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I. NGHIEN CUU CAC GIAI PHAP CONG NGHE CHONG DAO PONG
CO HAI BANG THIET BI TIEU TAN NANG LUONG (TTNL)

1. Panh gia cac dao dong cé hai trong nhing cong trinh ki thuat ¢
Viét Nam
Hién nay, cong nghé giam dao dong c6 hai (DDCH) 1a mét trong nhiing quan tam hang
dau cta cac co quan nghién ctu va tng dung [1,2,6,7,9,23,29-39,67-72]. DDCH xuét
hién trong nhiéu linh vuc: phuong tién giao thong chiu kich dong mat duong; tau thuy
va cac cong trinh ngoai khoi chiu tic dong song gid; cac thap vo tuyén, cao 6c chiu tac
dong gi6 va dong dat; cac cau treo chiu tai trong gié bao; cac thiét bi, tudc bin hoat
dong véi toc do cao... Cic DDCH nay ngay cang nguy hiém va cin dugc quan tam
thich dang vi 3 ly do:

-Su tang 1én vé quy mo két cau, toc do mdy mdc, cuong do kich dong ngoai.

-Su cap thiét vé viéc giam gia thanh cac cong trinh 16n.

-Yéu cau cao vé an toan cho céc cong trinh quan trong.
Ngoai ra, nuGc ta dang phat trién cong nghiép déng tau bién, tuv dong hoa trong nganh
co khi, cong nghiép diu khi, dan khoan bién, cdu day vang v.v... Tét ca céc Iinh vuc
nay déu c¢6 nhu cau dp dung cac bién phap dap tat DDCH. Dudi day ta s& xem xét sau
hon mot s6 linh vuc dién hinh.

a. Phan tich cac dao dong c6 hai trong cong trinh bién va cang
Dao dong cé hai trong cong trinh bién

Trong xay dung yéu ciu giam DDCH dugc dat ra trong nhiéu nam lai day. Nhiing
tinh to4n c6 dién thudng coi cong trinh xay dung 1a két cau tinh, yéu t6 dong duoc
dua vé yéu t6 tinh tuong duong. Do d6, nhitng phuong phdp giam dao dong ciing
mang tinh "tinh" nhu: ting cudng do ciing ctia két cau. Xu huéng nay da thay doi vi:

+ Cac két cau ngay cang cao hon, dai hon va do d6 cling manh hon. Viéc tang
do day sé lam tang khoi luong dan t6i viéc phai gia c6 mong hay bo sung céc tru cu.
Nhitng cong viéc nay thuong qua ton kém.

+ Do su tang 1én v€ quy mo, két céu ciing phai chiu thém nhiing tai trong dong

phtic tap (dong dat, gié, séng bién...). Viéc quy vé mo hinh tinh d€ tinh todn khong
con phu hop.
Cdc cong trinh bién thudng phai chiu cdc tai trong séng, gié, dong chay - 1a cac tai
trong dong, c6 cuong do 16n. Do vay nhu ciu giam dao dong dang 1a mdi quan tam,
dac biét doi véi cdc loai gian dugc neo gilt bang cdc day cdp hoac cdc ngon hai dang,
céc cong trinh quan sdt. Hién nay trong linh vuc cong trinh bién & Viét Nam, van dé
giam dao dong cho cdc cong trinh DKI dang dugc rat nhi€u co quan quan ly va
nghién cttu giai quyét.



Hinh 1.1: Hai dang cong trinh bién chiu dao dong 16n

Dao dong cua cdc cong trinh DKI

Du 4n xay dung cdc cong trinh DKI, ¢6 vi tri chién luge vé kinh t€, KHKT, ANQP,
dugc bat dau tir nam 1989, thudc chuong trinh Bién Pong-Hai Pao cta Nha nudc.
Cong trinh DKI cht yéu dugc xay dung trén cac bai san ho chim ¢6 do sau nudc tir 7-
50m & phia BPong Nam Viét Nam, cach Viing Tau khoang 400-700 km, trong khu vuc
thém luc dia cua Viét Nam, trir DKI/10 xay dung trén nén bun yéu ¢ Bai can Ca Mau.
Dia hinh ddy bién khu vuc nay 1a “déi ndi” san ho ngdm nudc, rat khong bing phang.
Tai mot s6 bdi nho cao tuong doi bang phing da xay dung cdc cong trinh DKI, tao
thanh “Lang trén bién” dé chot giit, khang dinh chli quyén bién, thém luc dia chia Viét
Nam trong khu vuc nay.
Dia chét nén san ho rét phic tap, tinh khong déng nhat rat 16n. Chi trong pham vi
rong, sau mdt vai mét, ciu tao dia chat, cudng do san ho, cac tinh chat co ly da cé su
thay d6i khac nhau réit 16n, khong theo qui luat ndo. D€ c6 co sd khoa hoc vé tinh
chit co 1y ctia nén san ho cho viéc xay dung cdc cong trinh DKI, trong nhitng nam
qua, da khoan dugc 28 miii khoan tham do dia chat, miii sau nhat dé€n 50m, 16p trén
chu yéu la san ho soéng, c6 vi tri 16p mat 1a da san ho cing khac nhau, xen k€& c6 ca
cat san san ho, cudong do khong dong déu dao dong tir 80-270kg/cm?... Tir cic yéu to
nay rat khé cho viéc x4c dinh kha niang chiu luc ctia nén san ho dé tinh toan cong
trinh.
Khi tugng thuy van ctia khu vuc DKI ciling rat phic tap, trong Iinh vuc cong nghé
bién (ké ca Vietsovpetro), dén nay ta da thu thap, c6 thém nhiéu s6 liéu thuc t€ dé
ngay cang pht hgp hon véi KTTV & day. Véi tan sudt 1l 1% da c6 mot s6 so liéu cho
thiét k& xay dung cong trinh DKI giai doan 1989 — 1998 nhu sau:

-Toc do gi6 2’: 34m/s —» 45m/s — 50m/s.



-Chiéu cao séng: 7m - 9m— 10,5m - 14m.

-Dao dong thuy triéu khoang 2,0m — 2,3m.

-Dong chay mat: 3,2m/s — 2,4m/s...
DPay la nhitng s6 liéu khi tugng thuy van da dugc dung trong tinh toan thiét k€ cong
trinh DKI trong giai doan xay dung. D€ dép ung yéu cau khai thdc, phat trién KT
bién, dich vu KHKT bién, ANQP cua dat nudc, trong nhitng nim qua da xay dung
mot s6 CTB tai ving DKI, trong dé c¢6 cong trinh ¢6 san bay, tram nghién ciu vé
bién, tram KTTV... P 4p dung 3 dang méng: trong luc, ban trong Iuc va méng coc.
Tir thuc t€ st dung cho thdy dang méng ban trong luc 1a kha thich hop vé6i viing DKI
(nén san ho). C4c cong trinh DKI d3, dang va sé ti€p tuc ding vitng, khang dinh vi tri
chién luoc quan trong cuia nd, gép phan vao su phat trién, khai thdc tiém niang bién vo
cung phong phi, giau c6 & day, ting cudng kha niang QP, gép phan vao 6n dinh chinh
tri ctia dat nude trong nhitng nam qua. V& mit khoa hoc CTB, ta da ¢c6 mot budce tién
bd vuot bac ca vé so lieu khoa hoc, kinh nghiém thu thap duoc ciing nhu su 16n manh,
truong thanh ctia doi ngili can bo khoa hoc CTB.
Tuy vay, mot s6 cong trinh DKI xay dung & thoi ky dau (1989, 1990) sau mot s6 nam
da bi su c6: da phan ¢6 su rung lac, mot s6 thap khong str dung duoc, nghiéng léch, bi
dé... Qua khao sat thuc t€ tai cac cong trinh DKI, do dac 14y s6 liéu khoa hoc, cac
hoi nghi rit kinh nghiém, hoi nghi khoa hoc vé DKI da néu ra mot s6 nguyén nhan
chinh sau:

-S6 liéu vé khi tuong thuy vin cho dau vao thiét k&€ thap hon thuc t€ rat nhiéu,
nhét 1a chiéu cao séng (thiét k€ 14m, thuc t€ & timg cong trinh da cao t6i 16,17m).

-Su dinh bam giita coc va nén san ho (luc ma sat) thap, bi suy giam khi cong
trinh bi rung lac nhiéu (chiéu sau déng coc, s6 luong coc cho mot cong trinh; trong
luc gia tai cua cong trinh khong tuong xing véi séng gié thuc t€ 16n hon).

-Linh vuc cong trinh bién doi vdi ta con rat mdéi, kinh nghiém ban dau it, cdc
cong trinh lam truc khong hoan chinh bang céc cong trinh 1am sau.
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Hinh 1.2: Phuong an ““ Gia cuong truc ti€p vao chan d¢”



Hinh 1.3: Phuong an “ M& rong chan dé€ ”

Dé duy tri su ton tai lau dai cdc cong trinh DKI theo nhiém vu chién luoc vé bién,

Nha nudc da quyét dinh gia cuong sita chita (GCSC) cac cong trinh DKI. Trong thiét
k& GCSC, cdc so lieu vé KTTV, dia chat co ban van 1ay nhu giai doan xay dung mdi,

riéng chi€u cao song tinh toan cho thiét k&€ GCSC da tang dén 15,8m. Trong giai doan
GCSC céc cong trinh DKI (2000-2004), da t6 chic tuyén chon va dua vao ung dung 2

phuong an. Phuong an “Gia cuong truc ti€p vao chan dé¢” (hinh 1.2) da ap dung cho

20% s6 cong trinh. Phuong an nay thi cong kha don gian, gia thanh thap, ap dung cho

céc cong trinh ¢6 do sau nuée hop 1y song chi bom duoc bé tong vita dang trén bién,

khong md rong (xoe duoc) chan ra xa nén hiéu qua gia ¢6, tinh bén viing chua that tin
cay. Phuong an thtt 2 1a “M¢& rong chan d€” (hinh 1.3) da dung cac khéi dan thép
“tam giac” lién két vao khoi chan d€ cii, m& rong chan d€ ra 2-3 lan, chan cac gian
tam gidc & phia ngoai dugc gia tai, lién két v6i nén san ho bang bom bé tong, da lam
cho céc cong trinh ciing viing, gidm han rung lac, chong lat t6t hon. Phuong 4n nay

vé thi cong phic tap hon; chi phi 16n hon han so véi phuong 4n “Gia cudng truc ti€p”.

Tuy vay, ca 2 phuong 4n déu chua gidi quyét duoc triét dé van dé co ban 1a nang chiéu
cao san cong tac cua CT lén cao theo yéu cdu clia quy pham thiét k€ CTB tng véi
song cao 15,8m, do qua ton kém; viéc lién két giita khoi gia tai vao chan d€ CT cii
chua that tin cdy; hién tuong rung lac khi séng gi6 16n tuy da gidm han song van chua
gidi quyét duoc co ban. Can phai ti€p tuc nghién cttu dé c6 thé 4p dung KHCN tién
ti€n cta thé gidi, lam giam rung lac, chong nhé cong trinh. Mot trong nhitng giai phap
d6 1a nghién ctu 4p dung cong nghé DKKC cho céc cong trinh DKI dé tao kha ning
md ra phuong dn stta chita méi hiéu qua bé xung cho cdc két qua da c6. Mat khac,
viéc 4p dung cong nghé DKKC c6 thé gép phan tao ra cic két cau DK thé hé méi c6
kha ning bén vitng lau dai trong moi trudong bién Viét Nam. Mt khéc, can phai tiép
tuc nghién cttu co ban dé chinh xdc hod hon cdc so liéu ddu vao cho thiét k& cong
trinh DK (S6 liéu KTTV, tinh chét co 1y cua nén san ho va dang CTB thich nghi).



Xoi 10 bo bién

Qua trinh x6i 16 bo bién 1a mot trong nhitng loai tai bién tu nhién x4y ra tai hdu hét
cac bo dai duong trén th€ gidi véi qui mo va cuong do khac nhau. Hién tai, tr mong
céi dén Tinh Gia (Thanh Héa) c6 55 doan bi x6i 16 v6i tong chiéu dai 254 km, trong
d6 nhitng doan c6 cuong do xo6i 16 tir 50 dé€n 100m/nam chiém 4%. Nguyén nhan ctia
x6i 16 1a do nhiéu yéu t6 gay nén nhu do chuyén dong tan kién tao, dong luc dong
chay, nuéc dang, triéu cudng..., trong d6 khong thé khong tinh dén ca tic dong cua
chinh con nguoi. Bao kém theo nudc dang tir 1au da gay ra nhi¢u tham hoa trén thé giGi.

Truot ddt va I6 ddt

Phan tich tai liéu nghién cttu dia chat cong trinh da thay c6 ba khu vuc trugt dat véi
cdc muc do khac nhau. Khu vuc cé tiém nang truot dat véi cuong do manh nhat 1a
Hong Gai va deo Hai Van; khu vuc ¢6 tiém nang trugt dat trung binh la tr Méng Cai
dén Hué; khu vuc it tiém nang trugt dat 1a Quang Yén — Hai Phong. Khu vuc Trung
bo va Nam Trung bo qud trinh trugt 16 bo bién 1a rat 16n, vi du nhu trugt 16 & phan ha
luu song Huong (Thira Thién — Hu€). Tai Mao Khé, nam 1995 do truot va 16 dat ma
hon 1000m? bun tran vao ham 10. Tai Mong Duong, ngay 03/07/1998 dat dd da ap vao
mo mot khéi lugng t6i 150.000m?. Tai Phan ME sut 16 da 1am cho 2.900m? dat d4 lap
day ham 10 v6i chiéu day 72m.

Pong ddt ven bién

Hién nay viéc nghién cttu dong dat da xac dinh dugc quy luat phan bo theo thoi gian
va khong gian cla céc tran dong dat xay ra trén toan ddi ven bién tir Bic bo dén Nam
b, xdc dinh tan xuat lap lai dong dat doi véi 5 loai cdp khac nhau. Ngoai ra da xay
dung duoc ban do phan bd chan tam dong dat ty 1€ 1:500.000, ban d6 viing phat sinh
dong dat, ban do phan viung dong dat, trong d6 cac dac trung vung ty 1€ nhu sau: cac
viing ¢6 kha nang manh dén cap 8-9, c6 chiéu rong 20-25km la cic viing tir Ha Trung,
Nga Son, Hau Loc dén Nhu Trung, Nong Cong, Tinh Gia (Thanh Héa); ving cap 8
nhu 12 khu vuc ven bién Xuan Thuy (Nam Dinh), Vii Thu (Thdi Binh), Hoang Hoéa
(Thanh Hé6a), Quynh Luu, Dién Chau, Nghi Loc (Nghé An), Quang Trach (Quang
Binh). Pong dit gay ra hau qua truc ti€p 1a phd huy nhiing cong trinh, gay tén that
sinh mang, hau qua gian ti€p la tao nén nhiing dot séng than hoac nui ltra phun...

Song than
Trén khu vuc bién Pong, su xuit hién clia séng than luon 12 méi de doa d6i vé6i tinh
mang va tai san cua con nguoi. Dac biét, hién tuong séng than xay ra vao cudi nam
2004 & viing bién Pong Nam A 13 mot trong nhitnh thién tai 16n nhat trong nhiéu nam
gin day. Theo céch phan loai clia Sloviep S. L. (1978), trén ving bién Viét Nam xuét
hién hai loai séng than c6 nguén goc khac nhau la:

- S6ng than hinh thanh do yéu t6 thoi tiét.



- S6ng than hinh thanh do dong dat va nui Ira phun. Loai nay duoc chuyén gia hai
duong hoc nghién ctiu ky va k€ qua nghién cttu da cho thiy vung lanh dia cé séng
than v6i cip do nhu sau:

- Vung 1 va 2 thudc ddi ven bién tir Quang Ninh dén Thanh Héa va dé6i ven bién
doéng bang Nam bo tir Ba Ria — Viing Tau dén Minh Hai. Cic viing nay séng dat do
cao 4 m va c¢6 kha nang trao vao dat lién dén 30 km.

- Vung 3 thudc dé6i ven bién tir Nghé An dén Thira Thién — Hug, séng dat do cao
2 m va ¢6 kha nang trao vao dat lién dén 20 km.

- Vung 4 tr Pa Nang dén Viing Tau, séng dat do cao 1,5 m.

Viéc nghién ctiu giam tdc hai clia séng than 1én céc cong trinh bién, cang, tau thuyén,
dac biét viéc giam cac dao dong 16n cho cic phuong tién nay dang dugc quan tam.

Tinh hinh dong ddt ¢ Viét Nam

Co quan Khi tuong thuy van va Dia vat ly da thong ké va diéu tra cac tran dong dat
xdy ra & mién Bac Viét Nam tir nam 1925 dén nam 1967. Qua céc biéu dé dong dat
manh cam thdy & dia phuong va ghi dugc bang mdy trong thé€ ky hai muoi da xay
dung dugc ban d6 phan ving dong dit & mién Bac Viét Nam.
Vai thong tin cu thé vé cdc tran dong dat dién hinh gan day:
* Tran dong dat 6 Lai Chau xay ra ngay 19-2-2001 (Bang 1)

Dong dat xay ra trong vung ndi Nam Oun thudc Lao, cich thi xa Dién Bién Phu
khoang 15 km.

- D6 sau chan tiéu 12.3 km

- Cap do 5.3 do Richter

- Chin dong & vung chan tam kéo dai chimg 15 dén 20 km theo hudng Béc
bong Bic - Nam Tay Nam.
Tai Hue Pe (thuoc tinh Lai Chau) gin bién gi6i Viét - Lao chidn dong manh lam sap
mai ham keo, gay nit & sudon doc. Dap Pe Luong cdach tam chan khoang 10 km vé
phia Dong bi nit vai dap va phan ti€p xudc giita dap va tran. Su6i nudc néng Hua Pe
néng 1én va c6 su thay déi vé khoang chat. Thiét hai vé kinh t&: udc tinh khoang 200
ty VND. Ngay sau d6 xay ra nhiéu du chan kém theo nhiing tiéng nd sudt dém ngay
19 thang 2 rang sang ngay 20. Mot trong nhitng du chan manh 4.2 d6 Richter, 4.8 do
Richter, lam anh hudng t6i 9/10 huyén, thi trong toan tinh.
Bdng 1: Cac tran dong dat & Lai Chau xay ra ngay 19-2-2001

Thoi gian Chan tiéu Do sau Mag. Ciip

Nam Théng Ngay Gio | Phut Vi do Kinh do (km) (Richter)

2001 2 19 22 52 21.33 | 102.84 12.3 5.3 7
2001 2 19 23 41 21.48 | 102.82 0.5 4.2

2001 2 20 7 0 21.39 | 102.83 34 4.8

2001 2 25 5 15 21.45 | 102.82 0.0 4.1

2001 3 5 3 19 21.44 | 102.73 10.0 4.7

2001 4 3 3 47 22.11 | 103.17 4.2 4.9




* Tran dong dat ¢ ving ndi Pd Nhung - Phuong Pi
Céch thi tran Tudn Gido 11 km vé phia Pong Bac, xay ra héi 14h 18phiit (gid Ha Noi)
ngay 24-6-1983. Pay dugc xem nhu tran dong dat manh nhat da xdy ra trén lanh tho
Viét Nam.

- Do sau chan tiéu 23 km gay chan dong cuc dai trén mat dat cap 8-9 theo
thang MSK-64.

- Cap do 6,7 do Richter

- Thiét hai nghiém trong vé ngudi va cua kéo theo nhi€u hién tuong thién
nhién dic biét nhu truot 16 ndi; nit dat; sut dat; thay déi mach nudc...

- Pham vi anh hudng cta tran dong dat gay anh huong manh & nhiing ving
rong 16n thuoc Tay Bac VN, Dong Bac Lao va Nam Trung Qudc trong khoang cach
250 km; & khoang cach 250 km Ha noi con chiu chan dong céap 5, cap 6.

b. Phan tich cac dao dong c6 hai trong cong trinh xay dung va cau giao thong
Cdc cong trinh xay dung [4-7,10,11]

Nhiing thiét hai vé tai san va tinh mang do bao gay ra & Viét Nam rat 16n. S6 liéu thong ké
cho thiy hang nam nhiing t6n thit vé miia mang, hoa miu va i san, dic biét 1a cong trinh
xay dung & cdc viing bi anh hudng clia gi6 bao 1én t6i hang tram triéu dong. C6 thé néu ra
mot vai con s6 dién hinh trong vong 25 nam lai nay dé minh hoa diéu dé.

-Con bdo Clara d6 bo vao Nghé Tinh thdng 10/1964 véi toc do gié vuot qua
48m/s da san phang 2.208 ngoi nha & huyén Ky Anh va thi xa Quang Binh, 1am hu
hong 3782 ngoi nha khac, gay sap do 28 trudong hoc va 19 kho tang.

-Con bio thang 8/1975 d6 bo vao Ha Nam Ninh di lam cho gan 80% nha &
ctia dan & viing tam bdo di qua sup d6. S6 con lai bi hu hong nang.

-Con bdao NANCY d6 bo vao Nghé Tinh ngay 17/10/1982 c6 t6c do gié trén
37m/s da tan pha nang né€ ca mot viing cong nghiép va dan cu rong 16n ctia thanh phd
Vinh, lam chét va bi thuong hang tram ngudi, gay sup dé 37.000 ngoi nha & cha dan,
150.000 m2 kho tang va nha xuéng. Trén 100 phong hoc va 12 bénh vién huyén tinh
bi san phang. Toan bo hé thong dé diéu, kénh muong bi hu héng nang. Hang ngan
héc-ta lta va hoa mau bi ph4 hoai.

-Hai con 16¢ xo0dy xdy ra & Hai Phong vao thang 4 va thdng 6 nam 1984 da gay
d6 nat nhiéu nha ctlra cta dan va kho tang ving bén cang. Gan 70 ngudi chét va mat
tich. Thiét hai tai san uGc tinh 200 triéu dong.

-Con 16¢ xo0dy d6 bo vao huyén Thach Thanh tinh Thanh Hod ngay 20/9/1984
v6i ban kinh hoat dong 3km nhung da tan phd rat nghiém trong hoa mau va nha ctra
ctia dan trén mot chiéu dai di chuyén gan 50 km.

-Con bao CECIL x4y ra & Binh Tri Thién ngay 15/10/1985 1a mot thién tai dién
hinh trong thé ky 20 & dia phuong. Gan 1000 nguoi bi chét. Toan bo viing dan cu rong
16n kéo dai 200km bd bién bi tan pha nghiém trong. Hon 70.000 néc nha cta dan bi
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O Viét Nam, bio khong nhiing phd hoai nha &, 1am hu hdng ruong vudn ciia nong
dan, nhung nghiém trong hon ca 1a 1am thay déi diéu kién song ctia con ngudi va sinh
vat tao ra nhitng bat 1¢i vé€ moi trudng sinh thdi ma hau qua cia né doi hoi phai nd luc

16n trong mot thoi gian dai méi khac phuc duoc.

Cdc dang phd hoai dién hinh ciia nha va cong trinh
Nghién cttu su hu hong va pha hoai cong trinh do bao gay ra can phan tich trén hai
phuong dién, do la:

-C4u tric cua bao va tai trong do n6 gay ra.

-Kha nang chiu luc ctia ciu kién va toan bo hé két cau.
Thi€u nhitng s6 liéu do dac tin cay sé rat kho xac dinh mdt cach chinh xac cac thong
s6 khdc nhau cua gié bao nhu pho nang lugng, dic trung thanh phén tan s6, cudng do
161, hé so giat, su bién d6i clia t6c do theo diéu kién dia hinh va theo do cao.v.v.. Vi
vay phuong phdp t6t nhét c6 thé sir dung 1a ddnh gia su hu hong do bio gay ra dé uéc
luong tai trong tac dung 1én cong trinh.
Céc hién tuong hu hong rat nhiéu, nhung & day chi dé cap dén mot s6 dang pha hoai
quan trong ma ngudi k¥ su quan tam:

Pha hoai do ap luc gié qua lon

-Bay chét lop bang ton, phibro ximang, mai 14

-Gay c4u phong, li t0, hu hong xa g6, dang, dim bang tre, gb va thép

-Sup d6 khung chiu luc va cot 1am bing tre, gb hoic thép tai cdc ti€t dién giam
yé&u hoac tiét dién c6 moémen 16n

-Niit ran hodc sup do khoi xay gach, xay bloc.

Phda hoai do cdc xung gidt cua toc do gio

-Ph4 hoai lién két giira chat lop véi xa go

-Pha hoai lién két giita két cdu mai véGi tuong hoac khung chiu luc

-Ph4 hoai lién két gitra cot v6i mong

-D6 tudng hodc nit ran tai c4c tiét dién giam yéu nhu cta di, cla s6, tuong thu hoi.

Phd hoai do mdt on dinh cua két cdu

-Bién dang trong mit phang ctia vi kéo va khung
-Mat 6n dinh ngoai mat phang clia hé m4i va hé khung
Pha hoai do thay doi so do lam viéc ciia két cdu trong liic bao.

-Do trinh tu pha hoai khac nhau cta cac két cau su hu hong va bién dang cua bo
phéan nay din dén thay d6i so d6 két cau ciia bo phan khdc so vdi so d6 tinh todn ban dau.

-Ph4 hoai ctia hé mai dan dén thay déi so d6 1am viéc ctia hé tuong va khung

-Ph4 hoai chia tudng theo phuong niy 1am thay déi so d6 két ciu tuong theo phuong kia



-Ph4 hoai cdc cay néo gidng ddm din dén thay d6i so d6 lam viéc cua cot dién,
dai, thap.v.v..

Phd hoai do hiéu 1ing xody cua gio

-Ph4 hoai cdc gbéc mai va goc tudng

-Ph4 hoai nha c6 mat bang kién triic phic tap.

-Ph4 hoai tuong & do cao thu hoi (6 vi tri dat cac dam tran).
Phd hoai do thay doi mdt bdang va dia hinh.

-Ph4 hoai do hiéu tng dong d6i véi cong trinh nam & ving thung liing.
-Ph4 hoai do thay déi dot ngot vé huéng va téc do gié khi gap vat can.
Phd hoai do chdt luong vdt liéu xdu, ky thudt thi cong khong ddm bdo.

-Pha hoai nha xay bang gach nung chét lugng thap.
-Ph4 hoai nha xay bang gach khong nung san xuét thl cong.
-Ph4 hoai khoi xay c6 vita chat lugng kém.
-Pha hoai do k¥ thuat xay trat khong dam bao.
Nguyén nhdn phd hoai cong trinh

-Nguyén nhan vé tai trong gi6
Nhu da phan tich & trén, dac trung tac dong cia gié bao gay ra khac véi tai trong tinh
cua gi6 thong thuong. Tuy vay trong trudng hop quan niém ring tai mot thoi diém
nhat dinh, luc gi6 1a luc tinh tic dong 1én cong trinh thi su phan bd ap luc thuc t&€
khéc véi so d6 phan bo ding dé tinh toan trong quy pham vé tai trong gid. Diéu nay
dugc giai thich nhu sau:

-b6i v6i hé mai tuy theo do doc, kha nang choc thung gié vao nha, cuong do
r6i xody va bién doi chiéu clia t6c¢ do, dp luc gi6 tdc dong 1én mai co thé gay ra cdc su
c6. T6 hop phan bo 4p luc trén c6 thé gay ra trang thdi ting xuét va bién dang khéc
nhau ciia c4c cdu kién & ting thoi diém trong qué trinh bio hoat dong va 1a nguyén
nhan lam thay déi trang thdi chiu luc va 6n dinh cta timg thanh va hé vi keo.

-Ngoai 4p luc ddy, hiit & ngoai tudng va khung, hién tuong gié lua qua 16 véi
toc do 16n ¢6 kha nang lam thay déi phuong va chiéu tic dung, tao ra su phan bo ap
luc bén trong ma thuong khong xét dén trong diéu kién binh thudng.

-Nhitng hién tuong pha hoai lién két gitta chat lgp v6i két cau mai, lién két vi
kéo voi cot, tuong, lién két gita xa gb gac lén tuong.v.v.. cho thdy cht yéu do cac
xung giat cua toc do gio gay ra.

-D6i v6i cdc cong trinh dac biét (cot dién cao thé, thap khi tuong, truyén
thanh) thanh phan 4p luc dong c6 thé gay ra dao dong cudng bic véi t6c do t6i han
vuot qua toc do tinh toan trung binh.
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Trong d6 w — tan s6 dao dong riéng

D - buong kinh(hoac khoang cach gitta hai canh tach biét).

S = Heé s6 Strouhal (phu thudc vao hiang s6 Reynold)

-Nguyén nhan vé thay d6i so d6 1am viéc ctia két cau
So d6 tinh toan két cau va so d6 lam viéc thuc ctia cong trinh trong thoi gian gié bao
c6 thé khéc nhau do trinh tu pha hoai khdc nhau clia cdc ciu kién. Diéu nay ciing rat
dé hiéu vi nang luong cta gié thay déi theo thoi gian va theo dic trung tdn s6 dao
dong. Tai cung mot thoi diém va cing mot gid tri nang lugng nhitng bo phan giam
yéu do cing hoac tap trung ting xudt bi pha hoai trude va tir sy pha hoai cuc bo dan
dén su pha hoai tong thé. Chinh do su phd hoai x4y ra khong dong thoi nén co cdu téc
dong clia gi6 1én cong trinh sé& thay doi, vi du phd hoai mdi trudc dan dén thay doi so
dé 1am viéc ctia khung, twdng. Pha hoai day ciang lam thay déi so do chiu luc cta cot
dién, thdp truyén thanh. Su ph4 hoai clia tudng doc, 1am mat 6n dinh cta tudng ngang
va nguoc lai. Su pha hoai cua bo phan nay gay ra tich luy bién dang ctia bo phan khac
gay mat 6n dinh cong trinh nhu hé khung, vi k&o.

Cdu giao thong
Theo céac s6 liéu thong ké cua nganh giao thong van tai thiét hai do bao lii gay ra la
rat 16n. Méi bat ddu miia mua bao nam 90 da thong ké dugc trén quoc 10 6, tir Son La
di Lai Chau bi sut 16 dén 20 nghin mét khoi, cac deéo Son La Chiéng Pic bi tic giao
thong ba ngay (tir 28 dén 30-6). Tir Ném Ciit dén thi xa Lai Chau tac dai ngay... Trén
hai tuyén nay sut 16 va sap dén hon 30 nghin mét khdi, cdu Na Yén 2 trén tuyén Tuan
Gido - Dién Bién bi sap...
Mot cong trinh 16n ctia nganh giao thong duoc xay dung la cau Bén Thuy (thanh pho
Vinh). Cu6i nam 1989 cau Bén Thuy dang trong giai doan thi cong nudc rit da chiu
hai con bao lién tiép tir 3 dén 23-10-1989, con bao s6 7 va s6 9. Thiét hai nhu sau:

- Nén dat bi troi 14.000m’

- Lén trai kho xudng bi sap, t6¢c mai 1000m°

- Nhip dam thép dai 53m bi x¢é dich 1,5m so véi tru

- Xa lan, ca no, gia buda bi troi, lat, chim 15 céi
Tac dong chi yéu cua bao 1a stic gi6é thoi vao cong trinh, nhung dai bo phan céc tran
bao déu c¢6 kém theo mua to hodc cé mua rat to kéo dai sau khi bdo ngét nén bao li
phd huy céc cong trinh xay dung giao thong bang ca hai stic manh gié va nudc. Cac
dang pha huy cht yéu quan sat dugc nhu sau:

- C4c cAu, cong vinh clru
Cac cau cong vinh ctru va ca ban vinh ciru duge xay dung kién co, trong lugng ban
than cac bo phan két cau tuong doi 16n so véi suc gié tdic dong 1én ching nén it bi
riéng stc gi6 pha hoai trir cic cau treo. Nguyén nhan truc ti€p thuodng thay la do nudc
1t khi bao.
- Béo 1 troi két cau nhip cau
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C6 nhitng truong hop nudc tran vuot mitc cao do mat cau, nhip cau bi troi ra khoi vi
tri vd d6 vé phia ha luu khi ¢6 bao lii. Trong trudng hgp do sic nudc ddy ngang vao
cong véi stc gio rit 16n, con trong lugng nhip cau lai bi luc ddy dc-si-mét 1am giam
di. Nhip cdu khong con du 6n dinh chéng trugt, néu khong c6 céc lién két di manh
dé ghim nhip ddm xudng than mé tru thi s& bi nudc day troi. Pay 1a truong hop c6 thé
x4y ra vdi cdc nhip cau thép.

- Béo 1 x6i dét dau cau gay sap cau
Cau trén tuyén loai nho & nuéc ta ¢c6 mot s6 noi dp dung hé khung 4 chét kiéu mo
nhe. D€ giam khoi luong xay mo, ngudi ta xay than mo thanh 1 tudng mong va luc
day cua dat vao lung m6 duoc truyén vao ddm va thanh chong & 1ong song va nho su
tdc dung d6i xting clia hai bén mé cung chiu luc ddy nhu nhau ma hé thong dim — mo
— thanh chéng ding can bang nhu mot khung 4 khép. Nhung khi ¢6 bao i, gap
truong hop nude tran vé qua manh, mitc nudc dang tran qua mat cdu va mat dudng sé
x6i dit ¢ lung mo 1am cho trang thdi can bang nai trén bi ph4 huy va cau sap dé.

- Dong nudc 1t x6i méng mo tru cau gay sap cau
Nhitng cdu ¢c6 méng mo tru dat khong da sau, gap khi bao 1 nudc chay xiét 16p dat
long song khong chiu dung néi ¢6 khi bi x6i t6i mitc tro mong. Duéi tdc dung cia
trong lugng ban than cau va stic ddy cta gié, nuéc, mé tru khong ding viing dugc, bi
niit d6 nghiéng d6 va lam sap cau.
D6i véi cac trudng hop noéi trén, khi thiét k& da phai nghién citu dé miic nudc khong
thé tran mat cau hodc x6i 16 sau qua mic cao do dat mong. Tuy nhién c6 khi thiét ké
khong du tinh hét nén tinh trang trén vin xdy ra. Hién nay moi trudng thién nhién
ring cang bi phd nhiéu c6 thé gay nén muc Iii lut manh hon du tinh, dan dén de doa
cac cau cong von da ton tai an toan tir trudc.

- Gi6 bao pha hoai céu treo
Cau treo 12 mot loai cdu dugc dung rong rai & nudc ta. Tuy ciu c6 thé xay dung du
khoé dé chiu tai trong thang ding clia doan xe nhung chiu gié bao thi yéu hon nhiéu
s0 vOi cdc cdu kiéu dam va dan. Tai trong doan xe truyén vao day treo 1a chli yéu nén
dam khong phai cting nhu cau dan. Day treo lai chi chiu luc mot chi€u, khi luc tac
dung vao cau huéng tir trén xudng thi day lam viéc, con khi luc tdc dung vao cau
hudng tir dudi 1én thi day khong lam viéc. Vi thé€ khi gié bao, dam mat cau c6 khi bi
nang lén cao do tac dung khi dong, bi xoan van vo d6, va khi roi xuéng lam cho cic
bo phan ciu chiu nhitng luc xung kich 16n lam nghiéng do, xé dich céng cau, v& mit
cau, gay dam, hu hong thanh treo dan dén pha hoai.

Cdc tinh huong nguy hiém khi cong trinh dang thi céng dd dang gdp bao lii

Céc bo phan cong trinh cau 16n khi da xay dung xong thuong it bi bao lii pha huy vi
két cau vitng chic. Tuy nhién, khi dang thi cong d& dang, c6 bo phan lai dé bi pha
huy riéng 1é trong céc truong hop sau:

- Coc moéng cau chua c6 bé lién két cac cau coc
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Khi gdp bio 1ii, nude tran vé mang theo cac cay troi va céc vat troi khac, va dap vao
céc coc. Céc cay troi bi cai mac vao dam coc va nuée day cay, van gy céc coc, trong
khi chan coc bi nude x6i.

- Céc giéng chim dang ha vao long dat nhung chua dén do sau thiét k&

Giéng chim la khoi 16n c6 két cdu mong sau, khi da ha da do sau can thiét, giéng tua
vao dit & mat ddy giéng va cdc mit chung quanh dé chiu céc luc tdc dong cla cong
trinh va trong lugng ban than giéng. Tuy vay trong khi dang ha, con chua dén do sau
gap bao li thi giéng rat dé bi nghiéng léch do cac luc ngoai nhu nudc chay dat quanh
giéng c6 thé bi x6i khong déu, trong lugng thiét bi thi cong & trén v.v.. D6 1a tinh
hu6ng rit nguy hiém doi véi gi€éng dang thi cong.

- Nhip gian cau dang thi cong

Mai nhip dan cdu c6 dién tich cén gi6 16n, do d6 luc gi6 bao thdi ngang cau ciing 16n.
Khi nhip c4u da 1am xong, trong luong nhip ciu thudng di dé luc ma sét gitta gian va
mo tru va mo6 men 6n dinh chong lat di dam bao cho nhip khoi mat 6n dinh truot va
lat. Néu ¢6 trudong hop trong luong gian khong du thi ngudi ta ¢6 thé 1am thém lién
két n6i gian v6i mo tru dé gitt cho nhip gian chiu dung duoc gié bao. Trai lai, trong
qua trinh dang thi cong thi nhip gian chiu gié bao yéu vi lic dé trong lugng gian nhe
do chua c6 mat cdu; gian con dat tam trén céc tru chong né ké cao trén mat mé tru
cau, kha nang chong truot va chdng 1at yéu hon so véi ldc da hoan thanh. Vi thé néu
gap gi6 bio 16n c6 thé xdy ra su ¢6 nhu bi xé dich trén mat mé try, 1at nhao xuodng
song v.v..

- Céc cong trinh tam phuc vu cho thi cong ciu cong dang chd y nhu céc cau tam, da
gido van khuon, vong vay coc thép, khung vay thing chup, phao néi, can cau, gia bia
v.v.. Cdc cong trinh nay thudng thiét k& theo tiéu chuin cong trinh tam, khi gap gi6
bdo 1ii thudong rat nguy hiém. Cau tam c6 thé bi troi, da gido van khuon do vong vay
coc van thép hoic thiing chup c6 thé bi x6i sap, do gid bia can ciu, chim phao v.v..
néu khong kip thoi di chuyén hoac ¢6 bién phap phong chong thich hop.

c. Phan tich, danh gia thiét hai do dao dong cua tau hoa va phuong tién
giao thong
Thiét hai trong nganh duong sdt

Nhitng nam gén day, trong nganh Dudng sat Viét Nam xuét hién ngay cang nhiéu
loai khung gid chuyén huéng (cho ddu mdy va toa xe) duogc san xuat bang cong nghé
han ghép theo nhiing thiét k& da dugc sira doi tir nguyén mau nudc ngoai cho phit hgp
v6i dudng sit & Viet Nam. Gia chuyén huéng (GCH) 12 bo phan hét stic quan trong va
khong thé thi€u trong cdc ddu mdy, toa xe van tai dudng sit, c6 nhiém vu mang mot
nira tai trong cua xe va din hudng than xe chuyén dong bam sat vao dudng ray.
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Vé6i cac GCH cua dau may, ngoai nhiém vu dan huéng, ching con c6 nghiém vu phat
dong luc kéo cho doan tau. Ngay nay, cung vé6i su phat trién clia nganh van tai dudong
sét, cdc GCH ciing c6 nhiing thay déi vuot bac va rat da dang vé chling loai két cau,
tinh nang van chuyén...... Tuy nhién, tit ca cic GCH du c6 dién hay hién dai déu c6
chung mot s6 dic diém sau day:

Céac GCH bao goém hai bo phan quan trong nhat: khung gid va truc - banh xe (goi tat
1a truc banh). M6i mot GCH thuong ¢6 hai bo truc banh, ngoai trir nhitng GCH cua
mot s loai ddu may cé dén ba bo.

Trong bdo cdo ndy, chiing toi chi dé cap dén nhiing loai GCH do Viét Nam ché tao
trong thoi gian gan day va dac biét chi trong vao loai GCH kiéu CKF7F ctia ddu may
"D6i méi" do Trung Qudc san xuét.

Gi4 chuyén huéng CC-1: day 1a thé hé GCH mdi nhat duge Viét Nam ché tao va méi
dua vao van hanh trén tuyén Ha Noi - Lao Cai tir thang 10/2003. N6 dugc thiét k&
theo nguyén mau ctia Trung Qudc nhung da duoc sira déi kich thuée va diéu chinh
vat liéu cho phu hop vé6i khé dudng, diéu kién van hanh va trinh do cong nghé ché tao
cua nudce ta. Trong vai nam t6i, néu vuot qua duge thir thach ctia giai doan chay thu
nghiém v6i doan tau kéo diy DMU, loai GCH nay s& dugc san xudt loat 16n va dua
vao van dung trén tuyén duong sat Bac - Nam.

K&t cdu cia GCH CC-1 1la loai khung ctiing dugc ché tao tir tdim thép han thanh cac
dam hop. Hé thong giam chén so cdp dung 10 so cao su. Hé thong giam chén thi cp,
trung tam 1a loai 10 xo khong khi ¢6 1ap xa nhdn. Cdc bo phan chinh ctia khung gia
(xa doc va xa ngang) dugc ché€ tao bang thép tdim han thanh dim hop va nhiing
khoang réng cta ciac bd phan nay dugc tin dung lam binh chida khi nén cho 106 xo
khong khi. Uu diém ndi ctia loai GCH nay 1a su twong tac gifta than xe va khung gid
da trd nén ém diu hon rat nhiéu nho st dung 10 so khong khi. Tuy nhién, vi day la
loai GCH thiét k&€ cho t6c do cao (v>100 Km/h) nén chit lugng ctia hé giam chan so
célp la van dé con phai ban. Néu su hoat dong ctia bo phan giam chan nay khong tot,
bd phan khung gia s€ phai chiu nhiing xung dong rit khoc liét khi toc do tau chay
tang lén.

Gi4 chuyén huéng kiéu CKD7F ctia dau may "Ddi mé6i"

Pay 1a loai GCH cho dau may méi nhat & Viét Nam. N6 duoc Nha may ché tao dau
may Tu duong, Trung Quoc san xuét trén day chuyén tién ti€n theo nhiing thiét k&
tinh toan trén nhiing phan mém hién dai nhit cua Vién co hoc thudc Trudng Dai hoc
GTVT Tay nam, Thanh do. Loai GCH nay dugc nhap vé dong bo véi loat ddu may
"D6i mé6i" DI9E.

Céac GCH hién dang sir dung trong nganh Dudng sat Viet Nam rat da dang vé ngudn
goc, chung loai. Vi toa xe, cic GCH ¢6 loai dugc nhap tir nuGc ngoai vao tir An bo,
Rumani, Nhat Ban... va ciling c6 loai duoc san xudt trong nudc theo nguyén mau cta
nuGc ngoai nhung da qua chinh stra dé phu hop véi diéu kién dudng sit, trinh do cong
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nghé ché tao cua Viét Nam. Vé6i ddu mdy, do nén cong nghiép ché tao ddu may cua
chiing ta con qué non yé&u nén hau hét cic GCH dé 1a nhap ngoai cling v6i dau may.
Chinh vi vay, cong viéc tinh toan kiém tra do bén dong ngay tir khi thiét k& cdc gid
chuyén huéng gip nhiéu khé khan. Mat khdc, vi nhiéu 1 do bat cap, viéc phan tich,
danh gid va gidm sdt cdc loai gid chuyén huéng (GCH) nay chua duoc thuc hién that
day da va chat ché sau khi ching dugc dua vao van dung, do d6 da c6 mot so su co
xay ra nhu sau:

- Nut dau xa doc ctia GCH toa xe hang do Viét Nam san xuét.

- Nt giita xa doc ctia GCH d4du mdy "Pdi méi" do Trung Qudc san xuat.

Dic biét, su c6 nay xay ra trén cing mot loai GCH ciia hai dau mdy, tai cing mot vi
tri nhu nhau. "Nhitng hu hong néu trén 1a dang hu hong nghiém trong chua tling xay
ra tai Pudng sat Viét Nam. Nhitng hu hong d6 ciia ddu may Doi méi truc tiép de doa
su an toan cua chay tau va anh hudng dén tinh hinh san xuét kinh doanh ctia nganh."
(theo van ban Thong bao két luan cudc hop ngay 24 thang 2 nam 2003 gitta Ban lanh
dao DSVN véi cac chuyén gia Trung Qudc va cac can bo ctia Vién Co hoc).

Theo yéu cau phat trién clia nganh Pudng sat, téc do chay tau va tin suét khai thdc
trong thoi gian téi s€ tang cao, do vay, cac két cdu chiu luc s€ phai lam viéc trong
trang thai khdc liét hon, nguy co xay ra cic su cd nuit khung GCH ciing s€ ngay cang
gia tang.

= ~

GCH kidu Nhat #..

Hinh 1.5: Cau tao cia GCH
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Hinh 1.6: Hinh anh ctia mot s6 vét nit do duoc

Sau gdn mot nam hoat dong trén thuc tién dudng sat Viét Nam, hang loat GCH cua
dau mdy "Da6i méi" da gap su c6. Cdc vét nift da xudt hién tai cing mot ving giong
nhau trén xa doc khung gi4 chuyén clia nhitng ddu mdy van hanh trén tuyén Ha noi -
Da Ning. Véan dé thuc t€ cho thdy: cdc thong tin cé duoc tir cdc tinh toan thiét k&
phuc vu cho viéc phan tich, danh gid do bén GCH la rat it. Bén canh d6, nhiing cong
trinh nghién ctu thuc nghiém vé phan tich, danh gid do bén dong cho cic doi tugng
GCH ¢ Viét Nam ciing hi€m khi duoc thuc hién.
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Thiét hai doi voi duong giao thong
Sau day la thong ké nhiing thiét hai do bao 1 giy ra doi véi nganh giao thong van tai
tr nam 1985 dén 1989 d6i véi ting loai cong trinh xay dung va phuong tién giao
thong cua nganh va danh gia muc thiét hai moi nam (Bdng 2)
Bdng 2: Thong ké nhitng thiét hai do bao 1i gay ra d6i vé6i cong trinh phuong tién
giao thong van tai trong nhitng nam gan day

Loai cong trinh giao thong | 1985 1986 1987 1988 1989
Nén dudng sut 16(m”) 475.867 480.000 159.079 461.420 1.207.970
Mait dudong hong(m?) 1.782.162 | 370.000m* | 1.087.500 | 2.260.000 | 68.334
CAu hong (cai) 168 150 32 79 19
Cong — ngam (cai) 254 193 120 199 36
Cau phao,pha troi (m) 120 100
Bén pha bi béi dap(m’) 17.000

Tau thuy,cano, xa lan(cai) | 25 26 11 11 40
Pau may (cai) 1 1

Toa xe, 0 t6 (cai) 27 5

Xi mang (tan) 95 424
Nha & nha kho (m?) 56.773 40.000 16.680 3.460 85.404

Puong 6to, duong sit )

Mait dudng 6t6 va dudng sét bi hu hong do bio 1t duéi cdc dang phd bién sau:

- Nué6c chdy theo rinh doc qui nhanh,x6i hong dudng. Thuong x4y ra & doan dudng
trén doc nidi, duong mot bén dia hinh cao bén kia ¢6 ao ho song sudi, duong noi co
cong qua duong. Khi bdo c6 kém theo mua to hoac mua rat to sau khi bao, nudc chay
xiét trong cdc ranh doc dudng. & nhitng chd ranh thiét k€ hep 1€ dudng s€ bi x6i téi
muc lan vao long duong va lam sap 16n mat duong thanh 1 hé 16n hoac troi da ba lat
& dudng sat. Nhitng chd bi x6i nhu vay con c6 thé 1a & chd c6 cong, chd ranh nuéc d6
ra ao ho. Trong nhitng truong hop ranh nuéc khong duge don thong, ranh tac lam
nudc tran qua mat duong chay sang phia bén kia duong noi c6 dia hinh thap. & doé khi
nudc gidng xudng s€ phat sat dudng, tir mai 1¢ dén pham vi mat duong.

- Nude dang lén ngap duong, trong khi xe van qua lai 1am hu hong mat duong hoac
céu tric ting trén cua dudng sat.

- Nén duong va mai taluy

Dudng 6t6 va dudng sat di qua viing d6i ndi thudong bi bdo ¢6 kém theo mua thanh i
lam tic giao thong vi nén mai taluy bi sap. Pudng qua sudn ndi rat phd bién 1a duong
mot phia la nii, phia bén kia va vuc hay bo song su6i. Ca hai mai taluy & phia ndi va
phia vuc thuong bi sut trugt khi mua bao. Sau nhiéu ngay mua véi luu luong 16n, nuée
mua hoa tan dit da tao thanh bun 16ng tir dinh ndi hoac tir mat taluy trit xudng 1ap
mat dudng.
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d. Phan tich cac dao dong co6 hai trong cac may nang luong, co khi
Tinh hinh hu hong trén cdc cong trinh duong ddy tdi dién va tram bién dp

Do anh hudng cua con bao, hau hét cic dudng day tai dién khong it nhiéu déu bi hu
hong. C6 nhitng doan dudng day dai hang chuc ki-16-mét cdc cot dién déu bi do gy,
phai xay dung lai hoan toan nhu méi (duong day Dong Ha-Vinh Linh). Theo thong
ké con bdo s6 8 da lam d6 giy 650 cot, d6 nghiéng 582 cot, 526 xa bi gy, gan 6000
bat st bi v3, trén 20 tan day bi dut hong, 4 tram trung gian 35/6/10 Kv va 11 tram 6-
10/0,4 Kv bi hu hai phai stra chita.

Hién tugng hu hong ¢6 thé phan ra nhu sau:

1-buong day 110 Kv it bi hu hong, chi chi€ém khoang 10%. Cac cot dung méng thanh
ngang tai noi dit ngap nuéc déu da bi lat d6 ca cot 1an moéng. Nhing noi dung kiéu
mong khoi, cot bi gy ngay trén duong day 110 Kv déu 1a cot bétong ly tam, con cdc
loai cot thép, cot néo,cot vugc. . v.v.. déu ding vimng.

2-buong day 35 Kv hu hong nghiém trong. Puong day 35 Kv Pong Ha-Vinh Linh
duoc thiét k& loai cOt bé tong ly tam cao 18 mét, xa bé tong cot thép, mong thanh
ngang va méng khoi. Qua tran bdo, dudng day nay c6 128 cot thi ¢6 91 cot bi do
gly(chiém 71%), cac cot dung & ving ngap nudc déu bi d6, mong bi lat, céc cot &
trén d6i déu bi gy tai chan cot, mot s6 bi gay & doan ngon.

Puong day 35 Kv My bic-Vinh Linh dung cdt vudng bé tong cot thép dic thl cong
cao 14m va 16m, dudng day nay bi d6 khoang 30% va phan 16n bi giy tai chan cot.
Puong day Nam Ly-My Dic cling dung cot vuong bé tong cot thép dic thl cong cao
14m va 16m chi d6 2 cot, hu hai khong dang ké.

Mot diém cin luu ¥, céc cot ¢6 day néo déu ditng vitng chi trlir mot cot néo thang vuot
song Bén Hai do néo khong ding qui cach.

3-Cac duong day 6,10;15 Kv duoc thiét k& cot vuong bé tong cot thép cao tir 8,5 dén
10 m. Cac cot bi hu hong it so v6i duong day 35 Kv (chi chiém khoang 15%). Riéng
mot s6 duong day vung Thuin An bi séng than kéo troi luon ca cot va mong. Dudng
day 6 Kv trong thanh Hu€ do cay lam gay mot s6 cot.

4-C4c tram bién ap:

Tram trung gian 35/10 Kv, Hoi Yén, Bén Hai, thanh ph6 ¢ Quang Tri va tram 35/6
Kv déu hu hong cdc thiét bi bao vé thiét bi do, riéng tram My Diic bi ca hang rao
tram.

Céc tram 6-10/0,4 Kv ¢6 11 tram bi hu hdng phan cao ap hoac ha ap.

Tinh hinh thiét hai cua duong day tdi dién trén khong qua cdc tran bdo lon

- Cot dién song Tién cao gdn 80m dua dién vé mién tay dong bang song Clru Long bi
gdy dé cot & phia M§ Tho thang géc v6i huéng gay kéo theo cot & phia Clru Long giy
theo, phai lam lai ton gin 3 ty dong, khong stt dung duoc dién cta thuy dién Tri An
cho mién Tay, gay thiét hai hang ngay tir 80-100 triéu dong trong thoi gian gan 3
thang. Nguyén nhan c6 nhiéu nhung quan trong 1a khong bao dam danh chét ren cac

18



bu 16ng, bao dam cho bu 1ong khong bi long ra 1am roi cac thanh hoac lam cho két
cau khong du suc chiu luc lic gié to,tdc dong nam nay qua nam khac da lam hong
céc ecru, dai oc ltic ¢6 gi6 16n (chua han da 13 bao that 16n) da biit bu long ra, c6 thé
lam tuot cac thanh ra. PBa c6 tinh toan cho thdy trong 8 truong hop khac nhau trong
d6 mot trudong hop chi ¢6 mot thanh bi mat cling du dan t6i cot bi d6 vi mot s6 thanh
mat 6n dinh hoidc c6 cudng do vuot qua cho phép. Hién tuong cic cot dién, cot thong
tin, cot phat thanh bi mat bu long, mat thanh do c¢6 ngudi c6 y 14y trom, hoac do
khong duy tu quan li thudng xuyén dé xiét chat cdc bu long 16ng kip thoi, cling nhu
hién tuong day néo bi 1ong, bi chit trom v.v... thudng xdy trén doc cdc tuyén dién,
thong tin ¢6 kha nang gay sap do cac cong trinh.
Nam 1982 —1983 mot s6 tinh mién Trung va vang ven bién bi bao 1, Nghé Tinh,
Thanh Hoa bi nhitng con 16c 16n, dién pha hoai hep nhung stic tan pha ghé gém, con
bdo s6 8 nam 1983 d6 bo vao Quang Binh, Quang Tri — Thira Thién (Hu€) 1am giy d6
1.250 cot, trong d6 ¢6 27 cot ciia dudng day 110kV Dong HGi —An Lo6. Con bdo sd 5
nam 1986 d6 bo vao Thai Binh va Ha Nam Ninh 1am gy d6 hang ngan cot. Riéng
duong day 110kV Tién Hai- Long Boi bi d6 53 cot, trong d6 c6 mot cot thép. Bio
lam d6 cot thép nhu vay 1a hién tuong chua timg c6 tir trudc t6i nay. Pudng day
110kV Ninh Binh-Bim Son II va Ninh Binh — Trinh Xuyén bi d6 11 cot bé tong li
tam. Puong day Ria - Ha Pong 4 cot thép c6 day néo chua cing day ciing bi do,
dudng day 110kV Hai Duong- Pho Cao bi d6 10 cot.
Sau day, ching toi s€ phan tich nhiing thiét hai ctia duong day tai dién trén khong qua
2 tran bao 16n:
Su thiét hai ctia duong day tai dién qua con béo s6 8 tai Binh Tri Thién (nam 1985)
Hai con bao s6 7 va so 8 tran vao Binh Tri Thién cach nhau chua dugc 1 thang da lam
té liet ludi dién vang nay. Su thiét hai cu thé nhu sau:

Puong ddy ha thé' 0,4kV
Lu6i ha thé phan 16n nim trong thanh phd, su thiét hai do cay d6 gay nén lam cho
217 cot gAy va 232 cot bi d6 nghiéng.

Duong ddy 6,10kV

Trong tong s6 161 cot bi d6 va 103 cot bi nghiéng thi tai Hué€ da c6 136 cot bi d6 va
48 cot b1 nghiéng.
Puong ddy 35kV

Téng chiéu dai cac dudng day c6 cap dién 4p 35kV cua Binh Tri Thién tinh cho dén
khi xay ra con bao so0 8 la 161km vé6i trén 1.600 vi tri cot. Bdo da lam gay 218 cot
247 cot bi d6 nghiéng. Trong tong s6 218 cot giy c6 48 cot bé tong li tam, con lai 1a
170 cot vuong bang bé tong cot thép dic san.

Thiét hai nang nhat & ving tam bao di qua, duong day 35kV Pong Ha - Vinh Linh
vGi chi€u dai 30km, két cau cot dung loai cOt bé tong li tam cao 18-20m, 24 cot da bi
dé giy va 41 cot khdc bi nghiéng.
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bPuong day 35kV My Diic- Vinh Linh véi chiéu dai 45km 167 cot da bi do va 35 cot
khéc bi nghiéng. Két cdu cia dudng day nay dung cot vuong bang bé tong cot thép
ddc tai chd, cdc cot d6 gy ngay sdt mat dat.

Nghién ctiu xem xét tai thuc dia 2 duong day noéi trén, ta nhan thay cac dang pha hoai
cong trinh thé hién khac nhau. Cot bé tong li tam cao 18-20m dung day AC90 trén
tuyén My Dic- Vinh Linh déu bi lat d6 méng. Ph4 hoai cia méng & dang khong lat
ca méng ma bi bat 16i méng(méng bi gy c6 mong).

Tuyén Hué- Thuan An, doan gan ctra Thuan bi pha hoai nang. Bio két hop véi thuy
triéu 1am x6i 16 mong gay nén do cot.

Puong ddy 110KV ( tuyén Pong Hoi - Hué)

Cong trinh nay dang thi cong, c6 doan da cang day, c6 doan chua cang day thi bao ap
tGi, 12 cot bi gdy goc va 215 cot gdy ngon, khoang 80 cot bi nghiéng, cic cot bi
nghiéng phan 16n 1a cot khong méng chi ¢6 thanh ngang, cic cot nay dat trén nén dat
pha cat, dat rat chat nhung khi bi ngap nudc thi x4y ra bién dang kha 16n, nén cot bi
nghiéng.

Su thiét hai cong trinh duong day tai dién trén khong qua con bdo s6 8 nam 1985 &
Binh Tri Thién c6 mot s6 nét chung la:

- Cot c6 day néo chi bi bién dang, khong cot nao do do day néo bi diit.

- Céc cot thép déu ding viing.

- Cot bi lat méng xay ra & dudng day 35kV, gdy c6 moéng xay ra & duong day

110k V.

Su thiét hai cta duong day tai dién qua con bdo s6 5 tai Thai Binh, Ha Nam Ninh
(nam 1986)

Con bao s6 5 nam 1986 d6 bo vao Thai Binh, Ha Nam Ninh tan pha trén dién rong.
Sttc pha hoai manh khong kém con bao s6 8 nam 1985 ¢ Binh Tri Thién. Hang ngan
cot dién duong day ha thé€ va duong day cao thé cé cap dién ap tr 6,10,35,110kV bi
hu hai. So v6i Binh Tri Thién thi & 2 tinh Thai Binh va Ha Nam Ninh c6 cong trinh
duong day t6i cap dién ap 110kV dugc xay dung nhi€u hon. Qua tran bao s6 5 cong
trinh duong day nay da bi tan phd ning né. Dudi day ching toi chi néu 1én nhiing
thiét hai cua cac duong day 110kV.

