HOI CO HQC VIET NAM

Tuyén tip cong trinh khoa hoc
Hoi nghi Co hoc toan quéc lan thir X
Ha No¢i, 08-09/12/2017

Tap 1. Pong hwe hoc va Piéu khién
Co hoc May

HA NOI, 2018



Hoi nghi Co hoc toan qudc 1an thir X, Ha Noi, 08-09/12/2017
Tap 1. Pong luc hoc va Piéu khién, Co hoc May

Nghién ciru bd giam chan dé giam su bién thién lyc cing
cap nang trong tai trong khong gian ba chiéu

La Pire Viét ', Nguyén Trong Kién >
"Vién Co hoc, Vién Han lam KHCN Viét Nam, 264 Dgi Cdn, Ha Noi
2 Pai hoc Vinh, 182 Lé Ducfn, Tp Vinh, Nghé An
3 Hoc vién KHCN, Vién Han lam KHCN Viét Nam, 18 Hoang Quéc Viét, Ha Noi
*Email: laviet80@yahoo.com

Tém tit: Cap néng trong tai co tinh linh dong ¢b hiru va lubn co nguy co bi dao dong lic lu trong
khong gian 3 chiéu. Trong qua trinh dao dong, su thay ddi 16n cua luc cing cap gy nguy hiém cho
cac thiét bi nang ha. Bai bo nay trinh bay phuong phap str dung bo giam chan két ndi cap véi
trong tai, c6 muc dich duy tri gia tri khong d6i cua lyc cing cap, giam sy bién thién dot ngot clia
luc cang, nang cao do an toan cua thiét bi. Bo giam chin co thé giam sy bién thién lyc cang trong
truong hop téng quat trong tai bi dao /dong theo ca 3 phuong khong gian. Vi du sé duoc thyc hién
dé minh hoa hiéu qua cua bd giam chén.

Tir khoa: Giam lac can cau, gidm chan, can Coriolis

1. Mé dau

Trong tai cia cin cdu treo boi day cap lubn c6 tinh linh dong cb hiru. Séng va gid 1a 2 yeu t6
mdi trudng co tac dong den dao dong lic lu cua day cap can cau. Gio 1a yéu td tac dong truc t1ep gay
ra dao dong. Song 12 yeu t6 tac dong gian tiép, gdy ra chuyén dong cia tau thuyén hoic chuyen dong
ctia dé can cau. Tai do song giy ra s& dugc chuyen hoa thanh céc loai tai trong do dich chuyén ctia tau
noi chét tai hoac dd tai va chuyén dong ctia dé can cdu trong trudng hop can chu dat trén cac bé do
khong ¢b dinh. Nhu vay gi6 chi yéu gy ra cac lic lu ngang con séng chu yéu gay ra cac dao dong
doc day cap.

Chién luoc diéu khién néi chung duogc thyc hién béng cach dua tin hiéu diéu khién vao mot bo
phan nao dé cia can ciu nhu cap [1-2], xe toi [3], cdn may truc [4-5] hodc vao bd giam chan khdi
luong [6]. Piéu khién co6 thé dugc thuc hién bang cach phan hoi tu dong hoidc bang tay do nguoi diéu
khién c4u thyc hién. Diéu khién phéan hoi tu dong su dung cac s6 do vi tri cua trong tai dé tao ra tin
hiéu diéu khién. Tuy nhién viéc do chinh x4c cac trang thai cua hé 1a khong d& dang. Céc dau do c6
thé dét do6 va kho khan khi lip dat va duy tri. Hon nita viée tich hop didu khién tu dong va didu khién
bang tay 1a sy két n6i 2 hé thong phan hoi c6 thé gay ra nhimng chuyén dong khong phut hop véi ngudi
diéu khién cau, 1am giam hiéu qua giam dao dong lic lu [7]. Diéu khién bang tay 1a cach thirc don
gian va thuong dugc su dung nhung phu thuge rat nhidu vao kinh nghiém, goéc quan sat, kha ning
phan tng ctia nguoi diéu khién can cau.

