy ra rung dong 16n nhit 1a vi
tri thang nam ngang va md rong toan b, gia tri clia bién do rung dong tién t6i 1 mm chi sau hon 9 s
diéu khién véi trudng hop khong tai va hon 17 s diéu khién véi trudng hop day tai.
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0
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=60
=90

|

012345678 92101112131415 012345678 09101112131415

50

0

=50
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111 I

0,08 ||||

Chuyén vi{m)

Thini gian (s)

Hinh 10. Chuyén vi trén dinh thang

Mic du khdi dong mudn va c6 ké dén do tré pha cia tin hiéu diéu khién, viéc dap tit rung dong
thong qua diéu khién mo hinh hé thiy luc — cap thép da dudc chitng minh 1a ¢ hiéu qua nhanh. Nham
tang hiéu qua tdi da va rit ngan thoi gian diéu khién hon nita, viéc diéu khién hé théng nay cé thé tién
hanh ngay trong qua trinh mé rong thang.

4. Két luan

Giai phap dé xuat d€ giam chuyén vi tinh va dap tat rung dong trén dinh thang ctia xe thang ctiu
héa cho thiy hiéu qua rd rét véi cac xe thang c6 chiéu dai thang tir 32 m trd 1én. Két cAu thang sau khi
lap thém céc cap thép théa man céc diéu kién tinh todn kiém tra theo tiéu chudn FEM 1.001 va BS
EN 14043:2014.

Cic cap thép dugc kéo cing d€ ting kha ning chong udn theo phuong thiang ding. Luc cing cdp
clia cdc cap thép lap thém anh hudng tich cuc téi viéc lam gidm rung dong trén bo thang trong qua
trinh nang ha, thu gon va md rong. Tic dung clia cac luc cing cdp trong doan thang thap nhét (duéi
cliing) d6i véi rung dong 12 16n nhAt.

Diéu khién dé€ dap tit dao dong trén thang bing cic dong cd thiy luc ¢d nhd trén co s6 tan dung
nguon thdy luc c6 sin trén xe. Hé thong diéu khién nay doc 1ap v6i hé thdng diéu khién cic co ciu
trén xe, tiéu ton it ning luong va linh hoat trong qu4 trinh hoat dong. Trong cic doan thang ctia bd
thang, diéu khién trén doan thang thip nhét cho két qua tot nhit. Nhu vay, dbi véi xe thang 32 m thi
nén trién khai giai phap & doan thang thip nhét, ddi v6i xe thang cd 16n hon c6 thé trién khai & mot
s6 doan thang thap (phia dudi) c6 kich thudc tiét dién tay vin phu hop vé6i viéc lap thém thiét bi.

Giai phdp nay c6 thé ing dung d€ cdi tao ning cAp céc loai xe thang thé hé cii chua c6 hé théng
dap tit rung dong hodc trién khai cho ché tao xe méi. Dua trén cd s6 y tudng nay, hudng phat trién
tdng chiéu dai 1am viéc clia cdc xe thang sé tiép tuc dudc nghién cifu.
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