-buong day 110kV tuyén Ninh Binh — Trinh Xuyén va tuyén Ninh Binh — Bim
Son II bi d6 10 cot bé tong li tam.

-Dudng day 110kV tuyén Hai Duong- Pho Cao bi d6 10 cot (4p luc gid tai thoi diém
d6 lai chua dat t6i 4p luc gi6 dugc chon dé thiét ké: 110 daN/m2 & do cao 20 mét).

-buong day 110 kV Tién Hai — Long B6i bi hu hai nghiém trong hon ca vi nam
trong ving ven bién c¢6 trung tam bdo di qua. Pudng day tai dién nay dai 30 km,
trong 140 vi tri cot thi da hu hai 53 vi trf (trong d6 c6 1 cot thép do thang C110- 3 va
1 cot néo goéc bang bé tong li tam) da bi nhd, gly. Tat ca cac cot bi hu hai ndm trong
khoang tir C5 dén C11 tic 1a tur vi tri 17 dén vi tri 83 ciia duong day.

Céc hu hai cua duong day tai dién néu trén chia thanh 3 dang sau:

-Chan cot bi gdy, vo ngang mat méng(11/53 trudong hop)

-Cot bi bong, tr6i 1én hd méng cot(17/53 trudong hop)
trong do, ¢4 cot da bi rit ra hd mong va nam cach xa chan méng 1-2m.

-Thanh méng cot bi v& hong(25/53 truong hop).

Cot d6 1am hu hong xa lam v& hau hét sit cach dién va cét nhiéu doan day tai diém
mac vao khod bi chén phan nhom lai. Tuy vay, trong tat ca cic doan dudng day bi d6
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cot, nhung day dan va day chong sét van khong bi dit. Tinh hinh thiét hai néu trén
cho thdy: Bao 1a mot loai thién tai rat nguy hiém, sic pha hoai cua bao that 1a khing
khi€p doi véi cong trinh duong day dan dién trén khong.

Nguyén nhdn hu hai doi voi duong day tdi dién
Qua 2 con bdo 16n s6 8 nam 1985 va s6 5 nam 1986 ké trén cong trinh dudng day tai
dién trén khong da bi hu hai nghiém trong la vi:
- Bao gay ra ap luc gi6 16n hon ap luc gi6 thiét ké.
- Chat luong cong trinh kém, thé hién & cdc khau:
+ San xudt cOt bé tong li tam
+ Thi cong khong dam bao chat luong
+ Khao sat, thiét k& con chua chid y diy du.
Dudi day chiing toi s& phan tich cu thé tir d6 rit ra nhitng bai hoc kinh nghiém va dé
ra nhitng bién phap phong chong bao cho cong trinh duong day tai dién trén khong
trong nhitng nam toi.
Nguyén nhan thit nhat
Do bdo gay ra 4p luc gi6 16n hon 4p luc gié dugc chon dé thiét k& theo tiéu chuin
Nha nuéc hién hanh.
Con bao s6 8 nam 1985 qua 81 nam méi lai xuét hién & Binh Tri Thién, stic gié ving
trung tam bao cdp 12. Con bdo s6 5 nam 1986 c6 stc gio cap 12, gié giat trén cap 12.
Tai Tram khi tuong Thai Binh da do dugc van tdc gié 1én tGi 46m/s, sau d6 chinh cot
dat mdy do gi6 bi gdy. Theo du dodn van t6c¢ gi6 tai thi xa Thai Binh c6 thé lén t6i
48-50 m/s. Con bao nay tuong duong vGi con bao xay ra nam 1929( cach dé 57 nam).
Nhu vay van téc gié ctia bao da vuot qua ap luc gié & chu ky da chon( thiét k& theo
quy pham v6i chu ky 10 nam) dé tinh todn thiét k& cho két cau dudng day tai dién. Vi
du : Cong trinh dudng day 110kV Tién Hai — Long B6i duoc thiét k€ véi van toc
38my/s (cho day dan) va 42 m/s (cho day chong sét).
Mac du van toc gié vuot cip thiét k&, nhung mat khac ciing phai thdy nhitng nguyén
nhan khac da lam tang thém stc thiét hai cho duong day tai dién. Néu cac cong tac
khéo sdt, thiét k€&, san xudt cot, thi cong xay lap... dugc chd trong dam bao chat
luong tot thi ta s& c6 thé han ché thiét hai mot cach dang ké.
Nguyén nhan thut hai
Chat lugng cong trinh kém. Pay la nguyén nhan do cht quan. Trong bai viét
nay da di sau phan tich mot s6 van dé chli yéu va cong trinh dién hinh sau day:

Vé chdt luong cot bé tong li tdm

Cot bé tong li tam 1a loai két céu tru duoc st dung nhiéu nhat, vé6i s6 lugng 16n nhat
trén cic tuyén cong trinh duong day tai dién trén khong. Nhung chat lugng cot san
xudt tai cdc nha may trong thoi gian qua vira khong 6n dinh, vira khong dam bao chat
luong. Tt @6 dan dén tinh chiu luc cta cot kém. Nam 1986, da tién hanh khao sat
nang luc san xudt va chat lugng san pham cot bé tong li tam tai 4 nha may:
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- Nha may bétong dic san Ha Noi (Chem) Bo Xay dung;

- Nha mdy bétong dic san Bién Hoa (mién Nam) Bo Xay dung;

- Nha mday cot bétong li tam An Giang, B6 Nang lugng;

- Xinghiép dic tru dién li tam, S& Xay dung thanh phé H6 Chi Minh.

Qua khao sét cho thay:

- Chi c6 Nha mdy bétong dic sdn Ha Noi 1a c6 phong thi nghiém dé kiém tra
chat luong ctia cac loai vat liéu cho viéc dic cot bétong li tam. Ba nha may con lai
khong c6 phong thi nghiém.

-Chua c6 nha mdy nao quy trinh san xuat ma chi dua vao kinh nghiém nhu viéc
stt dung cot thép, sit dung bo diéu khién t6c do quay theo timg giai doan. Phan 16n
diéu chinh t6¢c do quay ctia khuon cot theo dién tré nudc nén chu yéu dua vao kinh
nghiém. Toc do6 va thoi gian quay ctia khuon cot tai cic nha mdy khong dat tiéu
chuén 12 18 phit ma dai bo phan chi ¢6 10 phuit.

-Chon cot liéu, dac biét 1a da dam khong ding quy cach va ty 1é c& hat.

-Cot thép dai cua cot dung thép kéo nguodi chi duy nhat c6 Nha may Bétong dic
san Ha Noi la thuc hién dugc, cdc nha may con lai dung c6t pha dai ¢6 Al can néng.

-Céc nha may déu khong thuc hién ki hiéu theo thiét k&€ quy dinh nén da xay ra c6
truong hop nham chung loai cot.

Nhiing di€u néu trén ro rang 1a nguyén nhan dan t6i chat luong cot bétong li tam
kém, khong dam bao tinh chiu luc cua cot theo tinh toan, thiét k&, khi chiu tac dong
cuia bao, cot d6 giy 1a diéu dé hiéu.

Puong day 110kV tuyén Tien Hai — Long B6i da dugc thiét k& véi dp luc gid 1a
110N/m2 & d6 cao 20m, chon dung lai cot bétong li tam CT-20d. Loai cot nay & doan
goc dat 24 thanh 16 loai thép AIIl (Ra=3400 daN/cm2). Nhung trén thuc t&, cac cot
bétong li tam bi gay sat mat mong & duong day nay lai dung thép Al va bo tri 18-24
thanh ¢16 va ¢22 bétong chi dat xap xi s6 hiéu 300 (theo thi€t k& quy dinh dung s6
hiéu 400), hai dau thanh thép AI khong dugc uén moc.

Viéc dung thép Al thay cho thép AIIl ma van gilt nguyén ti€t dién thép va s luong
thanh thép 1a mot sai 1am 16n. Do tang s6 lugng thanh thép da lam cho khe hé gitra 2
thanh hep lai, bétong khong thé 1ap ddy khap tiét dién cot cdc vien d4 c¢d 2cm khong
lot qua khe hd ma xép thanh 16p, gay nén tinh trang lam viéc khong dong déu tai
phan chiu nén cua ti€t dién tinh todn, gy ra phan bd lai ing suat cta cot, kha nang
chiu luc ctia cot do d6 bi giam.

Vé chdt luong thi cong tai hién truong
Thi cong xay lap tai hién truong c6 nhiéu sai sot s& dan tGi chat lugng thi cong khong
dam bao, lam suy giam do bén cua két cau. Qua khao st tai thuc dia cac tran bdo 16n
ching t6i nhan thdy phia thi cong vin con c¢é nhing sai s6t dang ké, can duoc rit
kinh nghiém.
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- Cot liéu cua bétong khong thuc hién ding yéu cau ki thuat, da khong ding
kich thudc, khong dugc rira sach. Nudc dung tron bétong khong qua thi nghiém dé
xem c6 dung dugc hay khong? Luong ximang bi giam lai khong dam bao chat lugng,
c6 trudong hop ximing dé lau bi déng cting vin cho st dung dé thi cong, 1am cho s6
hiéu bétong bi giam. Trén tuyén dudng day 110kV Tién Hai- Long B6i c¢617 cot
bétong li tam bi lat ra khoi ho méng. Sau khi kiém tra nghiém todn, ching to6i nhan
thay, h6 méng cao Im chén bang bétong soi nho M.200 ¢6 cudng do chiu kéo(dinh
két) B12=7,5 daN/cm2. Luc nho bat chan cot khoi hd méng 1a R1 — 3,5 daN/cm 7,5
daN/cm, thiét k€ du an toan. Tix d6, suy ra cot bi nhd khoi hd moéng 1a do bétong chen
khong dat cuong do thiét ké&. Cac cot rut ra khoi hd méng, nhung mat chan cot van
nhan, cang chitng té chat lugng bétong cheén chan cot véi mong rat kém.

- Dat thi€u c6t thép & phan c6 méng, khi giap bio ¢c6 méng bi v dan dén cot bi
dé, kéo theo xa, sit ,phdn ngon clia cot bi gdy. Hién tuong nay rd nhat & dudng day
110kV tuyén Tién Hai — Long Boi xdy ra 25 trudng hop, ngoai ra con xay ra tai
duong day 110kV tuyén Hué€ - Dong Hé6i, Hai Duong — Pho Cao. Qua con bdo s6
5(nam 1986) hang loat c6 méng bi vd; da phai ti€én hanh kiém tra lai va nhan théy:
chat lugng bétong khong dat s6 hiéu 200 nhu thiét k€ quy dinh, cot thép doc dat du,
nhung cot dai dat thi€u dan dén tinh trang pha hoai nhu trén.

- Thi cong trong ving bdo ma chua quan tam day dt dén viéc neo giit va
chong do sau khi lap dung, nén da xay ra trudng hop cot dung 1én chua kip cang day
bdo ap dén, cot bi d6 ngay.

- Cac coOt ¢6 day néo, phia thi cong thuong chi cang day theo kinh nghiém,
khong c6 dung cu do can thiét. Do d6 viéc cang day khong dong déu va cang chua
dat t6i tri s6 luc cang ban diu, chi gié manh da dé cot (duong day 220kV tuyén Ha
bong — Ria).

- Thi cong da bd qua phan dat diap bao vé trén mat méng cot va méng néo nhu
thiét k€ da quy dinh (200 - 300mm) hién tugng ndy rit pho bién trén cdc tuyén dudng
day va tuong chiing khong anh huong gi, nhung thuc ra né da gy tac hai khong nho, da
lam giam kha nang chong lat khi cot chiu tic dong cua ngoai luc, dac biét 1a doi véi loai
cot chon khong méng thanh ngang trén cac tuyén duong day cé cap dién ap 35k V.
Ngoai ra, con ¢6 nhitng nguyén nhan khac nhu thi cong nham chlng loai cot, van
chuyén va boc d& cot khong ding quy dinh, ximang, sat thép bi that thodt v.v... cling
lam anh hudng t6i chat luong cong trinh.

Vé khdo sdt thiét ké

Céc tran bio 16n gay nén nhiéu su c6 trén cong trinh dudng day tai dién trén khong
c6 nguyén nhan khao sat va thiét k& can dugc rut kinh nghiém nhu sau:

- D€ 4n thiét k€ mot s6 cong trinh dudng day tai dién dua trén nhitng tai liéu co sG
(dac biét Ia tai liéu dia hinh, dia chat va dia chat cong trinh) chua that chinh xac. Do
do, da dé ra giai phap nén méng khong phut hop véi tuyén cong trinh ndm trong viing
ven bién thuong gip bao. Thuc t€ & Binh Tri Thién qua con bdo s6 8 nam 1985 hang
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loat cot chon khong méng c6 ting cudng thanh ngang cta dudng day 35kV da bi do
kéo theo méng bi 1at, thanh ngang khong phét huy duoc tdc dung chong 1at trong nén
dat yéu.

- C6 truong hop, tinh toan thiét k€&, chon so d6 cot, khoang cach cot v. v.. chua hop
1i. Pién hinh la duong day 35kV tuyén Pong Ha - Vinh Linh da thiét ké cot bétong li
tam cao 18- 20 mét sit chudi, 3 day din déu dua lén ngon cot dé tang thém do vong
cho thép, tir d6 ma kéo dai thém khoang cot 1én t6i 250m lam cho momen udn tai
chan cot rat 16n, tham chi 16n hon so v6i dudng day c6 cap dién ap 110kV. Vi vay,
duong day nay méi gap bao cdp 10 nam 1983 da bi d6 mot s cot, con bdo s6 7 nam
1985 vdi cap gi6 thap hon so vdi cap gié thiét k€ cling d6 mot s6 cot, dén con bao so
8 thi d6 hang loat rat nghiém trong. Xét vé kinh t€ ki thuat thi sir dung cot bétong li
tam cao 18 — 20m cho duong day 35kV la khong hop 1i. Viéc xac dinh khoang cach
hop 1i cho tung loai cot theo ting cap dién ap cho cong trinh duong day tai dién trén
khong dang 1a van dé can dugc quan tam nghién ciu.

- Phia thiét k& chua bdm sat hién trudng dé phat hién nhitng di€ém chua phu hop véi
thuc t€ va tai liéu cap ban ddu dé diéu chinh kip thoi. Con chil quan trong khau kiém
tra ki thuat dan dén mot s6 truong hop dé an thiét k€ khong an khép.

T6m lai, bdo gay ra nhitng thiét hai nang né va nghiém trong cho cong trinh dudng
day tai dién. Nhung néu cong trinh khao sat ,thiét k& va thi cong dam bao chat luong
thi mdc do thiét hai giam di rat nhiéu. Cung chiu dp lyc gié nhu nhau, thiét k&€ nhu
nhau, cap dién 4p nhu nhau, con duong day tuyén Nam Ly- My Dic chi c6 2 cot bi
nghiéng nhe, ching t6 duong day tuyén Nam Ly — My Duc c6 chat luong cong trinh
tot hon, nén chong bao tét hon.

Anh hudng ciia dao dong lén cong trinh va con nguoi

- Su c6 bé chita nha mdy nuéc Thu Dic
Bon bé chita nuc sach Nha may nudc Tha Pic (thi tran Tha Pic) thanh pho Ho Chi
Minh c¢6 dung tich téng cong 260.000m* (bé s6 1 va 2: 2x40.000m’; bé s6 3 va 4:
2x90.000m?), do hang Hydrotechnic Corporation (U.S.A) thiét k&€ va cac hang
Hawain Dredging(U.S.A), Dragagen(France) xay dung.
Ciac bé nay dugc xay dung tir nam 1963 dén 1968. Ngay sau khi xay dung xong da ¢
hién tugng ro i nuéc qud muc cho phép va dén nay ca 4 bé déu bi hu hong ning,
luong nudce that thodt trong mot ngay dém 1én t6i 20-30% stic chita tong cong.
Do 4 bé déu duoc thiét k& theo mot nguyén 1y va thi cong theo cac phuong thic tuong
tu, bai viét nay dé cap dén viéc phan tich nguyén nhan su c6 va bién phdp stra chita
mot bé s6 3 va goi tén bé 1a bé chita Nha may nuée Thu Dic.
Quy mo va ddc diém cong trinh
Bé chita nha may nuéc Thu Dic dugc xay dung trén mot khu déi véi kich thuée
255,65x73,66x8,56m bétong cot thép mac 200. BE dugc thiét ké theo dang két ciu
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mém: ddy (phang va vach nghiéng) khong chiu dugc dp luc 16n, dugc cdu thanh tir
cac tdm bé tong cot thép kich thudc 9x12m va 6x9m day 15cm, cé mot 16p thép ¢ 9,6
a 200 dat & gitta tdm, c4c tdm ddy ndi v6i nhau bing céc giodng cao su; nap bé 1a cac
tAm panen 6x1,2m gdc lén thanh ditng (bé tong khong lién khoi v6i ddy bé) va hé
dam 6 c0 9x6m; Hé dam nay dat trén ludi cot 9x6m va cot dat truc ti€p 1én nén dat
(khong lién vé6i ban ddy), khe ho giita cot va ban ddy ciing dugc cheén kin bing gioang
cao su. Cot nude st dung cao 8m; ap luc nuéc ngam duge duge khir boi hé thoat nude
$300 va $600, dat cach déu 9m, nim sau dudi day bé (tinh tir mép dudi ban day t6i
tim ong) 350-450.

-Dua theo hinh v&, c6 thé 14n Iugt mo ta cau tao va kich thuéc co ban ctia cdc cau kién
bé nhu sau:

- Ndp bé:

Panen

Panen c6 2 suon doc, kich thudc ban panen: 1,2x6x0,05m; suon: 0,35x6x0,15m. Cac
tAm panen nip bé lién két voi nhau va véi dim d ching bang maoi noi uét thong
thudng (dé thép chd réi chén bé tong).
Dé chong tham, ngudi ta da ddn 3 16p vai nhua tong hop trén toan bo nap bé.

Hé dam do panen

-Tiét dién dam:  0,70x0,85m

-Nhip dam: 9m

-Khoang céch giita cic dam: 6m
Céc dam duoc dic sdn timg nhip (9m), réi n6i véi nhau va néi v6i cot bang moi néi
uGt. Toan bo hé dam tua trén cot va thanh ditng clia bé.

-Thanh diing ciia bé

Bang bé tong cot thép lién khoi. Thanh ¢6 nhiém vu d& panen nip bé va chiu ap luc
nudc( phan phia trén)

-Tiét dién ngang thanh : 0,25x2,2m

-Mong thanh rong : 1,2m

-Day : 0,25m
Cit khoang 70m doc chiéu dai thanh(chu vi bé) lai c6 mot mach co din bing gioing
cao su. Thanh dat trén nén dat khong déu: dat dip c6 xen k& dat nguyén thé.

-Cot

Bé chita s6 3 ¢6 259 cot. Cot d6 beé tong lién khoi ciing méng cot. Tai trong nap bé
truyén thong nén qua cot va méng cot ma khong truyén vao ban ddy bé.

-Tiét dién cot : 0,5x0,5m
-Chiéu cao cOt (max) : 10m
-Kich thu6éc ddy mong 2,4x1,5m

Khe ho gitta cot va ban ddy bé duoc chén kin bing gioang cao su.
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-Day bé

D4y bé c6 2 phan : phin phang giita ddy va phan vich nghiéng nim & xung quanh,
noi phian phang va thanh ding. P4y bé dugc dé bé tong theo ting tam kich thudc
9x12m hoac 6x9m, day 15cm, c6 1 luéi thép 6 vuong ¢ 9,6m a 200 mm dat & chinh
gilra tdm. Cac tAm dan nay lién két véi nhau bang gioang cao su.

-H¢ thong thodt nudc dudi ddy bé (Drainage)

Phan sdt day bé 1a mot 16p da dam 3x1x6cm c¢6 chiéu day 20-30 cm. Dud6i 16p d4 dam
la hé 6ng $300 (6ng nhanh) va ong ¢600 (6ng truc). Cac 6ng nhanh dugc khoan 16 dé
thu nudc.
Nudc ngam khi dat tGi cao do cua hé ong dugc tap trung vao ho ga thu nudc ctia khu
vuc. Nho vay ma ddy bé khong bi chiu dp luc nuée ngam.
Theo tai liéu khao sat dia chat cua Hydrotechnic Corporation va Vién Thiét k& quy
hoach téng hop, Bo Xay dung (Thanh phé H6 Chi Minh), thi tinh hinh dia chat khu
vuc xay dung bé chita nuéc nhu sau:
Tur trén xuong duéi (k€ tir mat bang xay dung cong trinh) c6 cac 16p dat sau:
-L6p 4 sét: day 6-8m; do sét B=0,05; luc dinh C=0,31 kg/cm?; géc ma sét trong
¢=20°30" ; hé¢ s6 a=0,016 cm*/kg ; Es= 50 kg/m>.
-L6p 4 cat : day 0,2-5,2m; do sét B=0,44; luc dinh C=0,09 kg/cm2 ; g6Cc ma sit trong
@=25°30’ ; hé s6 nén a=0,07 cm?/kg;
-L6p cat : day 0,10-7,9m; C=0,015 kg/ch; p=34°; a=0,04cm2/kg.
-Lép dat sét bui: B=0,089 ; C=0,71 kg/cm?; ¢=15°; a=0,058cm?/kg. (Xem miit cit dia chat).
Nhin chung, day la dia ting phu sa c6, binh thuong & trang thdi chat vira, khi gap
nuéc s€ c6 tinh déo dén déo nhdo. Hat sét c6 thé bi troi khi nuée ngdm chuyén dich.
Suw ¢’ va nguyén nhdan hu hong

Su co
Ngay tir khi xay dung xong, ddy 4 bé chita Nha may nuGc Thi Dic da bi nit giy va
nudc da bi ro ri. Lugng nudce 0 ri tang theo thoi gian, khi méi dua vao st dung, lugng
ro 11 1a 200m’/ngay, dén nam 1972 riéng 2 bé s6 3 va 4 da ro ri 10.000m’-
10.500m*/ngay, ting dén 24.000m’/ngay nam 1983 va hién nay, mdéi ngdy mat
khoang 60.000m’ nudc sach. Luong nudc that thoat nay da cho 600.000 ngudi st
dung (tiéu chudn 100 dm?/ngay), tuong duong v6i mot nha may 16n & Ha Noi do Phan
Lan tai trg. S& di nudc bi that thoat 1 vi ddy (phéng va véach nghiéng) bi nit giy. Cac
bdo cdo cua Sai Gon Thuy cuc va cdc don vi lién quan cho thay nhiéu vét nit gy da
dugc phat hién bang mat thudng va da dugc va lai. Cho dén nay da trai qua 14 14n sira
chita nhu vay va ¢6 t6i 269 chd duoc va chita. Cic “miéng va” bé tong cot thép co
kich thuéc tir 0,8x1m dén 3x12m; Tuy vay hién nay con nhiéu vét nit gdy van chua
dugc stra chita, ¢6 chd da trd thanh hoc rong; ngudi c6 thé chui qua duge. Céc gioang
cao su bi rach, hong. Trén thanh dding thinh thodng c¢6 nhitng khe nit theo chiéu
diéng. Méi bé bi hu hong nhe trir viéc cdc 16p chong thdm trén néc da bi hong hoan
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toan. Nudc mua va dat bui chdy vao bé 1am nhiém ban nudc. Trudc tinh hinh d6, Nha
mdy nuéc Thi Dic danh khong st dung bé s6 3 (bé hong niang nhat) va xay dung 1
tram bom 2 chuyén hiit nuéc that thoat tir cic bé dua vao mang nudc Thanh pho.

Anh hudng ciia dao dong doi vdi co thé con nguoi

Dao dong cuia nhiéu loai mdy méc thong qua xidc gidc truyén vao co thé con ngudi
lam cho con nguoi cam nhan dugc ¢6 su rung dong. Dao dong cé van tdc cham (dai
thé tir 1,0 dén 2,5 Hertz) ¢6 thé dnh hudng t6i su can bang cla cam gidc va co bap.
Con dao dong c6 van toc nhanh (I6n hon 10 Hertz) dugc phan anh thanh 4p luc va
chan dong. Ngay tir nam 1922 va 1933, Zeller da thao luan kha day da van de tam ly
hoc do dao dong gay ra. Néu tan s6 dao dong vuot qud 20 Hertz, co thé con ngudi con
cam nhan duoc Am thanh (ngoai cam gidc vé su rung dong ra). Con khi dao dong c6
tan sO 16n hon 100 Hertz thi cam nhan chu yéu l1a &m thanh. Dao dong cta vat cing
noéi chung do tac dong cua luc cé tinh chu ky gay nén. Luc c6 tinh chu ky d6 lai do
may moc , xe ¢O rung dong hoac cac hién tuong thién nhién nhu dong dat, gié, nudc
sinh ra. Dao dong c6 thé c6 anh hudng xau dén co thé con ngudi va giy nén cac tai
trong va ing xuat c6 hai trong vat liéu xay dung nén cong trinh. Nhitng phuong phéap
phong chdn chil yéu bao gom: loai trir dao dong c6 hai hodc t6i thi€u 1a phai giam nhe
nhitng dao dong c6 hai d6 xuéng dén mic cho phép sao cho né khong 1am tén hai
dén co thé con nguoi va khong gay nén tng suit vuot troi qua miic trong vat liéu xay
dung nén cong trinh. Zeller (1931) dua ra hé s6 dac trung anh hudng cua dao dong.
Hé s6 nay c6 lien quan dén khaoi lugng m va rit ra tir biéu thitc sau day:

X :%(27:)24a2n3m (1.1)
Dbi véi don vi khéi luong (m=1g) bi€u thifc trén bién thanh
X = %(Zfz)zazn3 (cm?sec™ g) (1.2)

Dé tién dung ta c6 thé dung biéu thic:
b?  (2zna)’

X == (1.3)
n n
Do d6 theo cong thic cua Zeller ta rit ra tri sO sau day:
y =167*a’n®  (cm’sec™ g) (1.4)

Trén co s tri sO 7 , Zeller da phan loai tan s6 dao dong ra cac loai tir loai I dén loai
XII (xem bang 3).

Ta c6 thé nhan ra: dao dong bat dau pha hoai cong trinh khi y = 25 dén 100

Bendel (1944-1948) da tién hanh rat nhiéu thi nghiém vé dao dong dong thoi so sanh
két qua thi nghiém cua o6ng véi két qua cta ciac nha nghién ctu khac. Trén co s& cong
tdc nghién cttu cua ban than 6ng va trich din cdc biéu d6 ma Reiher va Meister da
cong bo ong da dua ra mot s6 bang biéu bao ham viéc phan cdp dao dong. Nhing
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bang bi€u nay lan luot ghi lai hai tinh hudng dao dong gay nén bdi tic dong clia chan
rung lién tuc va xung kich mot 1an (xem bang 4 va bang 5)
Trong cac bang da xu dung cic ky hiéu:
V-thanh phan thang ding clia mdy dang ding
L-thanh phdn nam ngang cuia may dang ding
Q-thanh phin nam ngang cia may dang nam
_ giatoc
C4n’f
Trong d6 f1a tan so
Khi: n> 5, k=1
Khi p >5, can xem xét

(1.5)

A:%(47z2a2n2) (1.6)

Bdng 3: Phan loai tan s6 dao dong

Phan loai bic diém Y
I Chua cam giac thay 1
11 Rat nhe 2
111 nhe 10
v Vira phai 50
\Y Hoi manh 250
VI Manh 1000
VII Rat manh 5000
VIII Dir doi 20000
IX C6 tinh huy hoai 100000
X Hoan toan huy hoai 500000
XI C6 tinh tai bién 2500000
XII Tai bién & mic do cao 10000000

Trong chi ddn VDI cua hiép hoi k§ su Diic, ngudi ta dua ra tiéu chuan so sanh cap
dao dong ctia mdy méc va nay da dua vao quy pham DIN 4025. D€ biéu thi anh
hudng clia dao dong may méc doi véi co thé con ngudi, ngudi ta st dung xuat phu tai
sinh 1y K (tir 0,1 dén 100) trong bang 4. Trong bang 5 ghi cac tri s6 1a s6 binh quan
¢ tinh chat chi thi va phlt hop véi trudong hop nguoi & tu thé diing hay ngoi cling nhu
thich dung véi diéu kién vé co ban 12 dao dong thiang ditng hoic dao dong nim ngang
lien tuc. Khi dao dong lién tuc trong mot doan thoi gian r6i nglmg lai, thi c6 thé tra
dung theo bang 5 vGi phu tai cao hon mot cép.
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Bdng 4: Phan cap dao dong trong trudng hop xung kich mot 1an

TT Cap Anh huong ctia dao dong
Theo Theo Cap cudng do dong | DGi véi co thé con | D6i v6i cong trinh
phuong phuong dat Forei ngudi
phép phép Do dong - Rossi
Reither Forei- Cap ] Do nhay cam
Rossi
1 3 4 5 6 7
1 0 I 1~2 0~2.5 Chura cam nhdn Chua phd hoai
duoc
2 I i 3~4 | 2,5~45 Vi cdm nhan Chua phd hoai
duoc
3 | 11T 5 4,5~5,5 Dé cam nhéan duoc Chua phé hoai
Dé cam nhan va cam P
4 I II-v 6~7 5,5~7,5 thély khé chiu Chua phé hoai
M@i n6i long ra
5 11 V-VII | 8-9 | 75-95 | Irong thoigiandai | vuotqud cudng do
l1a c6 hai chiu kéo cua vat
liéu
6 11 IX-XIT | 10~12 | 9,5~12,5 | COhaituyétdoican Huy hoai
duéi cua dau kho

Ghi chu: Céc tri s6 trong bang 4 thich dung cho anh hudng clia dao dong vdi co thé con
nguoi va doi véi cong trinh.
Trong phan cdp Forel- Rossi: b — bi€u thi gia toc:

1, .
Logb = E (]-35); J —cuong do (theo Gassman)

Bdng 5: Suét phu tai sinh 1y K cta dao dong d6i v6i con ngudi

(1.7)

K MO0 ta tinh hu6ng Lam viéc
0,1~0,3 | Bét ddu c6 phan ting va bat ddu c6 cam gidc rung Khong anh hudng
0.1~0.3 Vira cam nhan .du’q(i, hflu nhuj chua cam thay khé Khong anh huéng

chiu, dé dang chiu dung
Dé dang cam nhan dugc, qua dao dong mot vai gid Co anhkhuo/ng o
0,3~1,0 ) z S R . 2. nhung can c6 thé
cam thay kha 1a khé chiu, con ¢ mitc chiu dung noi N
lam viéc dugc
Kho chiu qua dao dong mot vai gio, cam thdy khong A\nh huong dff d(A')i,’
3~10 chiu dung néi, gidi han thoi gian du dodn c6 thé V'i‘l% “.’Lmlf\c ‘13101“ co
chiu dung duoc 1a 1 gidy the tien hanh fam
viéc dugc
10~30 dac biét khé chiu, giéi han thai gian du dodn tdi da Khé c6 thé lam
c6 thé 1a chiu dung dugc 12 10 phiit viéc duoc
30~100 Cuc ky kho chiu, giéi han thoi gian du doéan toi da Khong thé tién
c6 thé chiu dung duoc 1a 10 phuit hanh lam viéc duoc
>100 Khong thé chiu dung néi Khong tién hanh
lam viéc dugc
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KET LUAN CHUNG

Dao dong c6 hai xuét hién trong rat nhiéu linh vuc k¥ thuat & nudce ta, lam giam chat
luong, do bén va tudi tho cla céc thiét bi, mdy méc. Ngoai ra cidc dao dong co hai
cling anh hudng rat nhiéu tGi siic khoé va tinh than cta con nguoi. Cac DDCH nay
ngay cang nguy hiém va can dugc quan tam thich déang vi 3 1y do:

-Su tang 1én vé quy mo két cau, vé toc do may méc va cuong do kich dong ngoai;
-Su cap thiét vé viéc giam gia thanh cac cong trinh 16n;
-Yéu cdu cao vé€ an toan cho cdc cong trinh quan trong.

Ngoai ra, nuéc ta dang phét trién cong nghiép dong tau bién trong tai 16n, tu dong
héa trong nganh co khi, cong nghiép dau khi, dan khoan bién, cdu day vang v.v.. Vi
vdy, viéc phat trién cong nghé giam dao dong c6 hai & Viét Nam néi riéng ciing nhu &
trén thé giéi néi chung 1a mot hudng k§ thuat co trién vong ing dung va dem lai
nhiéu hiéu qua kinh t& va xa hoi.
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2. Phan tich téng quan cac ky thuat co ban chong dao dong c6 hai
Cdc k¥ thudt co ban ciia Diéu Khién Dao Pong (PKDD)

Cong nghé chong dao dong c6 hai dua trén viéc diéu khién dép ting dong  (dao dong theo
thoi gian) ctia cong trinh k§y thuat (CTKT). Cac k¥ thuat co ban nham dat dugc mot s6 muc
dich sau:

- Giam thiéu tidc dong clia ngoai luc lén CTKT.

- Truyén mot phan nang lugng dao dong c6 hai cua CTKT sang céc bo

tiéu tan nang luong (TTNL) duoc két n6i véi CTKT.
- Tao thém luc ngoai bang cac bo kich dong luc dé can bing hodc giam
b6t ngoai luc tdc dong lén CTKT.

T nhitng muc dich d6, ngudi ta phat trién ba phuong phap diéu khién dao dong:

- Phuong phép st dung cac hé cach ly.

- Phuong phdp stt dung cdc hé tiéu tdn nang luong (diéu khién thu dong (DK TD)).

- Phuong phdp diéu khién tich cuc (DKTC).
Trong thuc t€, con c6 thé diéu khién dao dong bing cach két hop cdc phuong phap
trén nhiam dat hiéu qua gidm dao dong t6t hon. Chang han, phuong phép két hop gitta
hai phuong phap DPKTD va phuong phap PKTC dugc goi 1a phuong phap ban tich cuc
(semi-active). Mot trong cdc uu diém cta phuong phdp ban tich cuc 1a dua ky thuat
diéu khién vao céc thiét bi TTNL thu dong va bién céc thiét bi nay thanh cac thiét bi
c6 diéu khién trong sudt qué trinh dao dong ctia cong trinh k¥ thuat. Két qua 1a hiéu
qua giam dao dong cua céc thiet bi TTNL bdn tich cuc (c6 diéu khién) tang lén rat
nhi€u so véi cac thiét bi TTNL thu dong. Cac cong trinh ky thuat va cdc may moc
hién dai ngdy nay déu sir dung céc thiét bi TTNL tich cuc dé dam bao mot chat luong
dich vu mot cach tot nhat.
Phuong phdp su dung hé cdch ly hién nay da dugc dung nhiéu cho cdc mdy moc
thiét bi trong cic nganh nang lugng, co khi, cong nghiép, nha cao tang trong ving
dong dat... va cho hiéu qua tot.

Hé cach ly
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Hé diéu khién tich cuc
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Kich dong ngoai Két cau DPap ting cua két cau

Hinh 2.2. So d6 diéu khién tich cuc

Phitong phdp diéu khién tich cuc st dung cic may kich dong (dang thuy luc hodc
chat 1ong tir bi€n) dé sinh luc vao két cau. Phuong phép nay hién méi dang duoc
nghién cttu manh trong nhitng nam gan day. Hé diéu khién dua trén cdc két qua do
dap ung clia két cau sé sinh ra luc dé can bang vdi ngoai luc tdc dong vao két cau.

a. Phan tich ky thuat diéu khién thu dong

AAAAA

Do6i vi hé mot bac tu do khong can, ¢6 thé thu duoc 161 gidi gidi tich cho cac tham s6
toi wu cua TMD. Trong muc nay ta s€ trinh bay 4 phuong phap c6 16i giai giai tich.
Viéc chia cdc phuong phap dua trén dang chi tiéu can t6i wu. Ching toi dé cap dén 4
dang chi tiéu. Cac két qua chinh thuoc vé Den Hartog.

Chi tiéu cuc tiéu dinh cia ddp iing, phuong phdp diém cd6’ dinh

Chi tiéu cuc tiéu dinh cua dap tng ddnh gia trudong hop x4u nhat xdy ra véi ddp tng
ctia hé chinh. Véi két cau, c6 2 ddp ting hay duoc xét dén l1a chuyén dich (lién quan
dén dén do an toan cua két ciu) va gia toc (lién quan dén do an toan clia cac thiét bi
va con ngudi trong két cau). Ta c6 thé dung dugc phuong phép di€ém co dinh nhu sau.
Heé chinh 1 bac tu do dugc 1dp TMD trd thanh hé 2 bac tu do. Néu hé chinh khong céan
thi ddp tng phiic ctia hé chinh khi chiu kich dong diéu hoa déu c6 dang

_ A+iBS
C+iD&

x(¢)

£(t) @2.1)

Trong do6 i 1a s6 ao, x la dap tng phtc cua hé chinh, & 1a ty s6 can ciia TMD, f{t) 1a
kich dong diéu hoa phic tic dong vao hé chinh. Néu dat:
o la ty so gilra tn s6 riéng ctia TMD véi tan so riéng cua hé chinh

B la ty sO gitra tan s6 cta kich dong véi tan so riéng ctia hé chinh
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thi A,B,C,D la cac ham thuc cua o, f va mot s6 tham s6 khac ngoai trir . Bién do
thuc cua déap ung la:

A2 BZ 2
(O =17 ()] [ e = 1| (1) 22)
C

trong d6 H dugc goi 1a ham khuyéch dai. Muc dich ctia ching ta 1a cuc tiéu hod dinh
ctia ham khuyéch dai H trong toan bo mién bién thién cua tin s6 kich dong. Khi c6
dinh céc tham s@ trir tham s6 &, dang d6 thi H theo B vGi mot s6 gid tri cta & déu c6
dang nhu trén Hinh 2.3

Hinh 2.3: Dang do thi thé hién su bién thién ciia ham khuyéch dai theo tin s6 kich
dong ngoai vGi mot s6 gia tri khac nhau ctia ty s6 can

Trén Hinh 2.3 ta thdy, véi 2 truong hop t6i han £=0 (khong can) va £=1 (can t6i han)
déu dan t6i dinh cua do thi tién ra vo cung. Diéu d6 cho thay ton tai mot gid tri t6i uu
nao do cha ty sO can thiét bi & gitta 2 gia tri nay. Ngoai ra, tinh chat khong can cua
két cau cho thay c6 2 diém c6 dinh P,Q khong phu thuoc vao ty s6 can & ctia TMD.
BuGc ddu tién ctia phuong phap di€ém c6 dinh 1a tim 2 diém co dinh P,Q. Gia st 2
diém P, Q c6 hoanh do 1a B, va B, . D€ H khong phu thudc vao & thi:

o

OH
oc == Gz Ip=p, =0 (2.3)

Tir biéu thic ctia H trong (2.2), rit ra cidc phuong trinh:
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A B
H =5 = ‘5‘ = (24)

A B
‘g p=p, = ‘5 p=p, (2.5)
Va ta ciing thu dugc gid tri cia H tai 2 diém nay:
B B
Hio=lolies  Hlo=|5) s 26)

Sau d6, Den Hartog 1y luan rang muén dinh ctua d6 thi H theo B thdp nhat thi trude
hét can phai cho 2 diém P va Q ¢6 do cao bang nhau, tir d6 ta ¢6 thém 1 phuong trinh:

B B
5‘ == p| l5=12 7

Nhu vay ta da c6 3 phuong trinh (2.4), (2.5) va (2.7) cho 3 4n B,, B, va a.. Chd ¥ ring
tinh chit khong can cua hé chinh lam cho A,B,C,D khong phu thuoc vao & nén hé

H|p=H|p=

(2.4), (2.5) va (2.7) 1a hé 3 phuong trinh v6i 3 4n B, B, va a.. Hé nay ¢6 16i giai khong

phu thudc &. Két qua cho nghiém t6i vu cua a la «,,,. Budc thi hai 1a tim thém mot

ptre
phuong trinh nita cho 4n &. Sau khi da ¢6 2 diém c¢6 dinh P, Q cao bing nhau, néu vé

do thi H theo tan s6 kich dong vdéi cac gid tri § khac nhau, ta lai ¢6 dang:

Hinh 2.4: Dang do thi thé hién su bién thién ciia ham khuyéch dai theo tin s6 kich
dong v6i mot s6 gia tri cta & khi o da duogc chinh dén gia tri t6i uu

Khi & con nhd thi ¢ 2 dinh cua do thi cao hon P va Q. Khi  tang dan thi 2 dinh d6
thap dan xuong. Dén mot gia tri §, thi 2 dinh nay da thap khd gan P,Q. Néu lai tang
ti€p can thi 2 dinh tién tGi chap lam 1 va dinh duy nhat nay lai cao 1én. Nhu vay ton

tai mot gid tri ,, ma ta can tim sao cho P va Q gan véi cdc dinh clia do thi nhat.
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Trudc hét ta tim gid tri &; sao cho P 1a mot dinh cua d6 thi. Khi P 1a dinh cua d6 thi
thi dao ham ctia H tai d6 bang 0. Lf{y dao ham cuia H va cho bang 0, thu dugc

53*

0
H? = 8? 2 2.8)
D—
é’ﬂ +& op
Dan t6i:
42
2 — —
& = OB 20D (29)
B——-H"D—
op op
Thay céc gia tri £, va B, vao day c6 thé tinh dugc &,.
4% e
£ op op
Bgz _ HZDZ’; tai =01y V2 BB, (2.10)
Vé6i cach lam tuong tu ta tinh dugc gia tri &; d€ Q 1a mot dinh ctia d6 thi.
aA 20 9C oC
2 _ 5,5’ op
% = 0B D :
6ﬂ —H’D 8,8 tai o=at,, va =P, (2.11)

Do &, va &, khac nhau nén P va Q khong thé dong thoi 1a dinh. Gid tri t6i wu s& tuong
tng véi truong hop P va Q gin cac dinh nhat nhu da thay trén Hinh 2.4. Gia tri nay sé
duoc 14y la gid tri trung binh binh phuong:

Eopt = \/51 ;52 2.12)

Phuong phép diém c6 dinh dugc thuc hién bang viéc giai 6 phuong trinh (2.4), (2.5),
(2.7), (2.10), (2.11) va (2.12). Sir dung chi tiéu cuc tiéu dinh dép ting c6 thé dam bao
giam dugc toi da dap ting cua két ciu trong truong hop xau nhat. Tuy nhién néu
truong hop x4u nhat it c6 kha niang xay ra (theo nghia x4c xuat) thi chi tiéu cuc tiéu
dinh cua dap ung chua phai 1a mot Iua chon toi uu.

Chi tiéu cuc tiéu phuong sai ciia ddp ting voi kich dong ngdu nhién On trang

Chi tiéu phuong sai danh gia trung binh binh phuong cua dap ung trén toan khoang
bién thién cua tan s6. Phuong phép tinh toian dua trén viéc tinh ma tran phuong sai.
Ma tran phuong sai c6 thé duoc phan tich bing phuong phdp phé hodc phuong phap
phuong sai. Phuong phap phuong sai to ra tién 1gi khi mo ta bang may tinh. Dé st
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dung phép phan tich phuong sai, phuong trinh chuyén dong duoc viét dudi dang
phuong trinh trang thai:

&r)=Sz+H/f(t) (2.13)
Trong d6 z(t) 1a vecto trang théi chita ddp ting cua h¢ chinh, S 12 ma tran hé thong, H,
la ma tran dinh vi cua kich dong f{¢). Ma tran phuong sai P 1a nghiém cua phuong
trinh ma tran Lyapunov:

SP+PS"+ HH/s=0 (2.14)
Gia su f{t) 1a kich dong 6n trang c6 cudng do s, D61 v6i hé 2 bac tu do, s6 4n can gidi
12 16. Tuy nhién néu chud y thém tinh d6i xdng clia ma tran phuong sai thi s6 4n con
lai 1a 10. Cac gia tri t6i vu cua o va § dugc tim lam toi wu phuong sai cua dap tng hé
chinh. Goi phuong sai clia d4p ting hé chinh 1a P, thi diéu kién cuc tiéu cta P, 1a:

an %

P,
g @=top =0 a_g =, = 0 (2.15)

Nhu vay dé thu dugc tham s6 t6i uu véi chi tiéu phuong sai thi ta can giai hé (2.14) va
(2.15). Trong truong hop hé chinh 1a hé 1 bac tu do khong can thi hé phuong trinh trén
c6 10i giai giai tich. Ngoai ra ciing c6 thé xét thém trudong hop chi c6 1 tham s6 duoc
diéu chinh. Trong thuc t€, do nguyén nhan k¥ thuat c6 thé xay ra cic trudng hop tham
s6 o hoac & da duoc chon cd dinh. Khi d6 ma tran phuong sai chi con 1a ham mot bién.
Luc d6 ta van tim di€u kién cuc tri va tim ra gid tri t6i uu ctia tham s6 con lai.

Chi tiéu cuc tiéu phuong sai khong dam bdo giam t6i da ddp tng trong trudng hop
xau nhat nhung dé dang lap trinh trén mdy tinh va phat trién phuong phép so.

Chi tiéu cuc dai khd ndng tiéu tan ndang luong
Nhu & chuong mé dau ta da biét, hiéu qua cua tat ca cdc thiét bi TTNL lap thém vao
hé chinh dugc xac dinh bdi dai lugng khong thit nguyén la ty s6 can tuong duong,
tinh theo cong thuec:

—<Ep> _—<Jmp¥>

£ = (2.16)

2a)sm<182 > 2a)sm<)8% >
Trong d6 Ep 1a cong sudt tiéu tan cua thiét bi, fp 1a luc do TMD tac dong vao hé
chinh, ky hiéu < > chi gia tri trung binh. D6i véi kich dong ngau nhién thi gia tri
trung binh duoc 14y bing phuong sai. Chi s6 can tuong duong dinh gid kha nang
TTNL cua thiét bi. Ty s6 can nay cang 16n thi TMD cang hiéu qua. Ciing bang cach
giai phuong trinh ma tran Lyapunov (2.14) ta thu duogc ma tran phuong sai. Tir ma
tran phuong sai ta tinh dugc biéu thiic clia ty sd can tuong dwong rdi 4p dung diéu
kién t6i wu ctia ham hai bién dé tim tham s6 t6i wu cho TMD.
Uu diém cua chi tiéu cuc dai kha nang TTNL 1a c¢6 dang khong phu thudc vao s6 bac
tu do ctia hé chinh. Nhu ta da dé cap 6 chuong md dau, cic phuong phép phan tich va
thiét k€ hién dai tap trung nhi€u hon vao yéu t6 nang luong, do do, chi tiéu kha nang
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TTNL rat thich hop cho cdc phuong phdp nay. Tuy nhién, do méi dugc phat trién nén
céc két qua thu duoc con chua nhiéu.

Chi tiéu on dinh cua hé két cdu - TMD

Xét phuong trinh trang thai (2.13). Da thitc dac trung cua ma tran hé théng S cé dang:
P(2) =a4/14 +a3/13 +a2/12 +aqd+q (2.17)

Trong do6 a; (i=1,..4) 1a cac hé s6 thuc. Cac nghiém phiic cua da thiic nay duoc goi la

cac cuc cua hé thong. Doi véi cac hé co hoc thong thuong thi (2.17) ¢6 2 cap nghiém

phtic lién hop véi phan thuc am. Gia sur 2 nghiém phic khong lién hop 1a &, (i=1,2)

thi chi s6 can hay do giam loga dugc tinh theo cong thiic:

g —-Rehi 19 (2.18)
4]
Trong d6 Re 1a ky hiéu phan thuc. Chi s6 ndy cang 16n thi hé cang 6n dinh. & day xady
ra truong hop khi chi s6 can thit nhat 16n thi chi s6 can tha hai cang nho va ngugc lai.
Vi thé truong hop thoa hiép duoc coi 1a t6i wu khi cdc chi s6 nay bang nhau. Diéu nay
tuong tng va6i da thic (2.17) ¢c6 mot cap nghiém phic kép, tic 1a phai cé dang:

P(B)=(5,8° +51ﬂ+§0)2 (2.19)

Khai trién (2.19) va can bing hé s6 v6i (2.17), sau khi khir §,, 5, va 3,, ta thu dugc hé
phuong trinh tim tham so toi uvu:

2
2aya a
613 4614
5 (2.20)
al a4
CZO = —2
a3

Nghiém ctia hé nay la cdc tham s6 t6i wu ctia TMD. Uu diém rd nhét cta chi tiéu 6n
dinh la 101 giai khong phu thudc vao dang kich dong ngoai.

Mot s6 truong hop dp dung phuong phdp gidi tich

Nguyén ly co bdn cua bo hdp thu dao dong thu dong can nhot - khoi luong
Hinh 2.5 mo6 ta hé dao dong c6 khoi luong m; chiu kich dong bai luc F(t).

Hinh 2.5. BO hap thu dao dong va hé chinh
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Dé giam dao dong clia hé chinh ta gin vao hé dao dong mot bo hip thu dao dong thu
dong khoi lugng m0. Phuong trinh chuyén dong cua co hé duoc mo ta boi :

M¥rt) + CXt) + KX(t) = F(t) (2.21)

& day X(t) 1a vécto dich chuyén tuong doi ctia cdc vat so vdi nén. M, C, K tuong tng
la cac ma tran khoi lugng, can nhét va do cung:

X(t) = (x,(t),x,(1)", F(t) = (F (t),F,(t))"

m 0 c,+¢c, —¢C k,+k, -k
M = 1 . C= 1 0 0 K = 1 0 0 (2.22)
0 m, —C, C, -k, k,
Phuong trinh (2.21) c6 thé viét thanh (2.23) bing cdch nhan thém vao hai vé va lay
trung binh :

m (&) +(c, +c, J o) +(k, +k, ) x,8) =(F, (00) -+, 8&) +k, (x )
mo<&18f> _Co<18f2’> +Co<18618f> _ko <X1&> +k0 <X018f'> :<Fo (t)18§>

& day <...> la ky vong toan hoc cho truong hgp hé chiu kich dong ngiu nhién hay gia
tri trung binh cho truong hop kich dong diéu hoa.
T <x,()&(t) >=0,<&L(t)&(t) >=0 va cong 2 phuong trinh trén lai, ta ¢

phuong trinh can bang nang luong don gian:

¢, <& >=<[F,(t) + F, (t) & > —m, (&) (2.24)

(2.23)

Trong do,

- < )8? > la nang luong tiéu hao do tac dung cua luc can.

- < [Fl (t)+F, (t)]& > la nang lugng do kich dong tir bén ngoai.

- Phén nang lugng bang [ m, < &x& >] dugc truyén tir hé chinh sang khoi
luong lap thém m,,.
D6 chinh 1a nguyén 1y hoat dong ctia bd hap thu dao dong thu dong. Trong trudong
hop déu cua [m, <& >] duong, bo hap thu dao dong thu dong da hap thu mot
phin nang luong ctia dao dong. Néu nang luong truyén tir hé chinh sang bo héap thu
dao dong thu dong cang 16n thi dao dong cua hé chinh s€ cang nho. Néu ta chon bo
hap thu dao dong khong ding, ddu cla [m, < &x¥& >] am, hé chinh s€ dao dong
manh thém. Bo hap thu dao dong thu dong s€ dat hiéu qua tot khi dao dong cta bo
hap thu léch pha 90° so v6i dao dong clia hé chinh. Liic nay, gia toc ctia bo hap thu

dao dong thu dong cuing chiéu vdi van téc cua hé chinh. Khi bo hap thu dao dong 1am
viéc c6 hiéu qua, né lam tang hé s6 can ctia hé chinh theo cong thic (2.25).
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(2.25)

leq — ™1 @

Ta c6 thé st dung hinh 2.6 thay cho véi ¢, 12 hé s6 can ctia hé chinh tuong duong.

F+Fy

Hinh 2.6. So d6 cua hé chinh tuong duong
M6 hinh hé nhiéu bdc tu do cé gdn bo hdp thu TMD thu dong

Hinh 2.7 mo ta so d6 hé dao dong n bac tu do ¢6 gan bo TMD thu dong chiu tac
dong cuia ngoai luc F(t). Hé chinh bao gém n vat khéi lugng m;, m,,... m, duoc lap
ndi ti€p v4i nhau thong qua céc 10 xo va giam chin; cac 10 xo va giam chén c6 hé so
cting va hé s6 can nhét ky hiéu tuwong tng 12 k;, k,,... k,; ¢;, ... C,. Dé gidm dao
dong cuia hé chinh, ngudi ta mac ndi ti€p thém mot bo TMD thu dong c¢6 khoi luong
m, vao khoi lugng m,,. Hé s6 do ciing va can nhét cia bo TMD thu dong duoc ky hiéu
1a k, va c,.

X

Hinh 2.7. Hé dao dong cudng bic dudi taic dong ctia ngoai luc

Phuong trinh chuyén dong cua hé c6 gian bo TMD thu dong duoc mo ta bsi hé
phuong trinh vi phan tuyén tinh sau

MBB) + C1) + KX (1) = F(t) (2.26)
& day M 1a ma tran khoéi luong cap (n+1) x (n+1), X(t) 12 vécto chuyén dich twong
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doi cip (n+1) x 1; C, K 1a ma tran can va do cing cap (n+1) x (n+1)
X () = (x,(£),%, (1), X, (£), %, (1)) (2.27)

m 0 . 0 0
0 m . 0 0

M= . . . . . (2.28)
0 0 m, 0
0 0 0 m,
(¢, +c, -—c, 0 0 0 0 |
-c, C,te; - 0 0 0
0 -c; ¢ty 0 0 0
C= :
0 0 0 c,,tc, -—c, 0
0 0 0 -c, c,te, —¢
0 0 0 0 -, ¢ |
ki +k, —k, 0 0 0 0 ]
k, k,+k, —k, 0 0 0
0 —ky,  ky+k, 0 0 0
K=l . : : . . . : (2.29)
0 0 0 k., +k, -k, 0
0 0 0 -k, k,+k, —k,
0 0 0 0 —k, k,
Luc tdc dong gom n+1 thanh phan
FO=[F(0) F@® .. FE@O FO (2.30)

Trong truong hop nguyén nhan cua kich dong 1a nén dao dong véi gia toc &t) luc
kich dong c6 dang

F(t):[_.&ql _.&12 _.&1;1 _&10]7 (2.31)

Luc tdc dong nén do gia toc (— &) ) c6 thé duoc mo hinh 12 mot trong cac dang sau:
kich dong diéu hoa, kich dong 6n trang, kich dong 6n mau bac nhit, kich dong on
mau bac hai. Dé don gidn héa tinh todn ta dua ra cic ky hiéu sau

2 ki ¢ m; .
w =—,( = U = ,i=0(I)n (2.32)
m, 2m;w, m,

1

O day o, 1 céc tin sO riéng ciia timg vat don 1& va ¢ 12 céc hé s6 can nhét ctia khéi
lugng m; , 1a 1a ty s6 cua khdi luong m; v6i khai lugng m,. Gia tri t6i vu cua hé so k,,
¢, ¢6 thé nhan duoc sau khi xdc dinh gid tri t6i uu cia w,, {,. Tuy theo yéu ciu cua co
hé cu thé, muc tiéu cua viéc giam dao dong c6 thé 1a giam gia t6c, chuyén vi hay ddp
ing binh phuong trung binh ctia mot phan tir hay céc phan tir cia co hé. Tiéu chuin
danh gia hiéu qua ctia bd hap thu dao dong va phuong phap xac dinh cac thong so toi
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wru ctia bo hap thu s& dugc dé cap O cac muc sau. D€ kiém chitng va minh hoa cac két
qua ctia phuong phdp tinh todn, ta c6 thé dung cong cu SIMULINK ctia Matlab dé mo
phong dao dong cua co hé ¢6 gan TMD va so sanh v6i co hé khong gan TMD. Trén
Hinh 2.8a 12 s6 d6 chung ding dé mo phong dao dong ctia co hé n bac tu do chiu kich
dong cua gia toc nén. D€ mo phong gia toc nén 12 diéu hoa, 6n tring ta st dung cac
kh6i mo6 phong da duogc thiét k€ san trong cong cu Simulink cua Matlab (hinh 2.8b va
2.8¢). D€ mo phong gia toc nén 1a 6n mau bac nhét va bac hai ta thi€t k& thém khoi
bo loc 6n mau bac nhat va bac hai dé chuyén tir 6n tring sang 6n mau bac nhat va bac
hai. Cac khoi nay dugc thi€t k€ nhu hinh 2.8d va 2.8e.