Céc thiét b giam chan trong cac nghién ctru trude day da timg duge su dung dé giam dao dong
ctia con lac don c6 két nbi cimg [8-10]. Cap can cdu 1a con lic c6 két ndi mém nhung cac nguyén ly
ctia cac thiét bi da c6 c6 thé duge xem xét. Mot hudng nghién ctru da dugc dat ra gn day dua trén y
tuong chuyén cac dao dong lic Iv vé dao dong huéng tam [11]. Y tuong vé hé thong 10 xo va giam
chan huéng tim dé giam dao dong lic lu cia cap can cdu duoc cho trén Hinh 1. Khi trong tai lac lu thi
luc ly tm thay ddi theo thoi gian va lam cho trong tai co chuyen dong huéng tdm. Chuyén dong
huéng tim sé& tao ra can Coriolis tac dong vao chuyén dong lic I clia trong tai va lam giam chuyén
dong lac Iu do. O day ta dbi mat voi mot bai toan “théa hiép”, hy sinh mot chuyen dong nho theo
phwong huéng tim dé giam chuyén dong 16n hon theo phuong vong (chuyen dong lic lu) vi chuyen
dong hudng tim c6 thé duoc tiéu tan nang luong d& hon rat nhiéu so véi chuyén dong lic lu. Hé thong
10 xo va giam chan chi 1a mot két ndi don gian giita trong tai va cap, do d6 hé thong nay co thé dé



Nghién citu bg giam chan dé giam sw bién thién lyc cang cap nang trong tai
trong khong gian ba chiéu 637

dang dugc g& bo trong truong hop khong cho phép chuyén dong hudng tam. ngoal ra ta ciing co thé
thay d6i d6 16n ctia chuyén dong hudng tim bang cach thay doi do can cta bo giam chan.

—
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Xe toi

Lo xo va can
4—— huong tdm

Can
riolis

Hinh 1. Hé thong 10 xo va giam chén hudng tim

Y tudng st dung bd giam chén theo  phuong hudng tam trén thuc té da dugc sir dung dé giam sy
thay d6i dot ngot lyc cang cta day treo can cau khi tiép xuc hodc tach tiép xuc V01 nén tau hodc mat
bién. Hinh 2 cho thay anh chup thiét bi ctia hang Cranemaster l4p dit giita cap can cu va trong tai dé
giam dao dong cua luc cang cap theo phuong dimg. Hinh 3 ciing 14 anh chup cua thiét bi twong ty cia
hang Safelink.

Hinh 3. Thiét bi giam chan Safelink tin lap dit vao cap can ciu

Nhu vay c6 thé thiy ring cac thiét bi giam chin di duoc sir dung trong thyc t& dé giam cac dao
dong lac lu dung. Tuy nhién bai bao nay chi ra rang mac du lap theo phuong hudng tdm, céc thiét bi
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nay ciing van cé kha nang giam ca cac dao dong lic Iu ngang. Do d6 c6 thé xem day 1a thiét bi hiru
dung “3 trong 1” giam dong thoi dao dong cua luc cang cap theo ca 3 phuong trong khong gian.
2. Phuong trinh dao dong

. He thong 16 xo va giam chan hudng tim dé giam dao dong cia lyc cing cap trong khong gian 3
chiéu duogc cho trén Hinh 4.

Hinh 4. M5 hinh cap treo c6 lip giam chan

Xét truong hop can cau khong di chuyén, dao dong trong khong gian cua trong tai do cac diéu
kién dau gy ra. Ky hiéu L, 1a chiéu dai cua day cap treo, L,, k va ¢ 1 do cimg va dd can cta két ndi
giam chan, m 1 khoi lugng clia trong tai, u 1a chuyén dich cua trong tai theo phwong hudng tam, tinh
tir vi tri bién dang tinh. Do dléu kién dau cac goc lic s€ bi kich dong, duoc ky hi¢u 1a goc tiép tuyén 0,
va goc phap tuyen 0,. Goc tiép tuyén va goc phap tuyen tuong ung la cac chuyen dong in-plane va out-
plane cua con lic. Nhu vay trong khong gian 3 chiéu, trong tai ¢6 3 chuyén dong tuong tng véi 3 dai
luong 64, 0, va u.