Co hé¢ khong
gan TMD
Gia t6c nén ]
Co hé gian
TMD t6i uu Pua ra dé thi

Hinh 2.8a. M6 hinh mo6 phdng trén Simulink, MATLAB

S

Sine Wawe

Hinh 2.8b. Khéi mo phdéng gia toc nén 1a ham diéu hoa

W

Band-Limited
White Moize

Hinh 2.8c¢. Khoi mo phong gia toc nén 1a qud trinh on trang

dpfdt

1
) - )
Int = Out

Integrator

Il atriz
Fain

Kol

Hinh 2.8d. Khoi bo loc 6n mau bac nhat

-Inl: 6n trang ; -Outl: 6n mau bac nhét
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() 1 1
—_ . — .
In1 - - L - e 1 )
_ Outd
Integrator Integratort
Zh
K

Hinh 2.8e. Khoi bo loc 6n mau bac hai

F

Omega*z2

Kot

Inl: 6n trang ; Outl: 6n mAu béc hai

x'= Ax+ HF
y = W+ WF
State-Space |

Hinh 2.8f. Khoi co hé
(dung cho co hé khong gian TMD va co hé ¢6 gan TMD)

Khéi co hé khong gian TMD hoac ¢6 gan TMD dugc chon nhu hinh 2.8f. Khéi nay c6
chiic nang giai hé phuong trinh trang thdi 8= Ax + HF . Ta ¢6
- x la vécto bién trang thai x=[ X(7), Xg’(t) ]

- Matran A(2n+2)x(2n+2) 1a ma tran trang thai va xac dinh boi

0 1 0
A: , H:
-M"'K -M"C M

-y la vécto trang thai can mo phong (dau ra).
Vécto W ¢& (2nx1) ctua phuong trinh y = VX + WF duogc lya chon nhu sau:

W=0

Khi can mo6 phong dao dong cua m; thi chon ma tran V ¢& (2nx2n) tuong tGng:
{0 (khik,1#i)
kl =

1 (khik=1=1)
Vi du khi cdn moé phong dao dong clia m, va m, ta chon V<m1) va V(mz):
1 0 A O] [0 0 A O]
v |00 0 O V- 01 0 O
=) 00 of ™70 00 o
0 0 A O] 0 0 A O]
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Hé chiu kich dong diéu hoa

Xét luc kich dong nén (2.31) ¢6 dang téng ctia m ham diéu hoa
F = é[aik cos(kQ) + by, sin(kQ)], i=1,2,..n,0 (2.33)
B0 qua dao dong tu do, dao dong cudng biic ctia hé (2.26) ¢6 thé tim dugc dudi dang sau
X, = é[uik Sin(kQe) + v, cos(kQt)], i=1,2,..1,0 (2.34)

Lay dao ham cua x; theo t ta ¢6

&= 3 Qklu, cos(kQt) — v, sin(kQt)], i = 1,2,..n,0
k=l

&= 3 - Q% [u, sin(kQs) + v, cos(kQ)],i = 1.2,..n0  (2.35)
k=1

Thé (2.33), (2.34), (2.35) vao (2.26) roi so sanh cac hé so cua sin(kQt) va cos(kQt)
ta nhan dugc hé phuong trinh tuyén tinh dé xac dinh vécto u, va v,

_1.202 _ b
K-watu -wac Ju) [h .
kQC K—k"Q°M | v a

Téng binh phuong bién do cta vat thit j ciia hé ¢6 thé tinh nhu sau

m

A} = z(uf.k +v§k)= a (0,85 1, ay,by) i =0(n, k=1(1)m ~ (2.37)

bit x, 1a chuyén vi ctia khéi lugng thit j trong trudng hop hé khong gan bo TMD thy
dong, tinh todn twong tu nhu phan trén ta c6 binh phuwong bién do clia khoi lugng m;
trong truong hop hé khong gan bo TMD thu dong

A =3, +v )= (0,80, Q.a,,b, ), i=I(In k=I(m  (2.38)

JkO JkO
k=1
Muc tiéu ctia viéc nghién ctiu la tim ra cac thong so t6i uu cia bo TMD thu dong sao cho

R :
E=—= min (2.39)
R, @0

o day
R= il,//l.Al.2 - Téng cac binh phuong bién do clia céc khoi luong thudc hé chinh
i=1

trong truong hop c6 gian bo TMD thu dong, (2.40)
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R, = Zl//iAizo - Téng céc binh phuong bién do cta céc khoi lugng thudc hé

i=1
chinh trong trudng hop khong gan bo TMD thu dong, (2.41)
, - Hé s6 wu tien, 0 < vy, < 1, Z\pi =1 (2.42)

Ty s6 E mo ta hiéu qua cla viéc gan bo ”FII\/ID thu dong. Khi E<1 bo TMD thu dong
c6 tac dong tot, va nguoc lai ta c6 két qua xau khi E>1. Thay thé céc biéu thic (2.37),
(2.38), (2.40), (2.41), (2.42) vao (2.39). Khi d6, v6i cic gid tri cho trudc cua p,va
Q,a,,b,,v,,0:,¢,, 1 (i=1(1)n), gid tri cla E s& phu thudc vao hai tham s6 @,,¢,.
Dé tim gid tri nho nhét cla E ta ldy dao ham cua E theo hai tham s6 @,,¢,, sau d6

cho hai dao ham nay bang khong

OE(@,,¢,) ~0 OE(@,,¢))

~0 (2.43)
0, 9,
Giai hé phuong trinh (2.43) ta tim dugc cdc nghiem ®,,,, ., - D€ ki€m tra tinh cuc

tiéu ctia E, ta 1am nhu sau:

- Tinh cdc gid tri chia dao ham bac hai cua E theo tham s6 @,, &, tai g, >C g -

0’E 0’E 0’E
-bat a = a—a)g((%opt ’é/OOpt )’ b= m(a%opt ’é/OOpt )’ c= @(a)%pt ’ §00pt)

- Lap bang xét dau cua b*-ac, a va két luan vé diém E( 0, , § g, ) nhu sau:

Bdng 2.1. Bang ki€m tra tinh cuc tiéu cuia diém E

b*-ac a Két luan v& diem E(©,,,, G op)
i - Cuc dai
+ Cuec tiéu
+ Khong c6 cuc tri
0 Piém nghi ngo

Sau khi ki€m tra tinh cuc tiéu clia di€m E(0,,,,C,, ) theo bang 2.1 va khang dinh
dugc gid tri E(®g,,, G,y ) chinh 1a gid tri cuc ti€u, ta thay ©,,,,C,, Vao bi€u thic

(2.32) dé tim cac gi4 tri t6i uu cla ko, c,. Budc tiép theo lakiém tra E;, < 1.

Vidu 2.1. Tinh bo TMD thu dong cho hé hai bac tu do chiu kich dong diéu hoa.

Khao sat mo hinh dao dong cua hé hai bac tu do c6 khoi lugng 1a m,, m,, do cing la
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k;, k,, hé s6 can nhét 1a ¢,, c,, chiu kich dong tir nén c6 gia toc 12 tong ctia hai hAam
diéu hoa:
F.(t)=m,p(t) = m, (a, sin(Qt) + a, sin(2Qt)) véii=0,1,2 (2.44)

Bo TMD thu dong c6 khdoi luong m,, do cing k,, hé s6 can nhét ¢, dugc thé hién trén
Hinh 2.9. Phuong trinh cta kich dong diéu hoa c6 dang (2.44) vé6i i=0, 1, 2. Phuong
trinh chuyén dong cua hé c6 gan bo TMD thu dong dugc viét dudi dang:

m 0 0 |&| |+, -—¢ 0 |&| |k+k, -k 0 [ x| | mp()

0 my O |&|+| —-c, c+cy —co | & |+ -k, Kk +ky, —k,|x, |=|m,p)

0 0 m|& 0 -G G % 0 —ky ko ] xo] [ mop(t)
(2.45)

¥

Hinh2.9. He hai bac tu do ¢6 gan bo TMD thu dong
Ta dua vao céac ki hiéu (2.32) v6i i = 0, 1, 2. Nghiém cta (2.45) duoc tim dudi dang
cua (2.44) v6i i = 0, 1, 2. Thay thé€ cac phuong trinh (2.34), (2.35) vao hé phuong
trinh (2.45) va can bang cdc hé s6 cta sin(kQt), cos(kQt) & hai v€ ta thu duogc hé
phuong trinh dai s6 (2.36). Sau khi giai hé phuong trinh (2.36) véi i=0, I, 2 thu duoc
U, Vi Uy, Vo Va thay ching vao cong thitc (2.37) véi m=2 ta c¢6 binh phuong bién
do cua x, va x,

A =4(Qo,C . u,a,m,) i=0(1)2 (2.46)

A =4(Qw,C,1n,a,m,) i=0(1)2 (2.47)
Phuong trinh vi phan chuyén dong ctia hé khi khong c6 bo TMD thu dong duogc viét
nhu sau

m 0 | & + ci+c, —¢ ¥ + k +k, -k, |x _ m;p(t) (2.48)
0 m, & —C ¢, | % -k, k, 1%, B m,p(t) .

Lam tuong tu nhu trudng hop c6 gin bo thu dong ta ¢6 binh phuong bién do clia x, va

X, 12 A7, va A3, . Tir (2.39)-(2.41), sit dung céc nghiem A7, A2, A’ va A}, tacé

E:E(Q)l’C.Al’Q)z’C.:z’Mz’(Do’C.:o’“o’Q’nz) (249)
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Xét bai toan véi cdc thong so cu thé

v, =0.6,y, =0.4,k, =5000(kN/m), m, =500(kg ), ®, = /ﬂ =100(rad/s )
m

k, =100(kN/m), £, =0.05,£, =0.07,n, =0.04,n, =0.5, 0, = /k—2 =20(rad/s)
my,

Q=10(rad/s ),n, =1
(2.50)
Gia tri cua E s€ phu thudc vao hai tham so6 ®,, {,. Giai hé phuong trinh (2.46) ta thu
dugc cac tham so t6i vu cua bo TMD thu dong nhu sau

®,,,=19.28(radls), £, =1.68.10* 2.51)

Dua vao d6 thi (Hinh 2.10) cta E theo hai tham s6 o, §, ta thdy E(wgy » Coop) =
0,0648 < < 1 1a gia tri cuc tiéu. Dua vao bang 2.1 tinh cuc tiéu ctia E duoc khang dinh
khi céc gia tri b*>-ac < 0 va a > 0 nhu sau:
a=0,07>0, b>-ac=-0.11<0
Thay cdc gid tri G, va g, VA0 (2.32), céc he sO can nhét va hé s6 do cing toi vu
cta bo TMD thu dong tinh dugc nhu sau
k, =743(kN/m),c

Oopt

=1,296.10"* (kNs / m)

Oopt

Trong truong hop cac tham s6 ctia b0 TMD thu dong khong dugc luwa chon ding,
chéng han, ®,=10 (rad/s); {,=0,01; E =1,16 >1, b0 TMD thu dong lam dao dong ctia
hé tang lén.

Ty 50 E (Hieu qua cua ThD)

08+ 5 m
w044
E‘DS‘

0.24. g%wuu

omegal (rad/s)

Hinh 2.10. D6 thi cia E(w,, {,) theo ®,, C,
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Tur viec mo phong dao dong clia vat m; va vat m, trén hinh 2.11 va hinh 2.12, ta nhan
thdy rang nho c6 gin bo TMD t6i uu dao dong ctia hé chinh di giam di dang ké.
Vidu2.2: Két cdu chiu tdi trong gié

Mot bé chita nuc dugc dd boi 4 cot thép nhu trén Hinh 2.14

\Y%

Hinh 2.14: Mo hinh két ciu duoc treo TMD dang con lac va
mat cit ngang cuia cOt dd két cdu
Bon cot thép ¢6 modun dan hoi E = 0.3E+11 Pa, c6 dang rong véGi dudng kinh trong
d=25cm, do day t = 3cm va chiéu cao h=20m. Khéi luong bé chita nudc khoang 5
tdn, bd qua khoi luong cot. Bé chita nuée chiu kich dong gié duoc mo ta boi ban ghi
nhu trén Hinh 2.15.

~ Luc (kN)

20 40 60 a0 100 120 140
Thei gian (s)

Hinh 2.15: Kich dong gi6 tac dong vao két cau

Kich dong gi6 trén Hinh 2.15 1a mot méiu dugc 14y bing cdch t6 hop ngiu nhién céc
ham diéu hoa ¢6 tan so tir 0 dén 3Hz véi bién do khac nhau. Bai todn dat ra 1a thiét k&
mot TMD dang con lic ¢6 khéi luong bing 1% khoi lugng bé nudc, treo dudi bé chia
nhim muc dich gidm dao dong cta bé. Nhu da biét trong cac gido trinh vé dao dong,
do ciing ctia mot cot do 1a 3EIh, véi I 1a momen quén tinh cia mat cit quanh truc
uon. Momen quén tinh duoc tinh theo biéu thiic:

I =%[(d+2t)4 —d“}
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_na
3

Tan so riéng cua két cau: o, =~k/m ~3.07rad /s

Gia st thiét k€ TMD dang con lac theo chi tiéu phuong sai. Tir cdc 101 gidi t6i uu ta

thu dugc chiéu dai va do can t6i wu clia con lac la:

do cting cia mot cot la: k

L o& g elxw)’  1ormg

o agpta)sz B w? (1+p/2) 1.005k
1 ,u(1+3,u/4)
1+ u 4(1+,u)

V6i kich dong gié nhu da cho, két qua gidi phuong trinh chuyén dong dugc cho trén
Hinh 2.16.

~1.046m

Cq =28,piMg Oy =2l yp o MBy =211 mayg = 15.25Ns/m

Khong lap TMD Lap TMD
008 0.08

0.04 0.04
0.0z 0.0z

]

-002

-0.02

Chuyén dich (m)
Chuyén dich (m)

-0.04 -0.04

-0.08 -0.06
0 20 100 120 40 =i ao 100 120

W ED B0
Thoi gian (s) Thoi gian (s)

=]
[ 5]
]

Hinh 2.16: Chuyén dich cta két ciu khi chua lap va c6 lap TMD

Ta thay v6i 1% khoi lugng két cau, TMD ciing c6 kha nang giam dugc dao dong.

H¢ chinh dang con ldc

Cic két cdu treo nhu cau treo, cac xe truot trén cdp treo ¢ thé coi 1a cdc hé con lac.
V6i hé chinh dang con liac, TMD c6 thé 1a dang con lac hodc dang 10 xo. Chang han
ta xét mot s6 mo hinh 1ap dat TMD vao xe truot trén cap treo:

Hinh 2.17: Mot s6 mo hinh ctia hé con lac ¢6 1ap TMD
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Mo hinh 1 1a TMD dang 16 xo. VGi mo hinh 2, ta dé dang thdy rang day 1la TMD
dang con lac. Trong mo hinh 3, kh6i luong cia TMD chuyén dong trén mot cung tron
ban kinh 14, vi thé tuong duong vé6i con lac ¢6 chiéu dai 1, DE don gidn, ta xét 4 chi
tiéu voi truong hop khong c6 gia téc diém treo a,=0 va hé chinh 1a con lac (k=0). Do
k=0 nén ta suy ra:

£ (2.52)

2
w;l

Phuong trinh vi phan chuyén dong duoc rit gon thanh:

(1)
1+ uy? W[&} {0 0 H)&} 2{1+ﬂ7 ﬂ}{x}:% 553
{M/ ﬂ}@+w‘g02§“ﬂ’8ﬁ+w§ VTR | B =

Chi tiéu cuc tiéu dinh dap iing
Thuc hién nhu da 1am & trén ta thu dugc bién do phitc cuia chuyén dich két cau:

G = g:ﬁg m—fa’)z (2.54)
Véi
A=a® —,82 B=2ap
C=a’-p* -’ >+ p* -’ Py p+ (o + B ) - (2.55)

D=2ap(B* + By  u—yi~1)
Lic nay biéu thic (2.54) ¢6 dang nhu (2.1). Két qua giai he (2.4), (2.5), (2.7), (2.10),
(2.11) va (2.12) Ia:

1+a2(l+7/2,u)m\/[1+a2 (1+,u7/2 )T —(2+,u;/2)[2a2 (1+7/,u)—,u}

(,31,2)2 = 5 (2.56)
2+ u
\/1 +ay(2+77u)
Copt = 1+ ﬂ}/z (2.57)
‘- u(y-1y [3+,U7(5+2,U72 )} 058

41+ 77 )1+ 20y + 827 ) (2= e a4 27742 277 4% 4 0 )
Cic biéu thiic cua &; va &, khong viét & day vi twong doi dai. He (2.57) va (2.58) cho
2 phuong trinh dé tim 10i gii t6i vu ciia TMD. Trong cic phuong trinh nay xuat hién
thém tham sO y xac dinh vi tri cia TMD. Tham s6 y chita do dai cia TMD dang con
lac va khong chita do ciing cia TMD dang khéi luong - 10 xo0. Vi vay néu nhu cic
tham s6 cia TMD dang khéi luong - 10 xo0 ¢6 thé tim dugc dé dang tir hai phuong
trinh (2.57) va (2.58) thi van dé tim cdc tham s6 cia TMD dang con lac rat phic tap.
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Vé6i TMD dang con lac, phuong trinh (2.57) tré thanh mot phuong trinh phi tuyén véi
chiéu dai con lac. Trong mot s6 trudng hop néu khong cén tinh toan qué chinh xdc thi
c6 thé gan ding phuong trinh (2.57) thanh:

Aoy =1 (2.59)

Va lic nay ¢6 thé tim duoc chiéu dai con lac. Tuy nhién cdn nhidn manh 1 day 1a 10i

giai gan ding.

Chi tiéu cuc tiéu phuong sai

Phuong trinh chuyén dong duoc viét dudi dang phuong trinh trang thai nhu sau:
B=Sz+H,p (2.60)

Trong d6 z la vecto trang thai. Hp 1a ma tran dinh vi ctia kich dong do luc tic dong

vao hé chinh va S 1a ma tran hé thong:

H, :[O 0 1/m —}//m] (2.61)
0 0 1 0 ]
0 0 0 1
S = 2.62
~w? pyat of — po} 0 28 uyaay (2.62)
(;/—l)a)s2 —( 2+a2y2u—7u)ws2 0 2&01+ uy?)awm,

Giai phuong trinh ma tran Lyapunov (2.14) ta thu duoc ma tran phuong sai. Biéu thiic
giai tich ciia ma tran phuong sai qua dai nén khong dugc ghi vao day. Cac gia tri toi
wu clia o va & dugc tim 1am cuc tiéu phuong sai cta x 1a P;;. Nghiém gidi tich trong
trudng hop c6 thé thu dugc nhung rat dai. Néu ta bd nhitng dai lugng bac cao thi 10i
giai gan ding la

_\/1+,u7/+’::(7/2—1) 563
aopt_ 1+,U}/2 ( . )
Z(y—l)z,u
2+,u(67/—5}/2—3)

Eopt = (2.64)

Chi tiéu cuc dai khd ndng TTNL
Dé xac dinh luc do TMD téc dong vao hé chinh, xudt phét tir phuong trinh chuyén
dong. Nhan hang tha 2 véi -y r6i cong voi hang thi nhat, sau d6 nhan véi m ta duoc

mda- %x = p+2méoun +m,u(]/052 —l)a)szxd (2.65)
Vay luc do TMD tac dong vao hé chinh la:
Jrup =2méaun & + m,u(yaz - 1) a)Szxd (2.66)

Thay vao (2.16) ta thu dugc biéu thiic clia ty s6 can tuong duong:
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| 28ua(§ (0’ —1) oo, (v

by = 3y (2.67)
Thay cac thanh phan tuong ing clia ma tran phuong sai ta c6
~28ua Py - (ya ~1) o, Py a(y 1) ué
veq = 2P :1+,u+0{4(1+7/2,u)+2az(1+}/,u)(2§2—1)
(2.68)

Cac gia tri tham s6 lam cuc dai ty s6 can tuong duong la:
/ 2
1+ yu ﬂ(?’ - 1)
Aoy = |——5 &)y =——— (2.69)
PN+ 2(14 )
va ty s6 can tuong duong toi vu la:
2
\/ﬂ(1+72ﬂ)(7—1)
éeqiopt - 4m

Qua céc biéu thic trén ta thu duge nhan xét thi vi cho hé chinh dang con lic: néu vi

(2.70)

tri khoi luong cia TMD cang gan vi tri khéi lugng cta hé chinh (|y—1|~0) thi ty s6 can
cang bé. Khi 2 vi tri nay trung nhau (y=1) thi TMD hoan toan khong hiéu qua. Ban
chat cha van dé 1a: hé chinh 1a con lac khi dao dong s& lam xuét hién gia t6c ly tam
vao TMD, lam giam hiéu qua cia TMD. Két qua nay dugc Matsuhisa phat hién.

Chi tiéu on dinh

Pa thiic dac trung cua ma tran (2.62) c¢6 dang bac 4 nhu (2.17), trong d6

as =1; a3 =2a(1+y2y)§a)s; a, =(1+0¢2 +a27/2,u—7//1)a)sz'

" (2.71)
a =20é0; (1+y); ag = a® (1+ y) @ — pew;
Giai hé phuong trinh (2.20) ta duoc:
\/l+y[1+7(2+37y+7/3y2 )}
Copt = > (2.72)
(1+7 ,U)\/lJr%U
2
) (2.73)

- :\/(1+y2ﬂ)[l+ﬂ[”7(2+3”‘+73ﬂ2)ﬂ

Thay cédc gia tri nay vao phuong trinh dac trung giai ra, cudi cung thu duoc chi s6 can
hay do giam loga theo (2.18) la:
2
Re(Az) u(y-1)

= = 2.74
51,2_0pt |ﬂ«1’2| 2+ 2y ( )
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Mot 14n nita ta thdy rang néu y=1 thi chi s6 can bang 0, TMD khong hiéu qua

Hé chiu kich doéng ngau nhién

Tiéu chudn danh gid

Trong trudng hop co hé chiu kich dong ngiu nhién 6n trang hodc 6n mau, muc tiéu
chon bo TMD thu dong t6i uu 12 cuc tiéu téng cic mo men bac hai clia cdc thanh
phan thudc co hé. D€ don gian khi tinh todn, ta ky hiéu < xi2 > la dap ting mo6 men
bac hai cua khai luong m; khi hé chinh ¢6 st dung b6 TMD thu dong. < xl.zo > la dap
ung mo men bac hai cta khoi luong m; khi hé chinh khong st dung bo TMD thu
dong. Muc dich cua viéc tinh toan 1a tim cap thong s6 cia bo TMD thu dong bao
gom do cing va hé s6 can nhét thoa mén di€u kién sau

©9.,60

E = % = min, (2.75)

o day

R=>y, <xl2 > tong cdc dap tng binh phuong trung binh ctia cdc phan tir clia co
i=1
hé c6 gan bo TMD thu dong. (2.76)

Ry, =2y, <xl.20 >  tong cdc dap ing binh phuong trung binh clia cac phan tir ctia co
i=1
hé khong gan bo TMD thu dong. (2.77)

W, 12 hé s6 uu tien (Oswiﬁl,zwizl) (2.78)
i=1
Ty s6 E biéu thi hiéu qua ctia bo TMD thu dong. Khi E < 1 bo TMD thu dong c6 tac
dung tot, ngugc lai néu E > 1 bo tham s6 duoc chon khong diing, viéc gin bo TMD
thu dong 1am cho hé dao dong manh hon khi khong gan. Trong phan sau, cac gia tri
cua < xi2 >, < xizo > ciling nhu ty s E s€ dugc nghién cttu cho co hé chiu kich dong
on trang, 6n mau bac nhat va bac hai.
H¢ chiu kich dong ngdu nhién On trang
Kich dong Ién co hé dugc biéu dién dudi dang (2.31) trong d6
- &) = o) (2.79)
v6i o 1a hing s6 duong, &) 1a qud trinh 6n tring Gauss v6i mat do phé bing don vi. Bién
d6i hé phuong trinh (2.26) sang hé phuong trinh vi phan ngiu nhién Ito bac nhét ta c6

X=-v

(2.80)
¥=0(X,Y)+ M 'E®t)

& day O(X,Y)=-M"'C¥-M KX (2.81)
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T hé phuong trinh (2.80), ta ¢6 thé nhan dugc phuong trinh momen (Roberts va

Spanos)
> % oo\ | 1ae )/ &0 |\ _
i%KYi6xi>+<gi(")8yi>}+2§§c <ayiayj> voooew

& day <..> la ki vong toan hoc, g; 1a cac thanh phan cta vécto ®. Ham ¢ dugc chon
nhu sau

P=X.X;, X;¥;, ¥;y; VOii,j=0(1)n (2.83)
Thé (2.83) vao (2.82), va giai hé (2.82), ta tim dugc dap tng binh phuong trung binh
clia cac thanh phén cua hé theo thong s6 cua co hé

<x;>=a (@, 14:,0),1,j=0(1)n (2.84)

Ta ky hiéu < sz'o > la dap tng binh phuong trung binh cua khoi luong m; clia co hé
khong gan bo TMD thu dong. Giai hé phuong trinh tuong dng ta ¢6
<xio>=a;0(@, ¢ 1;,0) .0 j=1,2, ., n (2.85)
T (2.39), (2.40), (2.41), (2.42), (2.43), (2.44) ta co
E=E(o,C .1 ), i=0(1)n (2.86)
Cho truéc cic gid tri cua y,,®,,¢,, 4; (i=1(1)n), va n,, gid tri cta E s& phu thudc
vao hai thong s6 @, ¢. Giai hé phuong trinh (2.46) ta nhan dugc cac gia tri cua
@®,,¢ - Sau khi kiém tra tinh cyc tiéu clia E theo @, &), thé céc gia tri ndy vao (2.32)

ta xac dinh dugc hé s6 can nhét va hé s6 do cing t6i wu cia bo TMD thu dong.

b. Phan tich k§ thuat diéu khién tich cuc
M6 hinh hé dao dong nhiéu bdc tu do cé gdan bo TMD tich cuc

Trén hinh 2.18 mo ta so d6 hé dao dong n bac tu do ¢6 gan bo TMD tich cuc. Ngoai

luc F(t) v6i cac dang khac nhau s€ dugce trinh bay k¥ trong phan sau.

Phuong trinh chuyén dong ctia hé dugc mo ta boi hé phuong trinh vi phan tuyén tinh
MEtt) + CX(t) + KX(t) = F(t) + Nu(t) (2.87)

6 day, M 1a ma tran vuong bac (n+1) x (n+1) khéi luong, X(t) 1a vécto bac (n+1) x 1

chuyén dich twong doi gitta cac khoi lugng va nén, C, K 1a ma tran vuong bac (n+1) x

(n+1) do6 nhét va do cing

X () = (x,(6), %, (2),.., x,, (1), x, (1)) (2.88)
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Xp

Hinh 2.18: Hé chiu tac dong ctia ngoai luc

(¢, +c, —c, 0o . 0 0 0
m 0 . 0 O -c, c,te; —cy . 0 0 0
0O my, . 0 O 0 —-c;  cyte, . 0 0 0
M= . . . . C= . . . . . .
0o 0 . m, O 0 0 0 . ¢, tc, —c, 0
0 0 . 0 m 0 0 0 . —c, c,tc, —c
0 0 0 . 0 —-c, ¢ |
k+k, —k, 0o . 0 0 0 |
-k, ky+ky, —ky . 0 0 0
0 —ky  ky+k, . 0 0 0
K = : . . . . . : (2.89)
0 0 0 .k, +k, -k, 0
0 0 0 . —k, k,+k, —k,
| 0 0 0 . 0 —k, ky |

Ngoai luc tdc dong dong dugc biéu dién nhu sau
F(t)=[F, F, .. F, E]J (2.90)

Luc ngoai luc tdc dong F(t) duoc xem nhu 1a luc kich dong do gia téc nén (— &) ).

Tur day, luc tdc dong F(t) c6 dang

- &t)m,

— &t)m,

M
—&t)m,
| &t)mo _

Trong cac phan tiép theo s& xét kich dong nén l1a cdc kich dong diéu hoa, 6n trang.

F(t) = (2.91)

Véc to hé s6 cia luc diéu khién N gom n+1 phan tir
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N=[0,0,...1,-1]" (2.92)
u(t) 1a dai lugng vo hudng. Ta su dung vécto trang thai
z(t) =[x, %] (2.93)
Phuong trinh chuyén dong duoc viét lai du6i dang phuong trinh trang thai nhu sau
&t) = AZ(t) + Bu(t) + HF(t) (2.94)

Cac ma tran A(2n+2)x(2n+2), H2n+2)x (n+1), vécto B(2n+2)x 1 c6 dang

0 I 0 0
S v T S N TS 295
-MK -MC M™N M

v6i I 1a ma tran don vi cap n+1, 0 1a ma tran khong cap n+1.

Hiéu qua cua bo TMD thu dong c6 thé duoc nang cao bdi mot luc diéu khién tac
dong vao bo TMD thu dong. Muc tiéu cua nghién citu 1a xac dinh luc diéu khién t6i
uu u(t) theo chi so chat lugng ctia diéu khién nhu sau

J= %G[ZT ()OZ(t) + pu’ (t)]dt> > min (2.96)
0 u(t

trong do, T 1a thoi gian diéu khién, B 12 hé s6 uu tién c6 gid tri khong am

O(2ns2)x(2n+2) 12 ma tran he s6 wu tién xdc dinh khong am.

Pat £,(Z,u) =[Z" ()QZ(t) + Bu’(1)]

ta co
T
H(Z,u) = j £,(Z,u)dt
0

T
HZ+8Z,u +8u) = J £,(Z+8Z,u + du)dt
0

o[ of of
8 =N(Z+8Z,u+8u)—J(Z,u)= {—0 dZ + —Oéu}dt (2.97)
! 0z ou

trong do

of, [ of, of, of,
07 0Z, ’ 0Z, T 0z, .,
Ngoai ra cung véi (2.94)

&= AZ+Bu(t) + HF(t) = f(Z,u,F)
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&y §F={(Z+8Z,u +8u,F)

ta co
8&=f(Z+8Z,u+8u,F)—f(Z,u,F) = S—fsz %&1
L sz O su—sd=0 (2.98)
oz ou
trong do
o, o
aZ1 6ZZn+2
2—2 =| M M
8f2n+2 A af2n+2
0Z, oz

2n+2

va 6Z(0)=0, vi diém dau Z(0) = Z, 1a diém x4c dinh cho truéc.
Dé két hop duoc (2.98) va (2.97), ta phai chuyén (2.98) vé dang mot s6 vo hudng
bing c4ch nhan hai v& ciia (2.98) vé6i nhan tir Lagrange A" (t) (tich vo huéng cua hai

vécto) nhu sau
f f
31| sz 4 M u— 58 = (2.99)
oz ou
Cong biéu thiic dudi dau tich phan ctia (2.96) véi (2.98) ta dugc

o] = j OSZ aOESu {@sz afS —6@}
oz ou 0 ou
Tiép theo ap dung cong thiic tich phan timg phan sé di dén
T
81 ==3" (T)SZ(T) +1." (0)82(0) + [ ((% £t afj "+ (;&f ardt, %jsz {
" |\ Ou ou 0Z 07
Ta dua vao diéu kién

£
y SO W of a_ —0 (2.100)
oz oz

Véi diéu kién bien A" (T) =0 va Z(0) = Z, nén

AT (T)8Z(T) =0
27 (0)8Z(0)=0

T
Ta c6, d) = j{% +A7 @jsu}dt (2.101)
) |\ du ou

Dén day ta dung ki hiéu ham Hamilton c¢6 chia véc to nhan tir Lagrange A(#) nhu sau
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76 = %ZT ()QZ(t) + % Bu’(t) + 1" (AZ+ Bu + HF)

Tir (2.94) va (2.100) két hop st dung ham Hamilton, ta c6
T T
o0d0 0d0
AP0V . g [T
oA oZ
cong thic bién phan bac nhat ham muc tiéu (2.96) sé trd thanh
To76
dJ = [—dudt
0 ou
Do d6 diéu kién can cta diéu khién t6i vu dugc x4c dinh boi hé phuong trinh sau

0 _ 0, ¥ = _o% (2.102)
ou oL

Thay ham Hamilton 76 vao (2.102) ta thu dugc hé phuong trinh vi phan sau day
Ret) = —A"M(0) - QZ(1)
va mai lién hé giita luc diéu khién t6i wu va nhan tir Lagrange nhu sau

u(t)= —%BTX(t )

Khi diéu khién sir dung thong tin phan hdi tir cic ddp ting ctia co hé ta c6
A(t) = SZ(t) (2.103)

Ta c6 thé bi€u dién luc diéu khién u(t) du6i dang c6 chita dap ting ciia co hé

u(t) = —%BTSZ(t) (2.104)
Dit G, = Lgrg (2.105)
B
G,la ma tran 1x(2n+1). Ta c6
u(t) =-G,Z(t) (2.106)

6 day ma tran S(t) théa man phuong trinh RICCATI
1
SA+ATS—ESBBTS+Q =0 (2.107)

Luc diéu khién u(t) dugc xdc dinh theo (2.106). DPédp ting ctia co hé duoc diéu khién la
nghiém ctia hé phuong trinh vi phan
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&)= {A - BBB S(t)}Z(t) + HE(t) (2.108)

T phuong trinh trang thai (2.108) 1ap dugc ta ¢6 thé tinh duge ddp tng binh phuong
trung binh cua co hé va hiéu qua cua bo hap thu dao dong tich cuc.

Bo TMD tich cuc cho hé chiu kich dong diéu hoa

Luc kich dong nén (2.31) c6 dang ham diéu hoa tan s6 Q. Luc diéu khién tim dugc
theo phuong trinh (2.106). bat

va thay vao (2.106) ta c6
T
u(t) =Gy, G e X B =G X+G Rk (2.110)

Do dé6 (2.26) tuong duong v6i
ML C X+ K X =F(t) (2.111)
trong do

C,; =(C-NG,¢)K; =(K~NGy) (2.112)

Nghiém ctia phuong trinh (2.111) ¢6 thé tim dugc dudi dang sau véi céc vécto u va v
xac dinh duoc khi giai hé phuong trinh tuyén tinh (2.113)

Kl _kZQZM _kQCI uk _ bk (2 113)
kQC, K, —kQ°M | v, | |a, .

Téng binh phuong bién do clia cac phan tir cia hé s& thu duoc khi giai hé (2.113). Sau
khi tim dugc téng binh phuong bién do clia cac phén tir ciia co hé véi luc diéu khién
t0i uu, ta kiém tra hiéu qua ctia bo TMD tich cuc qua ty so sau day:

=R (2.114)

R,

& day, R 1a téng binh phuong bién do cta cdc khoi luong trong co hé gan TMD tich
cuc. R, 1a tong binh phuong bién do cta cdc khoi luong trong co hé khong gian TMD.
Ty s6 E bi€u thi hiéu qua ma TMD tich cuc dem lai. Ta s& so sdnh hai ty s6 E tuong
ting cia bo TMD thu dong va ctia bo TMD tich cuc. Néu chon luc diéu khién ding
hiéu qua ctia bo TMD tich cuc s& t6t hon nhiéu bo TMD thu dong.

Vi du 2.3. Tinh bo hip thu dao dong tich cuc cho hé hai bac tu do chiu kich dong diéu hoa.
Xét mo hinh co hé hai bac tu do ¢6 st dung b TMD tich cuc dugc cho trén Hinh 2.19.

59



Bo TMD tich cuc duoc bé tri & trén bao gom khai luong m, ndi vao m, bdi mot 10 xo
c6 do cing k,, mot bd can nhdt tuyén tinh ¢6 hé sé can ¢, va mot bo tao nguon luc
u(t). Phuong trinh chuyén dong cuia hé c6 dang sau

m O O|&| |c+c, —, 0 |%| |k+k, -k, 0 |x | |mpt)| |O

00m O|&|+H —, c+c, —¢, |&|+H -k, k+k, k& |x |=|mplt) [+ I pt)

0 0 m|& 0 - G % 0 =k, Ky [x] [myp(t)] [-1

(2.115)

it = mi:![

— Ea C r T

Hinh 2.19. Mo hinh ctia co hé hai bac tu do v6i TMD tich cuc
Dé xdc dinh luc diéu khién u(t) t6i wu theo (2.106) ta giai phuong trinh RICCATI
(2.107) v6i cac gia tri cua ma tran A, B, H, F dugc tinh theo cong thic (2.95) va ma
tran Q va hé s6 3 duoc cho trudc nhu sau

1 0 0 0 0 O]

01 00 0O
B=102,Q= 000000 (2.116)

000 0 O0O

0 00 0 0O

00 000 0

Giai hé (2.107) va thay nghiém S vao (2.104),tac6 G, :

GZ=[O.1497 9.3567 -0.0000 0.0024 0.0055 -0.0169])(105 (2.117)

Lue dieu khisn
Luc kk]\dong ne o—. —. —
T

1500

! TI""I‘\J

MM i A,./\_M |
JTag

IUDD

5

=
=]

Lue (Histon)

=1
[=]

1000 ' ” ol '.‘ 'J X \-
|| "} lJ

~1500)
i 1000 2000 3000 4000 5000 6000 7000
thoi gian (mili giay)

Hinh 2.20. Luc u(t) va F(t)
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Hinh 2.22. Dich chuyén cua khéi lugng m,
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500 1000 1500 2000 2500 3000 3500 4o 00 4500 5000
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Hinh 2.23. Dich chuyén ctia bo TMD tich cuc

Giai hé phuong trinh dai s6 (2.113) ta ¢6 thé tim dugc bién do binh phuong ctia khoi
lugng m, trong trudng hgp cé diéu khién. Thay céc gid tri tinh dugc vao (2.114) ta c6
E (tich cuc) = 0,027. Nhu vay luc diéu khién u(t) cho két qua giam chan t6t. Dong
thoi luc diéu khién tinh duoc nho hon luc kich dong nén (xem Hinh 2.20).

D6 thi mo6 phong dao dong ctia khéi luong m, va m, véi cac thong sé tinh duoc cta
bd TMD thu dong va tich cuc dugc mo ta trong Hinh 2.21 va Hinh 2.22. D6i véi co
hé ¢6 TMD thu dong t6i uu, dich chuyén cua khéi lugng m,; va m, gidm so vdéi khi
khong c¢6 TMD. Trong trudng hop hé gin bo TMD tich cuc thi cdc dich chuyén ctua
m, va m, giam nhiéu so véi khi gan bo TMD thu dong. Hinh 2.23 thé hién dao dong
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cua bo TMD tich cuc.
Bo TMD tich cuc cho hé chiu kich dong on trdng
Xét gia toc nén 1a 6n trang, luc diéu khién t6i wu u(#) dugc tinh theo cong thic
(2.106) va (2.107). Tu hé phuong trinh (2.31) ta lap hé phuong trinh vi phan ngau
nhién Ito bac nhat

véi O(X,Y)=-M"'CY -M'KX-M"'NG,[X, Y] (2.118)
St dung hé phuong trinh (2.118), ta c6 thé nhan dugc phuong trinh momen. Giéi hé

phuong trinh nhan duoc ta c6 thé tim dugc ddp tng binh phuong trung binh ctia khoi
luong m, trong trudng hop c6 diéu khién

<x!>=a, (0, ,u,05),i=0(I)n (2.119)
Pat < x., > la ddp ting binh phuong trung binh ctia khéi lugng m; clia co hé trong
truong hgp khong cé bd TMD. Giai hé phuong trinh moé men tuong tng ta nhan dugc
< X2, >. Sau khi tim dugc cdc ddp ting binh phuong trung binh ctia cdc phan tir clia
co hé, ta kiém tra hiéu qua ciia TMD theo ty so sau:

E= £ (2.120)
R,

& day, R 1a t6ng céc dép ting binh phuong trung binh ctia cac khoi lugng trong co hé
c6 gan TMD tich cuc. R, 1a tong cic ddp tng binh phuong trung binh clia céc khoi
luong trong co hé khong gan TMD tich cuc. Hiéu qua diéu khién t6t khi hé s6 E < 1
va s& khong tot trong trudng hop hé s6 E > 1. Trong truong hop E<1, luc diéu khién
t0i vu dugc dua vao sé cung véi bo TMD thu dong lam giam nhiéu hon nang lugng
dao dong cua co hé.
Vi du 2 .4. Tinh bo hap thu dao dong tich cuc cho hé hai bac tu do chiu kich dong 6n
trang.
Trong vi du nay, ta s€ tinh hiéu qua ctia bo TMD tich cuc ap dung cho co hé hai bac
tu do. M6 hinh co hé dugc cho trén hinh 2.19. Phuong trinh chuyén dong ctia hé duoc
viét dudi dang (2.115) trong d6 cdc gid tri cha cdc tham s6 dugc cho truée. D€ xéc
dinh luc diéu khién u(t) t6i uu (2.106), ta giai phuong trinh RICCATI (2.107) vdi céc
gid tri ciia ma tran A, B, duoc tinh theo cong thic (2.95) va 14y gia tri cia ma tran Q

va hé s6 B nhu sau:
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(2.121)
, =107

(= e =
(= N =R )
S O O O o O
S O O o o O
S O O o o O
(= - = =R )

Sau khi giai hé (2.107) va thay nghiém S vao (2.105) ta c6

G, = [0.1231 7.8052 0.0000 0.0046 0.0714 —0.0346])(104 (2.122)
D¢ tinh trung binh binh phuong cta hé, ta thiét lap hé phuong trinh vi phan ngau
nhién Ito bac nhat trong dé g; (i=0(1)2) duoc tinh theo cong thic (2.118)

1
8 = (szz _O)zxo + zo‘)oCoyz _Zmoc.:oyo ——U(f)

0

g = (0 — o, )x, +uwx, +(208 —2ul o, )y, +2u w0y,

2 0 2 0 1
8= (Dz(xl _xz)+&(00(xo _x2)+2€20‘)2(yl _y2)+2igo(00(yo _y2)+_u(t)

2 2 2

u(t)=G,Z(t)
) (2.123)
Z(t)=[X,,X2,X0>¥1,Y25 Yo

Giai hé phuong trinh nhan duge ta ¢6 thé tim dugc ddp tGng binh phuong trung binh
ctia khéi luong m; trong trudng hop c6 diéu khién

<x!>=a,(»,,¢,n,,0),i=0,1,2

Thay céc gia tri da tinh vao (2.120), ta nhan dugc E(tich cuc) = 0.26 Nhu vay luc diéu
khién u(t) cho két qua giam chén t6t. Bang 2.3 cho ta gia tri binh phuong trung binh
cta luc diéu khién

Bdng 2.3. Binh phuong trung binh ctia luc diéu khién va ctia luc kich dong nén

Binh phuong trung binh
(u?) 31427 (N?)

(m &+ m, &) © 0
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Hinh 2.24. Dich chuyén ciia TMD (m)
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Hinh 2.25. Dich chuyén ctia khéi luong m,

aevemman 3—
g

00 2500
tho gian (mi i giay)

Hinh 2.26. Dich chuyén ctia khoi luong m,
D6 thi mo phong dao dong ctia khoi lugng m;, m, vGi cac thong s6 tinh duoc cta bod

TMD thu dong va tich cuc duogc mo ta trong Hinh 2.24, Hinh 2.25 va Hinh 2.26.

c. Phan tich ky thuat diéu khién hén hop

Vé co ban chiing ta c6 thé coi cac kich dong tdc dong vao co hé nhu 1a su truyén mot
nang luong vao co hé, su diéu tiét nang luong tir hé chinh t6i hé phu dugc gan vao co
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hé dugc coi nhu su hap thu hoac tiéu tdn nang lugng. V€ co ban phuong phép giam
dao dong bing hap thu va tiéu tdn nang lugng c6 thé phan ra ba dang chinh: dang thi
nhét 1a cdch ly nguon gay ra dao dong nhu ding dém nhua dan héi, dém cao su;
dang tht hai 1a phan tdn dao dong bao gom giam chan kim loai, giam chan ma sét,
giam chén chat déo, giam chan khai luong va giam chin can nhét; Dang thit ba 1a
diéu khién dao dong dang tich cuc va ban tich cuc bao gom giam chan khdi luong,
giam chan béng céch thay déi thong s cuia co hé hay ding vat liéu thong minh.
Phuong phép cdch ly ngudn gay dao dong dugc dung rong rii khap noi trén thé gidi.
Hé thong cach ly thuong dugc dat tai mong ctia hé, dua vao tinh mém déo ciing nhu
kha nang hdp thu dao dong, nang luong do kich dong tir bén ngoai mot phan bi phan
hoi, mot phan bi hdp thu trude khi truyén dugc t6i hé. Trong truong hop cua hé diéu
khién tich cuc, ban tich cuc, chuyén dong ctia hé chinh duoc diéu khién bdi nguén
nang lugng dua vao tir bén ngoai. Tuy nhién, phuong phap diéu khién bén tich cuc chi
doi hoi mot luc diéu khién nhat dinh tic dong vao vat hap thu dao dong dé thay doi
co tinh ctia hé, khac véi diéu khién tich cuc 1a dua Iuc diéu khién truc ti€p vao co heé.
Phuong phdp diéu khién tich cuc va ban tich cuc phat trién rat manh trong nhitng nam
gan day va da dugc dp dung vao trong thuc té€ cac cong trinh ciing nhu hé may.

Cac nghién ctu vé hé hap thu va phan tdn dao dong phat trién tuong d6i manh trong
vai chuc nam gan day, gin giong véi nguyén ly cua phuong phap cach ly dao dong,
chiic nang ctia bo hip thu dao dong 1a hap thu niang lugng clia hé né dugc gin vao,
tuy nhién khac véi bo cach ly dao dong, bd hap thu dao dong 1am viéc rat hiéu qua
ngay ca khi nguén gy dao dong dugc sinh ra trong ban than co hé.

Thiét bi giam chdn bdn tich cuc

Khong giong nhu thiét bi tich cuc, mot thiét bi giam chin ban tich cuc vi nhu thiét bi
can nhét ¢6 16 thay d6i duge, thiét bi can diing luc ma sat hay thiét bi can c6 thé diéu
khién dugc nho chat 16ng (Spencer and Spain 1997; Fujino et al. 1996; Housner et al.
1997), mot cach 1y tudng, c6 thé chi cung cp luc hao tan. Tai day, mot mo hinh thiét
bi giam chin cung chlng loai trén dugc gia thiét 1a chi lam tiéu tdn dao dong. Gia
thi€t nay dan dén doi hoi luc va van t6c cta thiét bi giam chin phai ¢6 dau ngugc
chiéu nhau. (Trong nhiéu thiét bi gidam chan ban tich cuc vat 1y, ton tai nhitng gid tri
cuc tri cua luc, & day bo qua gi6i han nay). Thé loai mo hinh thi€t bi giam chan nay
cho ching ta xdp xi dau tién ctia kha nang mot loai giam chan thong minh.

Trong nhitng nghién cttu trudc day vé thiét bi giam chan ban tich cuc (Dyke et al.
1996a,b; Johnson et al. 1999a,b), chién lugc t6i uu nhanh, st dung hai giai doan thiét
k& diéu khién da c6 tac dung tot. Diéu khién dai s6 dugc dé cap dén ¢ day ciing chinh
12 loai thiét bi ndy. Bo diéu khién chinh 1a mot dang nhu LQR hay LQG diéu khién
thi€t k& cho gidm chén tich cuc. Bo diéu khién phu tinh todn cho su phi tuyén tu
nhién cua thiét bi giam chéan ban tich cuc. Diéu cot yéu 1a bo diéu khién phu nay dam
bao rang hé thong diéu khién khong vuot qué luc giam dao dong cho phép. Tat nhién,
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trong mot thiét bi vat 1y (khac v6i mo phong), diéu han ché nay bi bat buoc do ban
chét clia thi€t bi ¢6 kich thudc gidi han. (Tuy nhién, ngudi ta van c¢6 thé can mot bo
diéu khién phu cho cdc thiét bi vat Iy nhu trong phin 16n thiét bi ban tich cuc phi
tuyén trong moi quan hé giita thong tin dau vao va luc tac dong).

Cac két qua cua phuong phap giam chan tich cuc hay thu dong duoc tinh toan mot
cach chinh x4c (tri riéng giai tich véi cac thong s6 va nghiém Lyapunov cho dap tng
tai cac diém c6 dinh). Viéc tinh todn dap tng cua hé ban tich cuc doi hoi phai mo
phong do ban chat phi tuyén cua thiét bi giam chén ban tich cuc. Cac dap ung cua
thiét bi giam chan bén tich cuc duoc xéc dinh tir cdc biéu d6 mo phong theo thoi gian
(thuong dung Simulink) v6i khoang thoi gian 1600 dén 4000 chu ki dao dong don co
ban (hé thong c6 do can thap thi doi hoi thoi gian dai hon dé€ dam bao tinh chinh xac
cua tinh todn). Céc vécto 6n nhay duoc 14y 1a nghiém cua vécto on trang Gaussian
cung v6i ma tran dudng chéo mat do phé do 16n. Céc gia tri do 16n dugc chon nhu dai
tan s6 gi6i han (mau khong tht nguyén cta thoi gian 1a 0.01) trong viéc mo phong
(d6i v6i do nhay 6n va kich dong) cho mot mitc chac chin sai so trong hai tinh hiéu
do. Hai mdc on khac nhau dugc nghién ctu & day: 1% nhay oOn, thuong gap trong
thuc t€, va 10% nhay oOn, bao géom ca do nhay ctia giam chan ban tich cuc dén do
nhay cua on.

Ti s6 gidm chdn trong chién luoc diéu khién

Ti s6 giam chan trong nhitng dang dao dong dau tién duoc tinh toan trong chién lugc
diéu khién, vi nhu can nhét va giam chén tich cuc v6i bon trang thai qui luat diéu
khién. Nguoi ta thay déi hé so can trong thiét k& can thu dong va luc diéu khién R
trong trudng hop thiét k& giam chén tich cuc, ching nidm trong 5 ki€u (1 thu dong, 4
tich cuc) cuia hé két hgp giam chan.

Hiéu tng cta ti s6 giam chan trong dang diu tién rat 1y thd nhat 1a khi so sanh né véi
nhitng két qua trudc st dung can nhét tuyén tinh. Gia tri cuc dai cla ti s6 giam chan
stt dung thiét bi can nhét 1a khoang 1%, trong khi d6 thiét bi diéu khién tich cuc c6
thé dat dén 35% hoic cao hon nita. Gia toc luc diéu khién thiét k& thé hién mot su
tang ddng ké trong tin s6 dao dong c6é can ddu tién so vdi 1 day dao dong tu do.
Khong c¢6 gi dang ngac nhién khi gia thiét rang thiét bi giam chan tich cuc nay c6 thé
dong gbp gia tri do ciing am. Diéu nay khong thé c¢6 duoc néu chi thiét bi hao tan ban
tich cuc hoac thu dong. Xa hon nita, gi4 tri do cing am c6 thé gay nén xu huéng tang
chuyén vi. Két qua 13, nhu s€ trinh bay & phan sau, gid tri gia toc luc diéu khién thiét
k€& c6 tac dung nho trong nhitng moé phong ctia hé ban tich cuc.

Bé tiéu tan nang luong ban tich cuc (TTNLBTC)

Trong phan nay trinh bay hai loai bd can dugc dua ra dung cho viéc tiéu tdn nang
lugng va c6 hiéu qua cao trong giam dao dong. Loai dau tién la nhitng bo TTNL thu
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dong (TTNLTD) véi cdc bo phan chinh ctia n6 1a xylanh thily luc va cdc van kiém tra,
van xa.

Loai thit hai 1a b0 TTNLBTC, n6 bao gom tat ca cac thiét bi cua loai thu dong va con
c6 thém 1 van diéu khién dugc huéng dong chay. Bo TTNL dau tién vdi tai trong 250
KN di duoc thiét k€& va viéc kiém tra ciing dugc tién hanh dé xdc dinh hiéu suit tiéu
tdn ning luong cla chiing. Nhitng két qua thuc nghiém da khang dinh mot diéu ring
ty 1é tiéu tan nang lugng cua b0 TTNLTD dat 71.7% trong khi d6 thi TTNLBTC la
100%. Bo can thu dong tranh duoc nhitng nhuoc diém chinh ctia ciac bo can phu
thuoc dich chuyén nhu giam stc chiu dung ctia kim loai ¢6 chu ki dao dong thap,
bién dang du va lap rdp khong dé dang. Bo can gan nhu hoan thién vé hiéu qua tiéu
tan nang lugng da dugc xac dinh la bo can ban tich cuc. Nhitng bo can dugc dua ra c6
thé thuc su giam duoc cdc dao dong. Bo can ban tich cuc ngoai ra con giam dugc cac
dap tng gia toc.

K§ thuat diéu khién ngdy cang phat trién dé giam di cdc dap ting cua cdc hé khi c6 dong
dat hay gi6. K§ thuat diéu khién duoc chia 1am 3 phan. D6 1a: diéu khién tich cuc, diéu
khién thu dong, diéu khién ban tich cuc. K§ thuat diéu khién ban tich cuc bao gom
nhitng phan tir thu dong dugc gan vao hé co hoc. Phan tir diéu khién thu dong c6 phan
diéu chinh dugc khi né duogc bét di hoidc thém cdc phan diéu khién khac. Bo can thiy luc
ban tich cuc, (Symans&Constantinou, (1997), Kurata et. al., (1999, 2000)), bd can thu
dong, Taylor Devic (Taylor, (1992)) da dugc pho bién rong rai va stt dung rat nhiéu ngay
nay. Ching lam tiéu tdn nang lugng biang cdch nang cao hé so can dé nhim tao ra luc
can nhdét. Tuy nhién, ching lai gap phai nhiing van dé sau: doi hoi su diéu khién chinh
xéac va day du lam tang chi phi va giam do tin cdy; phu thudc vao tinh chat co hoc cua
chat cén nhét c6 thé gay ra mat 6n dinh. Nhiing viing tiéu tin nang lugng quéa nho khong
thé dp dung vao thuc t€. Bo TTNLTD lam viéc nhu mot bo tiéu tan nang luong kim loai,
vi du bo can ma st thu dong, ¢6 1¢i trong viéc 1am gidm dich chuyén. Chat luong ctia bo
TTNLBTC giong nhu bo ban tich cuc (Symans & Constantinou, (1997), Kurata et al,
(1999), (2000)) khi n6 duoc dat vao két céu cung véi thanh dan hoi; do dé su dich
chuyén cua két cau tao ra su bién dang cta thanh dan héi. TTNLBTC c6 hiéu qua trong
viéc thay déi chiéu cta tic dong cuia thanh dan héi ma c6 thé tao ra luc am cho két cau.
Do vay, thiét bi nay c6 nhitng thuan loi sau: tranh dugc thoi gian tré, nang luong diéu
khién yéu ciu vira phai. Ta s& kiém tra su chinh xdc xudt phét tir cong thitc giai tich cua
bo TTNLBTC va hiéu qua tiéu tan thuc t€ dugc chiing minh tir thuc nghiém.

Thiét ké bo cdn

So d6 ctia bo TTNLBTC duoc thé hién nhu hinh vé 2.27. Bo TTNLBTC bao gém cic
phan chinh 1a xylanh thuy luc A, thung d4u B, van xa D, van mot chiéu C va co céu
diéu khién chiéu dong chdy E. Trudc khi giai thich vé nguyén 1y hoat dong clia bo
TTNLBTC, s& rat 1a cin thiét dé noi qua vé cdch hoat dong cuia mot TTNLTD, né bao
gém tat ca cdc thiét bi cia TTNLBTC nhung khong c6 van diéu khién chiéu dong
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chay E va cdc dudng ong so 3. Piston s& khong thé dugc kéo ra hay ddy trd lai néu
nhu ap suét clia ca hai duong dau nho hon gia tri ap suat & van xa D quy dinh.

Hinh 2.27: To6 chitc cia bo TTNLBTC

Bang viéc diéu khién huéng dong chay bing mot van diéu khién chiéu dong chay E,
(4 clra, 3 vi tri). Nhu trang thdi vi tri ctia van diéu huéng dugc thé hién nhu & hinh vé
35, piston bi tic khong gian ra hay co vao duoc. Piston chi duoc tu do gian ra hay co
vao né€u van xa D bén trai hay phai md. Trang thdi ctia vi tri van E ¢6 thé diéu khién
bing dong dién tin hiéu 24 V va biang mdy tinh s6. Cho rang bo TTNLBTC va thanh
tang cting dugc lién két lai v6i nhau dugc goi 1a TTNLBTC va thanh tang cing chi
bién dang trong mién dan hoi. Kha nang kéo hay nén ctia toan bo két ciu sé tang cho
dén khi ap suat ddu bang dp sudt quy dinh. Khi 4p suat trong khoang dau vuot qua ap
sudt ciia quy dinh thi kha nang kéo hay nén s& duoc duy tri khong déi cho dén khi luc
thay déi chiéu.

Hinh 2.28 cho thdy luc can cua bd TTNLBTC va TTNLTD phu thudc vao dich
chuyén duoc 1ap vao hé chiu kich dong diéu hoa va luc xa bang 7.9 KN.

30
[ {+--¢--TTNLTD 42
] o |t 4 /.
29 Fl——1mLrc R o & & &
: o o £ 10 o0 v
N o & &8 0 @ 5%
10 o o Jof 7 40
— or o TR
-'Z.f. . * o oooo adc :‘doo'g':,.
5 00 X A A L1
o »° le d oLe
3‘ 5’6 roio
10 A ot
V 'o’ /'o:o
K ‘0
20 il f"’ o
R o°q o
-3.0 o
-0.15 0.10 -0.05 0.00 0.05 0.10 0.15

dich chuy&n, m

Hinh 2.28: Luc can cta bo can thu dong va ban tich cuc phu thudc vi tri
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D6 thi lien hé luc can-dich chuyén dugc mo phong cho TTNLBTC duge lap dat cho
mot hé 1 bac tu do, dudi diéu kién kich dong, do ciing cua thanh va luc giam chan
ctia bo can giong véi di€u kién luc kich dong cua hé ¢c6 TTNLTD. Két qua mo phong
duoc chi ra trén hinh 2.28. R6 rang bd TTNLBTC tang hiéu suét tiéu tan nang luong
trong thoi gian ngan. Ddp ting dich chuyén gidm han so véi TTNLTD. Do d6 c6 thé
mong doi ring ddp ting gia toc ciing c6 thé dugc diéu khién boi bo TTNLBTC. Dap
ting ctia bo TTNLBTC c6 thé dugc mo phong boi phuong trinh duéi day:
F,=K,(X,-X,) (2.124)
trong do Fg, K,, X, va Xg, theo thit tu 1a luc, do cing, do bién dang cua TTNLBTC

va do bién dang & trang thdi can bang. Luc tdc dong phai duoc thoa mén gidi han dua
theo van xa D, va di¢u kién sau:

- F:nax S FB S Enax (2125)
Do bién dang c6 thé duoc trinh bay béi phuong trinh sau:
( F .
L khi kéo
KA
X, =1 7 (2.126)
X khi nén
§ KA

Trong d6 X,,,, va X,,;, 1a dich chuyén do duoc tinh tai khi ddo chiéu chuyén dong.

max
Hiéu qud diéu khién cho két cdu

Mot két cau toa nha 3 tdng 2 chiéu duoc dua ra thi nghiém va nghién ciu s6. Ma tran
do cung, do can, khoi luong cho tinh toan s6 dugc chi ra & phu luc. Ba tan s riéng
ctia két cau, nang 30 tan, 1la 1.002, 2.807, 4.056 Hz, theo thit tu. Trong phan mo
phong, mot bo TTNLTD hoac TTNLBTC duge dua vao tang 1 cua két cau. Két cau bi
kich dong béi nhitng mic do dong dat khac nhau mo phong bdi may. Trong tat ca cac
trudong hop, luc ciia van xa cua bo can bang 20% cua trong luong két cau va do cing
cta thanh giang bang 2 1an do ciing cia dam bién cua két cdu. Hinh 2.29 chi ra rang
dich chuyén kéo theo cta ting 2 c6 thé gidm xudng v6i moi mitc do dong dat khac
nhau. B9 can ban tich cuc lam giam dap tng hiéu qua hon so véi bo thu dong.
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Hinh 2.29. Ty 1é dich chuyén kéo theo ctia ting 2

Tt nghién cttu nay, TINLTD va TTNLBTC c6 thuan lgi trong viéc tiéu tin nang
luong, dat ty 1é nang luong tiéu tan cao. N6 c6 hiéu qua t6t dé loai bo su phan ting lai
cua dich chuyén ctia két cau. Thuc t€, TINLTD va TTNLBTC 1a cic bo hap thu nang
luong dao dong cua két cdu va chuyén né thanh luc khang cu lai dich chuyén cua két
c&u. Hai uu di€ém ctia bo can trén la:

Luat diéu khién don gian: Kiéu diéu khién déng ngit cho bo TTNLBTC that su
don gian ma khong can dén cac bo diéu khién chinh xdc va s6 luong 16n cic senso
day 1a mot trong nhitng wu diém ctia bo TTNL dang bén tich cuc. Diéu nay dan dén
diéu khién dong dau ra truc ti€p. T

Thoi gian st dung lau dai: Khong ¢6 su lam giam stc chiu dung ctia kim loai
va mdi. Viéc bao tri va diéu chinh bo can don gian. TTNLBTC va TTNLTD mang lai
kha nang tiéu tan nang lugng dp dung cho thuc t€. Ching la nhiing thi€t bi TTNL ban
tich cuc va thu dong rat tot.

KET LUAN CHUNG

Cong nghé chong dao dong c6 hai dua trén viéc diéu khién dép ting dong (dao dong theo
thoi gian) ctia cong trinh k§ thuat. Trén day da trinh bay co s& ctia ba phuong phap diéu
khién dao dong:

- Phuong phap st dung cac hé cach ly.

- Phuong phép str dung céc hé tiéu tdn nang luong (diéu khién thu dong (DKTD)).

- Phuong phdp diéu khién tich cuc (DKTC).
Trong thuc t€, con ¢ thé diéu khién dao dong bing cach két hgp cdc phuong phap
trén nham dat hiéu qua giam dao dong t6t hon. Chang han, phuong phdp két hop giita
hai phuong phap PKTD va phuong phap DKTC dugc goi 1a phuong phap ban tich cuc
(semi-active).
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3. DPanh gia phan tich cac ing dung caa thiét bi TTNL trén thé gii
va Viét Nam

a. Phan tich cac vu diém k¥ thuat va hiéu qua kinh té cua thiét bi TTNL
Cdc linh vic ¢6 nhu cau giam dao dong

Nhu cau giam dao dong c6 hai trong cac hé k¥ thuét 1a mot nhu cau 16n trong tuong
lai. Dao dong c6 hai xudt hién trong mot s6 linh vuc dién hinh nhu giao thong, van
tai, cong nghiép, quan su, hang khong va xay dung...

Giao thong vdn tdi

Trong giao thong, viéc giam dao dong c6 hai cho tau hoa, 6to, tau thuy dong mot vai
tro then chot trong viéc nang cao tudi tho phuong tién va giam bét su khé chiu cho
nguoi st dung. Dao dong cua cac phuong tién giao thong bi gay ra boi tac dong thay
d6i trén mién tan s6 rong cua kich dong mat dudng, cta séng gi6. Hién nay, vdi toc
do ngay cang cao, kich ¢& ngay cang 16n va hoat dong trong moi truong phiic tap, van
dé giam dao dong c6 hai cho cac phuong tién giao thong 1a mot méi quan tdm hang
dau cho cac nha ché tao. Bén canh do, viéc chong va cham cho cac phuong tién khi
xay ra tai nan ciing 12 mot van dé cédp thiét. Nhiéu phuong tién giao thong da duogc
trang bi dém khi dé€ giam b6t cdc va cham va dao dong khi can thiét. Trong linh vuc
van tai, tai cac bén cang, viéc van chuyén bang can cu va cic két cau treo dugc dung
phé bién. Véi khoi lugng hang hod ngay cang 16n, viéc van chuyén chinh xdc va an
toan doi hoi phai giam thiéu nhitng dao dong lic lu va nhitng va cham khi van
chuyén. Nhiéu cin cdu dugc dat trén tau bién ciing cin dugc cdch ly t6t v6i nén tau
dé khong bi trong tranh trong qué trinh van hanh. Hién nay, viéc van chuyén béng tau
cap treo tai cac khu du lich dugc phat trién rat nhiéu ciing lam ndy sinh nhu cau giam
nhitng dao dong c6 hai do gio gay ra.

Cong nghiép, quoc phong, hang khong

Trong Iinh vuc cong nghiép, nhiéu linh vuc can duoc giam dao dong nhu chéng rung
cho cdc mdy méc téc do cao, chong va cham cho cdc thiét bi dimg... Chéng han, céc
mdy xay, nghién hoat dong véi t6c do cao néu khong chong rung cin than sé gay do
vO. Cac thiét bi chan trong cdc nha may san xuat gidy, cic nha may luyén kim, néu
khong c6 bién phap bao vé chong va cham sé dé dang bi pha huy. Cic mdy céan thép
cling ¢6 nhu cau giam rung khi can cac tdm thép c6 do day khac nhau.

Trong linh vuc quan su, cdc thiét bi quan su can dugc giam va cham va dao dong c6
hai dé tang hiéu qua. Céc loai sing va phdo déu cin chong giat khi van hanh, vira
dam bao an toan cho nguoi sir dung, vira tang toc do chién dau. Cac xe tai lap cdc
phéo 16n can duoc 1ap cdc bo giam chan thich hgp dam bao an toan khi van chuyén va
khi ban. Dic biét, cac tau chién can c6 hé thong can bang va 6n dinh tu dong vi cc
loai tau nay c6 su thay déi van toc va qui dao rét 16n. Cc hé thong can biang va on

71



dinh déu dua trén cac k§ thuat hién dai vé viéc chong cdc dao dong c6 hai. Cic tén
Itta hién dai cin c¢6 hé thong chong va cham va 6n ding cho hé thong phong va dan
duong. Trong linh vuc hang khong vii tru, cic mdy bay can duoc chong rung, cac hé
thong phong tau vii tru can dugc chong va cham. Trong cong nghé vii tru, cdc thiét bi
chinh x4c ctia vé tinh cin dugc chong dao dong mot cach thich hop dé dam bao do
chinh xac khi van hanh.
Xay dung

Nhiing linh vuc dugc dé cap 6 trén 1a nhitng Iinh vuc truyén thong va hét stc
dién hinh cho nhu c4u giam dao dong. Trong khi d6, linh vuc xay dung lai 1 linh vuc
van con 1a méi. S& di nhu vay 1a vi trong x4y dung, nhitng tinh to4dn c6 dién thuong
coi cong trinh xay dung 1a nhiing két cdu tinh va nhitng yéu t6 dong déu dugc dua vé
cac y€u to tinh tuong duong. Do d6, nhitng phuong phap giam dao dong ciing mang
tinh "tinh": tang cudng, gia c6 do clng cua két cAu. Xu huéng nay nay da thay doi va
phit trién theo hudng ting hiéu qua kinh té va kha niang xay dung ¢ cdc ving dia
hinh phuc tap. Vi thé, hién nay, nhiing cong nghé giam dao dong trong cac linh vuc
truyén thong mot 1an nita lai duoc ap dung vao linh vuc xay dung. Tuy nhién, quy mo
cta nhitng 4p dung nay 16n hon nhi€u, phong phd hon nhiéu va két cdu giam dao
dong ciing phiic tap hon nhiéu.

Muc dich cta viéc st dung cdc thiét bi tiéu tdn nang lugng trong mot két ciu 1a dé
lam giam nho nhét nang lugng dao dong (hodc dé triét tieu hoan toan ning luong
trong truong hop 1y tudng) trong cic thanh phan cla két cdu nhu dam, cot, tudng.
Béng cédch diéu khién theo cach nay ta c6 thé lam gidm nguy hiém cho két cdu. Lam
cho hé chinh ¢6 gia t6c thdp hon va do d6 cdc luc cét xuat hién bén trong nho hon.
Mot vai hé chinh con c6 thé dat duoc su giam ddp ing mot cach dang ké khi sir dung
cac bo tiéu tan nang luong. Mot s6 la cac bo giam x6c cho cac phuong tién giao
thong, cac bo giam dao dong do gié cho cac cong trinh nhu bo hap thu dao dong dang
can nhét gian vé6i khoi luong Thém vao d6 1a nhitng bo tiéu tdn nang luong dé 1am
giam cdc anh hudng gay ra boi dong dat. Rat nhiéu bo tiéu tdn nang lugng dugc ding
dé diéu khién thu dong chong dong dat dugc ding trong hé thong céch li dong dat.
Nhiéu thiét bi tiéu tan nang luong ducc phét trién tai Y, Nhat, My... trong thap nién
gan day la cac bo can nhét trong cac cau nhip 16n.

Su xuit hién cua nhitng thiét bi can nhét (tiéu tan nang luong) trong cac toa nha da
dugc cac ky su xay dung chip nhan. Thong thuong do can tuong duong cua cac toa
nha vao khoang tir 2% dén 5% khi phan tich dap tng tuyén tinh ctia cac toa nha. Trén
thuc t€ cdc k¥ su thudng chon 12 5%. Khi hé mot bac tu do v6i do can nho va bi day
ra khoi vi trf can bang, n6 sé dao dong véi bién do giam dan nhu trén hinh 3.1.
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Hinh 3.1. Dao dong tu do véi cac ty s6 can khac nhau cua hé chinh
a- 0.02; b-0.05; c-0.10; d-0.20

Dap tng cua hé chiu luc kich dong diéu hoa dugc chi ra trén hinh 3.2. Thanh phan
khuyéch dai dong luc ctia nhiéu tin s6 khic nhau so véi tdn so riéng va do can nhét
khédc nhau so v6i do can nhét ctia hé. Nguoi ta thiy rang, khi taing do can, hiéu qua
dac biét lam giam dap ung thu dugc khi ma tan s6 kich dong gan véi tan so riéng ctia
hé (trong vong cong hay tru 20%).
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Hinh 3.2. Cac thanh phan khuyé&ch dai dong luc véi cac hé s6 can khac nhau cua
két cau

B0 can nhdét chat 1ong, da dugc st dung nhiéu nam trong quan su, hang khong, nay
dang bat dau tham du vao linh vuc xay dung. C4c bo can nhét biéu 16 tinh chat can
tuyén tinh, anh hudng clia su thay déi ciia nhiét do & mic do khong déng ké, chiing
thuong nho gon vé kich thudc.

Céc nghién ctu phan tich va thlr nghiém cua cdc két cau, cau pha va nha cong trinh
¢6 gin cac bo can nhét chat 1ong da dugc thuc hién boi nhiéu tdc gia [Constantinou et
al, 1993]. Két qua cua viéc nghién citu cho ra su giam déng ké cuia cdc ddp tng khi st
dung céc thiét bi can nhét. Dac diém cta b can nhdét 1a luc can nhét phu thuoc vao
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van toc dao dong. D6 1a mot tinh chat mong mudén khi tng dung cac bd can nhét vao
két cau. Chang han v6i dam, khi lip bo can nhét, s& xuat hién thém luc can nhét.
Ngoai ra, momen 16n nhat phai chiu khi dam bi vong 16n nhat (tuong tng vé6i van toc
bang khong) s& khong tang do thanh phan phu la luc can nhét lic nay bang khong.
Phuong phdp st dung cdc thiét bi tiéu tdan ndng luong 1a phuong phap duoc ap
dung hiéu qua cho nhiéu loai két cau, nhi€u loai kich dong va hién tai 1a phuong phap
phé bién nhat. Nguyén tic ctia phuong phép 1a dung cdc co cdu dé€ truyén tai ning
luong do dao dong c6 hai cta két cau thanh nhiét hoac dang nang luong khac. Hang
tram cong trinh trén thé gidi, trong d6 c6 nhitng cong trinh néi tiéng da 4p dung cong
nghé nay. Cdc wu diém ctia thiét bi tiéu tdn nang luong gom:

- Hiéu qud vé ky thudt

Cac thiét bi tiéu tan nang luong rat c¢6 hiéu qua giam dao dong vi né duoc thiét k€ toi
uu dua trén dap ting dong ma khong phai 1a mo hinh finh twong duong. Cac thiét bi
tiéu tdn dang chat 16ng, ngoai viéc giam dao dong con khong lam tang nhiéu ting suat
trong két cau (diéu nay khong thé thuc hién véi bién phap gia co thong thuong). Vi
vay, hiéu qua vé k¥ thuat ctia cdc thiét bi tiéu tdn nang luong la rat tot.

. /‘? B b thy dao
{% AMD dong tich cuc

Building

T
1

Wind
Excitation

TR

——

Earthquake Excitation

Hinh 3.3. Mot bién phap lap dat bo hap thu dao dong tich cuc vao két ciu

Hinh 3 4. Céc thiét bi TTNL lap dat trén ciu day vang
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- Hiéu qud vé kinh té

Do khong ting nhiéu ting suat vao két cdu va khoi lugng khong qué 16n, viéc b sung
céc thiét bi TTNL khong 1am thay déi nhiéu dén két cau. Trong khi d6, bing bién
phép gia c6, khoi luong két cau thuong tang 1én nhiéu gay ton kém. Vi th€, sir dung
cédc thiét bi TTNL c6 hiéu qua vé kinh té.

- Dé dang ldp ddt va bdo dudng
Viéc lap dat va thdo do cdc thiét bi TTNL thudng khong doi hoi qua trinh thi cong
quéa phiic tap va t6n kém. Qu4 trinh c6 thé thuc hién ngay khi két cau dang van hanh
(ching han cdu vin dang c6 phuong tién qua lai...)

- Pat yéu cdu vé thdm m¥ do cé kich thudc nhd

Qua trinh tiéu tan nang lugng thuong duoc thuc hién thong qua cac thiét bi tiéu tan
nang lugng dang ma sat, dang kim loai, dang chat long, cac hé thong hip thu dao
dong dang khdi lugng, TMD, TLD (Tuned Liquid Damper)... Nguyén tac thiét k& n6i
chung dua trén nang luong tiéu tin (yéu ciu nang lugng tiéu tan phai cao nhat).

b. Phan tich ky thuat mot s6 cong trinh thuc té dién hinh c6 sir dung cac
thiét bi TTNL.
Mot s6'ting dung thuc té

e Thiét bi TMD trong cao 6c¢

Thiét bi tiéu tdn nang lugng TMD la thiét bi duoc st dung rat pho bién dé giam dao
dong do gid, dac biét 1a trong cac cao 6¢. Mot trong nhiing 4p dung tiéu biéu gin day
nhat 1a thi€t bi TMD trong toa nha trung tam thuong mai Dai Bac, Dai Loan c¢6 101
tang, cao 508m, cao nhat th€ giéi va dugc xay trén vung dong dat. Cac ky su thay
ring gia téc cua tAng cao nhat c6 thé vugt 30%-40% so véi gia toc mong muon. Giai
phép lap dat thiét bi TMD la mot giai phap hiéu qua doi phé véi trudong hop gia toc
rat cao nay. Cac k§ su da chon TMD 1a mot hinh cdu nang 730 tédn ¢6 cham trd diéu
khéc dat tai tAng 88. Qua cau duoc treo boi hé thong cap thép, xung quanh 1a cidc nha
hang an, quan bar vira rat hiéu qua trong giam gia tdc, vira thu hit khach du lich.

Hinh 3.5. Thiét bi TMD trong nha cao nhat th€ gi6i
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e Gia c0 cau thién nién Kky:
CAu thién nién ky 1a cau co lich st 100 nam cta nuéc Anh, danh cho nguoi di bo. Cau
¢6 hinh dang kién tric doc ddo, dugc treo bang cap ngang. Do qud manh nén cau bi
dao dong manh.

Hinh 3.6. Cau thién nién ky & Anh

Mot s6 giai phdp khiac phuc da duoc dua ra va giai phdp 1ap dat cdc thiét bi tiéu tdn
nang luong da dugc chon vi:

- Dam bdo yéu ciu thdm my vi cdc thiét bi tiéu tdn nang lugng rat gon. Pay Ia
wu diém dugc quan tam vi hinh ddng kién triic doc nhat clia cdu khong thé bi pha huy.

- C4c thiét bi tiéu tdn nang luong tuy dit hon céac thanh gidng dé gia c6 cau
nhung khd nhe va khong tang nhiéu tng sudt cta ciu. Vi thé, véi giai phdp nay,
khong can phai tang siic chiu luc ctia cu va chi phi tong thé ré hon.

- Giai phap nay c6 hiéu qua trong viéc giam ca dao dong va ung suit trong két
céu (diéu nay khong thuc hién duoc véi giai phap gia ¢ bang cdc thanh giang).

- Khong gay anh hudng giao thong dudng thuy nhu giai phdp bo sung cot tru.

- Dé dang lap dat va thay thé.

Vi tri 1ap dat va qu4 trinh 1ap dit c6 thé thay trén hinh 3.7.

== I NS
Hinh 3.7. Vi rf lap dat cdc thiét bi TTNL
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e Ap dung cong nghé TTNL, cdu day viang DongTing (Trung Qudc)

- Du 4n giam dao dong day cap cta cau Dongting (Trung Qudc) dugc thuc
hién bdi su phdi hop gitta Pai hoc Bach Khoa Hong Kong va Cty LORD (Hoa Ky).
Sau nhing thir nghiém thanh cong, téng s6 312 thi€t bi TTNL dugc lap dit trén cdu
va da khir hoan toan dao dong do gi6 cua day cap trén cau.

- Khé khan khi giam dao dong cho day cdp & chd, mudn giam dao dong hiéu
qua thi cdc thiét bi khong duoc 1ip qua gin dau day. Nhu thé hiéu qua thim m§ s&
kém di. Cong nghé duoc st dung & day 1a cdc thiét bi TTNL bang chat 1ong tir bién,
c6 thé thay déi dac tinh nho tir trudng. Nho dic tinh nay ma hé thong TTNL c6 kich
¢d tuong d6i nhod va khong can ldp dat qua xa dau day vang. Day 1a mot giai phéap

hiéu qua, it ton kém, giam yéu cau bao dudng.

A

Hinh 3.8. Cau DongTinh, Trung Quéc

Ddnh gid khd ndng ving dung cua cdc thiét bi TTNL o Viét Nam

Nhu da théng ké 6 Phan I muc 1, Viét Nam 1a quoc gia nam trong ving ¢6 gié béo, i
lut, dong dat, nhiéu song rong, bién 16n. Nhu ciu phét trién kinh té€-xa hoi 1a rat 16n.
Trong linh vuc co khi, Viét Nam dang phét trién cdc nganh c6 nhu cdu 16n nhu xi
mang, dién, sat thép, 6td. Chiing ta da va dang xay dung nhiéu ciu day ving nhip 16n,
nhiéu cong trinh d4u khi, hé¢ thong ong din ddu khi dai hon tram km tir bién vao dat
lién, cac cong trinh DKI bao vé chu quyén cua dat nuGe. Viét Nam ciing dang phat
trién chién luoc xay cdc nha cao tang, cic dudng day tai dién xuyén quoc gia, cic tau
cao toc, thu bién xuyén dai duong, cidc chuyén thu nhanh Bic Nam va cic tuyén
dudng sat trén cao toc do dén vai tram km/gid. Trong linh vuc qudc phong Viét Nam
chu truong hién dai hod kha nang quoc phong, tu ché tao cac vii khi quan sy nhu xe-
phdo hang nang, tén llra, vii khi chdng tang.

Trong tat ca cc linh vuc néu trén nhu cdu giam céc dao dong c6 hai dé giam chi phi,
tang chat luong va tudi tho cuia céc cong trinh, thiét bi k¥ thuat 1a rat 16n. Cong nghé
san xuat cdc thiét bi TTNL vain dang cdon mdi néu Viét Nam tao diéu kién dé phat
trién cong nghé giam cdc dao dong c6 hai nhat dinh s& dem lai nhiéu hiéu qua kinh
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t&, han ché su tut hau vé cong nghé so véi cdc qudc gia tién ti€n khac.

Dé két thiic muc nay ching t6i xin nhic lai mot két luan vé hiéu qua chong dao dong
ma gidi chuyén gia diic két dugc "Néu bién do dao dong giam dugc 15% thi tudi tho
clia cong tring tang duoc gap doi". Ching ta c6 thé dong y vdi ¥ ki€n nay khi trai qua
mot ngay dém trén mot phuong tién giao thong chuyén dong véi bo giam x6c kém.
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4. Nghién citu thiét bi TTNL dung nguyén ly can nhét
a. Nghién citu mo hinh co hoc ctia chat long nhét dung trong thiét bi TTNL

Dau Silicon

Dau Silicon trong thi€t bi TTNL can nhét 12 chat khong mau va c¢6 do nhét 16n hon
hang tram lan so v6i dau nhon dong co 30. Dau Silicon ¢6 kha nang TTNL rat tot vi
do nhét ctia n6é khong bi anh hudng boi thay su déi nhiét do, do vay c6 thé tao ra hé
s6 can 6n dinh trong cac thoi tiét he, dong. DAu Silicon ciing khong déng can hoic
thay d6i do nhét néu thi€t bi TTNL khong hoat dong trong mot thoi gian, ddp ting
dugc nhitng kich dong 16n, vi du nhu trong cac xe tai 18 banh da duoc trang bi vé6i
cac bo TTNL chita dau Silicon.

Trong bo TTNL, giita xy lanh va dau piston c6 khe hep do day dé chat 1ong chdy qua
khi ¢6 do chénh ap Dp giita hai khoang cua xy lanh. So d6 ctia dau piston va xy lanh
duoc mo ta trén hinh 4.1.

Hinh 4.1. So d6 dau piston va xy lanh
Ta goi u : van toc dong chay. Xét hé truc toa do Oxy gin trén piston. Truc x song
song voi tdm piston. Ta c6 phuong trinh Navier-Stokes:

1 dp _y o*u o*u 0°u 1 odiv(u) 7{81/1 +ual+ ou
or ox ' or

ap LJou. _ u = 0@.1)
p(p,Tydx \ox* oy* 6z ) 3p(p,T) ox }

Giai phuong trinh (4.1) v6i diéu kién:

Ou_ Ou Ou u _, 4.2)
ox 0Oy 0z r

r=R;u=0
4.3)

r=R;u=0
Phuong trinh trang thdi: ~ F(p,p,T)=0 (4.4)

Ta tim dugc phan bé van toc:

u=g(,Ap,v) (4.5)

va luu luong:
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R, (4.6)
Trong bo TTNL, dau piston c¢6 nhiing 16 duoc khoan dé chat 1ong chdy xuyén
qua tir khoang phai sang khoang trdi. So d6 ctia dong chay qua 16 trén piston
dugc mo ta trén hinh 4.2. Xét hé truc toa do Oxy gan trén 16 piston. Truc X song
song véi tam 16 piston. Xuat phét tir phuong trinh lién tuc, phuong trinh Navier-
Stokes véi diéu kién:

r = 0: u hitu han, 4.7)
r =R, u=0 (4.8)
ta c6 phan bo van toc:
u=u(l,Ap,a,v) 4.9)
~R

_________ ) @) }

dr

Hinh 4.2. So d6 dong chay qua 16 trén piston

Ta tinh duoc luu luong:

Ry
0, = I27zurdr
0 (4.10)

Céac cong thic trén 1am co s& dé tinh cac dic trung thuy luc cta thiét bi TTNL.
b. Nghién ciru anh hudng cua cac thong so6 hinh hoc dén hiéu qua TTNL

St dung (4.6) va (4.10) ta c6 tong luu luong chdy qua khe hep va 16 dudng kinh R,

0=0,+0, (4.11)
Do luu luong chay qua hé khe, 16 tinh theo cong thiic sau:

Q=AV (4.12)

F=AAp (4.13)
St dung (4.9), (4.10) ta c6:

Ap=£(Q) (4.14)
Thay (4.14) vao (4.13) suy ra:

F=Af(Q) (4.15)
Thay (4.12) vao (4.15) ta thu dugc

F=Af(A4V)
(4.16)
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Trong nhiéu trudng hop, qua nhitng tinh toan s6 va thi nghiém ki€ém ching, ngudi ta
thu duoc

F=’ (4.17)
V6i 0 xap xi bang 1 thi ta ¢6 thé thu dugc dinh luat tuyén tinh

F=CV (4.18)
Trong d6 C 1a ham cua cic thong s6 cua bd TTNL:

C=f(A,v,a,R),R,,R,) (4.19)

Cong thitc (4.18) lién h¢ gifta lyc tic dong 1én cén piston va van toc cua piston. Ta
thdy trong trudong hgp gia thiét chat 1ong chay tang va khong nén dugc thi luc 1a ham
tuyén tinh cua van toc. Hé s6 C cho ta moi lién hé gitta hé s6 can ctia bd TTNL va cac
thong s6 hinh hoc cta xy lanh, dau piston nhu do rong cta khe hd thoat dau, duong
kinh piston, dudong kinh xy lanh, dudong kinh 16 thodt diu trén dau piston, goc
nghiéng cta 16 thodt diu trén dau piston, s6 16 thodt dau trén dau piston, dién tich cta

piston. He s6 C c6 thé tinh bing cdc may tinh s6 va kiém nghiém béng thi nghiém.

Dong chay ctia chat 16ng qua dau piston gay ra tiéu tan nang luong, tao ra dac trung
dong luc cua thiét bi tiéu tan nang lugng. Vi thé, can ¢6 nhiing tinh toan cac yéu to
cta dong chdy nhu van toc, dp sudt, nhiét do ... d€ xéac dinh dugc dic trung dong luc
cua thiét bi. Phuong trinh dé mo ta dong chay 1a cdc phuong trinh dao ham riéng phi
tuyén rat phic tap. Hon thé€ nita diéu kién bién cua chat 16ng trong trudong hop mit
thodng cling phi tuyén. Dé giai nhitng bai todn chat long nay, ngudi ta thudng phai
don gian hoa ca phuong trinh va diéu kién bién. Trong trudong hop c6 10i giai giai tich,
can phai dua ra khd nhi€u gia thi€t don gian hod. Nghiém giai tich rat c6 y nghia
trong qua trinh thiét k€ so bo. Tuy nhién, dé tinh todn chinh x4c hon cin dung céc
phuong phap s6. Tuy nhién ta chi xét truong hop dong chay doéi xang truc. Truong
hop nay ding vGi dong chay qua khe gitta dau piston va xylanh nhu trén hinh 4.3.

AT
—> Khe
diu Khoang phai
| Khoang trai pitiong 7.

Hinh 4.3. Dong chay doi xing truc qua dau pittong

Bai toan chi phu thudc vao hai toa do khong gian la toa do doc truc z va toa do theo
huéng bén kinh r.
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Cdc phuong trinh tong qudt mo td dong chdy doi xiing truc

Trong muc ndy ta sé& xét cdc phuong trinh téng quit dé mo ta dong chay d6i xiing
truc. Trong thuc t€, vi xylanh va piston cé dang hinh tru nén cac phuong trinh sé€ dugc
viét trong hé toa do tru. Ta sé trinh bay ma khong dan giai cach thiét 1ap ra phuong
trinh vi day 1a nhiing phuong trinh kinh dién trong gido trinh co hoc chat 16ng. Cic
phuong trinh bao gom:

+ Hé phuong trinh chuyén dong Navier - Stokes

Ov ov Ov v uodiv(v) op
—o(p.T) == +v.——4v — |+ puAv, —u—+=—=22="2" (420
PUPT)| o Vg g A e S = (420
[ Ov ov ov_ | 10div(v) ép
- T =4+ Z + =+ uAy +—————=— 421
pp )_8t Y e T T T (21

Trong d6 p la khéi lugng riéng cua chat 1ong, 1a ham cua ap suét p va nhiét do T, p
=vg la hé s6 nhét dong luc cua chét 1ong (coi 1a hiang s6). Van toc v, va v, 1an luot 1a
cac van toc doc theo truc va theo ban kinh cua xy lanh piston. A 1a ky hiéu toan tur
Laplace trong hé toa do tru doi xing truc:

0: 0 0
A= + + 4.22
oz or’ ror (22
Con div(v) 1a phan ky van toc:
0 0
divivy=Zr 4 D= e (4.23)
or 0z r

Phuong trinh (4.20) ¢6 thanh phin gin véi khoi lugng riéng goi 1a thanh phan quén
tinh, thanh phan gan v4i hé s6 nhét dong luc goi 1a thanh phin ma sat. Thanh phéan
quan tinh la phi tuyén va thuong tang manh khi van toc tang. P6i v6i dac trung dong
luc cta thiét bi, cAn giam thiéu thanh phan nay. Phuong trinh Navier-Stokes 12 mot
trong bay bai todn 16n nhat hién nay. D€ gidi ching, néi chung cin khd nhiéu gia
thiét don gian hod.

+ Phuong trinh lién tuc:

‘;—f + pdiv(v) =0 4.24)

+ Phuong trinh trang thai:
F(p,p.T)=0 (4.25)
trong dé F la mot ham mo ta lién h¢ gilta cac dai lugng p, p va T. Trong truong hop

chat 16ng silicone, ngudi ta ¢6 thé dung dang phuong trinh trang thai Claperon cta
chat khi.
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+ Phuong trinh thu nhiét vdi gid thiét truyén nhiét Fourier:
dT
kAT = pC, % + Apdiv(v) (4.26)
4
trong d6 k 1a hé s6 truyén nhiét (coi 1a hiang s6) theo gia thiét truyén nhiét Fourier, C,
12 nhiét dung riéng déing tich va A 1a duong lugng nhiét clia cong. Céc ky hiéu todn tir
Laplace A va phan ky van toc div(v) da dugc néi 6 trén.
Truong hop chdt long nhe.

Trong truong hop nay, ta boé qua thanh phan quan tinh. Hé 3 phuong trinh (4.20),
(4.21) va (4.23) tr¢ thanh:

HAYV_ = 8_p 4.27)
0z
HAY. — yv—; = 8_p (4.28)
r- oz
Y Ve (4.29)

or 0z r

D6 1a hé phuong trinh dao ham riéng bac 2 giai duoc bang phuong phdp so.

Truong hop chdt long ly tuong, khong nhot.
Ta c6 hé 3 phuong trinh:

—p|l—+Vv.—+v — |=— (4.30)

— 4ty — 4y — |[=— 4.31
Plot "oz "ar | oz (31
diviy= e v D Ve g 4.32)
or 0z r

Day 1a hé dao ham riéng phi tuyén bac nhat, dua dugc vé mot phuong trinh dai s6 phi
tuyén va mot phuong trinh dao ham riéng tuyén tinh bac hai. That vay, xét ham thé ¢.
Nghiém dugc tim duéi dang:

v, :%, v, :% (4.33)
oz or

Sau khi tich phan lén ta thu dugc

Ag=0 (4.34)
__|[(2) (20 29
p= p{(@z) +(8r] + 2 + const (4.35)
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Diéu kién bién:
Khéc vé6i chat ran, diéu kién bién clia chat 16ng rat phic tap, dac biét 1a diéu kién bién
mat thodang. Diéu kién bién cua chét 1ong ¢6 mdy dang chinh:

+ Diéu kién khong tham
Va ls=V, ©® (4.36)
O day V, 1a van t6c theo phuong phdp tuyén cta bién. Diéu kién nay budc chat 10ng
chuyén dong véi van t6c theo phuong phép tuyén clia thanh cing.
+ Diéu kién dinh
v, =V, () (4.37)
O day V, 1a van toc theo phuong ti€p tuyén ctia bién. diéu kién nay budc chat 16ng
phai bdm vao bién khi chuyén dong.
+ Diéu kién mdt thodng (mdt tw do) gom 2 diéu kién

- Diéu kién dong hoc: gia str mat thoang mo ta bdi phuong trinh f{r,z,¢)=0 thi di€u
kién dong hoc c6 dang

daf
—,=0 (4.38)
dr”
Diéu kién nay thé hién su lién tuc ctia mit thoang.
- Diéu kién dong luc hoc:
Pls=1o® (4.39)

Trong d6 p, la 4p suat mat thoang.

Nhu vay trong 3 loai diéu kién thi diéu kién mat thodng 12 phi tuyén va phic tap. Bay
gid ta s& 4p dung cac diéu kién bién ndy trong bai to4n cu thé ctia dong chay qua diu
pittong. Ta trd lai v6i hinh 3 d4u pittong chuyén dong trong xy lanh. Chat 16ng
chuyén dong tir trdi sang phai qua khe gifta ddu pittong. Dau pittong c6 thé c¢é hinh
dang bat ky (trong hinh chi v& cho truong hop don gian nhat). Dau pittong chia chat
long 1am 3 vung, ving nén, khe, va ving dan. 0 vung nén co cac thanh cing nén co
thé ding duoc céc diéu kién bién khong thdm va diéu kién bien dinh. O ving dén,
chét 16ng mat tinh lién tuc nén cdc phuong trinh toian hoc khong thé mo ta duoc trang
thdi chuyén dong cta chat long trong ving nay. Diéu kién bién gém céc diéu kién
bién tai thanh cing va di€u kién mat thodng tai ddu ra cta khe.

Loi gidi gidi tich

Muc nay ching toi tém tit nhitng két qua giai tich kinh dién, tir d6 c6 két qua

dé so sanh v6i phuong phdp s6. Dé c6 nhitng két qua giai tich, bai todn con dugc don
gian hoa hon nita dé tr& vé bai toan mot chiéu dimg. Vi th€ diéu kién bién ciing chi
thoa man cho mot chiéu. Gia thiét ring dau pittong c6 dang hinh tru, bai todn gin
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diing ¢6 thé coi 1a dimg mot chiéu doc truc, tic 12 bo qua thanh phan phu thudc thoi
gian va thanh phan v, trong cac phuong trinh.

-Truong hop chdt long 1y tudong, khong nhot:
B ,07Z'R4
8h’
K&t luan rit ra tir hai 1oi giai giai tich 1a: khe cang nhd, do nhét cang 16n thi thanh
phan ma sat cang chi€ém wu thé, ngugc lai né€u ban kinh xylanh cang 16n, khoi lugng
riéng cang 16n va van téc cang I6n thi thanh phan quan tinh cang chiém wu thé. Loi
giai giai tich cho ta nhitng danh gia so bo. Loi giai so cua ching toi tinh cho bai toan
hai chiéu khong dimg véi dang hinh hoc tuy y cua dau pittong.

F y? (4.40)

Gidi thiéu cong cu phuong trinh dao ham riéng viét bang MATLAB

Dé giai cdc phuong trinh dao ham riéng hai chiéu ching toi st dung goi cong cu
phuong trinh dao ham riéng. Pay 1a géi cong cu manh va hiéu qua dé giai cic phuong
trinh dao ham riéng hai chiéu khong gian va mot chiéu thdi gian. Phuong phap duogc
st dung 1a phuong phép phan tir hitu han cho phép xédc dinh mién hai chiéu, chia ludi,
diéu kién bién, xac dinh céc hé s6 cua phuong trinh va hién thi dang hinh anh. Géi
cong cu cho phép giai nhitng phuong trinh tong quat sau:

-Phuong trinh elliptic:

—~div(c ® grad (i) +au = f (4.41)
-Phuong trinh hyperbolic:

d%_‘—div(c ® grad (i))+au = f (4.42)
-Phuong trinh parabolic

d Z—LZ —div(c ® grad (i) +ai = f (4.43)

Véi u , ]_" la vecto, d va a la cac ma tran hé s, ¢ 1a mot tenxo. Ba phuong trinh trén la cac
phuong trinh dao ham riéng bac 2 véi 2 bién khong gian véi cdc diéu kién bién téng quat:
- Diéu kién bién Dirichlet:

hu =7 (4.44)
- Diéu kién bién Neumann téng quat:
n(cgrad(u))+qu =g (4.45)

Trong do6 h, q 1a ma tran vuong, 7 la vecto phap tuyén cua bién va g, 7 1a vecto.
Mo td bai todn dong chdy qua ddu pitténg bang géi cong cu PDE Toolbox

Muc nay s€ dp dung goéi cong cu PDE Toolbox vao bai todn ta quan tam. Ta xét
daupittong c6 dang nhu hinh 4.4
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Hinh 4 .4. Hinh dang dau pittong

Dau pittong gdbm mot doan nam ngang c6 chiéu dai L, chiéu dai ca dau pittong 1a X,
hai bén duoc vat 1 géc 0 so v6i phuong ngang. Xy lanh c6 ban kinh R va c6 mot
khoang céch & v6i dau pittong dé chat 1ong chdy qua.

Vé mién chdt long cdn mo td

Ta chi xét chat 16ng trong mién nén va khe. Do bai todn d6i xting truc nén ta ciing chi
v€ mot nlra cua xylanh. Vi vay, khi v€ trong géi cong cu s€ cé mo ta hinh hoc dang
nhu trén hinh 4.5.

Chia luoi
Ta thuc hién chia lu6i mién da vé, luéi tai mién khe dugc chia day hon. Luéi ¢6 dang
cdc phan tir tam gidc duoc phan mém chia tu dong. Dang ludi chia nhu trén hinh 4.6.

M6 ta phuong trinh
Vi trong hai truong hop t6i han, cac phuong trinh mo ta la khac nhau nén cac hé s6
phuong trinh cling khidc nhau

) |IPDE Toolbox - [Untitled] || m| \
File Edit Options Draw Boundary PDE Mesh Solve Plot  Window Help
OBl & » BPDE A A = - A5 o lar 1] % 000939 Y. 002464
Set tormula; |
0.06
0oar Y 10 il

004 m J

003 B
0oz F B

0ol B

ot 4

-0.01

-0.1 -0.08 -0.06 -0.04 -0.02 o 0oz

Info:  Enter axes limits. I Exit

Hinh 4.5. V& mién chit 1ong trong géi cong cu PDE
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Hinh4. 6. Chia lu6i mién khao sat
* Truong hop chdt long nhe
Day 1a hé phuong trinh dao ham riéng véi 3 bién.
* Truong hop chdt long ly tuong, khong nhdt
Day 1a hé phuong trinh dao ham riéng véi 1 bién.

Xdc dinh diéu kién bién.
Ta xét tong quét bai toan khong dimg. Gia st van toc chuyén dong tuong do6i clia
xylanh so véi pittong la:
v="V,sin(27 ft) (4.46)
trong d6 f1a tan s6 dao dong tinh bang Hz.
* Truong hop chdt long nhe
Diéu kién bién bao gom:
- Diéu kién dinh va khong tham trén céc bién. K&t hop v6i phuong trinh da l1ap
thi day la di€u kién bién Dirichlet.
- Piéu kién 4p bing 0 tai bién. Diéu kién nay ciing 12 diéu kién Dirichlet. O
day dé don gian ho4 ta da gia st bién mot 1a mat thodng.
*Truong hop chdt long ly tucng, khong nhot
Diéu kién bién bao gom
- Diéu kién khong thdm trén cic bién. Két hop vé6i phuong trinh da 1ap thi day 1a
diéu kién bién Neumann.
-Diéu kién vé van toc tai dau ra 1. Pay ciing 1a di€u kién bién Neumann.

Két qud tinh todn
Ta xét cac s0 liéu ctia xylanh va pittong trén hinh 4.5 nhu sau:
+ ban kinh xylanh R=7cm
+ chiéu dai dau pittong X=5cm
+ chiéu dai phan nam ngang L=X/2
+ hé s6 nhét dong Iuc pu=0.1 kg/ms
+ khoi lugng rieng p=980kg/m’

87



+ van toc 16n nhat V=1m/s
-So sanh véi nghiém giai tich

Dé so sdnh v6i nghiém giai tich, dau tién xét géc vat 0=0, do rong khe
h=R/30. Ta xét duong cong luc van toc véi cac tan s6 khac nhau.
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Hinh 4.7. Buong cong luc van toc
duong trén: Loi giai giai tich - duong dudi: Loi giai so
Nhu vay ¢6 thé thay khi tin s6 cang tang thi su sai khdc giita bai todn dimg (10i giai
giai tich) va bai todn khong dimg (101 giai s6) cang 16n. T cdc d6 thi ta cling thay
rang luc khong hoan toan ty 1& tuyén tinh vé6i van tc do ¢ su déng gbp cta thanh
phan quan tinh (ty 1é v6i binh phuong van toc).

van toc doc truc

20

Hinh 8. M6 ta dong chat long qua dau pittong
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Trén hinh 4.8, mau dam & ving khe thé hién van t6c¢ 16n. Chiéu miii tén chi chiéu
dong chay. Trong trudng hop tao ra géc nghiéng, khe cin hep di dé dam bao do 16n
cua luc sinh ra. D€ lam vi du ta xét 2 trudng hop:

+ G6c nghiéng bang 7°, do rong khe h=R/33, tan s6 0.5Hz
+ G6c nghiéng bang 19°, do rong khe h=R/40, tan s6 0.5Hz
K&t qua so sdnh véi trudong hop khe thang duoc cho trén hinh 4.9

alalulu] T I.Bwnwﬂ ?“. . s000 l:laccngneng 19“'
4000 4000}
z000} zo00f
2000} 2000}
1000} 1000}
% 0z o4 0B 0E ] % 0z 04 06 0s 1

Hinh 4.9. So sanh lién hé luc van téc khi c¢6 va khong c6
doan nghiéng trén dau pittong
1-Nét dit: C6 doan nghiéng, 2-Nét lién: Khe thing

So sanh hai truong hgp ta thay viéc tao thém cac doan nghiéng c6 tac dung tao ra dac
trung tuyén tinh gitta luc va van toc. Ta cling chi ¥ ring néu ting géc qué 16n lai lam
cho chit 16ng mat tinh lién tuc & doan nghiéng tai dau ra, lic d6 cac phuong trinh cta
ta khong con phut hgp dé mo ta chat long. Du sao ciing can c6 tinh toan dé chon géc
nghiéng toi wu.

c. Phan tich giéi thiéu cau tao chi tiét cia mét so thiét bi TTNL dung
nguyén ly can nhét duoc san xuat trén thé gici

Bo TTNL cua Dai Loan
Mit cét doc va ngang ctia b0 TTNL dugc chi ra nhu hinh 4.10, 4.11. Ty s6 gitta dién

tich cua khe hé va xy lanh dugc xac dinh theo cong thic:

E=kZL (4.47)
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MNap, doing phat

Khoang chira phu

Khe hinh vanh khuyén

Hinh 4.10. Mat cat doc va ngang ctia bd TTNL Dai Loan

M6i lién hé luc can véi dich chuyén va van t6¢ dugc vé trén hinh 4.11.
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Hinh 4.11. D6 thi luc - chuyén dich, luc - van toc cia bo TTNL
Hé s6 C=19kNs/m.

Bo TTNL cua hang ACE Control International
Du6i day 1a mot s6 bo TTNL cua hang ACE CONTROL.

. Khid Juong
Loai min kg~ max Luc N
FA 1008 V-B 06 - 10 3- 6
FA 1008 VD-B 02 - 10 3- &
MA 36 M 5.9 - &7 6-11
MaA 1650 M-B 1.0 - 109 3--B
MA 225 M 23 - 226 5-10
MA s00 M 9 - 1360 10 - 30
VA 900 M 14 - 2040 10 - 36
"‘i E:I3 1 (o1 il

SCEED M =max 160 - mn 135

SCO25 M =max 205 - min 165
** G 800 M = max 165 - mn 140

Hinh 4.12. Bo TTNL cua hang ACE control

"
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e. Bo TTNL loai tir 2000N dén 50000N
Hinh 4.14. Mot s6 thiét bi TTNL cta hang ACE control
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Hinh 4.15. C4u tao bén trong bd TTNL cua hang ACE control
Bo TTNL cuaHang Taylor
So d6 cau tao va hinh anh dugc gidi trén hinh 4.16 va 4.17. Cac thiét bi clia
hang duoc ting dung trong rat nhi€u cong trinh thuc t€, Bang 4.1.

Diodng chin My lanh Ihé chira

Tip
lec cao

Chiét Silicon nén

/< duoc

-E il
+ —_—
I, ‘]:l yi
Ehoang 1 %ho / \J{
Cén Piston Din plston vi hoang chira
cac 13 ditu
Iehidn

. ™N
ST

Hinh 4.16. C4u tric bo TTNL can nhét ctia hang Taylor

Hinh 4.17. Bo TTNL cua hang Taylor Devices



La .
, Dia G | Lo
Tén cau 2 Loai TTNL N kich Muc dich
diém vao R
N dong
nam
Gia ¢6 cho cau
B6 TTNL day vang. Bo
Veterans USA/ Taylor TTNL duoc gin
Memorial Groves, | Toéng cong: 80 | 2003 Gi6é | vao day cap dé
Bridge-Texas X 25 kN, 150 giam chuyén
mm dong gay ra bdi
mua va gio
Bo TTNL Gia cb cho cau
Taylor day vang. B
Cochrane USA/ Téng cong: 68 TTNL duogc gé}l
. Mobile, 40 kN, 150 2003 Gio vao day cap dé
Bridge o 2
AL mm giam chuyén
22 kN, 150 dong gay ra bdi
mm cuia mua va gio
Bo TTNL
Taylor . o
2 o Giam dao dong
Tong cong: 37 gy ra béi
Millennium UK/ 50 kN, £25 mm 2001 Nguoi nhitng dam
Bridge London | 50 kN, +153/- di bo dong di bo qua
377 mm v
50 kN, +40/-80 ca
mm

Bdng 4.1. Mot s6 thiét bi TTNL clia hang Taylor Devices

d. Nghién citu ap dung ap dung moé hinh co hoc tinh toan dac tinh TTNL
cua thiét bi TTNL dung nguyén ly can nhét

Ta c6 thé vé duoc dic tinh Luc-chuyén dich va Luc-Van t6c ciia cdc bo TTNL
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Hinh 4.18. Két qua kiém tra, trudng hop tan s6 3.0 Hz va bién do 10mm
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Hinh4.19. Két qua kiém tra, trudng hop tin s6 3.5 Hz va bién do 1a 10mm

Dua trén cac két qua thu dugc tir thi nghiém tuan hoan, su lién hé gitta luc can cua bo
TTNL va van toc cuta piston trong xy lanh bd TTNL dugc xac dinh va v€ trén hinh
4.19. Moi lién hé 1a mot ham tuyén tinh nhu sau:

F=0.19V (4.48)
Hé s6 can bang 0.19 12 mot hing s6. Dé thiét k& va danh gid chat lugng bo TTNL,
nguoi ta thudng dé cap dén cac tham sd: van toc thiét k€, bién do thiét k&, luc 16n nhat,
s6 mil van tdc, hé s6 can, khoang bién thién nhiét do va khoang bién thién tan so.

- Van toc thiét k€ 1a van toc 16n nhat ma bo TTNL phai chiu. Van toc thiét ké
tuy thudc vao két cau.

- Bién do thiét k€& 1a khoang dich chuyén I16n nhat cla pittong. N6 ciing phu
thudc vao két cau. Néu bién do nay qua 16n thi can cé cac co ciu bao vé bo TTNL
khoi bi cong.

- Luc 16n nhat dac trung cho do 16n ciia bo TTNL. N6 quyét dinh gia ca ctia b
TTNL. My da ché tao dugc bo TTNL c6 luc 16n nhat 1a 900 tan. Loai 4p dung vao cau
day vang thuong khoang 2-4 tin.

- S6 mil van toc dac trung dac trung cho kha nang tiéu tdn nang luong. Thuong
c6 gid tri tir 0.5 dén 2. S6 mi cang nho thi kha nang tiéu tidn nang lugng cang tot.

- Hé s6 can dac trung cho ty 1& gitra luc va van toc.

- Khoéang bién thién nhiét do va tan sd cho thdy mién nhiét do va tan so c6 thé
4p dung bo TTNL mot cdch on dinh.

Nang luong tiéu tdn dugc tinh theo cong thic:

E = thde = ‘NFdx (4.49)

Cong thic nay cé duge vi FV 1a cong suat cia bo TTNL. Vay nang lugng chinh 1a
dién tich phan gidi han bdi dudng cong trén d6 thi luc chuyén dich. R rang ta thay
rang véi cing mot luc 16n nhat do bo TTNL sinh ra thi s6 mii van t6¢c cang nho sé
cang tiéu tan nhi€u nang lugng.
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e. Phan tich thi nghiém cua cac cong ty san xuat cong bo trén thé gici ve
cac san pham mau TTNL dung nguyén ly can nhét
Viéc thiét k& cac bo TTNL da duoc phét trién cho nhitng nhip ciu d& ctia cdu Golden
Gate c6 st dung cac bo TTNL. Cac mo ta chi ti€t ctia thié€t ké toan bo va can ban cua
su chon lya cac bd TTNL duoc cung cip bdi [Rodriguez and Ingham, 1995] va
[Ingham et al, 1995]. Nhitng bo TTNL nay dat duoc cac kha nang sau:
- Lam giam dich chuyén doc tuong doi tai cac khép noi, khod gid, do vay lam
triét tiéu anh hudng cua nhip d& vao thap cau.
- Lam giam tng suét cua thap cdu dich chuyén doc, gidm yéu cau vé do cting
clia céc thanh gidng.
- Duogc str dung dé céch ly cac nhip bén canh va thdp ciu dé tranh su cliing dao
dong ctia cac hé thong nay.
Thém vao kha nang chong dong dat, cac bd giam chan con c6 tic dung ngan nglra
céc dao dong do gib, bio, va dung manh. Su can thiét phai kiém tra cdc bo giam chan
dé xéc dinh loai tiéu hao nang lugng c6 kha nang dat duoc yéu cau vé luc va dich
chuyén. Trong quéa trinh thiét k€, do chua c¢6 tién 1¢ st dung cac bo TTNL cho viéc
chong dao dong cho cic cay cdu, nén dé xac dinh xem cdc bo TTNL chat 16ng c6 thé
cung cip cac hiéu qua nhu mong muon hay khong, ngudi ta phai ti€n hanh thi
nghiém. Chuong trinh thi nghiém dugc thuc hién tai trudng dai hoc téng hop
California, trung tam nghién cttu dong dat Berkeley (EERC) d€ kiém chitng nhiing
tinh chat 1i thuyét cta cic bd TTNL thu nho theo ty 1& va cung cdp trudec kha nang k§y
thuat ctia su ch€ tao dé dua ra bién phdp chong dong dat cho cau Golden Gate.

Kiém tra cac bo TTNL dp dung cho cdu Golden

Cé tat ca 4 chiéc dugc thir nghiém va déu la cdc thiét bi TTNL mot truc. V€ co ban
ching c6 dang hinh tru, gdm mot piston va can piston chuyén dong tuong doi so véi
than chinh ctia bd TTNL. C4c dau néi cudi c6 ldp thém cic 6 bi cdu. Nhitng bo can
dugc thi nghiém la nhitng bo thu nho so véi cac bo can that ma sé dugc sir dung trang
bi cho cdc cay cau. Ly do céc bo can that can phai thu nho lai 1a dé c6 thé dat duoc
kich thudc hop 1y cua thiét bi thi nghiém.

Ba trong bon bo can ¢c6 moi lién hé luc - van toc thiét k& 1a :

F=99,6v%° (kN) (4.50)
va mot bd TTNL cé mai lién hé luc - van toc thiét ké la:
F=342,5v"! (kN) (4.51)

Bo nay dé danh cho céc thi nghiém c¢6 van toc 16n hon 2,54 (cm/s).
Tat ca cac bo TTNL kiém tra duogc thiét k& dé tao ra luc can khoang 445 (kN) & van
toc 50,8 cm/s va ¢6 dai dich chuyén khoang +15,24 cm. Cac gi4 tri nay dai dién cho
céc ty 1é thu nho nhu sau 1:6,5 véi luc; 1:4 véi dich chuyén va 1:3,75 vdi van toc.
Nhiing chi ti€t quan trong can xem xét khi thi nghiém mot bo TTNL thu nho:

- ap sudt xung quanh va ap suét khi lam viéc.
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- C4c thiét k€ khe, 10.

- Céc hé thong nap, doang, phét bit kin.

- Loai chat TTNL.

- Thiét k€ chi tiét nhu su cong, oan, tng suét gidi han
Nhitng nha ché tao bo TTNL yéu c4u phi chic chin cac tinh chat va chifc nang co ban
ctia cdc bo TTNL thu nho va cac bo TTNL thuc t€ cang giong nhau cang tot, vé cac
nhan t6 trén va cac nhan t6 quan trong khac, viéc tht nghiém cac bo thu nho kich
thuGc s& c6 y nghia va cho céc két qua biéu 16 cach hoat dong cta cac bo giit ding
kich thuéc thuc su.

Chuong trinh kiém tra

Nhitng muc tiéu ctia chuwong trinh ki€ém tra va mot vai mo ta ctia nhitng kiéu kiém tra
dugc cung cap trong nhitng phan tiép theo. Chuong trinh thir nghiém va cac két qua
thu duoc tir tat ca bon b can kiém tra, dugc mo ta chi tiét trong [Aiken and Kelly,
1995].

Cdc muc tiéu chinh

Nhitng muc tiéu chinh ctia chuong trinh kiém tra bao gém:
- Danh gid hiéu suit ctia cic bo can dusi mot dai van toc hing, tuan hoan dé x4c
dinh nhitng m&i quan hé chu yéu.
- Danh gia cic mai lién hé co ban cta cac b0 TTNL dudi nhitng dai nhiét do
rong, dai bién do dich chuyén tuan hoan va dai tan so.
- Danh gia kha nang tiéu hao nang lugng cua cac bo TTNL dudi tai trong ma
dich chuyén c6 dang hinh sin.
- N6i cdc bo can vao cac dich chuyén mo phong dao dong ngiu nhién dugc xdc

dinh tr cac phan tich cta thiét ké.

Mo td
Chuong trinh kiém tra duoc phét trién dé kiém nghiém cdc muc tiéu trén bao gébm 50
thir nghiém va kéo dai trong 2 tuan cho viéc thir nghiém timg bo TTNL. Chuong trinh
kiém tra bao gom bon phan chinh:

1. Cac thit nghiém tuin hoan ban dau

2. Thir nghiém kha nang moi, su kin khit.

3. Nhiing thir nghiém tuan hoan.

4. Nhitng thir nghiém ngau nhién.
Cic thir nghiém khéc ciing duoc thuc hién dé xéc dinh Iuc ma sat ciia bo TTNL.

Nhiing thit nghiém tudn hoan

Tat ca cdc chuong trinh thir nghiém bao gém cdc thir nghiém van téc hiang s6 tuan
hoan duoc thir nghiém cho mot dai van toc, bién do, nhiét do. Dai van toc bat dau tir
2,54 dén 50,8 cm/s (2,54; 5,08; 12,70; 25,4; 38,1 va 50,8 cm/s) véi bién do +1,524;
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2,54; 7,62; 15,24 cm va nhiét do 4,44°C; 21,11°C; 51,67°C. Trudc hét, nhitng thir
nghiém cua cdc bdo TTNL bao gobm mot loat cdc thit nghiém tuin hoan, thuc hién &
21,11°C, nhdm cung cép dac tinh ctia cac bo TTNL trong thir nghiém stic chiu dung
moi. Sau khi duogc thuc hién thir nghiém moi, ti€p theo ti€n hanh nhiing thir nghiém
tuan hoan. Do vay, hai bo thir nghiém c6 thé dugc so sdnh dé ddnh gid su thay déi bat
ki nao trong hoat dong ctia cac bd can do s6 luwong 16n chu ky tai trong thir nghiém
moi. Mot sé thir nghiém tuan hoan bao géom 5 chu ky cta tai trong duogc thuc hién &
21,11°C va duoc thuc hién lap lai 6 4,44°C va 51,67°C. Do c¢6 khoang nhiét do ¢ xung
quanh cac bo TTNL cho tét ca cac thi nghiém loai nay nén luc tic dong vao bén canh
bo TTNL dé mo phong trong luc khong dugc dua vao.

Thir nghiém moi, doé kin cua vo

Thir nghiém nay nham ki€m tra d6 moi, kin ctia vo, dodng, phdt, nap bit cua bo giam
chin. Thir nghiém bao gom 1800 chu ky ctia tai trong véi van t6c khong déi 1,27
cm/s va v6i bién do £15,24 cm. Thir nghiém duoc thuc hién trong trudng hop khong
c6 khoang diéu khién nhiét do xung quanh bo TTNL, va v6i mot luc bén canh dit vao
dé mo phong trong luc. Téng thoi gian cta cac thlir nghiém modi khoang 24h va mat
khoéang 3-4 ngay dé hoan thanh cho cdc bo TTNL.

Nhiing thu nghiém tiéu hao ndang luong hinh sin

Thém vao cdc thir nghiém tuin hoan van t6c khong déi, mot so cdc thir nghiém hinh
sin duoc thuc hién dé ddnh gid kha nang tiéu hao niang luong cuia nhitng bo TTNL.
Nhitng thtr nghiém sin c¢6 bién do 5,08; 10,16; 15,24 cm va nhiing van tdc cuc dai vao
khoang 12,7; 25,4; 50,8 (cm/s). Tét ca cac thir nghiém hinh sin trlr mét thir nghiém
con lai déu gdém 5 chu ki tai; thir nghiém con lai la thir nghiém 10 chu ky véi bién do
+ 15,24 cm va dinh van toc 1a 50,8 (cm/s).

Thit nghiém véi dich chuyén dong dat
Thir nghiém bao gém céc dich chuyén 16n nhat ¢6 thé lam duoc cua thi nghiém theo
ty 1& ctia phan tich tng thé ctia cau Golden Gate.

Thir nghiém ma sdt

Thir nghiém rat cham béang diéu khién luc mot chiéu duge thuc hién dé danh gid luc
ma sat cua cac bo can. Thir nghiém nay bao gom luc 1én bo TTNL that cham cho dén
khi can piston bat dau chuyén dong. Thir nghiém nay dugc ti€n hanh theo chiéu di va
chiéu vé ctia tai trong.

May kiém tra

Mady kiém tra dugc thiét k& va ché tao dac biét cho chuong trinh kiém tra bo TTNL.
Mady kiém tra dugc thiét k& dé sir dung nang lugng toan bo ciia hé thong bom thuy luc
va dé xac dinh céc dic diém 16n nhat cta thiét k& cac bo TTNL. M4y kiém tra cdc bo
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can & vao tu thé ding thang bao gdm hai xy lanh & hai bén 14 hai xy lanh thuy luc 28
tan hai chiéu. Trén hinh 4.20 1a mo6 ta mdy thi nghiém. Mbi mdy tao luc dugc di€u
khién bdi mot van sécvo 757 1/s.

Nhiing két quad thit nghiém

Mot s6 két qua cho mot trong cac bd0 TTNL duoc trinh bay & day. Hinh anh dac trung
cho dich chuyén - luc ctia mot thi nghiém van t6c hing s6 dugc chi ra trén hinh 4.21.
Thi nghiém gém nam chu ky v6i muc tiéu van t6c khong déi bang 25,4 cm/s. C6 thé
thdy ring luc can rat 6n dinh va lap lai trong thi nghiém ndy. Luu y rang luc can la
mot ham cha van tc va van téc tng dung lai 1a hau nhu khong déi, do d6 luc can
ciing hau nhu khong déi trong mién dich chuyén.

] |

Luc can (kips)
o 50
I
TN

-50

-+00

-4 -2 2 4

Dich chu;én (inches)
Hinh 4.21. D6 thi dic trung luc - dich chuyén vdéi thir nghiém van t6c khong déi theo
chu ky (5 chu ky; 25,4 cm/s; 7,62 cm; 21,1°C)
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Hinh 4.23: Luc can nhét theo van toc.