Vi tri cta trong tai duoc xac dinh boi:
x=(L, +u)sin6, cosb,
y=(L, +u)sinb, (1)
—(L, +u)cos b, cos b,

Sau d6 cac ham dong ning Ex, thé ning Ep va ham tiéu tan nang lugng Ep dugc thiét 1ap

Eg=2(#+57+2°),
2 2
ku® cii’ @
E, = l+u—z)+—,E, =—
p=mg(l+u—z)+ 2, =
trong d6 g 1a gia toc trong truong. Cac dao ham cua cac toa dd dwoc tinh theo cong thirc dao ham
riéng. O day c6 3 bién thay ddi theo thoi gian (0, 0,, u) nén cong thirc dao ham co dang:
PaC Ox 01 ox 9-2+8_xu
06, 00, ou
Y 0 + = 24 92+ayu 3)
89 00, ou
z‘:ﬁ—zé1 +£92 sy
006, 00, Ou
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Sau khi c6 duoc cac biéu thirc ciia dao ham theo (3), thay vao (2) dé c6 biéu thic cua dong
nang, thé ning va ham tiéu tan. Sau do ti€p tuc thay vao 3 phuong trinh Lagrange:

O(E, —E O(E, —E
i ( £ . P) - ( £ P)+6E'.D:09 (qzelaezau) (4)
dt g 0q oq
Ta thu duoc phuong trinh chuyén dong c6 dang:
(L, +u)(¢91 cosf, —26,6,sin 6, ) + 2416, cos 6, + gsin 6, =0 Q)
(L, +u)(6, + 6 cos6, sin@, ) + 216, + g cos §;sin 6, =0 (6)
ii+£u + S0 +g(1-cos 6, cosb,)—(L, +u)(6.’22 +67 cos’ Hz)z 0 (7)
m m
Luc cing cap duoc xac dinh tir biéu thirc:
T=mg+ku+cu ®)

Mot s6 tham sé duge dinh nghia trong Bang 1 dé dua phuong trinh vé dang phi thi nguyén.

Bang 1. Cac tham sb dugc st dung dé viét cac phuong trinh phi tha nguyén.

Ky hiéu Mo ta
o, =Jg/L, Tan s6 riéng cta dao dong lic Iu
T=wt Thoi gian phi thir nguyén véi ty 1€ o

Vk/m

a= Ty sb giira cac tan sd riéng
a)S
C 7 ’
¢= Ty s0 can phi thir nguyén ctia bd giam chan
2Jkm y p guy 0 g
u 5
=T Dang phi thir nguyén ctia chuyén dich huéng tdm
3

Phuong trinh (5), (6), (7) tré thanh:

(1+u, )(6’1 cos @, —26,6, sin 6?2)+ 24,6, cos B, +sinf, =0 )
(1 +un)(552 +67 cos b, sin02)+ 21,0, +cos 6, sind, =0 (10)
i, +a’u, +2¢ai, +(1—-cos 6, c056?2)+(1+un)(—6'?22 — 6’ cos’ 6?2):0 (11)

trong d6 tat ca dao ham bay gio dugce liy theo thoi gian phi thir nguyén t. Luc cang phi thir nguyén
duoc xac dinh tir biéu thire:

T =L ivatu +20ai (12)

n

mg
3. Giam dao dong cua lyc cang theo 3 phwong khong gian
Bai bao [11] da chi ra 10 giai tdi wu cua 10 xo va giam chén 1a:

a=2¢=2, (13)
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v6i G, 1 ty s6 can hiéu dung xac dinh tir phuong trinh bac 3 cua &,”.
2 4
_ g 32742 -36¢¢ (14)
128¢,(3¢7 +1)

trong do6 6 la goc dao dong ban dau nao do tiry thudc vao thiét ké ddi voi tai trong ngang. Tuy nhién
trong thue té do cac didu kién an toan va diéu kién ky thuat th1 dd can cia bd giam chin co thé cin lorn
hon d6 can t6i wu. Do d6 trong bai bao nay ta xét ty sd tan sé o dugc dit o gia tri bang 2 nhung ty sb
can ¢ co thé thay doi cac gia tri khac nhau. Luc cing xac dinh tir cong thic (12). Trudong hop khong co
bd giam chin duoc x4c dinh tir gia tri o kha 16n (tam iy bang 20) twong tng véi ddy gian rt it va do
can bo giam chan bang 0.