Hinh 4.22 tém tit tat ca cdc thu nghiém van téc hing s6 truéc va ngay sau khi kiém
tra moi. Pudng lién tuc trong hinh vé 12 lién hé luc-van toc tim duge bang 1y thuyét.
C6 thé thay rang thi nghiém moi biéu hién anh hudng nho lén thé hién luc - van toc
ctia bo TTNL. Khong ¢6 bo TTNL nao thé hién bat ki thay d6i nhan thay duoc sau
khi thir moi 1800 chu ky. Hinh 4.23 tom tat lai cdc két qua cho tat ca céc thir nghiém
van toc hang s6 dugc thuc hién trén bo TTNL, tai 4,44°C; 21,1°C; 51,66°C. Puong
thang dam 1a quan hé luc - van t6c tim dugc bang ly thuyét.

Két luan

Chuong trinh kiém tra dugc mo ta & trén 12 mot dai dién trong nhitng nd luc toan dién
nhiam danh giad cdc bo TTNL cho cédc ting dung chong dao dong. Cic bo TTNL tir
nhiéu loai khdc nhau dugc gin vdi chuong trinh thi nghiém dé dénh gid tinh chat
dong luc cua chiing, cho phép ta nghién cttu itng xtr cia cac bd TTNL & mot khoang
rong cac luc tic dong. No6i chung, cac bdo TTNL hoat dong t6t.
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Thi nghiém kiém tra bo TTNL ciia Hang Taylor

Mot loat nhiing thi nghiém hgp lai trong d6 tiing thi nghiém da duoc tién hanh & nhiing luc
tac dong khac nhau dé xac dinh céc tinh chat co hoc va su phu thudc vao tan sd cua bo
TTNL thi nghiém. Su lap dit thém céc bo can cho thay da lam giam ddng ké dép tng cua
két cau. Nhimng dap ung thu dugce tir thi nghiém da dugc so sanh véi nhiing dap tng thu
duoc bing giai tich tir mo hinh todn hoc clia bd can va duoc sir dung dé thanh lap cdc
phuong trinh chuyén dong. Nhiing so sédnh su giong nhau gitta mo hinh toan hoc va két
qua thi nghiém da thu dugc két qua tét. Khi xét dén su phu thudc vao tan so, su lam viéc
ctia nhiing bo can thi nghiém vé co ban 1a tuyén tinh trong dai tin s6 dud6i 4 Hz. Bén trén
tan s6 4 Hz, bo TTNL thé hién 10 tinh dan nhét. Bén canh d6, nhiét do ¢6 anh hudng nho
dén su lam viéc ctia nhitng bd TTNL thi nghiém.

Nhiing chi tiét vé thi€t bi TTNL va thi nghiém duoc cho trong cac bang 4.2, 4.3.

Bdng 4.2. Chi tiét thanh phan ctia bo TTNL cua hiang Taylor

Nha ché tao Taylor Devices, Inc.

Kha ning dich chuyén (hanh trinh) 4 mm
Luc can nhot thiét ké 8.92 kN
Luc can nhét thiét ké 44.6 kN
Luc can nhot thiét ké 89.2 kN
Luc can nhét thiét ké 133.8 kN
Kha nang dich chuyén (hanh trinh) 5 mm

Bdng 4.3. Chi tiét thi nghiém ctia hang Taylor

Tén s6 luc Hz 1 2 4 6 8
h.,\ A e R

Nhiét do kiém Do C 5 3 43

tra

Dai van tdc mm/sec 164 329 98.6 1644 241.8
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Hinh 4.25: Két qua luc-dich chuyén
(a) (a) -Nhiét do thap, (b)-Nhiét d6 phong, (c)-Nhiét do cao
(1 in=25.4 mm, 1/b=4.46 N)

Nhitng so sanh su giong nhau gitta mo hinh todn hoc va két qua thi nghiém da thu
duoc két qua tot.

f. Panh gia kha nang ing dung cho két cau, cac may toc do cao, robot va
kha nang ché tao cac thiét bi TTNL dung nguyén li can nhot ¢ Viét Nam

Nhu da phan tich & Viét Nam c6 rat nhiéu linh vuc c6 kha nang tng dung dé giam
dao dong:

- Giao thong van tai
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- O t0, thu ho4, thu thuy,
- Cac phuong tién van chuyén dang cép treo,
- Cong nghiép
- Cac mdy co khi toc do cao
- Cac thiét bi cong nghiép nang chiu va cham
- Hang khong vii tru
- Qudc phong
- Xe tang, tén ltra, phdo...
- Xay dung
- Cau day vang, nha cao tang, san van dong,
- Céc ket cau xay dung trén vung dong dat
- Céac két ciu ngoai khoi
Mot s6 bo phan két cau c6 thé 4p dung thiét bi TTNL dé giam dao dong c6 hai
- Lap dat trong két cau khung
- Lap dat tai méng cong trinh
- Lap dat vao day vang clia cAu day vang
- Lap dat vao cdc thdp cau, tru cau
- Lap dat vao két cdu vom ctia san van dong
- Lap dat trén tiAng cao clia cao 6¢

Khd ndng ché'tao thiét bi TTNL tai Viét Nam
Sau khi thi€t k&, hoan toan c¢6 kha nang tién hanh ché tao cac thi€t bi TTNL tai cac
nha mdy co khi ¢ Viét Nam.

TAI LIEU THAM KHAO

1. Mot s6 su co cong trinh xdy dung o Viét Nam, Cuc Giam dinh thiét k€ va xay dung Nha nudc,
1992.

2. Nguyén Truong Hung, Dao dong cia coéng trinh va dnh hudng cua né téi moi truong chung
quanh, Nguoi xay dung so thang 8,9 — 2003.

3. Pham Ngoc Toan, Phan Tat Déc,(1975), Khi hdu Viét Nam, Nha Xuat ban khoa hoc k§ thuat Ha
Noi.

4. Tran Viét Lién,(1975), Phdn bo téc do va dp luc gié tinh todn trén ldnh tho Viét Nam. Khi
tuong thuy van.

5. Ngo6 Huy Quynh, (1984), Kién triic truyén thong Viét Nam trong cdch nhin ciuia khoa hoc vdt 1y
xdy dung hién dai. Vién Khoa hoc k¥ thuat xay dung.

6. Nguyén Thé Hung. Tdng cuong khd ndang chong dong ddt va gié bdo cho nha ¢ ¢ Viét Nam.
IHPB - Ha Lan, 1/1985.

7. Nguyén Thugc, Nguyén Thé Hung. Vé su phd hoai cong trinh do con bdo so 8/1985 gdy ra ¢
Binh Tri Thién. Vién Khoa hoc ky thuat xay dung co ban 12/1985.

102



8.  Nghién citu thir nghiém do bén gid chuyén hudng dau mdy GE-DIE. Béo cdo ky thuat ctia XN
Dau may Sai Gon va Trung Tam NCCK DPudng sét, 2001.

9.  Phdn tich, danh gid trang thdi chiu tdi dong ciia gid chuyén hudng ddu mdy toa xe bdang thuc
nghiém, Béo céo két qua dé tai KHCN Vién Co hoc, 2003.

10. Truong Nguyén Man, Nguyén Tan Van, DPang Hiru Thong, Hoang Vinh Thang, Vi Hong
Thuy, (1999), Ngoi nha va gio bdo, Nha xudt ban xay dung.

11. S6 liéu téng két sau cac con bdo. Tai liéu ctia Bo Xay dung.

12.  Tai liéu chia Lién hiép qudc vé bién phap phong ngira bio & Uc, Seri Lanca.

13.  Bdo cdo ctia bo Gido duc vé phong bdo cho cdc trudng hoc.

14. P.C. Muller & W. O. Schiehlen (1997), Dao déng tuyén tinh, Nha xudt ban Xay dung, nguoi
dich Nguyén Dong Anh.

15. Phan Nguyén Di, Nguyén Van Khang (1991), Tinh todn dao dong mdy, Nha xudt ban Khoa hoc
va K¥ thuat.

16. Nguyén Van Khang (1998), Dao dong ky thudt, Nha xuat ban Khoa hoc va Ky thuat.

17. Nguyén Vin Dao, Nguyén Van Khang, Nguyén Cao Ménh, Tran Doan Tién, Dao dong co hoc
va ung dung trong ky thudt, Hoi Co hoc Viét nam, (1988).

18. Nguyén Van Khang, Vii Van Khiém, V¢é tinh todn cdc dao dong riéng trong hé nhiéu bdc tu do
6 cdc tham sé bién doi, Tap chi Co hoc, (1989), So 4, trang 12-17.

19. Nguyén Nhat Lé (2000), Toi uu hod iing dung, Nha xuét ban Khoa hoc va ky thuat.
20. Db Sanh (1992), Co hoc, Tdp 2, Nha xuat ban Gido duc, Ha noi.

21. Nguyén Chi Sang, Phiutong phdp tinh bo hdp thu dao dong cho hé nhiéu bdc tu do chiu kich dong
ngdu nhién. Tuyén tap cong trinh khoa hoc Hoi nghi co hoc toan quéc lan thit bay, Ha noi 18-20
thang 12, 2002, trang 345 + 355, Nha xuét ban dai hoc qudc gia Ha Noi.

22. Nguyén Hoai Son, D6 Thanh Viét, Bui Xuan Lam (2000), Ung dung MATLAB trong tinh todn ky
thudt, Nha xuét ban Dai hoc qudc gia thanh phé Ho6 Chi Minh.

23. Bishop, R. E. D. and Welbourn, D. B. (1952), The Problem of the Dynamic Vibration Absorber,

Engineering, London.

24, Casciati F., K.T. Duc, N. C. Sang, A Selection of Optimum Parameters For Tuned Mass
Dampers, Proceedings of Third World Conference on Structural Control, Como Italy, (2002), Vol 3,
p- 753-758.

25.  Crandall S. H. and Mark W. D. (1963), Random Vibration in Mechanical Systems, Academic
Press, NewYork and London.

26. Chang J. C. H., Soong T. T., Structural control using active tuned mass dampers, Journal of
the Engineering Mechanics Division, ASCE, (1980), 106; p. 1091-1098.

27. Den Hartog J.P. (1947), Mechanical Vibrations (3™ edn), McGraw — Hill: Newyork.

28. Eschenauer H., Kaski J. and Osyczka A. (1990), Multicriteria Design Optimization, Berlin:
Springer-Verlag.

103



29. Falcon, K. C., Stone, B. J., Simcock, W. D. and Andrew, C., Optimization of Vibration
Absorbers. A Graphical Method for Use on Idealized Systems with Restricted Damping, J. Mech.
Eng. Science, (1967), 9, 374-381.

30. Faravelli L., Venini P., Active structural control by Neural Networks, Journal of Structural
control, (1994), Vol. 1 N. 1-2, p79 — 102.

31. Fertis, D. G. (1973), Dynamics and Vibration of Structures, Wiley-Interscience, New York-
London-Sydney-Toronto.

32. Frahm H. (1909), Device for damped vibration of bodies, U.S. Patent No 989958, Oct. 30.

33. Fujino Y. and Abe M., Design Formulas for Tuned Mass Dampers Based on a Perturbation
Technique, Earthquake Eng. Struct. Dyn., (1993), 22, 833-854.

34. Gordon T. J., March C. and Milsted M. G., A comparison of adaptive LOG and nonlinear
controllers for vehicle active suspension systems, Vehicle System Dynamics, (1991), 20, p. 321-340.

35. Gobbi M., Mastinu G., Analytical description and optimization of the dynamic behaviour of
passive suspended road vehicles, Journal of Sound and Vibration, (2001), 245(3), p. 457-481.

36. Hrovat D., Barak P., Rabins M., Semi-active versus passive or active tuned mass dampers for
structural control, Journal of the Engineering Mechanics Division, ASCE, (1983), 109, p. 691-705.

37. loi T., Ideka K., On the dynamic vibration damped absorber of the vibration system, Bulletin of
Japanese Society of Mechanical Engineering, (1978), 21 (151), p. 64-71.

38. Jacquot R.G. and Hoppe, D. L., Optimal Random Vibration Absorbers, J. Eng. Mech., ASCE,
(1973), 99, p. 612-616.

39. Jennige R. L and Frohrib D. A., Alternative Tuned Absorbers for Steady State Vibration
Control of Tall Structures, J. Mech. Des., ASME, (1977), Paper No. 77-DET-84,1-7.

40. Karnopp D. C., Active damping in road vehicle suspension systems, Vehicle System Dynamics,
(1983), 12, p. 291-316.

41. Kamopp D. C. and Behery E. M. El., Optimal Control of Vehical Random Vibration with
Constrained suspension Deflection. Journal of Sound and Vibration, (1996), 189 (5), p. 547-564.

42. Kobori T. and Minai R., Analytical study on active seismic response control. Transactions of
the Architetural institute of Japan, (1960), No. 66 , p. 37 — 46.

43. Lin Y.K., Cai, G. Q. (1995), Probabilistic Structural Dynamics. Advanced Theory and
Applications, Mc Graw-Hill, Inc.

44, Luft, R. W., Optimal Tuned Mass Dampers for building, J. Struct. Div., ASCE, (1979), 105(12),
2766-2772.

45. Lutes L. D. and Sarkani S. (1997), Stochastic Analysis of Structures and Mechanics, Prentice-
Hall, Englewood Cliffs, NJ.

46. Matusov J. (1995), Multicriteria Optimization and Engineering. NewYork: Chapman & Hall.

47. Mehdi Setareh, Application of semi-active tuned mass dampers to base-excited systems,
Earthquake Engineering and Structural Dynamics. Earthquake Engng Struct. Dyn., (2001), 30, p.
449-462.

48. Meirovich L., (1967), Analytical Methods in Vibration, Macmillan, New York.

104



49. Mitropolsky Y. U., N. V. Dao, (1994), Applied Asymptotic Methods in Nonlinear Oscillation,
Printing House of Science and Technology

50. M. J. D. Powell, (1989), A FORTRAN packet for linear constrained optimization calculations,
University of Cambridge Numerical Analysis Reports DAM TP/NA2. TOLMIN.

51. Nigam N. C., Naraynan S. (1994), Applications of Random Vibrations, Naosa P.H.

52. Narayanan, Optimal estimation and control of non-stationary response of a two-degree-
freedom vehicle model, Journal of Sound and Vibration, (1991), 149, p. 413-428.

53. N. D. Anh, An identification algorithm for feedback active control, presented at the 3™
International Workshop on Structural Control, Champ-Sur-Marne, (2000), p. 27-38.

54. N. D. Anh, K. T. Duc, N. C. Sang, A Procedure for Selection of arameters of Tuned Mass
Damper for Multi-Degree-of-Freedom Systems Subjected to Coloured Noise Excitation, Journal of
Science and Technique —N.97 Military Technical Academy, (2001), p. 58-65.

55. N. D. Anh, N. C. Sang, A selection of parameters of tuned mass damper for multi-degree-of-
freedom systems subjected to second order coloured noise excitation, Vietnam Journal of
Mechanics, NCST of Vietnam, (2003), Vol. 25, No 2 (1-12).

56. N. D. Anh, N. C. Sang, A Procedure for Proper Sellection of Absober Parameters for Multi
Degree of Freedom Systems subjected to Harmonic Excitation, Proceeding of the National
conference “Vibration Engineering”, Nha xuét ban quoc gia Ha noi, (2000), p. 25-34.

57. N. D. Anh, N. C. Sang, A Selection Of an Optimal Tuned Mass Dampers For Multi-Degree-Of-
Freedom-Systems, Advances in Natural Sciences, (2004), Volume 4, No 1, p. 1-14.

58. N. D. Anh, N. C. Sang, On the Optimal Control Force Applied to Tuned Mass Dampers for
Multi-Degree-Of-Freedom System. Vietnam Journal of Mechanics, NCST of Vietnam, (2004), Vol.
26 ,No 1 (1-14).

59. N. D. Anh , Schiehlen W., An approach to the problem of closure in the non — linear stochastic
mechanics. International journal of Mechanics, (1994), 29, p. 109-123.

60. Nguyen Tien Khiem, General solution of FPK equation of vibratory systems in amplitude and
phase, Reports of USSR Acad Sci. (1991), V293, pp 875 + 880.

61. 0. A. Murponoinkckiin, H. V. lao, H. JI. Aub (1992), Heminetinvie Konebanus 6 Cucmecmax
Ipoussonvroco Ilopsorxa, Kues Haykona Jlymka.

62. N. C. Sang, N. C. Thang, Design of Active Tuned Mass Dampers using Linear Quadratic
Regulation Control, Proceedings of the Third Asian Conference on Industrial Automation and
Robotics, (2003), p. 263-267.

63. Roh H. S. and Park Y., Stochastic optimal preview control of an active vehicle suspension,
Journal of Sound and Vibration, (1999).

64. Schiehlen W. (1985), Technishe Dynamik, B. G. Teubner, Stuttgart.

65. Schiehlen W. and Kreuzer, E. J. (1978), Symbolic Computerized Derivation of Equations of
Motion, Berlin-Heidelberg-New York, p. 290-305.

66. Sen D. and Yang J. (1998), Multiple Criteria Support in Engineering Design, Berlin: Springer.

105



67. Setareh M., Application of semi active tuned mass dampers to base excited systems,
Earthquake Eng. Struct. Dyn., (2001), 30: 449-462.

68. Snowdon (1960), Passive isolation of Random vibration, Pergamon Press, Oxford.

69. Soong T. T. (1989), Active Structural Control. Theory and Practice, John Willey & Son, Inc,
NewYork.

70. Srinivasan (1969), On the Dynamic Behavior of Bridge Dampers Under Seismic Excitation,
Pergamon Press, Oxford.

71. Stammers C. W , Sireteanu T., Vibration control of machines by use of semi — active dry
friction damping, J. Sound and Vibration, (1998), 289(4), p. 671-684.

72. Thomson W. T. (1995), Theory of Vibration with Applications, George Allen and Unwin,
London and Sydney, Second edition.

106



Bdng cdc thit nguyén
Bdng 4.4 - Thit nguyén cta cac dai luong trong bao céo

: Tht nguyén (M-khéi lugng,
bai luong L-do dai, T- thoi gian)

Luc can ML/T?

Do nhét tinh M/T

Do nhét dong hoc LT

Do nhét dong luc hoc M/(LT)

Hé s6 can C M/T

Ung sudt tiép M/(LT?)

Ap suit M/(LT?)

Khéi lugng riéng M/L?

Trong luong riéng M/(L*T?)

Do nhot
Do nhé6t dong v (m?/s)
Do nhét dong luc p =vp=m?/s*kg/m’=kg/m/s
Do nhét chia hai chat 16ng dugc tinh gan ding:
 a°E, +b°E, —("E,~°E, )
100
Trong d6: a va b — Thanh phan cua hai chét c6 trong hop chét (a+b=100)
°E, va °E, - d0 nhét cha hai chat

’E

¢ — hé s6 phu thudc vao thanh phan hai chat c6 trong hop chat.

a 10 20 30 40 50 60 70 80 90

b 90 80 70 60 50 40 30 20 10

c 6,7 13,1 17,9 | 22,1 | 25,5 | 27,9 | 26,2 25 17

DPon vi do chuyén doi:

1 N/m?=0,101972 kG/m>

1 bar = 10° N/m? = 101972 kG/m>=0,101972 kG/cm?*
1 at = 1kG/cm? = 10* kG/m? = 9,81.10* N/m?
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II. XAY DUNG PHAN MEM MO PHONG CHONG DAO PONG
CHO CONG TRINH KY THUAT BANG THIET BI TTNL
TUYEN TINH THEO NGUYEN LY CAN NHOT

1. Nghién ciru co s6 li thuyét va thuat toan

a. Thiét 1ap mé hinh hon hop cho hé két cau chira thiét bi TTNL
MO hinh tinh todn 1a hé hén hop, duoc rdi rac hod bang phuong phéap phan tir hitu han,
gbébm 2 phan:

- K&t céu co s 1a cdc phan tir kinh dién nhu thanh, vo va cdc phén tir méi nhu phin
tur day cap.

- Thiét bi tiéu tdn nang luong dugc mo hinh hod 1a cic phan tir ¢c6 mot hoac nhi€u
bac du do, c6 thé c6 bac tu do riéeng (ching han phan tit con lic, TMD hodc TLD) lién
két vGi két cau co s& bdi cac phan tir dan hoi va can.

Viéc xay dung cac ma tran cta cac phan tr thanh va vo dugc thuc hién nhu cac ly
thuyét kinh dién. Phan tir day cap duoc xay dung nhu mot thanh ¢6 do cling chéng uon
phu thudc vao luc cang day. Cac phan tir tiéu tan nang lugng dugc xay dung bang céch
viét phuong trinh chuyén dong Lagrange cua két cdu c6 tich hop thiét bi tiéu tdn ning
lugng, sau do6 tach cac ma tran do cing, do can va khdi luong thanh 2 phan, mot phan
la cadc ma tran clia két cau co s&, phan con lai 1a cic ma tran cha thiét bi tiéu tdn nang
luong can tim. Hau hét cac tai trong dong khong tac dung truc ti€p 1én thiét bi tiéu tan
nang luong nén duoc xay dung nhu 1y thuyét kinh dién. Tuy nhién, véi tai trong quan
tinh nhu tai trong dong dat thi can phai thém thanh phan tic dung vao khaéi luong phu
thém cua thiét bi.

Mo hinh hé két cdu chita thiét bi TTNL dang cdn nhot

Phan t&t TTNL dang can nhét 1a phan tir sinh ra luc can tuyén tinh véi hé s6 can ¢ va
luc 10 xo tuyén tinh v6i do cing k theo phuong doc truc, khong sinh ra luc theo cac
phuong khac. Hai du cla thiét bi dugc gin vao két ciu
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Hinh 1.1: Mo hinh thiét bi TTNL dang can nhét

Hinh du6i 1a anh 1dp dat mot thi€t bi TTNL can nhdt trong thuc t€



Hinh 1.2: Lap dat thiét bi TTNI can nhét trong thuc t€

Mo hinh hé két cdu chita thiét bi TTNL TMD
TMD Ia thiét bi gdm mot khoi lugng tap trung m gan véi 10 xo ¢6 do cing k va bo can
c6 hé so can ¢, gan vao két cau tai mot diém, hinh 1.3.

Digm thude k
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Hinh [.3: Mo hinh thiét bi TMD

Hinh duéi 12 anh 1dp dat mot thiét bi TTNL TMD trong thuc t€

Hinh 1.4: Lép dat thiét bi TTNL TMD



Mo hinh hé két cdu chita thiét bi TTNL TLD
TLD la thiét bi c6 dang bé chita chat 1ong

Trong thuc t€, dé tao do tiéu tidn ning luong cho phan tir TLD, ngudi ta con bd sung
cdc t&ém chén, mang ngan hodc cdc vat troi néi ... trong khoi chat long. BE ctia TLD
dugc gin vao két cau va dao dong song sanh clia chit 16ng 1am giam dao dong ngang
ctia két ciu. Hinh dudi 1a anh lap dat mot thiét bi TTNL TLD trong thuc t€

Hinh 1.5: Lap dat thiét bi TLD trong thuc t&

M6 hinh hé két cau chita thiét bi TTNL con ldc
La phan tir gdbm mot khoi lugng tap trung m gén vao day c6 chiéu dai 1, day néi véi két
céu tai mot diém.

DPiém thuodc
X két cau

Hinh 1.6: Mo hinh thiét bi TTNI con lac



Hinh dudi 12 anh 1ap dat mot thié€t bi TTNL con lac trong thuc t€

Hinh 1.7: Lap dat con lac trong thuc t&
Trong thuc t&, d€ tao do tiéu tdn ning luong cho con lic, ngudi ta phai lap thém cac
loai thiét bi TTNL khac (chang han thiét bi can nhét) vao khai luong clia con lic. Dao
dong lac lu ctia con lac 1am giam dao dong ngang cua két cau

b. Nghién ciru hé day c6 lap dat bo can nhoét tuyén tinh

Nghién citu dao dong riéng ciia ddy bang gidi tich

Xét mot day cdp ¢6 gan bo can nhét tuyén tinh. Do vong va do ciing ctia day cdp nho
va dugc bd qua, mo hinh hé 12 mot soi day thang véi gid thiét bien do dao dong clia

day bé, luc cang day 16n hon nhiéu so véi trong lugng cua day. Hinh dudi mo ta hé day
hai dau c6 dinh, gidn mot can nhét ¢6 hé s6 cén c.

b
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Hinh 1.8: Mo hinh day cép c6 gin can nhdt.

RN A
=

Dao dong ngang cua hé day - can nhét tuyén tinh dugc cho boi phuong trinh dao ham riéng

62u azu e ou(l,t)

_H -
ot 2

s(x-1) (1.1)
g OX

Trong d6 u(x,t): do vong ngang, m: khéi luong cua 1 don vi chiéu dai, H: thanh phan
nidm ngang cua luc cang cép, x: toa do doc theo truc cdp va 8(x): ham Dirac. Dung
phuong phép tdch bién s6 dé tim nghiém phuong trinh (1.1), ta c6:



u(x,t) = X(X)T(t) (1.2)
Thay (1.2) vao (1.1) ta dugc

2
%;leTzo (1.3)
2
%f :jfxzo, 0<x<Lxxl (1.4)
X

Co6 thé thay rang phuong trinh (1.4) ding tai moi diém x €L ngoai trir diém dat thiét bi
giam dao dong x=I. Tai day, tinh lién tuc clia chuyén vi va diéu kién can bang luc phai
duogc thoa man. Ta nhan duogc:

T(t)=e™ (1.5)

Asmn\/H X, 0<x<lI

va X (X) = (1.6)

Bsmn\/i(L X), I <x<L

Theo diéu kién vé tinh lién tuc ctia chuyén vi tai diém dat thiét bi giam chén, ta c6

Ao X)) X 3 X() (1.7)

smn\/ﬁ | 3|n77\/7(L—I)

Str dung diéu kién vé can bing luc tai diém nay s€ suy ra
H(gg au ]anwLo 18
OX

8x ot
Ta dugc phuong trinh xac dinh tan s6 1

Acosn\/EHBcosn\/g(L—l):—i\C/X—:) (1.9)
m

Thay (1.7) vao ta dugc

o B B0

Tu phuong trinh nay c6 thé tinh dugc céc gia tri riéng va cic dang dao dong riéng clia

x=1+

(1.10)

day cép c6 lap thiét bi can nhét.



Nghién citu dao dong ciia ddy cdp bang phuong phdp phdn tit hitu han

Trong trudng hop téng quat, phuong phdp giai tich khong c¢6 kha niang nghién citu dao
dong ctia cdp. Cac phuong phdp so, chang han nhu phuong phdp phan tit hitu han sé&
dugc str dung. Day cdp c6 lap thiét bi can nhét s& duge chia 1am nhiéu phan tir, trong
d6 ¢6 cac phan tir cdp va phan tit TTNL dang can nhét. Moi phan tir ¢6 cdc ma tran dic
trung riéng, sau do tich hop lai d€ thanh hé tong thé.

Eil

Vi du hé day cdp lap thiét bi TTNL can nhét trén hinh dugc chia

thanh 20 phan tir cdp va 1 phan tir TTNL.

c. Tinh toan anh huong cua khoi lwong nuée kéo theo

Dung dé tinh khoi lugng thuc ctia mot thanh dao dong trong moi trudng chat 16ng khi
nghién cttu van dé chong dao dong cta cong trinh bién do tai trong séng bién gay ra.
Tai trong song phan bo tai cac phan tir ngap nude, phu thudc van toc tuong doi, gia toc
twong doi, duge xdc dinh bang cong thitc Morison va ly thuyét song Ery. Phan nay
duoc xtr dung d€ tinh dao dong clia cong trinh bién trinh bay tai Hoi nghi khoa hoc vé
DKI, Ha no6i thang 11 nam 2005.

d. Tich hop cac thong s6 hinh hoc, cac diém két noi cho thiét bi TTNL
Thiét bi TTNL duoc tich hgp vao két cau theo cac phuong phéap ctia phan ti hitu han.
Dau tién xéc dinh vi tri diém 1ap dat. Sau d6 xdc dinh vi tri cdc bac tu do cta diém lap
dat trong cdc ma tran tong thé. Cudi cling cong cdc thanh phan ma tran cing, ma tran
can va ma tran khoi lugng ctia thiét bi vao céc vi tri trong cic ma tran téng thé.

e. Xay dung cac phuong phap so danh gia dap dng cua hé
DPap tng cua hé dugc danh gia qua 4 truong hop :

Ddp ung tinh:
La truong hop cén tinh cdc ddp ng clia hé khi chiu cdc tai trong tinh. Bai todn dua vé
giai hé phuong trinh tuyén tinh:

Kx=f (1.11)



trong d6 K 1a ma tran do ciing cua toan hé, x 1a vecto dap tng cua toan hé va f 1a vecto
tai trong tic dong vao toan hé.

Dap ing dao dong riéng:
La trudong hop cén tinh cdc dang dao dong ctia hé do diéu kién dau gay ra.
Bai toan dua vé giai phuong trinh dang riéng

K+iiC-A°M|=0 (1.12)

v6i K, C va M la cac ma tran do cing, do can va khoi luong, i 1a s6 ao, A Ia tri riéng
cin giai. Hé phuong trinh trén dua vé phuong trinh sau

|A-iiB|=0 (1.13)

{o | } {l o}
A= B— (1.14)
-K -C 0 M

trong d6 112 ma tran don vi. Pay 1a bai toan tri riéng téng quat.

Ddp iing dao dong cudng biic trén mién thoi gian
La truong hop can tinh dao dong ctia hé theo thoi gian do cac tai dong gay ra. Bai toan
dua vé giai hé phuong trinh vi phan cap 2

M&& Cd Kd = f (x,t)
d(0) =d, (1.15)

(ﬁ(O) =V

Diéu kién dau duoc cho thong qua véc to d, va v,, 2 véc to 1an luot chita cdc gia tri dau
ctia chuyén vi va van toc dich chuyén. Trong két cau, phuong phép hay sir dung dé giai
hé nay la cac phuong phap ho Newmark. Cac budce tién hanh nhu sau:

-Tinh céc thong s6 ban dau:

{d}, =dg;{ =v, (1.16)
[A]=[M]+8h[C]+ah?[K] (1.17)

v6i h 1a buée tich phan, con cc hang s6 sai phan c6 thé duoc lua chon tuy theo céc
phuong phap xtur dung:



o = 1/4; 8 = 1/2: Phuong phép gia t6c trung binh,
a = 1/6; 6 = 1/2: Gia toc tuyén tinh,
o = 0; & = 1/2: Sai phan trung tam

- Tai bu6c thoi gian thit n, ta tinh cac dai luong chuyén dich, van téc, gia toc tai budc
thoi gian thi n+1.

* (Gia toc tai bude (n+1):

(8~ (1)1, ~-o)nl ) -[ ) o (3 (8 |

* Chuyén vi tai budc (n+1):

(8}, (0], 0+ - || Bt 119

* Van toc tai bude (n+1):
(8, =1, + @-o)n{d} +on{d (1.20)
Qua trinh ti€p dién dén budc thoi gian cudi clng.

Ddp ting dao dong cudng biic trén mién tan s
Trong trudng hop nay cén tinh dac trung dao dong cua hé theo mién tan sd. Bai todn
dua vé viéc tinh ham truyén H phu thudc vao tin s

H(a)):‘[KHa;C—a)QMT p‘ (1.21)

trong d6 i 12 s6 4o con p 1a vecto chita cac bién do ctia ngoai luc diéu hoa.



2. Xay dung phan mém moé phong chong dao dong cho cong trinh ky
thuat

a. Xay dung phan mém mo phong tai trong tac dong lén két cau

Téi trong dong dang téng quat (dugc st dung trong SAP va cic phdn mém thong dung
khdc) c6 dang {F (t)} =>{S}, f(t). trong d6 {S}, Iacdc vécto phan bo khong gian,
K

f, (t) 1a cdc ham thoi gian tuong tng.
Céc vecto phan bo khong gian gom cdc loai :
- Tai trong tap trung tai nut
- Tai trong dong hoc gay ra do chuyén dich niit
- Tai gia toc gay ra do gia t6c nén
- Tai trong phan b6 déu tai cdc phan tir thanh
- Tai trong phan bo déu tai cac phan t vo.

Chi tiét vé céc tai phan bo duogc trinh bay trong phan xay dung cdc phan tir thanh va
phan t vo.

Cé4c ham thoi gian gom cac loai

- Ham thoi gian theo quy luat xac dinh : Dang ham nay khong thuong gap trong
ky thuat nhung rat cé ich cho nghién ctu cac hién tuong cong hudng, phan cong
hudng. Ham s6 x4c dinh c¢6 thé duoc ngudi dung mo ta mot cach bat ky, hay gap nhat
12 ham c6 dang tong cua cdc thanh phan diéu hoa vdi cdc tan s6 khac nhau.

- Ham thoi gian 14y tu file s6 liéu do: File s6 liéu thuong 1a cac s6 liéu do duoc
ve tai trong gio, tai trong dong dat, tai trong song ...

- Ham thoi gian 18y tir mot chudi s6 ngdu nhién: dang ham nay mo ta tai trong
ngau nhién.

- Ham thoi gian 1ay tir ham xung, mo ta tai trong va cham

- Ham thoi gian tinh tai trong séng bién. Tai trong séng dugc xdc dinh bang
cong thiic Morison va 1y thuyét song Eri, trong d6 tinh dén khoi luong két hop cua
nudc, thanh phan luc van téc dugc tuyén tinh hoa theo phuong phdap Dawson, phu
thuoc van toc nude va van toc két cu, tic 1a xét bai toan tuong tac.

- Ham thoi gian tinh tai trong di déng : Gom nhiéu tai di dong chuyén dong trén
két ciu theo phuong ngang vdi van téc khong doi.

Muc tiéu dé tai la xay dung cong nghé chéng dao dong cho cau day vang do
vay trong bdo cdo trinh bay chi tiét vé cdch tinh tai trong di dong.



Tai trong di dong tdc dung lén phan tit dam

Xét phan tir dim c6 khoi lugng phan bo déu p, chiéu dai 1, do cing chéng uén EJ. Tai
trong ¢6 khoi lugng m va lyc tic dung theo phuong thang ding P(t), di chuyén trén

phén tr ddm véi van téc khong déi v nhu trén Hinh 2.1.

// \/\//\ .
L O y (t)
\\I /I T |
S %yl M(C) —>» TyJ X
Ls = : >
eg! vt oy e
A A A

(a) (b)
Hinh 2.1: Phan t dam chiu tic dung ctia khoi lugng di dong
Gia st khoi lugng cua tai trong di dong la nho so véi khéi lugng cua két ciu, bo qua
thanh phan luc quan tinh thi luc tic dung cta tai trong di dong dat 1én dam tai vi tri
x=&=vt la:
R(x,t)=P(t) 2.1)

Luc tac dung trén c6 thé duoc mo ta bdi luc phan bo p(x,t) ¢6 dang:
p(x,t)=R(x1t)-5(x—vt) (2.2)
Trong d6, &(+) 12 ham Delta-Dirac véi céc tinh chét sau:

5(x—x)=0 khi x = x,
S(x—x)=o00khix=x

lim [*5(x-x)dx=1

e>0dx-¢

J-b f(x)s(x—x)dx="f(x);a<x<b

a

Theo phuong phdp phan tir hitu han, véc to luc nit cta phan tir duge xac dinh tir luc
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phan bo p(x,t) trén phan tit theo cong thic

(FO}=[INT () p(xt)dx=[ 6(x=&)[N] (x)R(xt)dx

Trong d6 [N] 12 ma tran cic ham dang. D6i v6i phan tir dim u6n ngang phang:

[N(X)]:[Nl(x) N,(x) Ny(x) N4(X)}

XZ X3 X2 3
Nl(x):1_3|_2+2|_3, NZ(X):X—2T+I—2,
2 3 2 3
Ny(x) =32 —22 N4(x):_XT+_

Thay vao biéu thiic (2.3), ta duogc véc to luc nit do tai trong di dong gay ra Ia:

(FO) =] [N 6(x-&)P(t)dx=[N] (£)P(t)

(2.3)

(2.4)

(2.5)

Nhu vay tai trong tac dong lén phan tlir dam thay d6i theo thoi gian khong nhitng chi
phu thudc vao luc tdc dong vao vat di dong ma con phu thudc vao vi tri vat di dong

thong qua ham dang da biét trong phuong phap phan tir hitu han.

Tdi trong di dong tdac dung lén phan tir tdm chit nhdt

Gia st rang tai di dong chay theo phuong x dia phuong ctia tdm va chay theo truc gitta

cta tam. Céac ly luan twong tu nhu trén, chi thay ham dang cua phan to dam chiu uén

bang ham dang clia tAm chiu udn

[INGOT=[N(X) ... Ny(x)],

trong do:
Nl(x)=3X<|);_l), Nz(X)=—;—y|, NS(X):(I—BQSX—I)’
N L [ Ry
N7(X):3X(:3_X> ’ NS(X)=—:3—yI ’ Ng(x):—(ZI ;IEQ)X)X )
Nlo(X)=3X(|X3_I) , Nn(x)=:3—y|’ le(x):(l—Sz?gxq),

Véi 1, 1a chiéu dai tdm theo phuong y dia phuong.

(2.6)

11



b. Xay dung cac phan tu két cau
Két cau duoc xay dung géom cédc phan ta: thanh, vo chit nhat, vo tam gidc, cap, damper,
TMD, TLD, con lac.

- Phadn tir thanh 3 chiéu
* Bdc tu do

Phan tir thanh téng quat ¢6 12 bac tu do ing véi 6 bac tu do ciia 2 nit dau va cudi.
(Xem hinh 2.2)

Hinh 2.2: Cac bac tu do ctia phan tir thanh

* Hé toa do dia phuong
Heé toa do dia phuong ctia phan tir thanh gém 3 truc x,y,z dia phuong duoc chon theo
céach sau:
- Pau tién xuat phat tir hé méac dinh:
+ Truc x dia di tir diém dau dén diém cu6i cta thanh
+ Truc z dia phuong nim trong mat phiang Oxy téng thé
+ Néu thanh khong thang ding thi truc y dia phuong duoc chon huéng
lén (tic 1 theo huéng duong clia truc z téng thé). Nguoc lai, néu thanh thing ding thi
truc y dia phuong dugc chon hudng theo chiéu duong cta truc x tong thé.
Hé mac dinh dugc xac dinh theo cach nay la duy nhat.
- Sau khi ¢6 hé mic dinh, nguodi dung c6 thé x4c dinh hé toa do dia phuong
mong mudn bing cich xoay hé mic dinh di chon mot géc nao dé6 quanh truc x dia
phuong.

12



* Cdc tham s6 ddu vao

Véc to ep = [E G Al |, KV] cung cap cac tham so lién quan dén vat liéu:

z
mo dun dan héi E, mo dun trugt G, dién tich mat cat A, moé men quén tinh theo truc y
va truc z, do cliing xoan Xanh-Vécnang K.

* Tdi phdn bo

Phan tir thanh c6 thé chiu 4 loai tai trong phan bo déu (tfinh hodc dong): tai cit theo 2
phuong y va z dia phuong, tai kéo nén theo phuong x dia phuong va tai xoan quanh
truc x dia phuong.

* Cdc ma trdn ctia phan tu gom:

Ma tran do cing, ma tran khoi lugng, ma tran can va vecto tai phan bd. Cac ma tran va
vecto ndy dugc xay dung tir cdc 1y thuyét uon dam phang, kéo nén thanh va xoin
thanh. Xem dang cuia cdc ma tran va vecto nay trong .

+ Noi luc

Céc thanh phan noéi luc 1a luc va momen c6 dugc bing cach tich phan Gng suét trén
moOt mit cat ngang cua thanh, bao gébm: luc doc truc N, luc cat Vy va Vz theo céc truc
y va z dia phuong, momen xoan T quanh truc x dia phuong, mémen uén My va Mz
quanh céc truc y va z dia phuong.

% A’{—

Y

Hinh 2.3: No6i luc ctia phan tir thanh

Céc noi luc ciing duge tinh theo 1y thuyét vé uon, kéo nén va xoan thanh.

13



- Phdn tir vo chit nhdt 3 chiéu

* Bdc tu do

Phén tlr vO chit nhat tong quat c¢6 24 bac tu do twong ting vdi 8 bac tu do trong mat
phang vo, 12 bac tu do udn va 4 bac tu do xoan, Hinh 2.4.

Ui

3 My My

[ .

s

;.7 S ——

Hinh 2 .4: Bac tu do cua phan tir vo chit nhat

* Hé toa do dia phuong

Hé toa do dia phuong clia phan ti vo chit nhat dugc chon theo céach sau:

+ Truc x dia phuong di tir diém 1 dén diém 2

+ Truc y dia phuong di tir di€ém 2 dén diém 3

+ Truc z dia phuong dugc tao thanh bang cach 1ay tich vo huéng cua truc x va 'y
* Cdc tham s6 ddu vao
Vécto ep = [E 1% t] cung cdp cac tham s6 lién quan dén vat liéu: mo dun dan hoi E,

hé s6 Poisson v, do day vo t

* Tdi phdn bo
Phan tir v chit nhat c6 thé chiu 3 loai tai trong phan bo déu: tai kéo nén trong mit
phing vo theo phuong x va y dia phuong, tai cat theo phuong z dia phuong

* Cdc ma trdn cua phdn tir gom:

Ma tran do cing, ma tran khoi lugng, ma tran can va vecto tai phan bd. Cac ma tran va
vecto nay duoc xay dung tir Iy thuyét Gng suat phiang va ly thuyét uén tdm mong clia
Kirchoff.

* Noi luc

Céc thanh phan noéi luc 1a Iuc va momen ¢6 duoc bang cach tich phan dng suit doc
theo do day vo. Thit nguyén ctia cac noi luc nay la luc trén mot don vi dién tich cua
mit phing vd. Cic noi luc nay bao gom:

14



+ 3 luc mang goém 2 luc kéo nén Nxx, Nyy va 1 luc truot Nxy
+ 5 lyc uon tdm bao gém 2 mémen uén Mxx, Myy, 1 momen xodn Mxy va 2
luc cat Vxz va Vyz, Hinh 2.5.

il i,

Xy

e —_—
y i My N Y \ ‘ N LR
I S Ny T
N,
X
tu, t uy M,, 'I’fr:
(x;v) :i i iy i it o
A0 - : M,
U ?!7 CERGY 'U Ve
: . 'W“ ‘E"w\ Y < M

-
r
1
4
=
~
¥

piu; LU Viz

: u M,

[ 2 e ) o+ R EEER e CEEEE b

(x;.y) 2% - - =
"r';; "'HJ (x,,5,) Viz M.,
1’/

.

X L

Hinh 2.5: Noi luc clia phan tit v chit nhat

Céc noi luc cling dugc tinh theo 1y thuyét tng suat phang va 1y thuyét uén tim mong
cua Kirchoff.

+ Phan tir vo tam gidc
Pugc xay dung tuong tu nhu vo chit nhat nhung it hon mot nait.

+ Phan tit cdp chiu uén
Phuong trinh can bang phan t6 day chiu uén ngang dudi tdc dung ctia luc cang va luc
quén tinh 1a :
o’y LYy
—=T— 2.7
e ox’ 7
T 12 lyc cang (xem nhu khong thay doi doc theo day), p 1a khéi luong cia mot don vi
chiéu dai day.
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Goi chiéu dai ctia mot phan tir day 1a L, x4p xi do vong phén tir bang da thic bac 3 nhu
phan tir dam chiu uodn :

y* =[N]{a} (28)
thi phuong trinh can bang phén tir day trd thanh :
N [ T [ -0 25)
Nhu vay ta duoc ma tran khoi luong giong nhu phan tir ddm u6n ngang phing
[Me]sz[N]T[N] (2.10)
con ma tran do cing chdng udn cua phan tir day la :

6 11 6 1

o2 1
[Ke]z—T 10 15 10 30 2.11)
6 1 6 11
5L 10 5L 10
1 1 1 2

- Phdn tr TMD

Gia sit TMD c6 khai luong my, do cing k, va do can c, dugc lap vao diém I trén hé.
Gia str toa do diém I 1a xI, yI va zI va cac toa do nay lan luot c6 céc vi trf i, i, va i,
(n€u céc vi tri nay ton tai) trong vecto bac tu do x cta hé chinh. Ta xét TMD giam
chuyén dich cta két cau theo 1 phuong khong gian Ox (trudng hop giam chuyén dich
theo cdc phuong Oy va Oz lam hoan toan tuong tu). Trong truong hop nay, TMD sé
chi ¢c6 mot chuyén dich tuong d6i x4 theo phuong Ox d6i v6i diém 1. Ta s& thanh lap
phuong trinh chuyén dong nhd cdc phuong trinh Lagrange. Dong nang, thé nang va
ham hao tan ctia hé chinh lan luot 1a:

T=X¥ME& V=xKx F=XCxS (2.12)

Pong nang, th€ nang va ham hao tan cia TMD lan luot la:
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T, =m, ()&+)§c)2+mdy§+md&.= md()%+ DI,)@2+md (D;>8)2+md(DZT,)@2
V, =k, X2 (2.13)

Fd :Cd)%

trong do ta st dung ky hiéu cac vecto dinh vi:

D,=[0 0 .. 1 .. Q]
T (2.14)

D,=[0 0 .. 1 .. 0T
) (2.15)

D,=[0 0 ... 1 .. O
) (2.16)

Dé lap dugc phuong trinh Lagrange, ta con cn tinh céc luc suy rong. Goi P(t) 1a vecto
ngoai luc tac dong vao két cau, p,(t) 1a vecto ngoai luc tic dong vao TMD. Cong sinh
ra trén mot dich chuyén kha di 1a:

OA= P(t)T SX+ Py (1) S (X, +Xg)+ Py (1)SY, + P, ()57,

. ] ) ] (2.17)
= P(t)" + s, (1) D}, + Py, (1) Dy + Py, (1) D |6+ pi (1) 8%,

V6i pg(t), Pay(D), pa(t) 1a cdc thanh phan theo 3 truc Ox, Oy, Oz cuia vecto py(t). Cdc
luc suy rong la:
Qc(t) =P (t)+ Dy Py (t)+ Dy Py, (1) + D, P () (2.18)
Q,, (t)=pe(t) (2.19)

St dung phuong trinh Lagrange

d[o(T+T,-V-V,)| a(T+T,-V —Vd)+a(F+Fd)_Q 0
dt O& ox &
- - (2.20)
d[a(T+T,-V-V,) _8(T+Td—V—Vd)+a(F+Fd)_Q 0
dt| & | OX, g
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Ta thu dugc phuong trinh chuyén dong dang ma tran:

‘M +(D, D} +D,,D}, +D, D] )m, Dx,md}{ &}{c 0}{ &}

+
: D, m, m, (%] L0 cll% (2.21)
K O i||: X } _ |:P(t) + Dxl pdx(t) + DyI pdy (t) + DzI pdz (t):|
10 Ky || %, Pa (1)
Néu dat
D, = [Dx. D, D, ] (2.22)

thi phuong trinh vié€t gon thanh:

M+D,D/m, D,m, &+C 0 >&+ K 0] x] [P®)+D,p,(t) (2.23)
Dym, m, 5 0 ¢, | % 0 Ky [ X - Pax (1) '

Hé n+1 phuong trinh nay cho thay: khi thém thiét bi TMD vao hé chinh tuwong duong
vGi viéc thém 1 phan tlir c6 mot bac tu do va cac ma tran khéi lugng, do cing va do can
dugc thém cac gid tri twong ing. Mot cdch tuong tu, ta c6 thé thém vao cdc phan tir
TMD khac trong truong hop hé chinh duge 1ap dat nhiéu TMD.

+ Phan tit damper

Phan tir damper gém 2 nit I, J dung dé mo ta cdc phan tir 10 xo dan héi tuyén tinh véi
hé s6 cting k, va can nhé6t tuyén tinh v6i hé s6 can ¢, ¢c6 phuong doc theo phan tir.
Phuong ctia cac luc dan hoi va luc can nhét duge xac dinh theo toa do 2 niit trong
khong gian. Ma tran do cing va do can phan tir dugc tinh nhu sau:

_ { 1 —1} _ { 1 —1}
K® =k ‘Ct=c (2.24)
-1 1 -1 1

c. Tich hop xay dung mo hinh tong thé cua hé két cau c6 gan cac bo can

Sau khi da c6 cdc ma tran ciia phan tr, st dung nhém cdc ham dé€ xay dung cic ma
tran téng thé: ma tran do cling, ma tran khoi lugng, ma tran can va vecto téi trong. Sau
khi xay dung dugc cdc ma tran téng thé, tién hanh giai bai todn dao dong dé x4c dinh
céc nghiém: dich chuyén, gia toc... clia cdc diém quan trong cin quan tam. Qu4 trinh
tich hop gom 2phan:
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Xoay cdc ma trdn vé hé toa do tong thé
K*=G'K°G, M®*=G'M*G, C°*=G'C°G, f*=G"f°  (2.25)

trong d6 G la ma tran xoay chita cac cosin chi phuong giita 2 hé toa do dia phuong va

tong thé.
nXY nyY nzi
G=|n, ng, n, (2.26)
n, n, n,

Xz yz 7z

Ghép ma trdn két cdu tong thé tir cdc ma trdn phdn tir

kll klZ

i 21 : ;
ki ki |i we ko ke ko ke L L]
e e | Lo . 2.27)
ki Kj | e Ktk ktky o]
K . .

nn

Ma tran do cting phéan tir Ke duoc ghép vao ma tran do ctng tong thé K cta toan bo
két cau theo ma tran bac tu do phan tir. Vi du trong (2.27) thi bac tu do ctia phan tir l1a
céc vi tri thit i va j trong ma tran do ctng tong thé.

d. Xay dung phan mém

Phin mém duogc xay dung bang ngon ngit 1ap trinh MATLAB, véi cdc muc tiéu sau:

- Tr& thanh trinh Gng dung chay doc 1ap trén moi truong Windows.

- Giao dién than thién, twong tu nhu cdc phan mém tinh két cdu thuong mai
(chang han SAP). Cic dit liéu dau vao va ddu ra dé hiéu, ngon ngit sit dung la tiéng
Viét.

Cé4c cong viéc chinh dé xay dung phan mém bao gom:

- Xay dung hé thong trang chti bao gébm cdc menu, cc nit va logo ctia chuong
trinh.

- Tao kha nang giao dién than thién clia chuong trinh v6i ngudi dung qua cac hé
thong menu va nit bAm. Ngudi dung ¢ thé tao ra mo hinh bang giao dién, vi du nhu
céc chitc nang chon phan tir, thay déi thudc tinh phan tir, dat tai trong va diéu kién bién
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... Nguoi dung ¢6 thé xoay mo hinh dén géc nhin tuy ¥, c6 thé phong to thu nhd mo
hinh, chia lu6i phan tir bang giao dién.

- Xay dung cdc ham xuét nhap dit liéu. Chuong trinh phai duoc thiét k& dé
ngudi dung c6 thé nhap dit liéu tir file van ban, xudt dit liéu ra file van ban. Nguoi
dung ciing c6 thé xuat cdc két qua tinh ra file vin ban, ra file anh tinh, &nh dong danh
cho muc dich trinh dién (chang han tich hop vao cic phan mém Word, PowerPoint).

- Xay dung cac ham phan tich két cdu bao gom:

+ Doi v6i moi loai phan tir x4c dinh, tao ra cdc ma tran phan tr nhu ma
tran do ciing, ma tran khoi lugng, ma tran can, vecto tai trong phan bo ...

+ Chuyén doi cdc so liéu tai trong di dong, tai trong séng, tai gia toc vé
vecto tai trong tong thé.

+ Tich hop cdc ma tran phan tlr bing céc thong s6 hinh hoc dé trd thanh
cdc ma tran téng thé clia két cau.

+ Giai hé dai so tuyén tinh dé tim dé4p tng tinh.

+ Giai hé phuong trinh vi phan chuyén dong dé tinh todn bién dang, noi
luc theo thoi gian.

+ Giai bai toén tri riéng d€ tinh cdc dang dao dong riéng.

+ Tinh ham truyén dé x4c dinh dic trung bién do tin s6 clia két cau

- Xay dung céc ham hién thi bao gém
+ V& bién dang tinh.
+ V& van dong cua két cau theo thoi gian.
+ V& van dong cua cac dang riéng.
+ Hién thi noi luc.
+ Vé do thi theo thoi gian va theo tin s6 clia cac dai lugng khao sat.
- Tao ra chuong trinh cai dat va cac file huéng dan day dua.
Phan mém phan mém phan tich dao dong cho két ciu ¢6 gan thiét bi TTNL dugc xay
dung va dat tén ti€ng Anh 1a phdn mém SAVA ( Structural Anti-Vibration Analysis).
Toan bo phan meém duoc cai dat trén dia CD vdi tat ca chic nang cia mot phan mém
c6 thé khai thac doc lap.
Phan mém SAVA c6 cac chic nang chinh sau:

» C6 chiic nang phan tich két cau ¢6 lap dat céc thiét bi TTNL can nhdét
» (6 chic nang thiét k& cac thiét bi TTNL

> (0 thé phan tich cic loai thiét bi TTNL, TMD.

> (o thé phan tich tai di dong ... phuc vu cho céc bai toin vé cau

» Giao dién than thién bang ti€ng Viét

Dudi day 1a mot s6 hinh énh thé hién ctia chuong trinh trong moi trudng window.
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Biéu tugng ciia phan mém SAVA

SAVA

Chuwrong trinh phéan tich
chéng dao dong két cau

Taitrom Dé tai KC05.20,
Churorng trinh KC0%, BS
Khoa hoc wa Cdng nghé
WiEt Mam

Ban quyén: Phong Co

hoc cdng trinh, Vién Co
hoc, Vién Khoa hoc va

céng nghé Viét Mam

Hinh anh mo phong dao dong cuia cau

TAI TRONG DI bONG

Dao dong ciia ciu
day vang, day vang
6 lap damper. ciu

chiu tai di dong, hién
thi noi lue
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Két qua tinh todn cia phan mém SAVA

Dao dong ngang va doc ctia 2 nit gitra trén
day ngoai cing

Giam khoang 24% Giam khoang 22%

Giam khoang 44% Gidm khodng 38%

e. Ap dung phan mém dé nghién ctiu hiéu qua giam dao dong ciia bo TTNL
phuc vu dé tai

Nhitng nim gin day, viéc xay dung cdc cau day vang trd nén ngady cang pho bién &
Viét Nam. Loai két cau cdu ndy c6 nhiéu wu diém vuot troi nhu tinh kinh t€, thim mi
cao. Tuy nhién, do dic diém cua loai hinh két cAu nay 1a khd méanh nén né rat nhay
cam vé mit dao dong do cac tac dong gay nén nhu tic dong clia gié mua, tic dong cla
hoat tai xe co... Cdc dao dong c6 hai nay c6 thé 1a nguyén nhan truc ti€p 1am phd huy
cau hodc lam cdc bd phan cong trinh nhanh chéng bi xudng cap, phai sém thay thé.
Day cap xién la mot trong nhitng bd phan chiu luc quan trong trong két cau cau day
vang. Thé€ nhung, ciac nghién ctu truéc day cho thdy cac soi cdp dung trong ciu day
vang c6 do tu can thap nén ching dé dang bi kich thich dao dong. Ti s6 can ndi tai ctia
day cap thuong chi vai phan nghin. Cing véi d6, d0 manh cao day cép lai cao dan dén
cac kich dong nhu tai trong xe, mua, gid... s€ gay ra cic dao dong véi bién do 16n. Do
vay, van dé diéu khién dao dong cuia cap trd thanh méi quan tam 16n khi thiét k€& hoic
bao dudng stra chita nang cao chat lugng cau.

Trude khi d4p dung phan mém SAVA cho viéc phan tich dao dong ctia cau day
vang c6 lap céc thiét bi can nhét ching toi da tinh thir nghiém cho nhiéu bai todn phan
tich két ciu thong thudng va so sanh két qua tinh theo phan mém SAVA véi cac két
qua giai tich (néu c6) hoic vai 10i gidi s6 ctua phan mém SAP. Cic phép thir nghiém
déu cho thdy tinh chinh x4c cia phadn mém SAVA. Tiép theo, dé nghién citu hiéu qua
giam dao dong bang phan mém, qué trinh dugc ti€n hanh ting bude tir don gian dén
phtc tap nhu sau:

- Kiém nghiém do chinh xé4c cta chuong trinh khi tinh day cdp c6 lap thiét bi
TTNL can nhét trong trudng hop cé 10i giai giai tich.

- Khi da khang dinh duoc tinh chinh xdc clia chuong trinh, chuyén sang tinh
dao dong clia 1 day cép trong céc diéu kién thuc t&, c6 1ap thiét TTNL. Tir d6 khang
dinh hiéu qua giam dao dong cua thiét bi TTNL.

- Cuodi cung, tinh toan dao dong cua day cap trén cdu Bén Coc khi chiu tai di
dong, trudc va sau khi lap thi€t bi TTNL.
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Kiém nghiém do chinh xdc ciia chuong trinh khi tinh dady cdp
Cac dang riéng cua day cdp c6 gan thiét bi can nhdét tuyén tinh trong trudng hop nam
ngang va 2 diu tua don thu duoc bang giai tich. Xét cdc so liéu tir mot day cap thuc té:

L=32m, I=L/10,
H=107800N,
m=16.44kg/m,
¢=2500 Ns/m.

Day cép c6 lap thiét bi can nhét duoc mo ta trong chuong trinh SAVA ¢6 dang nhu
trong hinh v& dudi day:

b e

Hinh 2.6: Day cdp c6 gan thiét bi can nhét tuyén tinh trong chuong trinh

Day céap dugc chia thanh 40 phan tir. Két qua véi 9 tri riéng dau tién dugc cho trén

Bang 1.

Bang 1: So sdnh cc tri riéng gitta tinh bang 1y thuyét va chuong trinh
Tririéng | Ly thuyét Chuong trinh Khong diéu khién
1 -0.3835 + 8.1298i -0.3862 + 8.12741 7.9498i
2 -1.0103 +16.83071 -1.0323 +16.83041 15.89971
3 -1.4748 +25.88551 -1.5201 +25.9172i 23.8495i1
4 -1.7187 +35.10911 -1.7488 +35.1968i 31.79941
5 -1.7187 +44.38931 -1.6856 +44.4980i 39.7492i1
6 -34.5868 +39.7497i1 -28.3836 +34.7839i1 47.69901
7 -1.4748 +53.6129i1 -1.3919 +53.6806i1 55.6489i1
8 -1.0103 +62.6676i1 -0.9341 +62.6749i1 63.59881
9 -0.3835 +71.36861 -0.3587 +71.35141 71.54871

Qua bang so sanh ta thdy chuong trinh c6 thé dua ra duoc tri riéng véi do chinh xac rat

tot so véi két qua giai tich.




Tinh todn dao dong cua ddy cdp nghiéng

Muc nay mo phong dao dong ctia mot day cdp trén cau day vang, dat xién va c6 mot
dau chiu tdi dong hoc clia mat cidu mo phong dao dong theo phuong thang ding clia
than cdu khi cdu chiu tai do xe chay qua. Trudong hop nay rit khé giai bang phuong
phap giai tich va hién nay chua thiy cong bo cac két qua cu thé.

0

Hinh 2.7 Day cdp xién c6 gan thiét bi can nhét tuyén tinh trong chuong trinh

Day cap dai 34m, treo & do cao 16m, dugc chia thanh 20 phan. Diém duéi clia day cép
n6i v6i mat cau. Cdp c6 modun dan héi 1.95e+11 N/m?, dién tich mat cit 1.7e-3 m?,
luc cang cap 107800 N, khoi lugng trén mot don vi do dai 16.44 kg/m. Thiét bi can
nhét tuyén tinh c¢6 do can 4kNs/m dat & vi tri 1/10 cua chiéu dai day va vuong goc véi
day, mot ddu cua thiét bi duoc noi véi mat ciu. Gia sit mit ciu chuyén dong theo
phuong thing ditng véi quy luat ngau nhién. Dao dong theo 2 phuong ngang va thang
diing clia cdc diém tai cdc vi tri khdc nhau trén cdp duoc cho trén cac hinh duéi day:

Chugpbn dich clia bic by do ux cla it 7 Chupén dich clia bdc by da uz clanit 7

¥ [=== Kibng did ki, maw] 5322 Trung birke0 34762 |
— Fivus khidn, max=() 57534 Tiung binh=0.21276

==+ Ehéng difu kihién, maxa3 0324 Trung birhel 75189
— Fivus khidn, max=1 6762 Trung binhe=0.41327

3 3 .
0 5 10 15 20 3 0
Thisi ganis)

Hinh 2.8: Chuyén dich cta vi tri 1/4 chiéu dai day tinh tir duéi lén
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Chuin dich ctia bc by 8w ciha nie 12 Chuydn dhch cila bie by do uz clia it 12

[ === g sk khdn, mas=1.482 Trung Birh=D 43135 |

E Kmmumnm31miwumnam1
— i ki, o) T5EEM Trung binkel) 29105 |

_—Dieukhenr\m: 1.5687 Trung binke( 52623

15
This giaeis)

Hinh 2.9: Chuyén dich ctlia vi tri 1/2 chiéu dai day tinh tir dudi lén

Chq-ennh uabacludow:uarul? Chugdn dhch cila bic by do uz clia it 17

1 thﬂq max =1.1363 Tn u"gbtrhlﬂ FE |
— (‘dulhé'ﬂ npeml) BSO3N Trung binke( 22454

Bl 14 = Ehing dibu khidin, max=2 2063 Trung binh=054588 |
E _—DieuanMIHIQTuquh-OlHS

5 0 15 il = 20 5 1 20 25
This giands) Tm;mn

Hinh 2.10: Chuyén dich ctia vi tri 3/4 chiéu dai day tinh tir dudi 1én
(truc ngang tinh theo giay, truc ding theo cm)
Céc két qua thu dugc phu hgp véiuys nghia thuc t€. Cac duong mo 1a do thi cua cap
khi khong gan thiét bi can nhét, duong dam la do thi twong tng khi ¢6 gan thiét bi. Ta
thay viéc lap dat mot thiét bi can nhét thich hop & ddu cédp ¢6 thé giam duoc khoang
50% gia tri cuc dai cua dao dong cap.

Phdn tich dao dong ciia ddy cdp trén cau Bén Coc chiu tdi trong di dong
Cau Bén Coc thudc huyén Chuong My tinh Ha Tay 12 mot cAu nhip trung binh, mat cat
ngang cau hep, kich thudc kha pho bién ¢ Viéet Nam.

1111-:- ZH '

| A= |_|

g

Hinh 2.11: Cau day vang Bén Coc thudc huyén Chuong My Ha Tay
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So d6 cau 30.5+59+30.5m. Khoang cach tim hai hé day vang 1a 5.06m. Chi€u rong
dudng xe chay 1a 4m. Cau dugc mo ta bang phan tir hitu han nhu trén Hinh 2.12.

4 -\.‘_’:,.{ i
R
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Hinh 2.12: M6 hinh cau Bén Céc trong chuong trinh SAVA

Trong d6 mat cau dugc mo ta boi phan tlr tAm chit nhat bé tong cot thép dat trén dam
chu va hé dam ngang cung lién két chéo. Phan dau thap cau gom hé thanh va 2 tam
thép. Phan than thap cau gom hé thanh dugc ngam chat & chan. Day vang gom 2 mat
phéng day, méi mat phang c6 10 day vang. St dung hai loai b6 cap: loai 12 tao (dung
cho 2 day vang noi tir dinh thdp dén chan md) va loai 7 tao (ciac day vang con lai),
dudng kinh mdi tao 1a 13,4 mm, khoi lugng riéng 1.37kg/m. Cic day vang dau cau
dugc 1ap thiét bi can nhét tuyén tinh c6 do can 1a 3.5kNs/m va 2.5kNs/m tuong tng vdi
day ngoai cung va day bén trong.

Hinh 2.13: M6 hinh mat c4u va thiét bi TTNI 14p vao day vang
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Hinh 2.14: M6 hinh dau va than thap cau

Céc thong s6 ky thuat cta cau dugc cho trong cac Bang 2-4.

Bang 2: Cac loai phan tlr cdu tao mat cau

Déam chu Ghép 2 thanh thép hinh I 500x200
Dam ngang Thép hinh I 500x200
Giang chéo L 100x100x10
Mat cau Bé tong cot thép day 22cm
Bang 3: Cac loai phan tir cau tao dau thap cau
C4c thanh doc Thép hinh I 500300
Tam bao Thép ban day 12mm
Hé lién két Gom cac loai thép goc va thép chir U,
ngang va chéo chi ti€t néu trong cac ban vé

Bang 4: Cac loai phan tlr ciu tao than thap cau

C4c thanh doc Thép hinh I 500x300
Lién két ngang L 75x75%8
Lién két chéo L 100x100x10

Téng cong cau duoc mo ta véi 489 nit, 830 duong va 56 mat. CAu chiu mot so tai
trong di dong khoi lugng 13 tan véi van toc khoang 7m/s, chay céch nhau 5s. Tong
cong c6 8 day cdp duoc lap thiét bi can nhét tuyén tinh. Moi day dugc chia thanh 9
nit, méi nit ¢6 2 chuyén vi can xét 1a chuyén vi theo phuong ngang va theo phuong
thang ding. Gid tri dugc 14y ra 1a trung binh tri tuyét d6i cta chuyén dich trong 15s.
Két qua so sanh cho trén Bang 5, 6. Vi két qua trén dao dong trén nhiéu day 1a tuong
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tu nhau nén trong cac bang dudi day trinh bay két qua tinh cua 2 day cap trén mot mat
phéng day va & cing mot phia ctia ddu cau.

Béng 5: Gi4 tri chuyén dich trung binh clia cdc nit trén day ngoai cling

Chuyén dich ngang trung binh Chuyén dich didng trung binh
Niit éKhOng C6 lap Hiéu qua éKhOng Cé lap Hicu qué
lap TTNL | TTNL | giamdao | lap TTNL | TTNL .
(mm) | (mm) | dong(%) | (mm) | (mm) |2
1 0.42 0.28 34 1.02 0.73 28
2 0.85 0.55 35 1.97 1.35 31
3 1.46 0.99 32 3.34 2.35 30
4 1.90 1.35 29 4.31 3.15 27
5 2.12 1.57 26 4.80 3.64 24
6 2.12 1.61 24 4.79 3.73 22
7 1.82 1.37 25 4.00 3.1 23
8 1.40 1.10 21 2.85 2.20 23
9 0.83 0.72 14 1.47 1.17 20

Bang 6: Gia tri chuyén dich trung binh ctia cc niit thudc day bén trong

Chuyén dich ngang trung binh Chuyén dich ding trung binh

Nt ’KhOng C6lap | Hiéu qua /Khéng C6 lap I:f;
lap TTNL | TTNL | giam dao | lap TTNL | TTNL o

(mm) | (mm) | dong(%) | (mm) | (mm) “’?;T
1 0.18 0.08 54 1.03 0.99 3
2 0.35 0.15 57 1.14 1.04 8
3 0.52 0.21 58 1.31 1.02 22
4 0.65 0.31 53 1.50 1.05 29
5 0.73 0.37 50 1.58 1.02 35
6 0.77 0.43 44 1.60 1.00 38
7 0.74 0.46 38 1.45 0.93 36
8 0.69 0.51 27 1.15 0.80 31
9 0.59 0.47 20 0.60 0.42 30
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Qua cdc bang trén ta nhan thiy cdc ddp dng cla day cdp tai cdc nit déu giam trung
binh khoang 40% khi c¢6 lap thiét bi giam chan. Diéu nay cho thay kha niang lap dat
céc thiét bi tuyén tinh cén nhét dé gidm dao dong cho day cdp trén céc ciu day vang.

f. Phan tich, danh gia uu nhugc diém cia phan mém sau khi ap dung tinh
toan

Qua tinh todn, c6 thé thay phan mém SAVA dugc xay dung boi dé tai ¢6 nhiing tinh
nang ma c4c phan mém tinh todn két cu thuong mai trén thi trudng (chang han SAP)
khong ¢6, cu thé 1a :

- C6 thé tinh dugc phan tir cap chiu uon. Nhu vaydao dong cua cau cé thé dugc
x4c dinh & trong gidi han an toan trong diéu kién dao dong va do bén cta day cap
duoc danh gid ddy di hon.

- C6 thé giai duoc bai toan gid tri riéng cuia hé ¢6 lap cac thiét bi TTNL, tir d6
thiét k€ dugc thiét bi dua vao cdc tiéu chudn tri riéng. Trong thuc t€, SAP khong gidi
bai todn tri riéng nay ma chi tinh gia tri riéng ctia két cau khong can, sau do thay can
cta thiét bi TTNL vao va bd qua can lién két gitta cac dang riéng, di€u nay thuong
danh gia qua can va khong mo ta chinh xac bai toan.

- C6 thé tinh duoc tai di dong. Trong thuc t€, SAP c6 tinh tai di dong nhung
khong dua ra dap ung cta hé theo thoi gian ma dua ra duong anh huodng, tic l1a dap
ung tinh cua két cdu tai ting vi tri cua tai di dong.

- Luon cho phép so sanh ddnh gid két cdu true va sau khi lap thiét bi TTNL
trong cung mot di€u kién dat tai.

- C6 kha nang hién thi diay du dao dong két ciu ciing nhu su di chuyén cua tai
di dong. C6 thé dé dang thay d6i géc nhin, do phong dai dé xem xét dao dong cua tiing
chi tiét két cau.

- D6 thi dao dong duoc vé ra c6 thé dé dang tuong tic v6i cdc phdn mém soan
théo (chiang han Word) gitp ngudi st dung dé dang cat ddn dé trinh bay trong céc van
ban. Trong thuc t€, SAP khong c6 dugc su tuong tac nay.

Nhu vay, phan mém SAVA c¢6 thé phuc vu cho viéc phan tich dong luc cau day ving
khong c6 va c6 1ip thiét bi tiéu tdn ning lugng. Dic biét ¢6 thé 4p dung dé tinh todn
lua chon cac dac trung luc cta thiét bi giam chan thich hop cho timg ciu day vang
hoac cau day vong.
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Mit khdc ciing cAn nhan thdy rang day 1a phién ban diu tién cia Phdn mém SAVA
dugc xay dung chu yéu cho doi tuong 1a cAu dugc do bang hé thong cap. Phadn mém
nay hoan toan c6 thé phét trién dé c thé tinh todn chuyén dung cho nhiéu céc doi
tuong két cau phic tap khdc chiu cdc loai tai trong dac thit va duoc lap cac thiét bi tiéu
tdn nang luong khac nhau. Chang han phan mém c6 thé phit trién theo cic huéng:

* Cho cdc loai cong trinh khdc nhau:

- Phuc vu viéc chong dao dong cho cong trinh xay dung nhu nha cao tang, thap
vO tuyén, cot dién cao thé chiu tai trong gié giat, dong dat.

- Phuc vu viéc chong dao dong cho cong trinh bién chiu tai trong séng, gi6 bao.

- Phuc vu viéc chong dao dong cho phuong tién giao thong nhu tau hoa, tau
thuy, tau dién ngam.

- Phuc vu viéc chong dao dong va va giat cho vii khi khi tai quan su.

* Cho cdc loai thiét bi tiéu tdn ndng luong khdc nhau:
- Thiét bi dang TMD, TLD

- Thiét bi dang masat kim loai

- Thiét bi dang dan nhét

- Thiét bi dang con lac — 10 xo

- Thiét bi TTNL c6 diéu khién.

Ban than phan mém SAVA ciing cin duoc phé bién cho cdc co quan thiét k& va nghién
ctitu dé ap dung thir nghiém cho nhiéu loai ciu. Qua d6 it ra cdc nhuoc diém dé cai
ti€n cho tot hon.

g. Tai liéu huéng dan xir dung phan mém SAVA

Tai liéu bao gom cac hudng dan chi tiét vé cai dat, cic menu chiic nang va céc hitong
dan xr dung phan mém chéng dao dong SAVA ( Structural Anti-Vibration Analysis)

dai hon 20 trang. Tai liéu nay dugc cai dat trong file: Help ndm trong dia CD chita
phan mém SAVA.

h. Viét phan mém danh gia hé so can
Ddnh gid su suy gidm theo thoi gian cua so liéu
Ky thuat do dac dao dong co hoc ngay nay dang tré thanh mot bo phan quan trong

trong viéc nang cao chat luong clia cac thiét bi co khi va cong trinh. Cac tin hiéu do
dao dong co hoc ¢6 thé trg gidp cho nhiéu ting dung k§ thuat nhu: Chan dodn hu hong
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va gidm sat tinh trang thi€t bi, can biang mdy, kiém tra do chinh x4c ctia cdc mo hinh
va nhan dang tham s6 cua hé dao dong.

Dé thu duoc cdc thong tin can thiét va chinh xdc tir tin hiéu dao dong, ta phai phan tich
va xu 1y tin hiéu. K¥ thuat xu 1y tin hiéu s6 hién da c6 mdt budc ti€n vuot bac cung véi
su phat trién cta k¥ thuat do dac dao dong bang tin hiéu dién. Mot loat cidc phuong
phép phan tich tin hiéu trong mién thoi gian va trong mién tin so trén co sG phép bién
d6i Fourier da duoc xay dung va hoan thién: Loc s6, pho tan so, Cepstrum, ph6 dudng
bao [19]. Cac phuong phdp nay hién dang duoc ting dung rat rong rai va dugc tich hop
trong nhiéu phan mém phan tich tin hiéu chuyén dung.

Trong nhitng nam gan day, phuong phdp xir 1y tin hiéu trén co s& phép bién doi
Wavelet (Wavelet Transform) da dugc xay dung vé mait 1y thuyét va hién dang bat dau
duoc tng dung trong nhiéu linh vuc [14]. vu di€ém co ban ctia phuong phdp nay la kha
nang biéu dién mot tin hiéu dong thoi trong mién thoi gian — tan s6 va cung cip nhiéu
thong tin hon vé cau tric tan so, cac thanh phan c6 trong tin hiéu. Phép bién déi
Wavelet ¢6 thé khic phuc dugc cdc nhuge diém cta phép bién ddi Fourier khi phan
tich céc tin hiéu khong dimng, tin s6 thay doi, gidn doan hodc ngin ngui thudng gap
trong dao dong cua may [18-19].

Bai toan nhan dang tham s6 can cia mot hé dao dong dang nhan dugc sy quan tam cua
céc nha nghién ctu. Hién nay, phuong phdp co ban dé nhan dang do can ctia hé nhiéu
tan so riéng 1a phan tich dang riéng thuc nghiém (modal testing). Phuong phap nay doi
hoi cac thiét bi do, thiét bi tao luc kich dong va phan mém chuyén dung. Gan day, mot
s6 cong trinh nghién ctu da d4p dung phép bién d6i Wavelet dé nhan dang truc ti€p do
can Lehr tir tin hiéu dao dong tu do thong thuong véi do chinh xac cao [15, [18].

Noi dung ciia nghién cttu nay dé cap tdi co s& toan hoc va cac dic diém cuia phép bién
déi Wavelet va ting dung k¥ thuat cia phuong phdp nay trong viéc nhan dang va danh
gia do can Lehr tir tin hiéu dao dong tu do do duoc cua két cau va may. Mot chuong
trinh tinh trén co s& phan mém tinh todn da nang MATLAB da dugc thiét lap dé phuc
vu nghién cttu va ing dung cho céic k¥ su.

Xdy dung cong thiic tinh hé sé cdn

Nhan dang tham sé can tir tin hiéu dao dong bang phép bién déi Wavelet

Xét mot tin hiéu x(¢) ho hinh sin c6 dang

X(t) = a(t) cos(oyt +B) = a(t) cos o(t) (2.28)
trong d6 a(r) la duong bao clia x(7) va géc pha ¢(t) = ot + .
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Bién d6i Wavelet cua tin hiéu nayco thé biéu dién dudi dang giai tich
W, (z,5) = %a(z’) &7V G(7, —sa, )+ £(7,9) (2.29)

trong d6 §(77, —Sa,)1a bién déi Fourier ctia g(7) tai tin s6 o =17, —sa, va &(r,s)1a sai
s6 bé. Néu su thay déi ctia bién do a(t) 1a cham so v6i chu ky 2n/a,, khi d6 s6 hang
&(t,8) c6 thé bo qua [13]. Trong trudng hop ndy, bién déi Wavelet ctia x(¢) c6 thé biéu
dién du6i dang

W, (7, 0) =§\/% a(r)e“’“”@(no —%j (2.30)

Gid tri clia h¢ s6 Wavelet |W, (z,s)| ¢6 dang

W, (., 0) = é\/% a(r) @[no —%} 231)

véi
gty =n V4 e 12 (2.32)
G(o) =nl/t g2 (2.33)

Do [§(w)| cuc dai tai @ =0, h¢ thiic (2.31) cho thdy |W, (r,0)| cuc dai tai @ =a,. Néu

o =0, hé thiic (2.33) din dén §(0) =n*'* . Puong bao a(7) tai tin s6 w = a, c6 dang
a(r)=27" \Ja, I, W, (z,00)| =K. W, (7,,) (2.34)
trong d6 K 1a mot hing s6 duong K = 27" /e, I 1,

He thitc (2.34) da chiing t6 rang

W, (r,0)| tai @=a, (wavelet envelope [15]) dong

dang vé6i dudng bao tin hiéu x(7) bi€u dién theo cong thic (2.28).

Doi véi dap hé co hoc ta xét phuong trinh vi phan dao dong tu do cia mot hé dao dong
tuyén tinh nhiéu bac tu do cé dang

M&+ B&g+ Cq=0 (2.35)

St dung phuong phap ma tran dang riéng [19], hé phuong trinh (2.35) dan dén hé

Re(t) + 2, 0 Be(t) + 02 p; (1) =0, i=12,...n (2.36)
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trong d6 p;(t) biéu thi toa do chinh th i, oy 1a tin s6 riéng khong can, ¢, 1a do can
Lehr ting v6i dang dao dong riéng thi i (gia thiét trong truong hop can ty 1€ c6i van
toc).

Nghiém cua hé (2.36) tng v6i dang dao dong riéng thit i
X (t) = Ae " sin(w, t+¢,) (2.37)

trong d6 A; 12 hing s6 va o, 12 tan s6 riéng c6 cin. Puong bao a, (t) = Ae 5“0 s& 1a

co s dé nhan dang do can. Theo mo hinh tin hiéu (2.37), do giam Loga &, ¢6 dang

5=t (2.38)
m a(t+mT,)

trong d6 m la mot sO tu nhién tuy y va T, =27/ @, . 4p dung cic hé thic (2.34) va

(2.38) dai lugng &; c6 thé duoc xac dinh tir cac hé s6 Wavelet

:iln [\in (tv(’)di|
m - Wy (t+mT, o)

5, (2.39)

Cudi cung, do can Lehr ting v6i dang dao dong riéng thi i dugc tinh toan tir cong thirc:

L= (2.40)

\An? +5i2 .

Viét phdan mém tinh todn do cdn va thi du dp dung

Trén co s& 1y thuyét da trinh bay mot chuong trinh tinh v6i tén DAMP da dugc xay
dung. Dic diém quan trong ciia chuong trinh nay 12 giao dién do6 hoa dé sir dung, kha
nang tinh toan do can tir tin hiéu do v6i do chinh xac cao. Chuong trinh nay cé kich
thuéc nhé (trong mot dia mém) va duoc 1ap trinh nhu mot hop cong cu (toolbox) clia
MATLAB.

Huong dan sit dung phan mém ddnh gid hé so cdn

MATLAB (tén viét tat cta tir MATrix LABoratory) 1a mot hé chuong trinh hang dau
trong linh vuc todn s6. MATLAB la san pham chinh ctia hang Mathworks. Tén cta
phan mém MATLAB da thé hién dinh hudng chinh clia hé chuong trinh 13 cdc phép
tinh trén ma tran. Phién ban gan day nhat 14 MATLAB 7.0 (nam 2005). MATLAB cé
tinh nang do hoa tién tié€n, da dang va dé st dung. Hé thong cac ham toan hoc cta
MATLAB duoc mé rong thong qua cac thu vién tro gitp (cac bo cong cu - Toolbox).
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Bén canh kha nang nhap 1énh truc ti€p trong moi truong MATLAB, nguoi st dung c6
thé soan thdo va luu cat nhiéu cau 1énh cia MATLAB dudi dang tép van ban véi ky tu
ASCII (goi la scrift file).

Phan mém DAMP dugc viét trén moi truong MATLAB. DAMP cho phép tng dung
céc k¥ thuat xir 1y tin hiéu s6 véi dic diém la dé st dung véi hé thong Menu va d6 hoa
tién 1gi. Tin hiéu do dugc Iuu trit trong 6 ciing s& duoc doc truc ti€p bdi chuong trinh
va dugc phan tich (Phan tich phd tan s6, loc s6) va nhan dang do can.

Két cdu cua chuong trinh

Bang 7 mo ta két cau ctia hé chuong trinh DAMP da dugc xay dung. Danh sach cac
file (scrift file) cua chuong trinh duoc liét ké tai phu luc.

Nhap dit licu Nhan dang can Phan tich tin hiéu Tro gidp
Dt liéu dang ASCII | Tin hiéu mau Phan tich tin s6 Danh sach File
(test signal) (Frequency analysis)
Dt liéu dang Binary | Nhan dang can Loc s6

(Damping identification) | (Digital Filtering)

Dt liéu am thanh

Bdng 7: Két cdu clia chuong trinh

Huong dan sir dung chuong trinh

Cai dat chuong trinh DAMP
Chuong trinh nay c6 thé chay trén moi trudng MATLAB (Version 5.0 dén 7.0). Viéc
cai dat chuong trinh DAMP vao may tinh c4 nhan hoan toan don gian theo cac budc

sau day:

1. Sao chép tir dia mém cai dat toan bo thu muc Damld vao 6 cing tai thu muc:

...\Matlab\Toolbox\ (vi du: C:\Matlab\Toolbox\ ).

2. Sao chép File startup.m trong thu muc Damld vao thu muc

...\Matlab\Toolbox\local

3. Khéi dong hé chuong trinh MATLAB va khoi dong chuong trinh DAMP.
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Khoi dong chuong trinh

=} DAMP 1.0 - Programm for Dampfing Identification and Signal Processing Q@E|
Load Data Cramping Identification Signal Analysis Help

DAMP

Hinh 2.15: Clra s6 chynh ctia chung trinh DAMP

Tai ctra s6 chinh ctia hé chuong trinh MATLAB ta g6 tén lénh: damp o tai dau nhic
lénh. Chuong trinh DAMP s& dugc khoi dong va xuét hién clra s6 chinh nhu hinh 2.15.

Céac menu chinh cta chuong trinh bao gom:

Load Data, Damping Identification, Signal Analyis va Help.
Nhap dir liéu (Load Data)
a) Nhap dit liéu dang ASCII

Viéc nhap dit liéu cé dinh dang ACSII dugce tién hanh theo cac budc sau:

1. Chon trén cira s6 chinh Menu: Load Data / Load ASCII-file, mot clra s6 hién
ra nhu hinh 2.16.

2. Trong cdc muc trén clra s0, ta nhap cdc gia tri: Tan s6 1dy mau (Sampling
Frequency: Fs) , thoi diém dau (Begin) cua tin hiéu va s6 diém 14y mau (Signal
length).

3. Bam vao nit File name dé chon tén cua file chia tin hiéu do. Néu file dit liéu
c6 chita nhiéu kénh do (ma tran dit liéu cé nhiéu cot), ta phai khai bdo s6 kénh
do va dit liéu thudc kénh nao s€ dugc nhap

4. Chon Loading original signal néu khong can tién xur 1y (loc s6), chon
Pre-processing néu mudn thuc hién loc (thong thap, thong cao, thong dai)

trude khi tién hanh phan tich theo cac phuong phap khac.
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5. Bam vao nit Load dé nhap dit liéu, bAm Close dé déng cira s6 nhap dit liéu.

Sampling frequency [Hz] 5000
Time recaord [s]: Begin 0.an End 0.2046
Signal length 1024
Mumnber of calurmms 1

File name Decaving signak:
Selected columm 1

™ Loading criginal Signal
(+ Pre-processing
[ Lowpass filtering/Resampling

[+ Highpass filtsring

Frequency band [Hz] Fpl: Fp2: 500

I 1 1 1 I I 1 1 1 1
i} ooz 0.04 0.06 008 oA 01z 014 016 018 0z

Load e Plat Cloge

Hinh 2.16
b) Nhdp dit liéu dang Binary
Viéc nhap dit liéu c6 dinh dang Binary duoc ti€n hanh theo cac budc sau:

1. Chon trén cira s6 chinh Menu: Load Data / Load Binary-file, mot cira s

nhap dir liéu hién ra .

2. Trong cdc muc trén cira 0, ta nhap cac gid tri: Tan s6 14y mau (Sampling
Frequency: Fs), thoi diém ddu (Begin) cua tin hiéu va s6 diém ldy méu
(Signal length).

3. Bam vao nut File name dé chon tén cua file chita tin hiéu do. Néu file dit
liéu ¢6 chita nhiéu kénh do (ma tran di liéu cé nhi€u cot), ta phai khai bao
s0 kénh do va dir liéu thudc kénh nao s€ duoc nhap va hé s6 do nhay cla

kénh do.
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4. Chon Loading original signal néu khong céin tién xtt 1y (loc s6), chon
Pre-processing néu muon thuc hién loc (thong thap, thong cao, thong dai)

trude khi tién hanh phan tich theo cac phuong phap khac.

5. Bam vao nit Load dé nhap dit liéu, bAm Close dé déng cira s6 nhap dit liéu.

Phan tich tin hiéu (Signal Analyis)

a) Loc s¢ (Digital Filtering)

Sau khi nhap dit liéu, qua trinh loc s6 tién hanh theo cac budc sau:

1. Chon trén ctra s6 chinh Menu: Signal Analyis / Digital Filtering, mot cira

s6 hién ra.

2. Chon dang loc s6 can stt dung (loc thong thap, loc thong cao, loc thong dai)

va khai bao khoang tan s6 can loc.

3. Bam vao nit Start dé thuc hién qu4 trinh loc s6, bAm Close dé déng ctra s6.

b) Phdn tich tan s¢" (Frequency Analysis)
1. Chon trén cira s6 chinh Menu: Signal Analyis / Frequency Analysis, mot cira

s6 hién ra nhu hinh 2.17.

2. Trong cdc muc trén ctlra sO, ta chon dang ham ctra s6 (Window) dé phan tich

pho.
3. Khai bdo s6 di€ém tan s6 cho viéc tinh todn pho tan s6 (Nfft).
4. Chon céch biéu dién c4c truc bién do va truc tin s6 (tuyén tinh, Logarit)
5. Chon dang ctia phé (Phé bién do, phé cong sudt, phd pha, Cepstrum)

6. Bam vao nit Start d€ tinh to4n va hién thi phd tan s6, bAm New Plot dé hién thi

két qua tai mot cilra s6 khac, bAm Close dé dong ctra s6.
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Sampling frequency: 5000 [Hz] Signal length: 1024

wfindow Fechteck v NIt 1024
Amplitude scale Linear - Frequency scale Linear -
o Amplitude spectrum " Power spectrum " Phaze winkel " Cepstrum

Frequency rezolution [Hz] : 4.8876

016

014 | -

oAz 4

01 4
[SEES 4
=

0.06 | d

004} 4

00z | 4

o 1 1
]

500 1000 1500 2000 2500
Frequency [Hz]

Start > ‘ Zoom MNew Plot Cloze

Hinh 2.17

Nhdn dang dé cdn (Damping Identification)

1.

2.

3.

Chon trén clra s6 chinh Menu: Damping Identification / Damping

Identification, mot clra s6 hién ra nhu hinh 2.18.

Chon cac tham s6 cho phép bién d6i Wavelet:
- Gia tri o) (Wavelet parameter): 5< o, <20 (mic dinh @,=10).
- Budc tinh s (Scale / Octave): 16 <s <64 (mdic dinh s =16).

- Dai tan can phan tich (Passband) (mac dinh tir 1 dén tin s6 Nyquist
Fs/2)

Bam vao nut Start dé tinh todn va hién thi do thi ctia hé s6 Wavelet.

Chon gin ding mot diém tin s6 c6 gid tri hé s6 Wavelet dat cuc tri (iing véi
dang dao dong riéng can xac dinh do can) va mot dai tan hep xung quanh tan so
nay. Chuong trinh s€ xac dinh duoc tan s6 riéng Gng véi dang dao dong riéng
nay. Bam vao nit Apply dé€ tinh todn dudng bao tin hiéu. Néu muon chon lai,

bam vao nut Cancel.

38



File hame: Decaying signals
Sampling frequency: 5000 [Hz] Signal length: 1024 Wavelet Tranzform
2500
wiavelet parameter
10
2000
Scale/Octave
18
1500
< Pazshand [H
) ' azshand [Hz]
5
g Fpl 20
1000
Fp2 2800
500 &
— Start >3
1} 0.0z 0.4 0.06 0.0s 0.1 012 0.4 0.6 0.1 0.2
Time [5]
Yibration mode selection
Frequency paint [Hz] 500 Apply
: 5
Sideband [Hz] Cancel Close

Hinh 2.18

® y

Paint 1 018374 1.999 Lehr-damping ratio
Paint 2 0.59683 0.082685 0.024542

Wavelet envelope at 50 [Hz]
25 T T T T

o
T
v
JR R BAIPPIIN
v
L
-
L
1

Amplitude

T
T
T
1
T
1
T
1
1

371 UUN 16 U U N OO RO SNSPRNS NOSRUOS OO SUOON o

il t
] 0.1 0.2 0.3 0.4 0.5 0.6 07 0.s 0.9 1

ok Tirne [s] Close
Hinh 2.19

Sau khi bam vao nit Apply, dudng bao tin hiéu s& dugc hién thi trén mot
ctra s6 nhu hinh 2.19. Chon Point 1 va Point 2 dé x4c dinh diém dau va diém

cudi bat ky trén duong bao.
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6. BiAm vao nit OK, két qua tinh toan do can Lehr s€ hién ra trén khung két
qua tai g6c bén phai clia clia s6.
7. Bidm Close dé dong clia s6 ndy va quay tr& lai clra s6 Damping

Identification dé tinh toan do can tng véi tin s6 riéng khac.

Dé minh hoa cho phuong phdp, ta xét mot tin hiéu gom 3 tin s6 khac nhau
3
X(t) =Y ae " sin(wyt + )
i=1
Cac tham s6 cua tin hiéu dugc cho trong bang8, d6 thi tin hiéu dugc biéu dién trén

hinh 2.20. Céc két qua nhan dang can nho chuong trinh DAMP dugc trinh bay trong
bang 9.

1 2 3
fi=wy /21 (Hz) | 250 500 1250
é”i 0.02 0.045 0.005
¢i -1t/8 /6 /8
a; 1.0 1.25 0.5
Bang 8: Cic tham so6 cua tin hié¢u
_2 1 1 1 1
0 0.05 0.1 0.15 0.2(s)
Hinh 2.20: D6 thi tin hiéu theo thoi gian
1.9 A S B S B E B R R
E e S S S
|:| | | i i i T(S)

1l o2 004 00 008 01 012 014 046 018 02

Hinh 2.21: Puong bao tin hiéu tai tan s6 f, = 500 Hz
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Tham s6 = i=2 i=3
@y 127 (Hz) 247 500 1255
T;(s) 4x107 2x107 7.97x10*
m 10 15 50

7 0.080 0.0567 0.060
|WX (7,, 04 )| 2.6167 2.5620 0.9835
|WX (ro + MT,, )| 0.7340 0.0485 0.2060
) 0.1271 0.2645 0.0313
< 0.0202 0.0421 0.005
Sai s6 @y (%) 1.1 0.0 0.4
Sai s6 C; (%) 1.0 6.4 0.0

Bang 9: Két qua nhan dang can
Cac file (*.m) cta chuong trinh DAMP

damp Main programm
inhalt List of Matlab scrift file

1. Scrift files for Dialog windows

filterme Filtering

koeffme Damping ldentification
lesenlme ASCII - File loading
lesen2me Binary - File loading
lesen3me Sound- File loading
fregme Frequency analysis

2. Scrift files: Utilities

abkl creates the Test signals (decaying signals)
do_close -

do_glob creates the global Variables
do_loadl Loading ASCII-File
do_load2 Loading Binary-File
do_load3 Loading Sound File

do_off -

do_on -

do_pad -

redauer -

str_off -

testsig creates other test signals
val_off -

val_on -

3. Scrift files for Signal Analysis




do_filt Filtering
do_freq Frequency analysis
fenszfv Standard Window functions for FFT

4. Scrift files for Damping Identification

do_cwt Wavelet Transform

do_damp plots the signal envelopes and shows damping ratios
do_envelope caculates the signal envelopes

do_ratios caculates the damping ratios
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I. CHE TAO CAC PHU KIEN PHUC VU THf NGHIEM MO PHONG
CHONG DAO PONG

1. Mua thiét bi do dao dong

Theo dé cuong duoc duyét da tién hanh mua thiét bi do dao dong ctia Hang IMV
Nhat Ban. Du6i day 1a mot so6 thong so k¥ thuat co ban cua thiét bi.

TT|Chi tiét Méden | S6 | Pon | Xuét
Luong| Vi xu

THIET Bl DO DAO DONG - HANG IMV NHAT
BAN

THIET Bl BAO GOM:

1 [Signal Conditioner VM-5123/6 VM- 1 bd | Nhat
+ 06 kénh do dao déng. 5123/6
+ 02 kénh doé dién ap

+ Adapter

+ Battery

+ DAy ngudn

+ Tdi liéu huéng dén st dung + tdi liéu
nguyén bdan may do

Card chuyén déi tuong tuy/ s6: A/D card
va cdp ndi voi maAy tinh

2 [Phan mém thu thép va xd ly tin hiéu: DS- 1 bo | Nhat
Soffware DS-5123RA + tdi liéu hudng dan | 5123RA
s dung géc nguyén ban

3 [3- axis Servo-type Acceleration Pickup VP- 1 bdé | Nhat
VP-5123HHV v&i 30m Cdp va dau ndi (bd | 5123HHV
hodn chinh)

4 |Piezo-resistive type Acceleration Pickup VP- 2 bd | Nnat

VP-2001PS: Dau do gia té¢c mot hudng véi | 2001PS
cdp do 5 mét va dau ndi (bd hodn chinh)

5 May tinh notebook DELL 1 pbd |Dong
Processor Type: Intel Pentium- M Processor Nam
or Intel - Celeron M Processor a/
Memory 256MB Trung
Displays 14 XGA nhin dugc & anh sang Qubc
ngoai troi. /
Hard Drives: 20GB Nh&t

Thiét bi do dao dong da dugc xir dung cung véi cac thiét bi di c6 dé do dao dong tai
cau Bén Coc. Trong hinh 1.1 thiét bi nay nam & bén trai.
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Hinh 1.1: Thiét bi do dao dong cua Hang IMV dang duoc dung & cau Bén Coc

Viéc xtr dung nhi€u thiét bi do da lam tang thém do tin cay cua s6 liéu do va ciing lam
giam thoi gian do trén cau do s6 day cdp cta cau khd nhicu.

2. Ché tao mo hinh thi nghiém giam dao dong cap cau
a. Nghién ciru thiét ké thiét bi cang cap

Cdc ddc tinh ky thudt cia thiét bi cang cdp

Thiét bi cing cap dung dé thi nghiém danh gid hiéu qua va giip lua chon dugc cac dic
trung luc thich hop ctia bo tiéu tdn niang lugng can nhét nham 1am giam dao dong doi
v6i day cdp thi nghiém. Thiét bi phai du do ciing khi cang cdp, c6 thé thay déi duoc
luc cang cdp qua hé thong thay déi luc kéo va dugc danh gid boi thiét bi do luc
(loadshell). G6c nghiéng cuia cép ciing c¢6 thé thay déi dugc dé mo phong cac vi tri
khac nhau cta day cédp trong cau day vang. Mot dau ctia cap duoc noi véi khung dam
thép dit trén hé thong 10 xo dé thay déi do cing dan hoéi cia ddm nhim mo phong anh
dao dong cua than cau d6i véi cdp. Vi tri 1ap dat thi€t bi TTNL can nhét vao day cap
ciing c6 thé thay d6i doc theo day dé danh gia anh hudng cua vi tri 1ap thiét bi TTNL
khi nhdm giam dao dong ctia cdp.

Kich thudc ché tao cua thi€t bi cang cép c6 ging cang 16n cang t6t nhung khong thé
vuot qua khong gian cho phép cua Phong thi nghiém.
Thiét ké hai tru thdp
Thiét ké bo phdn két noi hai tru thdp
- Quy pham thiét k& ché tao:
+ Quy pham thiét k€ duogc 4p dung tinh toan theo tai liéu thiét k€ ché€ tao may
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trong va ngoai nudc.
+ Quy pham ché€ tao dugc ap dung theo TCVN 72-63, TCVN 102-63, TCVN —
2737:1990
+ Céc vat liéu, quy pham ché€ tao dugc dp dung theo TCVN — 5575:1991,
TCVN — 1656:1993
+ Cong tac han dugc ap dung theo:TCVN — 3223 : 1994
- Cuong do vat liéu t6i thiéu dugc diing trén co s& cac ching chi vat liéu.
- Cudng do bu long va khod lap ghép toi thiéu duoc dung c¢6: Cap bén theo TCVN.
- Cau kién sau khi gia cong xong dugc lam sach, sau d6 dugc son chéng gi va son

mau.
Cdc bdn vé thiét ké’ mo td cdu tao hoan chinh.

Ban vé tong thé

SO PO CHUNG - ’»
(08 m
T
o 4
[ Ll 7 |
| —
E
T T —
Es S ;ELF @ #%)
T E—
Ban vé CT1.
200 MAT CAT A_A CHITIET 1
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Ban vé CT2.

SLve

MAT CATB B

Ban vé CT3.

CHI TIET 3

Ban vé CT4.

™

CHITIET 4
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Ngoai ra thiét bi cang cdp con dugc thiét k& trong khong gian 3D dé tao dédng va xem
xét téng thé két cau theo cac goc nhin khdc nhau. Dudi day 1a mot s6 hinh anh thiét k&
3D cia thiét bi.

b. Ché tao thiét bi cang cap

Theo thiét k& thiét bi cang cap da duoc ché tao tai Vién Co Hoc va da phuc vu rat tot
cong viéc thi nghiém trong phong dé d4nh gid hiéu qua cta thiét bi TTNL. Duéi day 1a
mot s6 hinh anh ché tao thiét bi cang cap.
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Hinh 2.1. Ché tao va thi nghiém trén thi€t bi cang cap
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3. Thi nghiém danh gia hiéu qua giam dao dong cua cap bang bo
TTNL trong phong thi nghiém

Cong viéc nghién cttu anh hudng tic dong cua thi€t bi TTNL can nhét dén dao dong
cta day cdp dugc tién hanh qua viéc do dao dong cua day cép, khi day cap dugc lap
thiét bi giam chan (TTNL) so véi day cap khong lap thiét bi giam chan trén mo hinh
thi nghiém kéo cang cap tai phong thi nghiém co hoc cong trinh thudc Vién co hoc.

Muc dich cua cong viéc nghién ctru thuc nghiém la danh gia su suy giam dao dong
cuia day cap nhu gia toc, tan s6 va dich chuyén khi day cdp c6 lap thiét bi gidm chan
v6i day cap khong dugc 1ap thiét bi gidm chidn nhim nang cao do bén, 6n dinh va tudi
tho cho cac cong trinh cau cédp treo 6 Viét Nam.

Thiét bi thi nghiém va qud trinh thuc nghiém do dao déng ciia ddy cadp.

— May mdc, thiét bi thi nghiém do dao dong cua day cap. Toan bdo may mdc, thiét bi
do dao dong ctia day cap bao gom:

+ May do véi tai dong DMC — Plus cua Cong Hoa Lién Bang Dic, mdy duoc diéu
khién va do hoan toan nhd vao chuong trinh clia may vi tinh.

+ M4y tinh sich tay Compag cua M¥ véi chuong trinh do va su ly két qua do dao
dong.

Hai dau do dao dong duoc cau tao theo nguyén ly cam tng dién tir. Cac dau do dao
dong dugc gan chat 1én day cdp. Dudi tac dong cla tai trong dong, day cdp treo & cdu
s€ dao dong, 1am diu do dao dong sé& dao dong theo day cdp. Qua ning bang thép
trong dau do dao dong sé dich chuyén lén xuéng lam thay déi dong dién ciia céc cudn
day cam ung trong ddu do dao dong. Cic tin hiéu thay doi ciia dong dién cam tng
dién tir khi qua mdy do dao dong s& bién ddi tir dang tuong tu sang dang s6, réi dugc
khuyéch dai va qua day dan truyén vao chuong trinh do va xur 1y két qua cua may tinh.

Qua trinh thuc nghiém do dao dong cua day cap

Cong viéc thi nghiém do su suy giam dao dong cta day cép, khi day cdp c6 lap thiét
bi giam chén so véi day cap khong 1ap thiét bi gidm chin duoc ti€n hanh nghién citu
thuc nghiém & mo hinh thi nghiém tai Phong thi nghiém Co hoc Cong trinh.

Qua trinh thuc nghiém do dao dong cua day cap dugc thuc hién nhu sau: May do dao
dong dugc diéu khién qud trinh do theo chuong trinh clia may vi tinh. Hai dau do dao
dong dugc gin chat vao 2 diém do trén 2 day cép cta cau. Dau do dao dong duoc gin
vuong géc vé6i day cdp. Céc tin hiéu do dao dong ¢ hai ddu do dao dong tai hai di€ém
do dugc hoat dong. Péng thoi cing mot lic va qua chuong trinh diéu khién qua trinh
do ctia mdy vi tinh duoc miéu ta thanh hai do thi cia ham gia toc theo thoi gian a=
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f(t). Dua vao chuong trinh do va str 1y két qua do dao dong, ching ta xac dinh dude
tan s6 giao dong cla day cép theo ham ctia mat do phd S= F(t) va chuyén vi clia day
cap la ham cua thoi gian U= f(t). Duéi day 1la mot s6 hinh anh thi nghiém.

Hinh 3.2. May do dao dong cua cap

a. Do va phan tich dao dong cua cap khi chua gan thiét bi TTNL
Do dao dong cua cdap
Thi nghiém do dao dong ctia day cap, khi day cdp khong duoc lip thiét bi gidm chén.
Do dao dong cua day cdp trén mo hinh thi nghiém duoc thuc hién theo 2 dang sau:
e Thi nghiém do dao dong ctia day cép nim ngang véi tai kéo cing cap thay doi
e Thi nghiém do dao dong cua day cap nghiéng véi goc & = 20° véi tai kéo cang
cap thay doi
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Vé do thi theo thoi gian ciia gia toc va dich chuyén

Thi nghiém trén mo hinh do dao dong cua day cidp nidm ngang véi tai kéo cang cép
thay déi P, = 3000N; 7000N.

Két qua thi nghiém nhan duoc cdc gia tri gia toc, chuyén vi cho & cdc hinh duéi day

- GIAT DL, CAPNGANG, TRICANGCAP, P~ 3000N
H AT
. n 11 T A
B .. 'H|||.!I| |||i|||“ NI
' : THO ﬂ'l:l TI(S) *

Hinh 3.3: D6 thi gia t6c trong trudng hop
cap ngang, tai cang cap la P=3000N
INCHCHUVEN, CAPNGANG, TRICANGLAP P = 3000N

!
el
; :_l“l ]
’ : THM Eﬂ: TIS) ’ ’

Hinh 3 4: D6 thi dich chuyén trong trudng hop
cap ngang, tai cang cap la P=3000N

GRTOCCAPNGHIENG KHONGGIRMUHAN P=3000N

F2A

13
- "
-E " i1,
-
e .- v‘w A \:'Avl'n -'n vA'-'A‘m' '14“ - b
B 1L

-8
g -

-2

-2.3

L 2 + L 3 "
THH GIAN T (5)

Hinh 3.5: D06 thi gia toc trong trudng hop
cap nghiéng, tai cang cap 1a P=3000N
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IMCHCHUVEN CAPNGHIENG, K HONG_ G P- 3000N
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Hinh 3.6: D6 thi dich chuyén trong trudng hop
cap nghiéng, tai cang cap la P=3000N

GIATOC,CAPNGANG, TRICANGCAP,P- 00N

2 | - I”Il 1

3 i

Lkl |

GIR TOC a (m/s2)

B L[

. 1 2 3 a E]
THO GIAN T (5)

Hinh 3.7: D06 thi gia toc trong truong hop
cap ngang, tai cang cap la P=7000N

DICH CHUVEN U (m)
érs gi.g'
: i 2

-

=

b3

]

‘I

>

9

L

1

Hinh 3.8: D6 thi dich chuyén trong trudng hop
cap nghiéng, tai cang cap la P=7000N

Tinh todn bién do va tan so cua gia téc

Thi nghiém trén mo hinh do dao dong cua day cdp nam ngang véi tai kéo cang cép
thay déi P, = 3000N; 7000N.
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Két qua thi nghiém nhan duoc cdc gia tri bién do va tan s6 cta gia toc cho &
cac hinh vé€ duéi day

PHD, DRODONGDRYCAP, TRICANGCRP P-3000N

soew
E -______ F1=22{734381) y1=0.400710 | =x1=20.140631 41=0}000729
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2 e / \ ~ ]
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Hinh 3.9: Phé dao dong cua day cép trong trudng hop
tai cang cap la P=3000N

R BEREr AR, TR L o I -
; .-
8 =s
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i " e memy -

Hinh 3.10: Phé dao dong cua day cdp trong trudong hop
tai cang cap 1a P=3000N

b. Do va phan tich dao dong cua cap khi c¢6 gin thiét bi TTNL
Do dao dong cua cdp
Thi nghiém do dao dong clia day cap khi day cdp duoc lap thiét bi giam chan. Do dao
dong ctia day cdp trén mo hinh thi nghiém dugc thuc hién theo 2 dang sau:
e Thi nghiém do dao dong cuia day cdp nam ngang vdéi tai kéo cang cdp thay doi
e Thi nghiém do dao dong ctia day cdp nghiéng véi géc & = 20° véi tai kéo cang
cap thay doi

Vé do thi theo thoi gian cua gia toc va dich chuyén

Thi nghiém trén mo hinh do dao dong cta day cdap nam nghiéng véi tai kéo cang cép
thay déi P, = 3000N; 7000N.

Két qua thi nghiém nhan dugc cac gia tri gia toc, chuyén vi cho & céc hinh vé& duéi
day
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Hinh 3.11: D6 thi gia t6c trong truong hop
cap ngang, giam chén 40, tai cang cap la P=3000N
_— GIAT DL, CAPNBANG, GIAMCHAN 100, P=3000N
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Hinh 3.12: D6 thi gia t6c trong truong hop
cap ngang, giam chéan 100, tai cang cap la P=3000N

Nhdn xét: trong truong hop cap ngang, tai cang cap la P=3000N thi gia t6c cua cap
giam t6t hon khi cap duge 1dp giam chan 100 so véi khi cdp duoc l1ap giam chan 40.

DICHCHUYEN, CAPNGANG, GIAMCHANAD,P=3000N
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THM GIAN T (5)

Hinh 3.13: D6 thi dich chuyén trong trudng hop
cap ngang, giam chin 40, tai cang cap 1a P=3000N




DICHCHUYEN, CAPNGANG, GIAMCHAN 100, P=3000N
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Hinh 3.14: D6 thi dich chuyén trong trudng hop
cap ngang, giam chéan 100, tai cang cap 1a P=3000N

THO GIAN T (5)

Hinh 3.15: D6 thi gia t6c trong truong hop
cap nghiéng, giam chan 100, tai cang cap 1a P=3000N

DICHCHUVEN CRPNGHIENG, 6C. 100,P=3000N
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Hinh 3.16: D6 thi dich chuyén trong trudng hop
cap nghiéng, giam chan 100,tai cang cap la P=3000N
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Hinh 3.17: D6 thi gia t6c trong truong hop
cap ngang, giam chén 40,tai cang cap la P=7000N

GIAT DG, CAPNGANG, GIAMCHAN 100,P= 20DON
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Hinh 3.18: D6 thi gia t6c trong truong hop
cap ngang, giam chéan 100, tai cang cap la P=7000N

Nhdn xét: trong truong hop cap ngang, tai cang cap la P=7000N thi gia t6c cua cap
giam t6t hon khi cap duge 1ap giam chin 100 so véi khi cdp duoc 1ap giam chan 40.

DICHCHUYEN, CAPNG RNG, GIAMCHANA D,P="2000N

800330

000 198

0.00132 P ) Y

DILH  CHUYEN U (m)

- 0.0 198

THOM GIAN T (5)

Hinh 3.19: D6 thi dich chuyén trong trudng hop
cap ngang, giam chin 40, tai cang cap 1a P=7000N
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DICH CHUYEN U(m)

000230

DICHCHUYEN, CAPNGANG, GIAMCHAN 100,P=7B00N

0.00 154

0.00 138

T
2

THOI GIAN T (5)

3

Nhdn xét: trong trudng hop cap ngang, tai cang cdp 1a P=7000N thi dich chuyén clia

Hinh 3.20: D6 thi dich chuyén trong trudng hop
cap ngang, giam chén 100, tai cang cap 1a P=7000N

céap giam tot hon khi cap duoc 1ap giam chin 100 so véi khi cdp dugc 1ap giam chén 40.

DICH CHUVEN ¥ (m)
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Hinh 3.21: D6 thi dich chuyén trong trudng hop

cap nghiéng, giam chan 100,tai cang cap la P=7000N

. GA TOC A& (m/s2)

GATOL,CAPNGHIENG, GIRMCHAN 100,P=7000N

THOE GIAN T (5)

Hinh 3.22: D6 thi gia t6c trong truong hop
cap nghiéng, giam chan 100, tai cang cap la P=7000N
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Tinh todn bién do va tan so cua gia toc

Thi nghiém trén mo hinh do dao dong cua day cidp nidm ngang véi tai kéo cang cép
thay déi P, = 3000N; 7000N.

Két qua thi nghiém nhan duoc céc gia tri bién do va tan so cua gia toc cho &

cac hinh v€ duéi day

L

MAT DO PHO S (T)
$
=_—_—=

g

S - UT - .
Hinh 3.23: Ph6 dao dong ctia day cdp trong trudng hop
cap ngang, giam chén 40 tai cang cap la P=3000N
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Hinh 3.24: Pho dao dong cta day cép trong trudong hop
cap ngang, giam chén 40 tai cang cap la P=7000N

D DAODOHLTF SR TS, TIPS
- —r— P
P TV
P ey e
o= . od ﬁ-u-.-:;uﬂun
= . 2
- a3
-
! [
= aszs
¥
o5 e -
o i . con480
SHETFH0 YRed  CODRBO
_
s 11 - F » 35
TAN SO T (WZ)

Hinh 3.25: Pho dao dong cta day cép trong trudong hop
cap ngang, giam chan 100 tai cang cap 1a P=3000N
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Hinh 3.26: Pho dao dong cta day cép trong trudong hop
cap ngang, giam chan 100 tai cang cap 1a P=7000N
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Hinh 3.27: Phé dao dong cua day cdp trong trudong hop
cap nghiéng, giam chan 100 tai cang cap la P=3000N
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Hinh 3.28: Phé dao dong cua day cdp trong trudong hop
cap nghiéng, giam chan 100 tai cang cap la P=7000N

Mot s6 trudng hop cu thé da dugec mo ta boi cac do thi trén. Bang tong két tat ca cac
truong hop thi nghiém cling da dugc tién hanh trong Phong thi nghiém.
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c. Do dao dong khi luc cang thay déi

Thi nghiém trén moé hinh do su duy gidm dao dong cuia ddy cdp nam ngang cé
ldp thiét bi gidm chdn va khong ldp thiét bi giam chdn, vdi tdi kéo cdng cdp
thay doi P, = 1000N,; 2000N; 3000N; 4000N,; 5000N; 6000N; 7000N,; SO0ON
va 9000N.

Thi nghiém do su suy giam dao dong ctia day cdp nam ngang trén mo hinh vdi tai kéo
cang cép thay d6i dugc thuc hién cho 3 trudng hop:

Trudng hop 1: Do dao dong cua day cdp nam ngang trén mo hinh, tai day cdp khong
lap thi€t bi gidm chén, két qua thi nghiém nhan duoc cic gia tri gia toc, chuyén vi va
tan s6 dao dong cho & Bang 1 va Bang 2.

Nhan xét: két qua thi nghiém do dao dong ctia day cdp nim ngang, trén mo hinh day
cap khong 1ap thiét bi giam chén cho thay:

+ Khi tai kéo cang cap P, tang tir P, = 1000N dén P,= 9000N thi gia t6c dao dong
giam 39,26%, chuyén vi giam 34,61% va tan s6 dao dong tiang 48,67%

Trudng hop 2: Do dao dong cau day cdp nam ngang trén mo hinh, tai day cdp c6 lap
thi€t bi giam chidn GC40. Két qua thi nghiém nhan dugc céc gia tri gia toc, chuyén vi
va tan s6 dao dong cho & Bang 3 va Bang 4.

Nhan xét: Két qua thi nghiém do dao dong clia day cdo nam ngang trén mo hinh, &
day cdp ¢ lap thiét bi giam chan GC40 cho thdy: khi tai kéo cang cap P, tang tix P,=
1000N dén P,= 9000N thi gia t6c dao dong giam 50% chuyén vi giam 51,25% va tin
s0 dao dong tang 47,98%.

Trudng hop 3: Do dao dong cta day cdp nam ngang trén mo hinh, tai day cdp c6 lap
thiét bi giam chan GC.100. Két qua thi nghiém nhan duoc cac gi4 tri gia t6c, chuyén
vi va tin s6 dao dong cho & Bang 5 va Bang 6.

Nhan xét: két qua thi nghiém do dao dong cta day cdp ndm ngang trén mo hinh, &
day cép c6 lap thiét bi giam chan GC.100 cho thdy: Khi tai kéo cang cap P, ting tir P,
= 1000N dén P, = 9000N thi gia t6c giao dong giam 64,70% chuyén vi giam 63,80%
va tan s6 dao dong tang 46,99%

Bdng 1: Két qua do gia t6c va chuyén vi clia day cdp nim ngang khong lap thiét bi giam

chén trén mo hinh thi nghiém — Vién Co hoc.

Tai kéo cép Gia toc a(m/s?) Chuyén vi U (m)
P =1000N 4,01 0,0052
P =3000N 3,20 0,0048
P = 5000N 3,10 0,0046
P =7000N 2,60 0,0036
P =9000N 2,40 0,0034
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Bdng 2: Két qua do tan s6 dao dong cuia day cdp nam ngang, khong 1ap thiét bi chan, trén mo
hinh thr nghiém — Vién Co hoc.

Tai kéo cap

Tan s6 dao dong cua day cap f(Hz)

P =1000N
P =2000N
P =3000N
P = 4000N
P =5000N
P = 6000N
P =7000N
P = 8000N
P =9000N

f=8,90; 18,75
f=10,07; 21,32
f=11,48;22,73; 24,14
f=12,65; 19,68; 26,25
f=13,59; 28,12
f=14,53;29,76
f=15,46; 27,89
f=16,17; 26,25
t=17,34; 24,37

Bdng 3. Két qua do gia toc va chuyén vi clia day cdp ndm ngang. C6 lap thiét bi gidm chén

GC.40.
Tai kéo cap Gia toc a (m/s?) Chuyén vi U (m)
P =1000N 2,40 0,00320
P =3000N 1,97 0,00250
P =5000N 1,60 0,00210
P =7000N 1,30 0,00165
P =9000N 1,20 0,00 156

Bdng 4. Két qua do tin s6 dao dong ctia day cdp nam ngang c6 lap thiét bi giam chan GC.40.

Tai kéo cap

Tén s6 dao dong cta day cap f(Hz)

P =1000N
P =2000N
P =3000N
P =4000N
P = 5000N
P = 6000N
P =7000N
P = 8000N
P =9000N

f=28,90; 18,75
f=10,08; 21,32
f=11,48; 24,14
f=12,65; 19,68; 26,25
f=13,59; 28,35
f=14,53; 18,51; 29,53
f=15,46; 28,12
f=16,17; 26,25
f=17,109; 24,60

Bdng 5: Két qua do gia toc va chuyén vi clia day cdp nam ngang ¢6 1ap thiét bi giam chin

GC.100.
Tai kéo cdp Gia toc a (m/s?) Chuyén vi U (m)
P =1000N 1,70 0,00210
P =3000N 1,60 0,00200
P =5000N 1,40 0,00170
P =7000N 0,90 0,00130
P =9000N 0,60 0,00076




Bdng 6: Két qua do tan s6 dao dong clia day cap ndm ngang, ¢6 1ap thiét bi giam chén
GC.100, Trén mo hinh thi nghiém — Vién Co hoc.