Ta xét cac trudong hop diéu kién déu khac nhau:
- Trudng hop 1: Dao dong do diéu kién dau ciia 0,, twong (g véi truong hop tai trong ngang

dy day léch mot goc nhat dinh roi triét tiéu tai trong. Diéu kién dau c6 dang 6,(0)=n/6, cc diu kién
dau khac bang 0. D6 thi dao dong cua luc cang duoc cho trén Hinh 5.

- Truong hop 2: Dao dong do diéu kién dau ciia 0,. Piéu kién dau c6 dang 0,(0)=n/6, cac dicu
kié€n dau khac bang 0. B6 thi dao dong cua lyc cang duoc cho trén Hinh 6.

- Truong hop 3: Dao dong do diéu kién dau cta u, tuong Gmg voi truong hop tai trong dimg tao
ra va cham. Diéu kién dau c6 dang u, (0)=0.01, cac diéu kién du khac béng 0. D6 thi dao dong cua
lyc cang dugc cho trén Hinh 7.

- Trudng hop 4: Dao dong do tong hop cac diéu kién dau 6, (0) =6, (0) = 054, (0)=0.01, cac
diéu kién dau khac b?ing 0. Do thi dao dong cua luc cang dugc cho trén Hinh 8.
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Hinh 5. 6 thi dao dong cia lyc cing, trudng hop 1
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Hinh 7. B thi dao dong cua luc cang, trudng hop 3

Két qua cho thdy b giam chan c6 hidu qua lam tit dan dao dong ciia luc cing trong tat ca cac
truong hop. Ddi véi trudng hop dao dong gy ra boi cac diéu kién dau cua goc lic Iv (Hinh 5, 6, 8),
néu do giam chan khong du 16n (5%) thi khong di giam dugc lyc cing 16n nhat. Do giam chin du 16n
(20%) cho phép han ché lyc cing 16n nhat nhu truong hop khong c6 bo giam chin dong thoi dap tat
dao dong cua lyc cang sau mot 5O chu ky dao dong. trong khi d6 néu khong c6 bd giam chén thi dao
dong cua lyc cang rat kho co thé dap tat. Trong truong hop dao dong doc day (Hinh 7), luc cang duoc
giam rat nhidu do ban than 16 xo ciing mot phan cach ly va cham tac dong vao day cap.
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Trong trudng hop ca 3 diéu kién diu cung ton tai, bd giam chén thé hién rd kha ning giam dao
dong cua luc cang trong truong hop dao dong trong khong gian 3 chiéu.

-------- Khéng giam chan Ty 0 can=20%

Ty s6 can=5%

Ty s6 can=10%

Luc cing phi thir nguyén
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Hinh 8. Do thi dao dong cta lyc cing, trudng hop 4

4. Két ludn

Bai bdo da nghién ctru kha nang giam dao dong cua lyc cang cap treo trong tai bang bd giam
chan 1ip theo phuong doc ddy. BO giam chin vira c6 kha nang cach ly dao dong doc day tir trong tai
truyén vao cap treo, vira ¢6 kha nang giam dao dong lac lu bang cach sinh ra lyc can Coriolis. Phuong
trinh chuyén dong 3 chleu cua trong tai dugc thiét 1ap. Do cting cua 16 xo duoc lya chon sao cho tan sb
dao dong doc gip 2 1an tin sd dao dong ngang. DY can cua bd giam chén d3 duoc thay dbi dé khao sat
hiéu qua. Két qua mo phong s6 cho thay véi d6 can thich hop clia bo giam chin, dao dong cua lyc
cang trong khong gian 3 chiéu co thé dugc dap tit trén ca 2 phuong dién gia tri cuc dai ciing nhu do
tat dan.

Trong tuwong lai, can xem xét anh hudng cua cic diéu kién dau khac nhau ciing nhu anh hudng
ctia nguoi diéu khién cau t6i hiéu qua ciia bd giam chan.
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