Tai kéo cap Tan s6 dao dong ctia day cap f(Hz)
P = 1000N f=12,42; 18,80; 25,54

P =2000N f =14,06; 28,59

P = 3000N f=13,59; 15,46; 27,89

P =4000N f=17,57; 24,84

P = 5000N f=18,75; 22,50

P = 6000N f= 20,15

P =7000N f=17,34; 21,32

P =8000N f=15,23; 22,50

P = 9000N f=13,35;23,43

+ So sdnh su suy giam dao dong trong trudong hop day cédp lap thiét bi giam chan
GC.40 v6i day cap khong lap thiét bi giam chdn & mo hinh thi nghiém d6i vé6i day cép
nim ngang.
e Gia toc suy giam tir 40,15% dén 50% khi day cép lap thiét bi giam chan GC.40
so v4i day cdp khong lap thiét bi giam chan.
e Dich chuyén cua day cdp suy giam tir 38,46% dén 54,11% khi day cdp lap thiét
bi giam chan GC.40 so vé6i day cdp khong lap thiét bi giam chén.
e Tan s6 dao dong clia day cdp co tang it 0,8% khi day cap lap thiét bi gidm chén
GC 40 so v6i day cdp khong lap thiét bi giam chén.
+ So sénh su suy giam dao dong trong trudng hop day cép lap thiét bi giam chan
GC.100 v6i day cdp khong lap thiét bi giam chidn & mo hinh thi nghiém doi v6i day
cép nam ngang.
e Gia toc suy giam tir 57,60% dén 75% khi day céap lap thiét bi giam chan
GC100 so v6i day cap khong lap thiét bi giam chan.
e Chuyén vi ctia day cdp suy giam tir 59,61% dén 77% khi day cap lap thiét bi
giam chan GC100 so véi day cap khong 1ap thiét bi giam chan.
e Tan s6 dao dong clia day cap tang tir 25,99% dén 28,34% khi day cép lap thiét
bi giam chan GC100 so vGi day cap khong lap thiét bi giam chan.

Thi nghiém trén moé hinh do su suy giam dao dong cuia ddy cdap nghiéng voi goc
o = 20° ¢6 ldp thiét bi gidm chdn va khong ldp thiét bi gidm chdn, véi tdi keo
cang cdp thay doi P,=1000N, 2000N, 3000N , 4000N , 5000N, 6000N, 7000N,
8000N va 9000N.
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Thi nghiém do su suy giam dao dong cuia day cdp nghiéng véi géc o = 20° trén mo
hinh vdi tai kéo cang cép thay d6i dugc thuc hién cho 2 trudng hop:

Truong hop 1: Do dao dong cau day cdp nghiéng véi géc & = 20° trén mo hinh, tai
day céap khong lip thiét bi giam chén, két qua thi nghiém nhan duoc cdc gid tri gia
toc, chuyén vi va tin s6 dao dong cho & Bang 7 va Bang 8.

Nhan xét: K&t qua thi nghiém do dao dong cua day cap nghiéng véi géc 6=20° trén
mo hinh day cép khong lap thiét bi giam chan cho thiy:

Bdng 7: Két qua do tin s6 dao dong ciia day cap nghiéng véi géc o = 20°, khong lap thiét bi

giam chan.
Tai kéo cap Tan s6 dao dong cua day cap f(Hz)
P =1000N f=4,92; 14,53
P =2000N f=4,804; 15,117
P =3000N f=4,80; 15,858
P =4000N f=5,039; 9,25; 14,179; 16,523
P = 5000N f=5,156; 16,875
P = 6000N f=15,39; 10,54; 18,04
P =7000N f=15,625; 10,78; 18,51
P = 8000N f=6,093; 11,718; 19,68
P =9000N f=6,32; 123,18; 19,92

Bdng 8: Két qua do gia téc va chuyén vi clia day cdp nghiéng véi goc & = 20°, khong lap thiét
bi giam chan.

Tai kéo cdp Gia toc a (m/s?) Chuyén vi U (m)
P = 1000N 2,20 0,0033
P =3000N 2,00 0,0030
P =5000N 1,80 0,0028
P =7000N 1,50 0,0022
P =9000N 1,40 0,0020

Khi tai kéo cang cap P, tang tir P, = 1000N dén P,= 9000N thi gia t6c dao dong giam
36,36%,chuyén vi giam 39,39%; va tan so dao dong tang 27,05%.

Trudng hop 2: Po dao dong cua day cép nghiéng v6i goc « = 20° trén mo hinh, tai
day cap ¢4 lap thiét bi giam chan GC100. Két qua thi nghiém nhan dugc céc gia tri
gia tc, chuyén vi va tan s6 dao dong cho & Bang 9 va Bang10.

Nhan xét: Két qua thi nghiém do dao dong clia day cap nghéng vé6i goc «=20°, trén
mo6 hinh day cdp c¢6 lap thiét bi giam chdn GC100 cho thdy: khi tai kéo cang cap P,
tang tir P, = 1000N dén P, = 9000N thi gia t6c dao dong giam26,08% chuyén vi giam
30,52% va tan s6 dao dong tang 24,43%.
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+ So sénh su suy giam dao dong trong truong hop day cép lap thiét bi gia chan GC100
v6i day cédp khong lap thiét bi giam chan & mo hinh thi nghiém déi véi day cép
nghiéng géc & = 20°.

- Gia toc suy giam tir 27,14% dén 37,27% khi day cap lap thiét bi giam chan GC100
so voi day cdp khong lap thiét bi giam chan.

- Chuyén vi clia day cdp suy giam tr 35% dén 42,42% khi day cdp lap thiét bi giam
chdnGC100 so vdi day cap khong lap thiét bi giam chan.

-Tan s6 dao dong clia day cap tang tir 1,14% dén 4,59% khi day cap nghiéng géc & =
201ap thiét bi giam chan GC100 so véi day cap khong 1ap thiét bi giam chan.

Bdng 9. Két qua do gia toc va chuyén vi cua day cap nghiéng v6i géc @ = 20°,c6 lap thiét
bi gia chén, Trén mo6 hinh thi nghiém — Vién co hoc

Tai kéo cap Gia toc a(m/s?) Chuyén vi U (m)
P=1000 N 1,38 0,00190
P=3000 N 1,31 0,00174
P=5000 N 1,21 0,00150
P=7000 N 1,10 0,00140
P=9000 N 1,02 0,00132

Bdng 10. Két qua do tan s6 dao dong ctia day cap nghiéng vé6i géc ®=20°, c6 lap thiét bi

giam chan.
Tai kéo cap Tan s6 dao dong ctia day cap f (Hz)
P= 1000 N f=6,093; 11,953; 15,23
P=2000 N f=6,328; 12,42; 15,234
P=3000 N f=6,796; 13,125; 15,937
P=4000 N f=17,265; 13,59; 16,64
P= 5000 N f=17,734; 13,828; 17,109
P=6000 N f=8,20; 14,06; 17,81
P=7000 N f=5,625; 16,17; 18,51
P=8000 N f=6,09; 11,718; 19,68; 22,26
P=9000 N f=9,609; 20,156

Thi nghiém trén moé hinh, do su suy giam dao dong cua ddy cdp nghiéng voi géc
o = 20° ¢6 béc ong nhua, ldp thiét bi gidm chdn va khong ldp thiét bi giam
chdn vai tdi kéo cdang cdp P, = 1000N va P, = 2000N

Thi nghiém do su suy giam dao dong cta day cdp nghiéng véi géc o = 20°, c6 boc
ong nhua, trén mo hinh véi tai kéo cang cap thay doiduge thuc hién cho 2 trudng hop:
Trudng hop 1: Po dao dong cia day cap nghiéng véi goc & = 20°, c6 boc 6ng nhua,
trén mo hinh, tai day cép khong 1ap thiét bi Giam chan. Két qua thi nghiém nhan duoc
céc gi4 tri gia toc, dich chuyén va tan s6 dao dong cho & bang 11 va bang 12.
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Bdng 11. Két qua do gia tdc va chuyén vi cia day cdp nghiéng véi goc ¢ = 20°,cd boc

ong nhua, khong lap giam chan. Trén mo hinh thi nghiém- Vién co hoc.

Tai kéo cap

Gia toc a (m/s?)

Chuyén vi U(m)

P=1000 N
P=2000 N

1,30
1,20

0,00190
0,00160

Bdng 12. Két qua do tan s6 dao dong clia day céap nghiéng véi goc o« = 20° c6 boc 6ng

nhua, khong 1ap giam chén.

Tai kéo cap

Tan s6 dao dong cua day cap f (Hz)

P=1000 N
P=2000N

f=4,45;7,50; 11,025; 16,17
f=4,453; 11,015; 12,65;13,59; 16,64

Bdng 13. Két qua do gia téc va chuén vi clia day cdp nghiéng vé6i géc « = 200, ¢6 boc 6ng
nhua, c6 lap giam chan GC100.

Tai kéo cép Gia toc a (m/s?) Chuyén vi U (m)
P= 1000N 0,90 0,00110
P=2000N 0,81 0,00100

Bdng 14. Két qua do tan s6 dao dong cta day cép nghiéng véi goc & = 20°,c6 boc 6ng
nhua, ¢6 1dp giam chan GC100.

Tai kéo cap Tan s6 dao dong cta day cap f (Hz)
P= 1000N f=4,687; 10,31; 13,59; 14,29, 15,93
P=2000N f=4,92; 10,78; 15,23

Nhdn xét: Két qua thi nghiém do dao dong clia day cdp nghiéng véi goc o = 200,co
boc 6ng nhua, trén mo hinh day cap P, tang tir P.= 1000N dén 2000N thi gia t6c dao
dong giam 7,69%, chuyén vi gidm 15,78% va tin s6 dao dong tiang 2,82%.

Truong hop 2: Do dao dong cua day cap nghiéng véi géc o = 20° cé boc Ong nhua,
trén mo hinh, day cap ¢6 lap thiét bi giam chan GC. 100. Két qua thi nghiém nha duogc
céc gia tri gia toc, chuyén vi va tan s6 dao dong ctia day cép cho & Bang 13 va 14.
Nhan xét: Két qua thi nghiém do dao dong ctia day cap nghiéng véi géc o« = 200, ¢
boc nhua, trén mo hinh, day cap ¢6 lap thiét bi giam chan GC.100 cho thdy khi tai kéo
cap P, tang tir P,= 1000N dén 2000N thi gia toc giao dong giam 10%; chuyén vi giam
9,1% va tan s6 dao dong tang 4, 73%.
+ So sénh su suy giam dao dong trong trudng hop day cép lap thiét bi giam chén
GC.100 v6i day cdp khong lap thiét bi giam chan & mo hinh thi nghiém déi véi day
cap nghiéng véi goéc « = 200, c6 boc 6ng nhua cho thay:

e Gia toc suy giam tir 30,76% dén 32,5%, khi day cédp lap thiét bi giam chéin

GC100 so véi day cdp khong lap thiét bi giam chan.
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Chuyén vi ciia day cdp suy giam tir 37,5% dén 42,1% khi day cép lap thiét bi
giam chan GC.100 so vdéi day cap khong lap thiét bi giam chan.
Tan s6 dao dong cua day cdp tang tixr 4,91% dén 9,49% khi day cép lap thiét bi
giam chan GC.100 so vdéi day cap khong lap thiét bi giam chan.
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IV. NGHIEN CUU THIET KE VA CHE TAO THIET BI TTNL

1. Nghién citu cac dac trung ky thuat cua thiét bi TTNL do nudc
ngoai san xuat

Mo dau

Khi chiu kich dong cta gid, bao, dia chan... cac cong trinh s€ dao dong gay anh
hudng t6i tudi tho va cdc hoat dong clia cdc d6i tugng khac. Giai phdp nhim l1am
giam dao dong chung ctia cong trinh bing céch b6 sung thém cac thanh giing hoic
cot tru dén dén thay doi cdu tric va nang né, ton kém. Do vay, gidi phdp kha thi hon
cé 1a bo sung do can cho cong trinh bing cach sir dung céac bo TTNL dung chét can
nhét. Viée ting dung cac bo TTNL can nhét khong chi 1am tang do can clia cong trinh
lén 20% so v6i 5% khi chua b6 sung ma con c6 nhiéu lgi thé nhu it ton kém, it anh
hudng t6i kién tric cua cong trinh don gian trong thi cong. Pay 1a phuong phap da
dugc nhiéu quoc gia trén thé gidi ap dung va dem lai hiéu qua rat tot. Ngudi ta gan
vao cong trinh nhitng b0 TTNL can nhét (Hinh 1.1). Do tac dung tiéu tan nang lugng
do ma sat nhét cua bo can nhdt, s€ lam giam chuyén dich twong doi gitta cdc phan
trong cong trinh va lam giam cac rung dong ctia cong trinh.

a. Nghién citu dac trung luc - chuyén dich cua thiét bi TTNL cua nuéce
ngoai san xuat

Khi bo TTNL cén nhét duoc gan 1én trén cong trinh, do su chuyén dong lac lu clia
cong trinh s& tao ra chuyén dong tuong doi giita piston va xy lanh. Trong xy lanh, do
c6 do chénh 4p gitta hai khoang trdi, khoang phai s€ sinh ra dong chay chat long
chuyén dong. Khi dp suat tang cao chat 1ong co thé bi nén véi 4p sudt cao s€ gy ra
nhiing tac dong khong tot nhu dan hoi, pha huy doang phét. Do vay nguoi ta thuong
ché tao cac bo TTNL loai hai can vé ca hai phia dé thé tich clia cén piston di ra ngoai
xy lanh can bing vé6i phan thé tich clia can piston phia bén kia di vao trong xy lanh.
Heé s6 can cua thiét bi TTNL duoc quy lai nghién ctu vé dong chay qua céc khe, 16
trén d4u piston. Qud trinh chuyén dong khi c6 dong chdy chat 10ng s& phét sinh ra luc
can nhdét cua chat 16ng khi di qua cdc 16 trén vach ngan va cdac van. Nang luong cua
dao dong s€ bi tiéu tan theo nguyén ly can nhét, ma sat gitta cac 16p clia chat long
nhét. Dao dong chung ctia cong trinh s€ bi tiéu hao mdt phan trén co s& hé thong
TTNL can nhét duge bo tri tuy thudc vao két cau cua cong trinh.

Bo TTNL can nhét thudng dugc diung dé tiéu hao niang lugng c6 dang nhu trén hinh
1.1. BoO TTNL can nhét bao gom mot piston va xy lanh. Gia thiét 1a xy lanh c6 dinh,
piston chuyén dong véi van téc V. Trén dau piston c6 n 16 nho ban kinh R, phan déu

so vGi duong tam cua piston, dugc khoan nghiéng mot géc a so véi phuong ngang.
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Gitta duong kinh ctia piston va duong kinh trong cua xylanh ¢6 khe hé chiéu day d =
R, —R,. V6i R, la dudng kinh trong ctia xy lanh, R, 1a dudng kinh cua dau piston.

L6 nho
Dién tich Piston A  w a /vChiéu day khe &
7
AAAAAAAAA /... l
F l R G
)

— T N « D2 T

> o

\%
Hinhl.1. BO TTNL can nhot
Khi c6 luc F tac dong bén ngoai s€ gy ra ap suat P, & khoang phai ctia xy lanh 16n
hon 4p suat P, & khoang trdi cua xy lanh khién cho chat can nhét chay qua khe va 16
tlr phai sang trdi. Trong truong hop dong chay tang va diung, chat 1ong khong nén
dugc, cong thiic lién hé gitta luc va chuyén dich 1a F = cx. Hé s6 can C dac trung
cho ty 1€ giita luc va van toc phu thudc vao két cau cua bo can nhét. Trong truong hop
chat 16ng chay tang va khong nén dugc cong thitc ctia hé s6 C nhu sau:

C=f(4,I1,,11,) (L.1)
trong do,

- Aladién tich cta piston

- II,, I1, 1a cdc ham phu thudc thong s6 cua khe, 16...

- f laham s6 can xac dinh.
Bo TTNL céan nhét c6 thé tiéu tan nhiéu nang luong ma khong 1am ting nhiéu ting
suit két cau. Nguyén nhan la do luc cia bo can nhét sinh ra phu thuéc manh vao van
toc chit khong phu thudc vao chuyén dich. Néu ta xét mot tdoa nha dao dong do gio.
R4 rang khi toa nha dat dugc bién do 16n nhat thi ing suat trong toa nha 16n nhat. Khi
dat dugc bién do 16n nhat thi van téc bang khong va luc do bo can nhét tic dung vao
két cdu 1a bang khong, ting suat két cdu khong tang tai vi tri nay. Khi két cdu vé vi tri
can bang thi luc do bo TTNL can nhét méi ting dén cuc dai do van toc O can bang la
16n nhat. Liic d6 thi tng suat két cau lai cuc tiéu. Két luan & day 1a bo TTNL can nhét
chi sinh luc 16n vao két ciu khi tng sudt két cau nho. Diéu ndy khong bao gid c6 thé
dat dugc v6i can nhét ma sat, kim loai hay dan nhét vi cac loai nay luon lam tang ting
suat tai moi vi tri. Nhu vay, c6 thé khang dinh ring dic tinh léch pha gifta ting suat va
luc do bo TTNL cén nhét sinh ra 12 vu diém quan trong hang ddu ma khong loai bo
tiéu hao nang lugng nao khac co dugc.
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Chi tiét vé dac trung k¥ thuat luc-dich chuyén cua thit bi TTNL cua Hang Taylor
duoc trinh bay chi tiét trong Phan I muc 4e.

b. Xac dinh co ché hoat dong va vat liéu ché tao cua tirng bo phan thiét bi
TTNL can nhot

Cdc yéu cdau ky thudt ciia bo tiéu tan ndng luong

Dé giam dao dong mot cach hiéu qua, cdc loai TTNL can thod man mot s6 yéu ciu
k¥ thuat do thuc t€ dé ra. Mot wu diém 16n ctia bo TTNL dung nguyén 1y can nhét
chat 10ng so véi céc loai khac 12 né c6 thé thoa man hau hét cdc yéu cau trong so do.
Céc yéu cau do thuc t€ doi hdi gom:

Ddc trung dong luc tot

- Khong tang nhi€u Gng suét cta két cau

- Kha nang tiéu tdn nang lugng cang 16n cang to6t (Kha nang tiéu tan nang
luong 12 niang lugng c6 thé tiéu tan khi luc 16n nhat do bo TTNL sinh ra bi giéi han &
mot gia tri ndo do). Theo 1y thuyét thi nang luong tiéu tdn dugc tinh bang dién tich
phan gidi han boi dudng cong dic trung luc - chuyén dich.
Do on dinh

- Dic trung dong luc can 6n dinh & khoang tan s6 kich dong lén két cau

- Pic trung dong luc phai 6n dinh v6i khoang nhiét do bién thién trong bo
TTNL ciing nhu nhiét do bién thién ctia moi truong.
Khd ndng chiu tdi va tudi tho

- Kha nang chiu luc ctia b0 TTNL phai ddp tng duoc yéu ciu thuc t€

- Tuéi tho ctia bo TTNL (12 s6 dao dong do TTNL thuc hién cho t6i khi bi pha
huy mot phan nao d6) phai dap ung dugc yéu cau thuc t&€
Kich ¢ tuong doi:

Kich c¢& twong doi ctia bo TTNL so véi két cau khong duge qua 16n va qua nang.

Dic trung dong luc tot cho phép dat duoc nhiéu muc tiéu trong giam dao dong. Do 6n
dinh t6t cho phép bo TTNL thich tng dugc vé6i cac diéu kién thay déi thudng xuyén
va cho phép tinh toan thiét k€ dé dang hon. Kha nang chiu tai va tudi tho cao lién
quan dén chi phi thay thé va bao dudng. Kich ¢ bé lién quan dén chi phi lap dat, gia
c6 két cau va lién quan dén yéu cau thim my.

So sanh loai TTNL can nhot voi cdc loai TTNL khdc

Xét vé ban chat thi cé 3 loai TTNL khac v6i TTNL can nhét: TTNL kim loai, TTNL
ma sat, TTNL dan nhét. TTNL kim loai tiéu tadn nang lugng qua tinh déo cua kim
loai. TTNL ma sét tiéu tdn nang luong qua ma sat gitta bé mat cac vat ran. TTNL dan
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nhét tiéu tdn nang luong qua tinh dan nhét cha vat liéu (chang han nhua, polime...).
Su so sanh gitta cac loai TTNL sé dugc thuc hién 1an lugt trén cac yéu cau ky thuat.
TTNL c6 dic trung dong Iuc rat t6t vi n6 c6 thé tiéu tan nhiéu ning luong ma khong
lam tang nhi€u tung suat két cdu. Di€u nay tudng chimg rat vo Iy nhung thuc t€ lai ¢6
thé dat duoc. Nguyén nhan 1a do luc ctia TTNL sinh ra phu thudéc manh vao van toc
chtt khong phu thudc vao chuyén dich. Ta xét mot toa nha dao dong do gié. Khi toa
nha dat dugc bién do 16n nhat thi Gng suit trong toa nha 16n nhat. Khi dat dugc bién
do 16n nhat thi van t6c bang khong va luc do TTNL tdc dung vao két cdu la bang
khong, ting suat két cau khong tang tai vi tri nay. Khi két cau vé vi tri can béang thi luc
do TTNL tang dén cuc dai do van t6c & can bang 1a 16n nhat. Lic d6 ing suit két cau
lai cuc tiéu. Két luan & day 1a TTNL chi sinh luc 16n vao két ciu khi tng suét két cau
nho. Diéu nay khong bao gid ¢6 thé dat dugc véi TTNL ma sat, kim loai hay dan nhét
vi cdc loai nay luon 1am tang Gng suét tai moi vi tri. Nhu vy, c6 thé khang dinh ring
dac tinh léch pha gitta ting suat va Iuc do TTNL chat I6ng sinh ra 1a uu diém quan
trong hang dau ma khong loai TTNL nao khac ¢6 duoc.

Do 6n dinh v6i tan s6 cia TTNL chat 16ng ¢6 duge nhd cdc dic tinh cta chat 1ong.
Do 6n dinh nhiét cuia TTNL c¢6 duoc nhd cac co cau diéu nhiét dac biét (s€ duge phan
tich sau). Trong khi d6, viéc thiét k€ nhiing co cau diéu nhiét v6i cac TTNL khéc 1a
rat khé do ban than ciu tao ctia ching khong cho phép. Tudi tho cia TTNL hién nay
c6 thé dat dugc hang chuc nim do nhiing ti€n bo manh trong cong nghé ché tao vat
liéu 1am giodng, phét. Trong khi d6, tudi tho cia TTNL kim loai kém do hién tugng
moi, tudi tho TTNL ma sat kém do hién twong mai mon. Vé kha ning sinh luc,
TTNL, TTNL ma sat va TTNL kim loai ¢6 kha nang chiu luc cao. Con TTNL dan
nhdét chi chiu duge luc tuong doi bé, vi thé khi 4p dung loai nay phai st dung véi s6
luong rdt nhiéu (hang nghin). Kich ¢& cla cdc loai TTNL déu nhd gon. Qua cic so
sanh trén, ro rang ta thdy TTNL la loai ¢6 hiéu qua, dat dugc nhi€u yéu cau ky thuat
nhat. Van dé con lai 1a gid ca. Thuong TTNL ¢6 cau tao phic tap nén dat hon cdc loai
TTNL khéc. Tuy theo bai todn chi phi hiéu qua ma ta lua chon céc loai TTNL.

Trén hinh 1.2 trinh bay mot mo hinh thié€t bi TTNL khong céan sut dung khoang du trit.
C6 hai b gioang phét dong luc & hai dau. Ngoai ra ciing ¢6 loai thém mot khoang
chita dé cho phép su thay déi thé tich chat 10ng khi cén pittong di chuyén.

Céc bd phan chinh gom co6:

- Chat 16ng trong xylanh t6t nhét 1a cdc san phdm thuoc ho ddu Silicon. Ching
c6 kha niang nén dugc t6t hon dau nhét thong thudng va ¢6 do nhét 6n dinh khi nhiét
do thay doi. Dau Silicon thong thudng c6 do nén thé tich khoang 9% dén 11% tai ap
suat 138MPa. Ngoai ra dau Silicon con c¢6 mot s6 tinh chat rat t6t nhu: hoan toan
khong doc, khong chdy, khong phan tng hoa hoc va khong bi lang can. Dic tinh
khong lang cén gitp cho chuyén dong qua lai cta pittong dugc dé dang.
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- Xy lanh dé chita chit 1ong. Xy lanh 1am bang thép khong ri va phai c6 cau tao
lién tuc, khong c6 cac maoi han hoic tan. Xy lanh duoc thiét k& d€ chiu ap suat cao
va ¢6 hé s6 an toan 2. Mot hoac hai dau cua xy lanh c6 gioang dong luc va c¢6 dau
noi dé két noi voi két cau qua bo két noi.

- Can pittong doi hoi dugc danh bong cao do phai truot trén gioang. Nguoi ta co
thé con ma crom dé phu hop v6i gioang. Can pittong c¢6 hinh dang manh va phai
chiu luc 16n nén thudng lam tir thép cudong do cao. Moi hién tuong ri cuia can pittong
la khong dugc phép vi sé pha hong gioang.

Van diéu khién

Xy lanh Chat Silicon nén duge

cin

N N N NN RN N R N N

Cdn piston
%
Dt

SN

nAp khoangp trai

Diu piston véi cic 16

Hinh 1.2. So dd ciu tao bd TTNL can nhot

- Dau pittong tao mot khe hep c6 chl y gitta xylanh va pittong. Nguoi ta ciing
c6 thé thay thé khe nay bing céc 16 trong dau pittong. O cic khe nay con c6 thé thiét
k& bo van.

- Khoang chita ¢6 thé chia khi hodc x6p dé du trit chét 16ng. Trén vach khoang
chita c6 van diéu khién dé diéu khién déng md khoang du trit.

- Gioang dong luc c6 phan tiép xtic vé6i thanh pittong can duoc b tri cau tao can
than d€ trdnh thoét chat 16ng ra ngoai. V6i nha san xuét ¢6 cong nghé cao thi vat
lieu duoc dung c6 thé 1a polyme cudng do cao. Tudi tho clia polyme cudng do cao
c6 thé kh4 dai. V6i nhitng cong nghé thap thi viéc st dung nhua dan hoi truyén
thong 12 c6 thé chap nhan duoc. Tuy nhién, nhua dan héi phai dugc thay thé dinh ky.

Vit liéu va Yéu cau ché tao

Céc thiét bi TTNL phai duoc thiét ké va ché tao theo cac ban v& cung cap boi
nha ché tao va s& duoc cung cap theo cac chi tiét ky thuat sau: Cdc phwong phdp
va vit liéu c6 thé chon twong dwong véi tiéu chudn ciia cdc hing san xudt trén
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thé gidi néu nha ché tao gidi trinh bang cdc mé td hoan chinh va sé liéu thir
nghiém dat yéu cau.
Céc chi tiét kim loai phai chiéu theo bang sau:

Cac vat liéu kim loai - Thép

Vit liéu Dic diém ky thuat
Thép thanh, thép tim, thép | ASTM Designation: A 709,
hinh grade 36, 50, or 50W

A 575, A 576 (AISI or M Grades
1016 through 1030 except Grade

1017)
A 570, A 572
A 572 Grade 50
Thép lam chét cho cac tng | ASTM Designation: A 307;
dung sau: F 568 Class 4.6
A 108
Buldng va dinh tan bao gdbm | AASHTO Designation:
can co6 ren va buldong neo M 314, Grade 36 or 55
khong nhiét luyén. ASTM Designation: A 563
including Appendix X1;
Pai 6¢ A 563M including Appendix X1
Vong dém va cac chi tiét Commercial quality
ung dung chung
Thép 1am chot cuong do ASTM Designation: A 325;
cao: A 325M

ASTM Designation: A 449;
Buldng tai diém nbi ciia két |F 568, Class 9.8 (M1.6-M14),
cau thép Class 8.8 (M16-M72),

Class 8.8.3 (M16-M36)

ASTM Designation: A 563
Buldng va dinh tan bao gdm |including Appendix X1;

can co ren va bulong neo A 563M including Appendix X1
khong nhiét luyén cho cdc | ASTM Designation: F 436;
ung dung chung F 436M
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Cac vat liéu kim loai - Thép

Vat liéu

Dic diém ky thuat

Dai 6c
Vong dém

Thép thanh va thép tim
khong gi

ASTM Designation: A 240,
Type 304 or 316

Thép 1am chét khong gi cho
cac ung dung chung:

Bulong, dinh vit, dai 6c va
dinh tan gom c6 cén co6 ren
va bulong neo khong nhiét

Alloys 304, 316

ASTM Designation: F 593;
F 738M
ASTM Designation: A 240;

luyén
Vong dém ANSI B 18.22M
Thép Cacbon duc ASTM Designation:

A 27/A 27M, Grade 65-35 [450-
240], Class 1

Thép rén duogc

ASTM Designation: A 47,
Grade 32510; A 47M, Grade
22010

Gang xam duc

ASTM Designation: A 48, Class
30B

Gang déo dtic ASTM Designation: A 536,
Grade 65-45-12

Ong thép duc Commercial quality standard soil

Ong thép ASTM A 53 Type E or S

Kim loai tam

A 570

Thép ren dap

ASTM designation:
A 668 Class C(Carbon), Class
G(Alloy)

Ma dién, ma kém

ASTM A 123, A 153
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Cic vat liéu khong chira sit

Vit lidu Pic diém ky thuat

PTFE hodc tuong duong ASTM D 1457

Pan hoi va 1am kin ASTM D 4014
Péng duc ASTM B 22
Hop kim dong ASTM B 100

- Mbi han phai tuan thu theo yéu ciu cia AWS D1.1. Mbi han thép khong gi
phai duoc thuc hién tai phan xudng trang bi cé sur dung dién cuc han bﬁng thép
khong gi.

- (Céac bo phan lam kin bén ngoai hoac dan hdi bén ngoai cua tat ca cac thiét bi
khong boc 16 vét nut khi kiém dinh ozone tai 20% bién dang, 100 gid, 104° +
3.6° F theo ASTM Designation: D 1149.

- Céc thiét bj tiéu tan ning lugng phai duoc danh sb cho ting thiét bi. Cac sd
phai bao gé)m 16 cua san phém, ngay ché tao, luc thiét ké, va sb cta thiét bi.

- Céc thiét bi tiéu tan nang luong phai duoc 1ap rap tai nha may. N6 ciing phai
c6 thé thao roi trong qua trinh kiém dinh bd phan. Do d6 cac bd phan c6 thé phai
duoc danh sd nhu trén ban vé ché tao dé c6 thé lép lai hoan chinh nhu ci.

- Nha ché tao phai cung cép toan bd cac ban v& ché tao, vat liéu, yéu cau ky
thuat chat luong. Tat ca cac kiém dinh phai dugc bao cdo cu thé bai ngudi thyc
hién kiém dinh.

2. Xay dung cac sé liéu dau vao cho viéc ché tao thiét bi TTNL ap
dung cho cau Ngoi Lan (Yén Bai)

a. Mo hinh tinh toan cua day cap cau Ngoi Lan

Cau treo day vang (con goi la cau treo day xién) l1a dang cau treo c¢6 dam cing két
hop cluing lam viéc véi cac day treo xién (day vang). Trong két cdu dang nay dam cha
lam viéc chu yéu la chiu uén va cac day vang chiu kéo, cdc day nay xuat phat tir cac
diém trén dinh thdp va lién két v6i dAm chi tai mot s6 diém tao thanh cic g6i dan
héi. Cdp sir dung trong cau treo 12 cdp cudng do cao c6 gi6i han bén tir 15.000 kg/cm?
dén 18.000 kg/cm?, su ¢6 mat ctia cdc day cdp nay cho phép diéu chinh trang thdi ting
sudt - bién dang cua hé trong qua trinh thi cong sao cho c6 1gi cho trang thai ban dau
clia ciu va qua trinh khai thac sau nay.

Cau treo day ving la két ciu cau vuot song khau do 16n c6 kién tric dep, tai trong ban
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than nhod, c6 kha nang thi cong khong can da gido, tan dung duoc kha nang lam viéc
ctia vat liéu. Cau treo day vang da duoc thiét k€ va xay dung nhiéu & nuéc ngoai tir
gifta thé ky 20 va hién nay dang két ciu cdu nay ciing dang dugc phat trién & Viét
Nam. Cau treo day vang du tién do cac k¥ su cau Viét Nam thiét k& va thi cong dau
tién 1a cau Dakrong st dung dam chi 41910 va cdp vang la cdp mém, sau trén 20 nam
khai thdc cdu nay da bi hong do gi dut cdp chu. Cau treo Pakrong da dugc Téng
Cong ty (TEDI) thiét k€ lai va da thi cong xong. Gan day nhiéu cdu treo day vang da
duoc xay dung nhu cdu Song Han (nhip thong thuyén), cAu My Thuan, cAu Kién (day
la cac cau treo day vang 16n do nuGc ngoai thiét k€ va da duoc thi cong tai Viét
Nam), cdc ciu trong khuon kho du 4n xay dung cdu treo day vang phuc vu cho phat
trién giao thong nong thon (do Viét Nam thiét k€ va thi cong) nhu cdu Bén Coc (Ha
Tay), cau Thac Giéng (Bic Can), cAu Quang Hién (Thanh Hod), cAu Ngoi Lan (Yén
Bii),..

Thi cong cau treo day vang phic tap hon so véGi cac loai cau khac vi cong viéc thi
cong c¢6 nhiéu hang muc phai lam viéc trén cao, viéc tinh toan va diéu chinh noi luc
trong cap vang trong qua trinh thi cong la viéc kho, trang thi€t bi phu hop ctua cac don
vi thi cong chua day du, kinh nghiém tinh toan, thiét k€ va thi cong loai cau nay cta
cdc k¥ su Viét Nam con chua nhiéu.

Cac cau treo do Viét Nam thiét k€ va thi cong néi chung tai trong khai thac
khong 16n (chi dén tai trong H13), nhiéu budc thi cong con chua phut hop véi
thiét k& (chiang han viéc so day truéc khi cang kéo, qud trinh cing kéo cap
vang, ki€ém sodt luc cang trong cdp thuc hién chua t6t) do d6 con nhiéu van dé
can ti€p tuc nghién ctu trong thiét k€, thi cong va quan ly khai thac doi véi loai
cau nay.
Khdai qudt vé cdau Ngoi Lan

Cau Ngoi Lan nam trén tuyén dudng Luc Yén di Thac Ba, thuoc dia phan xa Xuéan
Long, Huyén Yén Binh, tinh Yén B4i. Trong khuon kho du 4n xay dung cdu day ving
phuc vu cho phét trién giao thong nong thon Cau Ngoi Lan da duoc thi cong va dua
vao st dung tir nam 2003. CAu Ngoi Lan do Cong ty Tu van xay dung Thing long
(thuoc Téng Cong ty Xay dung Thing long) thiét k&, Cong ty Co khi Xay dung Cong
trinh giao thong 121 (thuoc Téng Cong ty Xay dung Cong trinh giao thong 1) thi
cong. Cau Ngoi Lin c¢6 céc thong s6 k¥ thuat chinh sau:

Quy mo xay dung: ban vinh ctru.

Tai trong thi€t k&: H10

CAu goém 3 nhip, ba tri theo so do: 22,5 + 57 + 22,5 m
Khé cau: B=4,00 m

Mat cau: Ban BTCT lap ghép

Dam chu, thap cdu: str dung thép hinh 1500 t6 hop.
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Chiéu cao thap tinh tir bé tru: 15,3 m
Day vang: b6 cdp $15,2 mm

Song khong thong thuyén, ¢6 cay troi.

Thuy van: Muc nuée cao nhéat : +8,21m, van tdc 16n nhat Vmax = 3 m/s.

Quy trinh thiét k&: Quy trinh thiét k€ ciu cong theo trang thai giGi han 22TCN-
18-79 do BO GTVT ban hanh nam 1979

So d6 cau xem trong ban vé: Bo tri chung toan cau

Két cau phan duoi
Cdu tao
- Bé méng cac mo MO, M3 va cac tru T1, T2 bang BTCT dat trén hé coc BTCT
M300# 35 x 35 cm
- Tru T1, T2 1a tru than dic, moi tru dat trén hé coc gdbm 21 coc BTCT 35 x 35
cm, chi¢u dai coc L = 8.57m . Cao do ddy bé +6,7m, cao do mii coc —1,87m.
Bé tong than tru va bé tru c6 mac M200#, xa mi tru c6 mac M300#.
- M6 MO, M3 1a mé chan dé dung BTCT mac M300# va M200# dat trén 12 coc
BTCT 35 x 35 c¢m, chiéu dai coc L=8.57 m.
- Cau tao va cdc kich thu6e chinh ctia két cau phan dudi thé hién trong cic ban vé
bo tri chung mé MO va M3, b6 tri chung tru T1, T2.
Cong tdc thi cong
- Trinh ty thi cong:
e Thi cong mé M3
e Thi cong tru T2
e Thi cong tru T1
e Thi cong mé MO
- Céc mo, tru déu duoc thi cong theo céac bude chinh sau:
e Chuén bi mat bing
¢ Dung buia va déng coc mo, tru
e D6 bé tong bé, than, xa mii ma, tru.

¢ Hoan thién

Két cau phan trén

Cdu tao

Thép cau dugc ghép tir 2 thanh thép hinh chit H (loai Checkered H- Beam) chiéu
cao thap tinh tir mat bé tru 1a 15,3 m. Cac chi tiéu k¥ thuat chinh:

H=500mm, B=300mm, d=11mm, t=18mm, Jx= 71000 cm*, Jy=8110 cm*

Trong qua trinh thi cong st dung 2 tru tam bo tri & nhip giita.

Hé dam chu dung 4 thanh thép hinh 1500, bd tri mbi bén 2 thanh.

Dam ngang dung thép hinh 1400, bd tri mot khoang dau cach nhau 2,32 m, mot

78



khoang ti€p theo cdch nhau 2,5m, con lai ctt 4,0m lai ¢c6 mot dam ngang theo
sudt chiéu dai cau. Giang gié dung thép géc L100x10

- Noi cap v6i hé dam cha 1a hé gom 32 day cap thép cuong do cao, dung hai loai
b6 cap: loai 12 tao (dung cho 2 day vang ndi tir dinh thap dén chan md) va loai
7 tao (cdc day vang con lai), dudng kinh méi tao 1a 15,2 mm. Neo cta day
vang dung neo OVM ctia Trung Qudc san xuat, gom hai loai neo tuong tng véi
bo cap 12 tao va 7 tao.

- Mat cau l1a ban BTCT lap ghép, chiéu day ban trung binh la 22,4 cm dat trén hé
dam ngang. LGp pht mat cdu dung bé tong hat min Iuéi thép, chiéu day 16p phu
la 80 mm.

- Cau tao va cdc kich thuGc chinh ctia két cdu phan trén thé hién trong cdc ban vé
keém theo.

- Khai lugng vat liéu két cdu phan trén cho trong bang 1.

Cong tac thi cong.

- Do yéu cau chinh xac va can chuyén mon hod, két cau phan trén dugc san xuét,
1ap rdp thir va x{r Iy cdc trudng hop sai sét tai xudng san xuét ctia cong ty 121,
sau d6 cdc bo phan nay dugc chuyén chd téi cong truong cau Ngoi Lan. Doi véi
quang treo va neo da ti€n hanh thi nghiém kha nang chiu luc ctia cic bo phan
nay trudc khi 1ap rdp lén cau.

- Trinh tu thi cong két cau phan trén:

e Lip dung thdp cau va hé thong dim doc, ddm ngang, gidng gio.
e Lap hé thong day vang va ti€n hanh cang kéo diéu chinh ndi luc.
e Lap ban mat ciu

e Thi cong lan can va 16p pht mat cau

e Hoan thién

Cong nghe thi cong cang kéo cap vang
Cdu tao
- S6 luong, kich thudc cua tiing cum day ving thé hién trong cdc ban vé& phan két
cu trén.
- Truéc khi cang kéo dam dugc neo c¢d dinh trén mo, tru va ké trén cac tru tam,
trong d6 diém ké trén céc tru tam khong can trd dam tu do tach khoi tru tam,
sau khi dam tach khoi tru tam thi tru tam s€ duogc bo di.
Cong tdc cdng kéo cdc ddy vang
- Cac day vang dugc lap theo timg doi mot trude khi cang kéo.
- Lap dat san dao tai cdc vi tri quang treo dé thi cong 1ap cdc ddu neo va dé cing
kéo day vang.
- Lap dat neo va cing so day bang kich don, sau khi cac day da duoc cang tuong
doi dong déu thi bat dau cang kéo ca bo.
- Trinh tu cang kéo va luc cang trong day.
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Qua trinh cang kéo str dung dong thoi 2 kich cho méi bén, so d6 danh s6 day thé hién
trén hinh 2.1.

8 5 4 1 r 4 5 & 7 6 3 2 2 3 6 7

Hinh 2.1. So d6 danh s6 day

Trinh tu cang kéo theo céac bude: 1,1°,2.2°,3,3°,4,4°.5.5°,6,6°,7,7°,8,8”.
Tri s6 luc cang cho tiing budc thi cong cho trong bang 2.1

Bang 2.1: Tri s6 luc cang va do co rut day

. LI{C ban Luc kéo Luc téng | Chiéu dai day | Do co rit day

dau (T) day (T) cong (T) (m) (cm)

1 0,79 2,96 3,75 13,52 4.4
1’ 0,78 21,78 22,56 13,4 4,3
2 0,79 2,59 3,38 13,52 4.4
2’ 0,78 23,29 24,07 13,4 4,3
3 1,46 14,82 16,28 18,3 7,2
3’ 1,47 21,56 23,03 17,9 6,1
4 1,47 14,69 16,16 17,9 6,1
4’ 1,46 18,96 20,42 18,3 7,2
5 2,15 11,96 14,11 22,3 8,3
5 2,04 16,06 18,1 23,24 6,5
6 2,15 11,91 14,06 22,3 8,3
6’ 2,04 8,59 10,63 23,24 6,5
7 2,82 5,54 8,36 28,58 7,5
7 4,09 10,64 14,73 26,2 6,8
8 4,09 5,31 9,4 26,2 6,8
8’ 2,82 5,92 8,74 28,58 7,5

Sau khi hoan thanh cang kéo ti€n hanh dong neo va cit cdap dau neo, sau d6 thi cong
ban mat cau, 16p phlt mat cau, hé thong lan can...

Luc cdng trong ddy sau khi thi cong ban mdt cdau
- Sau khi thi cong cang kéo day vang xong tién hanh thi cong ban mat cau. Mat cau

1a ban BTCT lap ghép, day 22,4 cm, 16p phli mat cau day 80 cm.
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- Tri s6 luc cang trong day vang sau khi d6 ban mat cau cho trong bang 2.2.

Bang 2.2: Tri s6 luc cang trong day vang

Day Luc ban dau (T) Luc kéo day (T) Luc téng cong (T)

3,75 13,1 16,85
I 22,56 14,4 36,96
2 3,38 13,1 16,48
2’ 24,07 14,4 38,47
3 16,28 29,5 45,78
3 23,03 23,5 46,53
4 16,16 23,5 39,56
4 20,42 25,9 46,32
5 14,11 33,6 47,71
5’ 18,1 25,9 44,0
6 14,06 24,6 38,66
6’ 10,63 33,6 44,23
7 8,36 29,7 38,06
7 14,73 41,8 56,53
8 9,4 41,8 51,12
8’ 8,74 29,7 38,44

Mot s6 nhdn xét vé cong tdc thi cong va hién trang khai thdc cdu.

Nhu da néu trén viéc thi€t k€ va thi cong cau day vang & Viét Nam dang & nhiing
budc dau do d6 con nhiéu van dé ton tai, & day chi néu mot s6 van dé lién quan dén
cong téc thi cong cang kéo day vang. Cu thé nhu sau:

- Cac day trong timg cum day vang sau khi cang so day cé luc cang ban dau
khong hoan toan déu nhau, do d6 ching chiu luc khong déu sau khi cang kéo xong,
c6 nhiing soi bi vong hon nhitng sgi khac rit diang keé.

- Viéc cang kéo day vang khong diing nhu thi€t k€&, phu thudc nhiéu vao kha nang
vé trang thiét bi ctia don vi thi cong (nhu s6 lugng kich, kha niang kéo dong bo cua
hai cap day,..). Do d6 khong kiém soat duoc luc ciang trong day va sai khdc giita tinh
toan va thuc t€ kha 16n, doi khi sau khi qua trinh cang kéo theo tinh toan da xong
nhung nhiéu day van con bi chiing phai cang bé sung dé dam bao day du cang.

- Do chua lam chu dugc giai doan thi cong cang kéo day vang nén c6 ciu sau khi
thi cong xong do vong thiét k€& sai khac nhi€u so véi tinh todn, hinh dang cau khong
dam bao yéu cau kién tric.

- Chiéu dai day vang tir dinh thdp dén mat cau kh4 16n (tir 13,41 m dén 28,58m),
hai dau neo (trén dinh thdp va dudi mat ciu) la cdc gbi dan hoi va ciing chiu anh
hudng cua tac dong cua tai trong ngoai tic dung, hon nita lai chua khong ché€ duogc
luc cang qud trinh ciang kéo, khong dam bao luc cang thiét k€ trong day, nén nhicu
day vang bi dao dong véi bién do kha 16n dudi tac dung cua gié hay khi ¢6 xe chay
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qua vi tri day, dac biét 1a nhitng day & khu vuc gitta cia nhip chinh.

Bang 2.3: Khoi luong két cau phan trén cdu Ngoi Lan

Thép (kg) Bu Thép
Bo phan CbC | Al Bin | Hinh 1[1)3 ?E;
Dam chu 8921 | 50463 | 2551
Bé d6 neo 7688 367
Goi cau 873 886 644
Mat cau 5471 255
Thép cau 13570 | 13519 426
Quang treo 9936
Day vang 5774
Lan can 3613 149 3613
Bulong chot 1049
Neo 8x12 tao 56 x7 tao
Tong cong 5774 | 5471 | 3613 41137 | 65917 | 4243 | 3613

b. Xac dinh tai trong xe cé tac dong lén cau day vang

Tai trong xe khi chuyén dong trén cdu dugc mo ta nhu 12 tai trong di dong va duoc
trinh bay trong Phan II khi xay dung phan mém chong dao dong va ap dung tinh todn
cho cau Bén Coc.

Dao dong day cap chiu lyc tir moi truong thién nhién

La mot bd phan quan trong clia cau day vang, cac day cap phai truc ti€p chiu anh
hudng cua tic dong khi dong tr moi truong, dong thoi ciing chiu anh hudng tac dong
cta luc kich dong tir dam cht va thap cau. Duéi day gidi thiéu céac loai dao dong do
céc loai kich dong tu nhién khac nhau gay nén.

Dao dong do gio

Téac dong cua gi6 1én day cdp bao gom nhi€u loai. Néu phuong thic tic dong khong
giong nhau, day cap ciing dao dong khac nhau.
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Dao dong do gié xoady

Khi luong khong khi di qua mot hinh tru s& sinh ra cdc xody dan xen nhau va 6n dinh
6 phia sau hinh tru d6. Cac xody dan xen nay gy ra luc kich dong mang tinh chu ky
lén day cdp véi tan s6 kich dong diing bang tan sd xody tinh theo cong thic sau:
N, =52
D
Trong doé:
N,: Tan s6 tich xody (Hz)
D: Puong kinh day cap (m)
V: Van toc gi6 (m/s)
S: Hé s0 Strouhal (tiét dién tron 14y 0.2)
Trong trudong hop tn s6 tach xody N, x4p xi bang mot trong céc tin s6 dao dong tu
do cua day cap, day cap sé dao dong véGi bién do tuong doi 16n. Loai dao dong nay
dugc goi dao dong cong huong do gié xody.
Theo két qua quan sit dao dong day cép trén nhiéu ciu day vang khac nhau, c6 thé
thay rang loai dao dong cong hudng do gié xody nay thudng xay ra khi van téc gié
thap (2~3m/s), va anh huong chu yéu dén dang dao dong cap cao (cip 3~4).
Dao dong do gi6 qudn

Dé c6 thé kéo day cdp véi luc, ngudi ta thudng dp dung hinh thitc két hop hai soi hay
nhiéu soi cdp song song gan nhau (Vi du nhu cdu Vinh Hoa Thién Tan, cAu T€ Nam
Hoang Ha, Cau Oa X4, Phong Dai Hoai Ha v.v.). Cdp nam & huéng gié duéi s& chiu
anh hudng cua cdp & hudng gio trén va dao dong manh. Nguoi ta goi loai dao dong
nay 12 dao dong do gi6 quan. Theo cdc tai liéu bdo cdo c6 lién quan ctia Nhat Ban,
khi géc tao béi hudng gié va hudng thang ditng clia truc tung clia cAu nhoé hon 45° thi
moi ¢6 thé sinh ra dao dong do gié quén, cap dao dong thudng la cip 1. Khoang cach
gitta 2 soi cap la tham s6 chu yéu anh huéng dén dao dong. Khi khoang cach tam cua
hai sgi cap 16n gép 4 lan duong kinh cédp, dao dong cua cap s€ nho. Va khi khoang
cdch nay 16n hon 5 1an dudng kinh cép thi s&€ khong thé phét hién dugc hién tuong
dao dong do gi6 quan. Thi nghiém 6ng khi dong cho thay, dai luong khong don vi
van toc gié khi dao dong do gidé quin béat ddu hinh thanh U/(f,D) 1a 25, tuong ting
bién do dao dong gap 2 1an dudng kinh cap. D€ ngin chin dao dong do gi6é quan, luc
can cua cap phai du 16n (hé s6 giam 5>0.05, ty 1& can >0.008).

Dao dong do mua

Dao dong do mua x4y ra khi gi6, mua két hop cung tidc dong 1én day cap c6 16p vo
PE. C4c nha nghién ctu Nhat Ban la nhitng nguoi dau tién phat hién loai dao dong
nay. Sau khi quan sat thuc t€ & cac cau day vang va tién hanh thi nghiém ham gio, c6
thé néu lén cdc dic di€ém cua loai dao dong nay nhu sau: tdn s6 dao dong day cap nho
hon so v6i khi né dao dong do gié xody, nhung bién do dao dong lai 16n hon nhiéu.
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Nguyén do 1a nuéc mua bam trén bé mit day cdp phia don gié va viéc hinh thanh
dong chay & bién duéi cua cdp. Can chd y 1a mat cét tron c¢6 nude bam 1a mat cat bat
on dinh vé khi dong. Tuy nhién ciing chi trong mot s6 diéu kién nhat dinh méi xuat
hién loai dao dong do gid, mua két hgp. Thong thuong la: cdp c6 bé mat tron nhén,
géc nghiéng giita day cdp vA mat phang ngang trong khoang 20° ~ 45°, géc gitta day
cép v6i mat phang ditng 20° ~ 40°, huéng gi6é theo huéng nghiéng day cdp, tan s6 dao
dong co ban cua cap khoang 0.4~3Hz, van téc gio trung binh tir 8~15m/s, mua nho
hodc mua vira, bé mat cap dé bi thAim nudc v.v..

Anh hudng ciia géc 1éch doi véi dao dong ddy cdp do gié, mia két hop
Go6c léch cang 16n, tic dung cua dong chay doc truc cang manh. Dudi tic dong dong
thoi ctia dong chdy doc truc va dong trén, do bat 6n dinh ctia mo hinh ciing thay déi

theo pham vi géc a, ban dau thi nhé nhung sau 16n dan.

Dué6i tac dung ctia dong chdy doc truc, dao dong rat it khi mat 6n dinh. Khi van toc
gi6 kich dong giam xuéng, trang thdi dao dong 6n dinh duoc md rong.

Khi van toc gié doc theo truc day cap dat d€n mot gia tri nao d6, mac du khong c6
dong nudc mua chay thi van ¢ thé gay ra dugc dao dong cuia day cap, tuy nhién véi
bién do gidi han.

Khi van toc gi6é doc truc day cap du6i 10m/s, thi dao dong ctia day cép 1a 6n dinh.

- Xoady gio sau thdp

Theo chiéu gié théi doc ciu, phia sau thap s& hinh thanh ving xody. Khi tdn s6 xody
Xap X1 véi tan s6 dao dong co ban ctia day cap nao d6 thi xuat hién hién tuong cong
huong do gi6 xody sau thap trén day cap d6. Do do can cua day cap rat nho, khi cong
huong, bién do dao dong sé rat 16n.

Dé biét dugec dao dong clia cap c6 phai 1a do xody gid phia sau thap gay ra hay
khong, can phai phan tich hai diém sau. Thit nhat 12 huéng dao dong cta day cap. Do
huéng kich dong clia xody gié vuong géc véi huéng gi6 thdi va mat phing clia két
cau sinh ra xody gid, cho nén dao dong clia cap gay ra boi xody gid sau thap phai la
dao dong theo phuong ngang. Ti€p d6, tinh todn tin sO xody gié can bang sau thap
dua trén van toc gioé va kich thudc hinh hoc cua thap. Néu dao dong cua cap theo
phuong ngang, ma tian s6 dao dong cua né lai xap xi tan s6 xody gi6 sau thap, thi ¢6
thé két luan do 1a dao dong do xody gio phia sau thap gay ra.

- Dong chay roi

Téac dong ctia dong chay roi 1én cap la kich thich ngau nhién cta gié dong 1én day
céap. Loai kich thich nay thudng 1a qua trinh ngau nhién, ciing c6 thé 12 mot qué trinh
ngau nhién dai hep gan giong véi dao dong tuan hoan cé chu ky. D6i véi day cap ma
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ndi, vi nang lugng cua dong chay réi mang tinh phi chu ky, do dé thuong khong xuit
hién dao dong cong hudng ma chi xuét hién cac dao dong tat dan vé6i bién do rat nho.

c. Tinh toan dao dong day vang dé xac dinh nang luong dao dong 16n nhat
cua day cap

Trong nhitng nam gan day viéc xay dung cau day ving da tr& nén phd bién & Viét
Nam. Loai ciu nay htta hen nhiéu uu di€ém vuot troi. Do do can nho va cdu tric manh
clia céc soi cap nén dudi tdc dung cta tai trong nhu chuyén dong céc doan xe, gio hay
mua gi6 két hop, bien do dao dong cua day cap khd 16n. D€ giam nhiing dao dong
khong mong muo6n nay, ta c6 thé lap dat cdc thi€t bi hao tdn niang luong kiéu thu
dong, tich cuc hay nita tich cuc vio gin ddu day tai phia noi véi mat cau. O day,
chiing toi dé cap t6i mot so tinh toan dao dong cta day cdp c6 gan bo can nhét tuyén
tinh va phan tich chi ti€t mot s6 van dé vé dong luc hoc ctia hé day c¢6 gan bo can
nhét. Viéc xay dung cac cau day vang trd nén rét thinh hanh. Loai két ciu ciu nay c6
nhiéu wu diém vuot troi nhu tinh kinh t€, thim mi. Trén hinh 2.2 1a hinh anh ctia
chi€c cau day vang Bai Chay.

Hinh 2.2. Cau day vang Bai Chay.

Vi cdc sgi cdp dung trong cdu day vang c¢6 do can thdp nén ching dé dang bi kich
thich dao dong (Fujino [4], Yamaguchi va Fujino [11]). B6 cdp trong cau day vang
dugc tao nén tr nhitng soi cap cuong do cao, nhung kha nang tu lam giam dao dong
rat thap, do can thuong chi vai phan nghin. Cing véi d6, day cap lai c6 do manh cao
dan dén cac kich dong nhu tai trong xe, mua, gid... s€ gay ra cac dao dong véi bién
do 16n. Cac tac gia Abdel-Ghaffar va Khalifa [1], Caetano [2, 3] da ching minh vai
trd quan trong ctia dao dong céap trong dong luc hoc cau day vang. Do vay, van dé
diéu khién dao dong ctia cap trd thanh méi quan tam 16n khi thiét k& hoic cai tao cau.
Viéc do dao dong trén mot s6 ciu cho thiy bién do dao dong kha 16n c6 thé xudt hién
trén nhiéu dang dao dong ctia cap (Main va Jones [7]).
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Vi muc tiéu giam nhitng dao dong khong muén do céc loai kich dong khac nhau gay
nén, nguoi ta 1ap vao day cap cdc thiét bi tiéu tdn nang luong c6 dang thu dong, tich
cuc hoac ban tich cuc (Premont [9]). Trong nhitng nam gin day xuit hién nhiing
nghién citu dung hé thong tiéu tdn nang luong bang luc ma sét, kim loai, chit 10ng
nhdét, diéu chinh khéi lugng hodc chét 16ng. Dac trung cua cac thiét bi nay 1a kha
ning tiéu tan nang luong khi xuat hién bién dang hoic chuyén dong (Soong [10]).
Ning luong tiéu tan chuyén thanh nhiét ning hodc c¢6 su phan phéi lai niang luong
gitta cac dang dao dong. Duéi day s€ trinh bay viéc st dung thiét bi can nhét tuyén
tinh dé€ giam dao dong cho cdp cang. Vién co hoc (IM) va Vién nghién citu co khi
(NARIME) da hop tac ché tao cac mau thir cua loai thiét bi trén.

Sl
TTHLERHTL

Hinh 2.3: Mau thir thiét bi giam chan tuyén tinh dung chat 16ng nhét.

Viéc nghién ctru dong luc hoc hé céap - thi€t bi can nhét tuyén tinh doi véi cac dang
dao dong khac nhau, do can va nhiing diéu chinh t6i wu. Ching phu thudc vao nhiing
thong s6 sé dugc dé cap dudi day. Kovacs [5] da nghién citu dao dong ctia cap cang
¢6 gén thiét bi giam chan tuyén tinh dung chat 16ng nhét gan vao gan cudi cap. Sau
do, Krenk [6] da m& rong nghién citu ndy, 6ng ding s6 séng phic dé tim ra 10i giai
gan ding danh gia hiéu qua giam chin doi véi cac dang dao dong. Pachero et al. [8]
da tinh toan sO va vé cac duong cong giam chan tuong tng. Viéc chon cac thong s6
phu hop rat quan trong anh hudng dén hiéu qua giam dao dong cua loai thiét bi nay,
cu thé: né€u luc can nhét qud 16n, nd s€ khoa chit day cdp; va néu luc ndy qud nho, né
s& khong du dé tiéu tdn nang luong dao dong. Ca hai trudng hop, hiéu qua gidm chan
déu thap. Trong khoang giita hai giGi han nay cdn tim mot gid tri trung gian t6i uu
cho thiét bi giam dao dong tng véi dang dao dong nghién ciu.

Phuong trinh chuyén dong ciia ddy cdp cé gdn thiét bi giam chdn

O day ta nghién cttu bai toan mot day cap co gan bo can nhdt tuyén tinh. Do vong va
do ciing cuia day cdp nhod va duogc bd qua, mo hinh hé 14 mot soi day thing vé6i gia
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thiét bién do dao dong ctia day bé, luc cang day 16n hon nhiéu so vdi trong luong ctia
day. Hinh 2.4 mo ta hé day hai ddu c6 dinh, gan mot can nhét ¢6 hé s6 can c.

1 L-1

— I
;
%f}

Hinh.2.4. M6 hinh day cdp c6 gén can nhdt.

BN R
i

Dao dong ngang ctia hé day - can nhét tuyén tinh dugc cho bdi phuong trinh dao ham
riéng

2 2
0 0 ou(l,t
m ;‘—H ;‘=c ubD sie—1) @.1)
ot ox ot
Trong d6 u(x,t): do vong ngang, m: khdéi luong ctia 1 don vi chiéu dai, H: thanh phan
nam ngang cua luc cang cdp, x: toa do doc theo truc cdp va 8(x): ham Dirac. Ding
phuong phdp tdch bién s dé€ tim nghiém phuong trinh (2.1) ta c6:
u(x,t)=Xx)T(t) (2.2)

Thay (2.2) vao (2.1) ta dugc

2
T
cjltz +n’T =0 2-3)
2
‘;)2(+%772X:0, 0<x<Lx#l (24)
X

C6 thé thay rang phuong trinh (2.4) ding tai moi diém xeL ngoai trir diém dat thiét
bi giam dao dong x=I. Tai day, tinh lién tuc ctia chuyén vi va diéu kién can bing luc
phai duoc thoa man. Ta nhan duoc tur (2.3), (2.4)

T(t)=e™ 2.5)

Asinn\/ix, 0<x</
X(x)= nf (2.6)
Bsinnp,|—(L—x),[<x<L
77\/;( )

Theo diéu kién vé tinh lién tuc ctia chuyén vi tai diém dat thiét bi giam chén, ta c6
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X X()

e . B- 2.7)
m m
sinn,|—I sinn,|—(L—1
) o 7N 7D

Str dung diéu kién vé can bing luc tai diém nay s€ suy ra

0 0 ou(l,t

ol LI WPELCY)) 2.8)
ox|,_;, OX|._;_ ot

Ta dugc phuong trinh xac dinh tan s6 n (Krenk, [6])

Acosn\/%l+8cosn\/%@—l)=—icf—([? (2.9)
m

Pua vao stir dung hai thong s6 khong thit nguyén

¢ n
0= , k=— (2.10)
NmH o

Z,° O N ~ A 2 7 ? A -2 A N A e 2 A Z <
Véiw, - tan s6 dao dong tu do co ban. Ta c6 t1 s6 giam chan va tan s6 cua hé c6 gan

thiét bi giam chan &, o:

0
52%, @ = oy Im(k)? + Re(k)? (2.11)

V6i moi gia tri cho trude // L va 6 ta nhan duoc céc ti s6 giam chin va cdc tan sd dao
dong tng véi cac dang dao dong khac nhau, qua dé nghién cttu tinh chét ctia chiing
bién thién theo [/ L va 0:

§=§(%,9), w=w(é,9) .12

Vi tinh chdt cua cdc ti s6 cdn va cdc tdn s dao dong ciia hé day cé gan can
Vi tri ddit cdn co dinh

Ta xét truong hop khi vi tri gan thiét bi can nhét da biét. Hinh 2.5a mo ta su phu
thuodc cta ti s6 giam chan & vao gid tri 0 tuong ung vGi ba dang dao dong dau tién
trong khoang 6 = [0,100] va v6i ti s6 // L = 0.05. Hinh 2.5b trinh bay ba dudng cong
cla ti s6 giam chan tha nhat &, tuong tung véi ba vi tri khdc nhau cta thiét bi giam
chan: // L =0.05,0.1,0.3. Ta nhan thidy ban dau ti s6 can cia mdi dang dao dong
tang cung véi su tang cua 0. Ching gan nhu dat cung mot gia tri cuc dai nhung tng
vGi cac gia tri 6 khac nhau, xem bang 2.4. Hinh 2.5(a,b,c) ciing cho thay r6 hiéu tng
diéu chinh cua ti s6 can va hon nita, hiéu qua giam chan tang theo ti s6 I/L. Hinh 2.5¢
thé hién 10 ti s6 can tang lén & cac dang dao dong cao, xem bang 2.4.
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Hinh 2.5a: D6 thi & theo 6. Hinh 2.5b: D6 thi &, v6i 11 khac
nhau.

Bang 2.4: Ti s6 can cuc dai.
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Hinh 2.5¢: D6 thi g, va &, theo 6.

S e o A 14 . R . o 0 (1. «
D6 thi ciia tan s6 khi c¢6 can khong tht nguyén @/ @ va hé s6 can (Sw)/ o, theo 0

dugc mo ta trong hinh 2.6(a, b) va 2.7(a, b).
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Hinh 2.8(a, b) mo ta d6 thi cua ti s6 can & theo tdn s6 cd can khong thi nguyén
ol Chiing cho thdy moi quan hé giita ti s6 can vdi tan s6 c6 can.

Hé s6 thiét bi can nhdt c6 dinh

Muc ndy, thong s6 0 dugc cho trudc. Hinh 2.9 mo ta su bién déi ctia ti s6 can thit nhat
€, theo vi tri 1ap dat thiét bi can nhét /1 = [0.05-0.45] va v6i nhiing gid tri hé s6 thiét
bi can nhét khac nhau 0. C6 thé thdy &, ciing dat cuc dai khi ti s6 /I vao khoang
0.34. D6 thi cac gia tri cuc dai cua ti s6 can thd nhat &, (&, — mglx) theo //I duoc

vé trén hinh 2.10.

P 08

0.065 045

%lmax
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0.085

A s LA
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I S O
T R IR g
4128 of

002 H H H H H H H H H H H H
oos 01 0t5 02 0% 03 03 D]i 045 0.05 01 015 02 05 03 03 04

L

03

Hinh 2.9: Ti s6 can thi nhat &, theo //Il ~ Hinh 2.10: D6 thi §,,,,,, theo /1.

Bang 2.5: Céc gi4 tri cuc dai cta ti s6 can thi nhat theo ti s6 khoang céch khdc nhau.

I/l ]0.05 0.1 0.15 0.2 0.25 0.3 0.35

Eimax | 0.0264 | 0.0565 | 0.0917 | 0.1365 | 0.1973 | 0.289 | 0.405

0 6.45 3.35 2.14 1.88 1.52 1.5 1.5

Bang 2.5 thé hién céc gid tri cuc dai cua ti s6 can thit nhét ¢ng vé6i cac vi tri lap dat
thi€t bi can nhét tuyén tinh khac nhau. C6 thé nhan ra cdc gi4 tri cuc dai nay tang khi
tang ti s6 //1. Hinh 2.11(a,b,c) mo ta do thi ciia ba dang dao dong dau tién ung véi /1
= 0.3 v6i nhitng gid tri khdc nhau cta 0. D6 thi chuyén dong tai vi tri 1p thiét bi can
nhdt theo thoi gian cua day cédp trén hinh 2.12 véi ti s6 I/1 = 0.05 va ba gia tri khac
nhau ctia hé s6 giam chan 0, = 0.1, 6, = 6.5, 6; = 30. D6 thi nay cho thay hiéu qua
giam dao dong doi v6i dang dao dong thit nhat cua thiét bi.
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Két ludn

Viéc xay dung cdu day vang da trd nén phd bién trén thé gi6i va ngay cang phat trién
6 Viét Nam. Do do can nho va do manh cao cuia cac sgi cap nén ching hay phai chiu
nhiing dao dong c6 bién do 16n gay ra bdi cac tai trong truc ti€p tr moi truong nhu
chuyén dong cdc doan xe, gi6 hay mua gié két hop. Vi vay, viéc nghién ctu diéu
khién dao dong trd nén quan trong trong linh luc thiét k€ méi va cai tao cau day ving.
Dé gidm nhitng dao dong khong mong muon nay, ta c6 thé 1ap dit c4c thiét bi hao tan
nang lugng ki€u thu dong, tich cuc hay ntta tich cuc vao gin dau day tai phia noi véi
dam cdu. Trong nhitng nam gan day, nhi€u nghién cttu duoc thuc hién vé thiét bi hao
tan nang lugng, vi du nhu ma sat, vat liéu kim loai, chat 16ng nhét, dung khéi lugng
hay chat 1ong dé chuyén niang luong dao dong sang cdc dang ning luong khac nhu
nhiét hay phan phéi lai nang lugng dao dong. O day ndy da dé cap dén van dé ding
thiét bi can tuyén tinh nhét. Mot s6 tinh todn s6 vé trang thai dao dong nham lam
séng t6 ban chat dong luc hoc clia hé day c¢6 gan thiét bi can nhdt tuyén tinh. Két qua
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thu dugc cho thay c6 thé nang cao hiéu qua giam dao dong cua loai thi€t bi nay. D6

12 co s& dé tim ra nhitng thong so toi uu tng véi day cdp cho trude. Viéc thiét k&, san

xuét, thi nghiém thiét bi nay s€ duoc dé cap dén trong bai bdo sau. Tém lai, day 1a

mot cong nghé tién ti€n can nghién ctu ky trong qua trinh 4p dung né vao diéu kién

thuc t€ xay dung cau day vang & Viét Nam.
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3. Nghién ciru thiét ké thiét bi TTNL dung nguyén ly can nhét

M ddu

Viéc thiét k& cic bo chong dao dong da dugc phat trién cho nhiing cay ciu trén thé
gi6i c6 su dung cac bo TTNL can nhét. Cac mo ta chi ti€t cua thiét ké toan bo va can
ban cta su chon lya cac bd TTNL can nhét duge cung cip bdi [Rodriguez and
Ingham, 1995] va [Ingham et al, 1995]. Nhitng bo TTNL can nhét nay dat dugc cac
kha nang sau:

- Lam giam dich chuyén doc, tuong doi tai cdc khép noi, khod gié, do vay lam triét
tieu anh huong do dao dong cua nhip d& vao thap cau.

- Lam giam ing sudt cta thdp cdu khi bi dich chuyén doc, gidm yéu cau vé do ciing
clia cac thanh giang.

- Pugc str dung dé céch ly cdc nhip bén va thdp ciu dé tranh su dao dong cong hudng
cua cac hé thong nay.

Cac bo giam chan c6 tac dung ngan ngtra cac dao dong do gid, bao, va dung manh. Su
cén thiét phai kiém tra cdc bo TTNL céan nhét dé xéc dinh loai tiéu hao nang luong c6
kha nang dat dugc yéu ciu vé luc va dich chuyén. Trong qud trinh thiét k€, dé xdc
dinh xem céc bo TTNL céan nhét chat 16ng c6 thé cung cip cac hiéu qua nhu mong
muon hay khong, ngudi ta phai tién hanh thir nghiém. Chuong trinh thir nghiém dé
cong nhan nhitng tinh chat Ii thuyét cua cac bd TTNL can nhét thu nhoé theo ty 1€ va
cung cép truéc kha nang ky thuat clia su ché tao dé dua ra bién phap chong cho cong
trinh.

Nhiing chi ti€t quan trong can xem xét mot bo TTNL can nhét thu nho la:

Ap sudt xung quanh va ap suét khi lam viéc.

Céc thiét k& khe, 16.

Ciac hé thong nap, doang, phdét bit kin.

Chat can nhdt.

Thiét k€ chi tiét nhu su cong, oan, tng suat giéi han.

Viéc thir nghiém cac bo thu nho kich thu6c s& c6 § nghia va cho céc két qua biéu 10
cach hoat dong cua cic bo giit diing kich thudc thuc su.

a. Nghién citu cac yéu cau thiét k€ ky thuat va tudi tho san pham

Viéc nghién citu, tinh toan, thi€t k€&, kiém tra c6 vai trd quan trong trong cic ting
dung ki thuat. Vi du, truéc khi d6 bé tong cot thép thi khong thé bd qua buée tinh
todn, thiét k&. Trong thiét k&, modul Young cuia thép can phai dugc thi nghiém dé biét
true. Viéc thi nghiém trén cac mau thir 12 rat can thi€t dé xdc dinh cdc tinh chét clia
vat liéu s€ duoc sur dung trong thiét k&. Nghia 1a ching ta s& khong thé chic 100%
chat lugng cua tat ca cdc bd ma ching ta st dung sé thdoa man cac yéu cau thiét ké.

Diéu ching ta can c6é doi v6i bdo TTNL can nhdét 1a cdc tinh chat bén trong va cac dac
diém hoat dong ctia cic bo TTNL can nhét nay trudc khi né duoc thiét k€& va lap dat
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vao cac két ciu. Do do, viéc cac bo TTNL can nhét phu thudc vao vi tri hoac phu
thuoc vao van téc la khong quan trong. Cac bo TTNL can nhét phu thudc vao van téc
c6 do nhay bén cao véi ty sO gitta dién tich khe hd cua piston va dién tich piston.
Thém vao do con la mat do, do nhét, do 6n nhiét, tao bot ctia chat can nhdét, vv... That
may rang tat ca cidc bo can dugc lap dat dé€ TTNL can nhét déu c6 thé duge kiém tra
ma khong bi 1am hong. Diéu dé c6 nghia 1a cdc thir nghiém truée khi 1ap dat co thé
lam duoc t6i tiing bo can ma sé duge 1ap dat vao cdc két cau. Cdc tinh chit clia cdc bo
can c6 thé nghién citu dugc khong chi bdi cdc thir nghiém trén mot vai mau ma la
trén moi bo can.

Do viéc ché tao cac bo TTNL doi hoi cdc tiéu chudn rat khit khe nén ta c¢6 thé tong
két cac yéu cau ky thuat cia nudc ngoai sau diy cho cac bo can nhét duoc ché tao
phuc vu cho viéc giam dao dong.

b. Giai phap dé ché tao thiét bi TTNL phu hop véi diéu kién Viét Nam

Buéc 1: Xac dinh yéu cau cta thuc t€ can bo tiéu hao nang lugng can thiét
phai c6 hé s6 can Cy..

Buoc 2:

2.1 Ché€ tao mot bo piston - xy lanh thuy luc ¢6 hai can, xac dinh cac gia tri
ctia ban kinh xy lanh R, va can piston R, theo bang 3.1:

Bang 3.1: Cac thong s6 cia R, va R,

2R, 25 32 140 50 63 80

2R; 12 14 |18 |25 |22 28 |30 |36

2.2 Chon chat 10ng Silicon oil ¢6 d6 can nhét bang p theo bang 3.2

Bang 3.2: Do can nhét clia mot so loai ddu Silicon

Ki hi¢u Thé tich (ml) Do nhét dong Nhiét d (°C)
cSt
S100 500 100 25
S1000 500 1000 25
S5000 500 5000 25
S10000 500 10000 25
S30000 500 30000 25

Budc 3: Ta tién hanh ché tao dau piston véi cdc tham s6 hinh hoc: nham thoa

man C=C, .
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Buwéc 4: Két thic ché tao.
Bude 5: Kiém nghiém tai phong thi nghiém.

c. Tinh toan dong luc hoc cac bo phan cua thiét bi TTNL

Dé thiét k& va danh gid chat luong bo TTNL, ngudi ta thudng dé cap dén cac tham so:
van toc thiét k&, bién do thiét k&, Iuc 16n nhat, s6 mil van tdc, hé s6 can, khoang bién
thién nhiét do va khoang bién thién tin s6 hoat dong.

- Van toc thiét k€ 1a van toc 16n nhat ma bo TTNL phai chiu. Van t6c thiét k& tuy
thudc vao két cau.

- Bién do thiét k€& 1a khoang dich chuyén 16n nhat cta pittong. N6 ciing phu thudc vao
két cdu. Néu bién do nay qua 16n (>1m) thi cin c6 cac co ciu bao vé bd TTNL khoi
bi cong.

- Luc 16n nhat dac trung cho do 16n cua bo TTNL. N6 quyét dinh duong kinh xy lanh,
kich thudc khe hep, 16 khoan trén dau piston cia bo TTNL.

- Hé s6 can dac trung cho ty 1& gitra luc va van toc.

- Khoang bién thién nhiét do va tin s6 cho thdy mién nhiét do va tdn s6 c6 thé 4p
dung bo TTNL mot cdch 6n dinh.

d. Tinh toan, thiét ké cac thiét bi TTNL thir nghiém va 10 thiét bi TTNL
hoan chinh

- Tinh todn thiét ké cdc bo xi lanh, piston ddc chung lam viéc lién tuc trong moi
truong khdc nghiét doi hoi dé an toan cao;

Dé dat duoc yéu cau trén ngudi ta st dung mot s6 cong nghé:

- Khoan nhiéu 16 phu hoic sit dung céc khe van dang hinh khuyén dé khong gay ra
dong roi khi chat 1ong chay qua khe. Ngoai ra, khe van hinh khuyén thuong dugc tao
thanh gitta xylanh va pittong nén né c6 kha nang thoat nhiét nhanh ra ngoai moi
truong.

- Thiét k€ cac khoang chita nham trdnh cho chét 16ng bi nén & dp sudt qud cao, gay ra
luc hoi phuc (luc cé tinh chat nhu luc cta 16 x0) dan dén viéc tang ung suat vao két
cau. Khoang chita cling dam bao tinh doi xting ctia dac trung dong luc cua bo TTNL.
Dé dat duoc yéu ciu 6n dinh nhiét do, ngudi ta tao ra nhitng bo diéu nhiét trong khe,
c6 chiic niang thay doi kich c¢& khe van khi nhiét do thay déi. Ngoai ra, khoang chita
cling ¢6 vai tro di€u nhiét. Yéu ciu vé kich ¢ dé dang dat dugc khong chi véi bo
TTNL ma con nhiéu loai b0 TTNL khéc.

- Tinh todn thiét ké"hé thong van diéu tiét ldp ddt trong hé thong TTNL

- St dung khe van c6 dang voi phun Laval (1a khe c¢6 dang hoi tu - phan ky). Voi
phun Laval 1a khai niém rat quen thuoc trong khi dong luc. N6 ¢6 tinh chat giai thoat
dugc dong c6 van téc 16n va kim ham dong ¢6 van toc nhoé. Ngoai ra voi phun Laval
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cho phép giam duogc stic can do va cham. Tuy nhién viéc ch€ tao dang nay rat kho
khan c6 thé thuc hién duoc trong diéu kién may moéc ctua Viét Nam con thi€u. Ta chi
c6 thé dp dung céc hé khe 16, dat do kin khit cao dé tao dong chay van téc cao.

- Tinh todn lua chon cdc hé thong giodng thity luc,

Dé dat duoc yéu cau vé luc 16n nhat va tudi tho, ngudi ta phat trién trén ca 2 phuong
dién: phuong dién vat li¢u va phuong dién co hoc.

- V& phuong dién vat liéu, ngudi ta dung cac loai thép c6 cuong do cao lam pittong va
ché tao ra cdc vat liéu 1am gioang phdt rat bén.

- V& phuong dién co hoc, mot s6 cdach bo tri gioang va thanh dan huéng gidp cho tang
stc chiu dung va tudi tho ctia bo TTNL. Tham chi, khi ldp dat vao két cau ciing c6
nhitng cdch lap dat dé bao vé bo TTNL.

- Phan tich va tinh todn Iva chon loai ddu nhot phit hop voi san phdam TTNL
Tan dung tinh chat nén duoc va do nhét cao clia mot so loai chat 16ng, chang han dau
Silicon.

Duéi day la két qua thi nghiém bo tiéu hao nang lugng dugc truong dai hoc cua Dai
Loan thuc hién:

Thi nghiém duogc ti€n hanh véi dai tan s6 cta luc kich dong tir 0.05 Hz dén 3.5 Hz va
bién do dugc gidi han trong + 10mm, 15mm, 20mm, 25mm va 30mm. Mdt s6 két qua
tieu biéu, cho trudng hop bién do £10mm véi cdc tan so thay déi (vd 2.5 Hz, 3.0 Hz,
3.5 Hz), chi ra mai lién hé giita luc can lién hé véi dich chuyén va van téc duoc vé
trén hinh 3.1 dén hinh 3.3.
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Hinh 3.1. Két qua ki€m tra trong trudng hop tan s6 2.5 Hz va bién do 10mm
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Hinh 3.3. Két qua kiém tra trong trudng hop tan s6 3.5 Hz va bién do 10mm
Dua trén cac két qua thu dugc tir thi nghiém tuan hoan, su lién hé gitta luc can cta bo
can nhét va van toc cua piston trong Xy lanh bo can nhét duge xac dinh va v€ trén
hinh 3.4. Méi lién hé 12 mot ham tuyén tinh nhu sau:

F=0.19V (kNs/cm) (3.1)

Diéu nay c6 nghia 1a hé s6 can duogc tim ra qua thi nghiém 12 mot hang so.

Fitting curve, F=0.19 ¥
r * 0.1 Hz, 10 mm
30 * 0.2 Hz, 10 mm
0.5 Hz, 10 mm
- - + 1.0 Hz, 10 mm
E 15 1.5 Hz, 10 mm
- 2.0 Hz, 10 mm
;:: - L] 2.5 Hz, 10 mm
E 0l 3.0 Hz, 10 mm
Z
& 15—
=4
=30
_45 1 | 1 | 1 | 1 | 1 | 1
-300 -200 -100 0 100 200 300

Velocity (mm/sec)

Hinh 3.4. Mo6i lién hé gitta luc can va van téc cta bd can nhét duoc tim ra qua thi nghiém tuin hoan
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e. Tinh toan, thiét ké cac loai d6 ga phuc vu cho ché tao va kiém tra cac
thiét bi TTNL.

May kiém tra: May kiém tra duoc thiét k& va ché tao dic biét cho chuong trinh kiém
tra bo TTNL can nhét. May kiém tra duoc thiét k& dé sir dung nang luong toan bo clia
hé thong bom thuy luc va dé xac dinh céc dac diém 16n nhat cia thiét k& cdc bo
TTNL cén nhét. Mdy kiém tra cdc bo can & vao tu thé ding thang bao gom hai xy
lanh & hai bén 1a hai xy lanh thuy luc 28 tan hai chiéu. Trén hinh 3.5 mo ta mot kiéu
may thi nghiém nhu vay.

Hinh 3.5. May thi nghiém bo TTNL céan nhdét.

M6i mdy tao luc duoc diéu khién bsi mot van sécvo 757 1/s. Mot luc duoc dat vao
bén canh bo TTNL dé mo phong trong luc va dé ting hodc ha nhiét do kiém tra, bo
can nhét dugc boc kin bdi mot khoang nhiét do. DE ha nhiét do ngudi ta ding nito
l6ng, dé tang nhiét do ngudi ta dung biang nhiét cong suat 2 kw. Ngoai ra ngudi ta
con dung céc canh quat dé phan phai nhiét do trong khoang nhiét do théng nhat. Mot
bo chuyén déi luc mot truc duge néi véi phan ddy cta bo TTNL can nhét duge dung
dé do luc ctia bo can nhét, va dich chuyén ctia bo can nhét dugc ghi lai bdi mot day
do dién thé dugc dan truc ti€p vao canh ctia bo can nhét va duoc noi vao dinh cua can
piston ctia bd can nhét. Cac thi nghiém nay c6 thé thuc hién trong diéu kién binh
thudng dé so sanh véi 1y thuyét.

4. Lap quy trinh cong nghé ché tao bo TTNL

a. Khao sat kha nang ché tao cac thiét bi TTNL tai cac nha may co khi
trong nudc, tir d6 dua ra cong nghé ché tao cac thiét bi nay phu hop voéi
yéu cau cong nghé thiét bi cua Viét Nam

Noi ché'tao va cung cdp thiét bi

- Cong ty Co dién Nong Nghiép va Phat trién Nong Thon (Ch€ tao piston, xy
lanh).
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- Nha may Z 125 Bo Quoc Phong (Ché€ tao piston, xy lanh).
- Cong ty Diezen Song Cong- Thai Nguyén (Ché tao xy lanh).

Cdc hang va cong ty cung cdp thiét bi thuy luc tir nudc ngodi

- Cong ty Tu dong hod thuy khi Nam Thinh (181 Chuia Boc- Ha Noi ) dai dién
cho cong ty ELCOM - Italy.

- Cong ty thuong mai va thiét bi thuy luc Yén Linh, s6 22 duong Nguyén Phong
Sac- Nghia Tan - CAu Gidy- Ha Noi.

b. Phan tich lua chon cic mat cong nghé, vat liéu, gia ca, hiéu qua, tudi
tho, cach lap dat... dé quyét dinh phuong 4an ché tao thiét bi TTNL dung
nguyén ly can nhét
Vat liéu va yéu gcfu k)7 thudt cua bo tiéu tdn ndng lw(mg." ,
Vit li¢u dung dé cheé tao bg tiéu tan nang luong c6 dd bén tuong doi cao

- Khi &p suat dén 100kG/cm’ thi vat li¢u c6 do bén

o, =15+ 60kG | mm’

- Khi 4p suat dén 100 - 200kG/cm’ thi vat liéu c6 do bén

o, =30+90kG / mm*

- Khi 4p suat > 200kG/cm” thi vat liéu c6 d6 bén

o, > 90kG | mm”

Bang 4.1: Yéu cau do chinh xac ché tao thiét bi tiéu tan nang luong

Vat ligu va | Xilanh Pittong Can pittong | Nap Do ga lap
yéu cau gia rap, phu kién
cong

PO nhan bé Khong thap hon V8

mat

b0  khong | Khong 16n | - Khoéng 16n | - Khoéng 16n
thang cua chi | hon 0.03 hon 0.03 hon 0.03

tiét trén 500

mm

Do ddo mat | Khong 16n | Khong  16n | - Khong 16n | Khong 16n
mut hon 0.05 hon 0.05 hon 0.05 hon 0.05

Do dao bé | Khong qua dung sai cia dudng kinh tuong ting
mat so Vol
tam xy lanh

Do chinh xac | 2 3 2-4 2 2
cua ren

bo  khong | Khong 16n | - Khong 16m hon 0.02 Khong 16n
vuong  goc | hon 0.02 hon 0.02

trén  chiéu
dai 100mm
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Tinh ting sudt va chuyén vi trén xy lanh

Do xy lanh 1a chi ti€t chiu dp sudt rat 16n cua chét can nhét nén dé thi€t k€ xy lanh
lam viéc dugc, ta can bi€t dén ting sudt va chuyén vi trén xy lanh. Ta c6 thé coi xy
lanh ctia bd can nhét nhu mot 6ng hinh tru kin hai dau (hinh 4.1) ¢é ban kinh ngoai
R4, ban kinh trong R;, 6ng chiu dp luc bén trong phan b déu p,, phia ngoai chiu ap
pp. & day, vat liéu 1am 6ng c6 he s6 E, p va [o].

ong bi kéo doc theo truc bdi mot hop luc P bang:

P=n(p,R - p,R?) (4.1
ung sudt kéo doc theo truc co tri so la:
_ P _ (PaR12 ~ prj)
o7 nrRZ-R2)  (R2-R?) (42

i®)
S

v v vy by
A
va’”
TTTT\TTT

Hinh 4.1. So d6 phan bg luc trén xy lanh

Ta c6 tng suit xuyén tam o, va ung suat vong o, (hinh 4.2) dugc tinh nhu sau:
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Or

Hinh 4.2. So d6 phan bé luc trén mat cit ngang cta xy lanh

— palel2 _pr42- _ Rlsz Pa — Py

" R} -R; r* R; —R;

¢)

:paRlz_prZ +R12R4% pa_pb
R — R} r* R; R}

O,

Chuyén vi u theo phuong bén kinh cia diém cach truc mot khoang r 1a:

L L-np R -pRy  1+pRIR  p,-py B

E R, -R; E r R -R} E°

Diéu kién bén cuia 6ng nhu sau:

max(s,,0,,06,)<[o]

c. Lap quy trinh cong nghé ché tao

(4.3)

4.4)

(4.5)

Diéu kién bén clia 6ng xy lanh thoa man theo cong thic (4.5) vé6i [c]=c,/n=1180

(kG/cm®), n 1 hé s6 an toan véi thép chon n=5.
Trong d6 p,=F/A=27408/(3.14*3.11%)=90 (kG/cm®)

Gia st py 12 4p sudt khi quyén trong diéu kién binh thudng: py=1 (kG/cm?)

ap dung cong thic (4.2), (4.3) va ta chon dudng kinh ngoai cta xy lanh 12 7,5 cm. Ta

co:
P (p.R2-p,R2) (00%31.5% —1%37.5?)
*xlRZ-RrZ) (RZ-RZ)  (37.52-31.57%)

o

=212(kG/cm?)
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R’ —p,R} R’R? p, -
_pa 1 Pyl _ T4 Pa — Pp :_9O(kG/Cm2)

O =
" RI-R] R} R;-R}

2 2 2p2 _
PR — PRy +Rl Ry P, p;; =514(kG/cm®)

0, = 2 2 2 52

max(o,,0,,0,)=514(kG/cm*) <[o]

Quy trinh thiét ké - ché'tao - kiém tra bo tiéu tan ndng luong
Budc 1: Xac dinh yéu cau cta thuc t€ can bo tiéu hao nang luong can thiét phai
c6 hé s6 can Cy,.
Buéc 2: - Chon mot bo piston - xy lanh thuy luc ¢6 hai can, xac dinh 1 gi4 tri trong
cac gia tri cua R,, R, theo bang 3.1

- Chon chat long Silicon oil cia My (hdang Thermo Haake) c6 do can nhét
biang p theo bang 3.2
Buwde 3: Dua vao cong thiic F=CV, hé s6 C s€ chi con 1a mot ham s6 C=C(n, o, R», Ry, I).
Ta tién hanh ché tao ddu piston véi cac tham s6 n, o, Ry, Ry, 1 nham théa mén C=C,. .
Budc 4: Ché tao tai nha may bd TTNL thoa man cdc yéu cdu ma tinh toan da c6. (Bo
ban v€ thiét k& dugc di kem trong phan phu luc)
Buwéc 5: Thi nghiém kiém tra bo can nhét tai phong thi nghiém

Ldp quy trinh cong nghé ché tao tai nha mdy
1. Quy trinh gia cong ché'tao cdc chi tiét cua bo tiéu tdn ndang luong
a) Yéu cdu vé gia cong

Gia cong chi ti€t phai chinh xéc va theo dung vdi céc kich thuc quy dinh dé c6 thé
sdn sang lap dat cdc chi tiét thay th€ véi cac ban vé thiét k&. Cac chi tiét tuong tu
nhau va cdc chi tiét, bo phan du phong phai c¢6 kha nang lip 1an.

Toan bo cong tac gia cong phai dugc thuc hién nham gitt cho cac bé mat lién ké khép
v6i nhau. Cdc bé mat chua hoan thién phai dugc gia cong diing theo cdc dudng nét va
kich thu6c thé hién trén ban v&, va phai dugc 1am nhidn bé mat khong con cic vét gb
ghé, 16i 16m.

Hoan thién cdc bé mat cua tat ca cdc chi tiét va bo phan phai phit hop vdi cdc yéu cau
phuc vu tuong tng, va phai theo ding vdi cidc ban vé dugc phé duyét. Cac bé mat
dugc gia cong hoan thién phai dugc thé hién trong céc ban vé ché tao bang cédc biéu
twong tiéu chuin hod tuong ting.

- Cdc nguyén cong
Nguyén cong 1: Chudn bi phoi
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Cac chi tiét dang truc 1a loai chi tiét xuat hién chu yéu trong b tiéu tan nang lugng
bao gébm xy lanh, truc piston va cdc chi tiét lap ghép bo tiéu tdn nang lugng 1én cau.
Ching c6 bé mat co ban cén gia cong 1a mat tron ngoai. Mat nay thuong dung lam
mat 1ap ghép. Tuy theo két cau ma c6 thé chia cdc chi tiét dang truc ra cac loai sau:

- Truc tron: truc piston.

s N . 9 2 7 , P N 7 : L
Trén suodt chiéu dai cua truc chi c6 mdt kich thuéec duong kinh d. Khi E<4: truc tron

. L L
ngan; E = 4--10: truc tron thuong; E>10: truc tron dai.

- Truc rong: loai truc rong dugc ding lam truc piston trong mot s6 trudng hop.

DPiéu kién ky thudt

Khi ché tao céc chi tiét ctia bo tiéu tdn nang luong c¢6 dang truc cdn dam bao céc di€u

kién k¥ thuat sau:

- Kich thudc dudng kinh cdc ¢6 lap ghép yéu cau dat cap chinh x4c 7-10, trong mot
sO truong hop can dat cip 5.

- Do chinh xéc vé hinh ddng hinh hoc nhu do con, do ¢ van cua cdc truc nam trong
gi¢i han 0,25-0,5 dung sai dudng kinh c6 truc.

- Do nhdm ctia céc c6 truc lap ghép dat R,=1,25-1,16, clia cdc mit dau R,=40-20 va
bé mat khong 1dp ghép R,=80-40.

- B& mat truc piston dugc t6i ciing 30HRC va sau d6 dugc ma crom dat do day 30-
S50um.

Vé tinh chét co 1y cua bé mat truc nhu do cing bé mat, do tham toi tuy ting trudng

hop cu thé ma dat diéu kién k§y thuat.

Ngoai ra d6i v6i mot so truc 1am viéc véi toc do cao con ¢6 yéu cAu can bang tinh va

can bang dong.

- Vat liéu va phoi dung dé ché tao cac chi tiét dang truc cia bo TTNL

Vat liéu dé ché tao cac chi tiét dang truc clia bo tiéu tdn ning luong bao gém thép
cacbon: thép 35, 40, 45; thép hop kim nhu thép crom, crom-niken, 40X; 40T"; 50T".
Viéc chon phoi dé ch€ tao truc phu thudc vao hinh dang, két cau va san lugng clia
loai truc d6. Dai véi chi ti€t dang truc ctia b tiéu tan nang lugng thi tot nhat la dung
phoi thanh.

Bang 2. Day kich thuéc thing tiéu chudn diing dé chon khi ché tao céc chi tiét clia bo
tiéu tin nang lugng, [6]

Gia trj kich thudc tiéu chuan
300 [500 [800  [1000 | 1600 |3000
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Tinh cong nghé trong két cdu cua chi tiét dang truc trong b0 TTNL
Khi thiét k€ chi tiét dang truc can phai chi y dén cac van dé sau:

Céc bé mat trén truc ¢6 kha nang gia cong duge bang cdc dao thong thudng.

Giam duong kinh truc dén miic c6 thé ma vin dam bdo moi chiic nang lam viéc.

Gia cong truc trén cic mdy tién, may CNC.
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Hinh 4.5 Ban vé ché tao chi tiét

dang truc truc cua bo tiéu tan nang luong
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Nguyén cong 2: Ché'tao chi tiét dau noi trén mdy phay
Nguyén cong 3: Khod mdt dau dat kich thudc dai, khoan ldy ddu tdm, tién tho
va tinh chi tiét truc piston

Tién c6 thé tao dugc nhiéu hinh dang bé mat khdc nhau nhu cdc mit tru cua xy lanh,
pittong, cac mat dau, ren trong va ngoai.

a. Chudn dinh vi khi gia cong chi tiét truc:
D6i v6i céc chi tiét dang truc yéu cdu vé do dong tam giita cdc c6 truc 1a rit quan
trong. Dé ddm béo yéu cau nay, khi gia cong truc cidn phai ding chuin tinh théng
nhat. Chuan tinh thong nhat khi gia cong cdc chi tiét dang truc 1a hai 16 tam con & hai
dau cua truc. Dung hai 16 tAm con lam chuén, c¢6 thé hoan thanh viéc gia cong tho va
tinh hau hét cdc bé mat clia truc.

b. Thir tw cdc nguyén cong va bign phdp cong nghé ché tao chi tiét dang

truc truc cua bg tiéu tan nang lugng

Thi tw gia cong cdc bé mat

Viéc lap trinh tu gia cong cdc bé mat va chon thiét bi cho céc chi tiét dang truc phu

thuoc vao cac yéu t6 co ban nhu hinh dang, kich thuéc, do cing vitng, yéu cau do

chinh xéac dat dugc cling nhu san lugng hang nam. Khi ch€ tao céac chi tiét dang truc

tron c6 thé chia ra céc giai doan chinh sau:

Gia cong chuan bi.

- Cat diit phoi theo kich thudc dai hodc boi s6 cua chiéu dai trén mdy nhiéu truc hoac

mdy cat dit tw dong chuyén dung, mdy cua, cling c6 thé cit dit trén may tién

- Khoda hai mat ddu va khoan hai 16 tam. Néu truc dai phai dung luynet thi cin phai

c6 nguyén cong gia cong c6 do.

Gia cong truoc nhiét luyén

Tién tho va béan tinh cdc mat tru trén mdy tién (thuong dung hai 1an g4 dé gia cong

hai dau).

- Tién tinh cdc mat tru. Néu 1a truc réng thi sau khi tién tho va ban tinh phai khoan
va doa 16 r6i mdéi gia cong tinh mét ngoai.

- Mai tho mot s6 c6 truc dé dd chi tiét khi phay.

- Nan thang truc ¢6 ® <100 va §>10.

- Gia cong céc 16 vuodng géc hodc 1lam thanh mot géc dudng tam truc, gia cong cac
mat cO ren, mat khong quan trong.

Nhiét luyén

Nin thang sau khi nhiét luyén dé khdc phuc bién dang

Gia cong tinh sau nhiét luyén
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- Mai tho va tinh céc ¢ truc.
- Mai tho va tinh cadc mat

- DPénh bong

Tong ki€m tra.

Tién tho va tién tinh mat tru

Cong viéc tién tho va tién tinh dugc thuc hién trén mdy tién van nang. Viéc gia cong
16 tam trén céc truc duoc lam theo dau. Néu thuc hién trén mdy tién thi truc dugc kep
mot dau vao mam cap.

Nguyén Cong 4: Ché'tao chi tiét ndp xy lanh trén mdy tién

g

Hinh 4.6: Ban vé ch€ tao nip xy lanh

Nguyén cong 5: Ché'tao chi tiét xy lanh trén mdy tién

Hinh 4.7: Ban vé ché tao chi tiét xy lanh

Nguyén cong 6: Ché’tao chi tiét mdt bich xy lanh trén mdy phay
Nguyén cong 7: Ché'tao chi tiét dau piston trén mdy tién
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Nguyén Cong 8:

Nguyén cong 9:

> et v l'L

AN

T i .

T

Hinh 4.8: Ban v€ ché€ tao chi ti€t dau piston

Ché’tao chi tiét ong ndi trén mdy tién
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Hinh 4.9: Ban vé chi tiét ong noi
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Hinh 4.10: Ban vé chi tiét nap 6ng n6i
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Nguyén Cong 10: Ché tao chi tiét két noi vao day cdp bang phuong phdp ddp
néng (t=1500° C)

Chiuét 1

!
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Hinh 4.11: Ban vé ché tao chi tiét truc noi 6p vao day cap
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a) Nguyén cong dap tho
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b) Nguyén cong dap tinh
Hinh 4.12: Khuon dap tai hong ctia b0 TTNL

Sau khi dap ta chuyén céc chi tiét trén sang nguyén cong khoan, phay, lam sach bé
mat va nhuém mau den.

Nguyén cong 12: Khoan cdc 16 ldap ghép bulong trén cdc mdt ciia chi tiét tai
hong, mdt bich

- Chon miii khoan, ta ro: @22, @11, M10 d€ khoan céc 16 lap ghép bulong trén bé
mat cac chi tiét két noi.

- Mday khoan: Chon loai may khoan ding.

Nguyén cong 13: Phay, mai tinh cdc mdt phdang ciia cdc chi tiét két noi bo tiéu
tdn ndng luong vao ddy cdp va cdu (tdm 1, tdm 2, tdm 3)
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Hinh 4.13: Ban v€& ché tao chi tiét tdm 1
Nguyén cong 14: Han cdc moi han theo bdn vé ché'tao tudn thu quy trinh han

Cac dac tinh k§ thuat co ban ctia méi han phai phu hop véi vat liéu cha thé nhu da
dugc quy dinh trong céc tiéu chuédn tuong ing.

T4t ca cdc m6i han n6i thép tAm theo chiéu tng sudt chinh phai dugc han don hoac
kép. Cac tam kim loai gdn nhau chiu tng suét cao phai c6 chiéu ddy chénh nhau t6i
da 3mm. Néu su chénh 1éch 16n hon thi tdm kim loai day hon phai dugc vat mép véi
do nghiéng t6i da la 1:4.

C4c m6i han co ban phai duoc ché tao tir phang theo quy dinh trong quy trinh han da
dugc phé duyét. Bén canh do, tat ca cic moi han ti€p xidc vdi chat 1ong nhét phai
dugc mai nhan. Trude khi han, phai loai bd cac moi han dinh c6 khuyét tat hoac ran
ntt. Doi v6i cac moi han noi dau kép, phan chan cac maoi han phai dugc loai bo hoan
toan bing cdch mai hodc do lai trude khi ti€p tuc han trén cac canh khidc dé trdnh
dong can.

Xur Iy vat liéu thep truoc khi han
Chudn bi bé mat lam sach va son [op dau tién
Chudn bi mép cdc chi tiét han
- Lam sach gi, ddu m& va céc chat ban khdc trén mép han va hai bén.
- Vit mép bing may (mdy bao ton hodc bang mdy céit khi khong dé lai vét cat
khic).

Lam sach mép han:

Doi v6i moi han gidp moi: Hinh 4.14a

Chiéu rong lam sach mép han L: L=b/2+(5+10mm)

B: Chiéu rong moi han
Dai v6i mai han chit - T (Hinh 4.6b)
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L;=K+(5+10mm)
L,=6+2K+(5+10mm)
L;=6+2h+(5+10mm)
b-chi€u rong mai han
k- canh méi han géc

b
—
NS

N

L

2) Pham vi lam sach

=t

NS

7

N ]

b)

Pham vi lam sach

Hinh 4.14: Chuan bi mép cac chi tiét han

Béang 3. Tiéu chuin vat mép, lap ghép va han

Kiéu KET CAU MOI HAN S S, a k
moi Khéng
han nhé hon
N°1 —=S= 2-2,5 0" 3%
k . 3-4,5 0% | 42
% 4 \{ — 5-6 +2
S, N 7-9 0,78 Sl
f 10-15 6"
16-21 722
22-30 UR e
N°2 2-25 [0,7S |0 3+
3-4,5 0™ 492
5-6 -
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STk 7-9 5+2
N 10-15 -
. . 16-21 -1
SEERN N 22-30 0% |77
% g2
N°3 ——S S S a=e | b c
a %ﬂo Khong
‘ e»l S \ 16n
3 < hon
‘ 4 10,78 [0 |10 3+l
f 6 14 -
8 16
10 5+ | 20
12 222
14 26 -
16 28 45
N° 4 ﬂijf c S S c b C+33
a |7 7& b Khong | ~
] XK 43‘ L('rn
on
?‘ AN N 12- 1078 [45 [16 |3
16 6-7 |20
18- 8-9 |22 5
22 10- |26
24- 11 |28 6
28 12- 130
30- 13 6
34 14-
36- 15
40 8
42-
46
N°5 | /\500\ | S=S, |h b c
: 4 Khon
I NN S on
SJA L»D«J h— f hon
: 12-14 |5-6 |18 0,52,
16-18 |7-8 |20 :
20-22 [9-10 |22
2426 | 11-12 |26 B
28-30 | 13-14 |28 0,555
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N° 6 b S S, b k
«»g;40°ﬂ:5° i
./ | S
| 24 L«H % 3
44 8 >0,7S | 13 4
10 157
12 5
14 20+3
16 -
18 +4
20 255 |6

Nguyén Cong 15: Ma Crom, kém cdc chi tiét can piston, ddu piston, ma kém
cdc chi tiét két noi voi ram cau, nhudém chi tiét tai hong két noi voi day cap

Nguyén Cong 16: Son mau bo tiéu tan ndng luong bang cong nghé son 6 t0.

- Lam sach bé mat bo tiéu tdn nang lugng bang gidy rap tinh.

- Dung bang dinh dé cuén che phén truc piston

- Son 16p tht nhat 1a 16p son 16t

- Son 16p thit hai 1a 16p son chinh thic

- Son 16p tht ba 1a 16p son bong

- Sdy & nhiét do 50° C dé 1am cang bé mat 16p son béng, taing do béng, dep trong 5
gio.

- Bao géi bang vai, cho vao hop gidy.
Nguyén cong 17: Lap rdp cdc chi tiét ché'tao thanh bo tiéu tan ndng luong

Cidc khdp ndi bang bu-long phai duge thiét k€ va hoan thién phit hop véi céc thuc tién
k¥ thuat va tuan theo cac tiéu chuin da dugc chdp thuan. Tat ca cdc 16 bu-long phai
dugc khoan, duc theo yéu cau sao cho khép véGi bu-long v6i do chinh xac thich hop.
Ciac bu-long phai ¢6 vong dém va khoa ham nhu yéu ciu. Céc bo phan dé ghép chinh
xdc phai duoc 1ap véi cac chot dan hudng. N6i chung, cdc 16 dé bat bu-long, dai oc
phai c6 cting kha niang bao vé chong han ri nhu cdc thiét bi con lai (chu thé).

Bu-long va dai 6¢ phai ¢6 cdc dudng ren tiéu chudn tinh theo hé mét va phai dugc ché
tao tir thép khong gi.

Tat ca cdc khdp noi biang bu-16ng va dai 6¢c phai duoc bao vé chong han ri thich hop.
Tat ca cac bu-long, dai 6¢, dinh va vit (bao gom ca cic vong dém) déu phai dugc ché
tao tir thép khong gi hoac dugc ma k€m néng véi chit luong. Bu-long va vit ¢6 dau
kiéu luc gidc.
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Hinh 4.8: Ban v& lap thié€t bi giam dao dong

Nguyén cong 18: Kiém tra cdc kich thudc lap rdap va kiém tra hoat dong ciia bo
tiéu tdn ndng luong khong bi ket, ro ri ddu.

Céc kich thuGc phai dat ding theo ban vé va yéu cau k¥ thuat ghi trén ban vé nhu do
béng bé mit, cdc méi han phai ngau, khong rd, khuyét tat. Dé thuc hién diéu nay ta
lam theo trinh ty nhu sau:

- Moi han phai tuan tha theo yéu ciu cia AWS D1.1. M®&i han thép khong gi
phai dugc thuc hién tai phan xudng trang bi ¢4 stt dung dién cuc han bing thép khong
gl.

- Cac thiét bi tiéu tan nang lugng phai duoc danh so cho ting thiét bi. Cac so
phai bao gém 16 ctia san pham, ngay ché tao, luc thiét k&, va so clia thiét bi.

- Céc thiét bi tiéu tdn nang luong phai dugc 1ap rdp tai nha may. N6 ciing phai
c6 thé thao roi trong qud trinh kiém dinh bo phan. Do dé cic bo phan ¢6 thé phai dugc
ddnh s6 nhu trén ban v& ché tao dé c6 thé 1ap lai hoan chinh nhu cfi.

- Nha ch€ tao phai cung cap toan bo cac ban vé ch€ tao, vat liéu, yéu cau k¥
thuat chat luong.

5. Ché tao

Nhitng chi tiét thanh phan: Bé can nhét ciia Vién Co Hoc -Vién nghién citu Co
khi - (IM- NARIME)
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Bdng 5.1. Chi tiét thanh phan ctia bo can nhét cia IM-NARIME

‘Nha ché tao ‘IM - NARIME ]
‘Khé nang dich chuyén (hanh trinh) ‘150 ’mm
\Luc can nhét thiét k& \100 ]kN
‘Khoang chita/ bé chita phu Khong can do cén piston & 2 phia

Chit can nhét Dau Silicon 1000 cSt

Chi tiét thi nghiém

Tan s6 luc(Hz) " 2 3 1
Nhiét do kiém tra (°C) 30 30 30

S6 chu ky 5 5 5 1000
Bién do dich chuyén (mm) |5 5 5 10
Bién d6 van toc (mmy/s) 30 60 90 60

Bdng 5.2. Chi tiét thi nghiém ctia IM- NARIME

BAC TINH K¥ THUAT
Budmg binh pleton:p &3
Buimg Kb ofin platon:@ 30
Hisnh trink: 100 mim

Ap sulft ma2I0 kyfomz
Wi df e BO°C

o

S00£2

Chiie v Hyvh tin [Nyl o
e BE TAI NHA NUAC RE0530
Thifle k& M, . Thiing
Kigrm tra F. . Phatig VIEK Cof HOC-VIEN NGHIER
Chil mhigm B4 £3i [N, B. Anh clu eo ghi

Hinh 5.1. Ban vé€ bo TTNL ctia IM-NARIME

Céc chi tiét vé cdc ban thiét hé€ xin xem trong “H6 so thiét k& k¥ thuat”.
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Hinh 5.2. BO TTNL do IM-NARIME ché tao
Du6i day l1a mot so6 két qua thi nghiém vé thiét bi TTNL thuc hién tai Vién
KHCN Xay dung.

Quan h¢ luc can-dich chuyén méau giam xéc $75
Tan s6: 1Hz
20
]5 B! —
z 10 v \: \
z 5 N
= / ]
=« 0
g 5 ,77777777777777777‘77 — 4 — 4 [ [
g -
- \ il
10 — iy
AS P T T T
-20 ‘
6 5 4 3 2 -1 0 1 2 3 4 5 6
Dich chuyén (mm)

D6 thi 5.1. Quan hé Luc-dich chuyén véi tan s6 1 Hz, bién do 5 mm.

Quan hé luc can-van toc mau giam xéc ¢75
Tan s6: 1Hz, Damper 3

Luc can (kN)

Van toc (cm/s)

D6 thi 5.2. Quan hé Luc-van téc véi tan s6 1 Hz, bién do 5 mm.
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Quan h¢ lyc can-dich chuyén mau giam xéc ¢ 75
Tan s6: 2Hz

Luc can (kN)
=)

6 5 4 3 2 -1 0 1 2 3 4 5 6

Dich chuyén (mm)

D6 thi 5.3. Quan hé Luc-dich chuyén véi tdn s6 2 Hz, bién do 5 mm.

Quan hé luc can-van téc mau giam xoc 75
Tan so: 2Hz, Damper 3

Luc can (kN)

Van toc (cm/s)

D6 thi 5.4. Quan hé Luc-van t6c véi tan s6 2 Hz, bién do 5 mm

Quan h¢ luc can-dich chuyén mau giam xéc ¢75
Tan s6: 3Hz

Luc can (kN)

6 5 4 3 -2 -1 0 1 2 3 4 5 6

Dich chuyén (mm)

D6 thi 5.5. Quan hé Luc-dich chuyén véi tin s6 3 Hz, bién do 5 mm.
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Quan hé luc can-van téc mau giam xéc $75
Tan s6: 3Hz, Damper 3

Luc can (kN)

-12 .10 8 6 4 -2 0 2 4 6 8 10 12

Van toc (cm/s)

D06 thi 5.6. Quan hé Luc-van t6c véi tan s6 3 Hz, bién do 5 mm.

Pé thi cia Litc cdn theo thi gian DAMPER 3
(1t chu ky 1 dén 150)
30 S — S

Lutc can (kN

20

-30

-12-10 -8 & 4 2 0 2 4 6 3 1012
Diich chuyén (mm)

D6 thi 5.7. Quan hé Luc-dich chuyén véi tan s6 1 Hz, bien do 10 mm, 150 s

6 thi clia Luc can theo van toc DAMPER 3
(tir chu k¥ 1 dén 150)

Luc can (N

80 680 40 20 0 20 40 &0 8D
Vian tdc (cmfs)

P06 thi 5.8. Quan hé Luc-van t6c tan s6 1 Hz, bién do 10 mm, 150 s
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(tir chu ky 200 dén 350)

D6 thi ciia Luc can theo thoi gian DAMPER 3

20

=]

10
-20

(NYY) ugo oftg

12

0

1

8

-12-10 -8 6 4 -2 0 2 4 6

Dich chuyén (mm)

1 Hz, bién do 10 mm, 150 s

én vGi tan sO

R

b

Do thi 5.9. Quan hé Luc-dich chuy

Do thi ctia Luc can theo van toc DAMPER 3

(tir chu ky 200 dén 350)

L

J IO
|

14
12
10
8
6
4
2
0

4 F--

(N3 ugo ong

80

60

Van téc (cm/s)

by

Do thi 5.10. Quan hé Luc-van toc t

1 Hz, bién do 10 mm, 150 s

N

an so

A

Do thi cia Luc can theo thoi gian DAMPER 3
(tir chu ky 500 dén 650)

2

Dich chuyén (mm)

(N3D ued ong

1 Hz, bién do 10 mm, 150 s

A

an so

A

3\

Do thi 5.11. Quan hé Luc-dich chuyén vdi t
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Do thi ciia Luc can theo van toc DAMPER 3

Luc céan (kN)

Van téc (cm/s)

P06 thi 5.12. Quan hé Luc-van téc tan s6 1 Hz, bien do 10 mm, 150 s

Do thi ciia Luc can theo thoi gian DAMPER 3 (tir
chu ky 850 dén 1000)

Luc can (kN)

Sbdldbhhbibio—

-12-10 8 6 4 2 0 2 4 6 8 10 12
Dich chuyén (mm)

P06 thi 5.13. Quan hé Luc-dich chuyén vé6i tan s6 1 Hz, bién do 10 mm, 150 s

Do thi cia Luc can theo van toc DAMPER 3
(tir chu ky 850 dén 1000)

Luc can (kN)

-80 -60 -40 -20 0 20 40 60 80

Van téc (cm/s)

P06 thi 5.14. Quan hé Luc-van téc tan s6 1 Hz, bién do 10 mm, 150 s
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Hinh 5.15. B0 tri thi nghiém thi nghiém danh gia
chat lugng thiét bi TTNL

Céc thiét bi TTNL can nhét déu ¢6 chat luong thoa man cac yéu cau vé kiém
tra. Céc bién ban ki€m tra chat luong ctia céc thiét bi TTNL can nhét xin xem
chi tiét & phan Phu Luc “ C4c bién ban Kiém tra k§ thuat thiét bi TTNL”.
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Két ludn

Trong trudong hop dong chay ting va dimg, chét 1ong khong nén duge, cong thirc
lien hé gitra luc va van tdc 1a F=CV. Viéc tinh todn dong chiy qua 16 khoan va qua
khe ho gifta piston va thanh trong ctia xy lanh 12 co s& dé ché tao bo TTNL. Cac cong
thitc thu duoc s& dugc 1am co s& dé thiét k& va ché tao cdc bo TTNL can nhét. Két
qua thi nghiém cac bo can nhét thu dugc pht hgp su tinh toan, ban vé thiét k€ va cho
két qua sai léch gitra thuc nghiém va Ii thuyét 1a £5%.
Tinh todn s&

Trén hinh 4.3 1a so do cua piston bo TTNL.

lF

1 - |

2R
\%

Hinh 4.3. Piston bo TTNL

Bing phuong phédp gin ding coi dong chay tang trong khe hd gitta piston va xy lanh
nhu dong chay gifta hai mat phang, cong thiic lién hé giita luc tdc dung lén piston va
van t6c cua piston ctia bo TTNL nhu sau:

F=CV (0.1)
Trong do, - C=i
I,
- A=7R?
I A
: 6Ll(R + a)

- a la khe h¢ giita piston va xy lanh
- R 1a ban kinh trong cua xy lanh
- [ 1a chiéu dai cua piston.
Vi cac gia tri cho trude ctia bd TTNL nhu sau:
R=3.15*%10"2(m),l =5*1072(m),a =0.4*10">(m), £ =980*10" (kg / m/ s)
V=6%10"(m/s),0, =5900(kG/cm®)
Gia tri tinh dugc ctia F=27408 (N).
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- Diéu kién chay tang cua bai toan duoc kiém tra theo cong thiic sau:
Quw

VeR oy AV RN

v v vy _v27z(R1+R2)_

R

2
11*107% ) *6*107
= (3 0 ) _26 0 — =0.46 <580
2*(3.15+3.11)*10 “ *1000*10
Trong do, Re 1a hé s6 Reynol <580 1a chay tang, R 1a ban kinh thuy luc, vy, 1a van toc

trung binh ctia dong chay, v 1a do nhét dong hoc cua chat can nhdét,  1a chu vi uét, ®

la tiét dién dong chay. Nhu vay, gia thiét chay tang tir ban dau da dugc chiing minh 1a

ding.
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V. AP DUNG THIET BI TIEU TAN NANG LUONG DE GIAM DAO
DONG CHO CAU BEN COC, HA TAY

1. Két qua danh gia hiéu qua giam dao dong cua day cap khi day
cap dugc lap thiét bi TTNL so vé6i day cap khong liap thiét bi TTNL

Cong viéc nghién ciu duoc tién hanh qua viéc nhiéu 1dn do dao dong ctia cic day
cap khi mot s6 day cdp duoc ldp thiét bi TTNL so v6i day cdp khong 1ap thiét bi
giam chén tai cdu day vang Bén Coéc (ngoai ra ¢6 tién hanh thi nghiém rit gon tai
cau day vang Ngdi Lan, Yén Bdi).

Muc dich cha cong viéc nghién ciu thuc nghiém 1a danh gid su suy gidm cia cic
dic trung dao dong cta day cdp nhu gia t6c, tdn s6 va dich chuyén khi day cép c6
lap thiét bi giam chdn so v6i day cdp khong duge lap thiét bi giam chan tai cdu treo
Bén C6c (va cdu treo Ngoi Lan). Qua dé phat trién cong nghé gidm dao dong nham
nang cao do bén, d6 én dinh va tudi tho, gidm chi phi bdo dudng va sira chita cho céc
ciu day vang va day vong & Viét Nam.

a. May moc thiét bi thi nghiém va qua trinh do dao dong cia day cap-
Mdy mdc, thiét bi thi nghiém do dao déng cua ddy cdp.

+ May do vdi tai dong DMC — Plus ctia Cong Hoa Lién Bang Pic méy duoc diéu
khién va do hoan toan nhd vao chuong trinh clia may vi tinh.

+ May tinh sdch tay Compag ctia M§ véi churong trinh do va st 1y két qué do dao dong.

+ M4dy do dao dong cua Hang IMV, Nhat Ban

+ Mdy do va phan tich dao dong 16 kénh DEWEBOOK ciing phan mém DASYLab 5.6.
- Dung 2 d4au do gia t&c trén 2 day cép.
Vi tri va phuong do:
- Do trén 2 day cdp ngoai cing theo phuong dao dong cua day.
- Vitri gan ddu do la 3m tinh tir chin day cép.
Ché' do do:
- Téan s¢ ldy mau: 10Hz, Dt=0,05s
- Po 2 diu cu: trude va sau khi gan damper, méi trudng hop do 10 lan.

Hai d4u do dao dong dugc ciu tao theo nguyén 1y cam tng dién tlr. Cic ddu do dao
dong dugc gan chat 1én day cdp. Dudi tdc dong cha tai trong déng, day cap treo &
cau s& dao dong, l]am dau do dao déng sé dao dong theo day cdp. Qua niing bang
thép trong dau do dao dong sé dich chuyén lén xuéng 1am thay déi dong dien ctia
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cdc cugn day cdm ting trong ddu do dao dong. Céc tin hiéu thay, d6i cta dong dién
cam tng dién tir khi qua méy do dao dong sé& bién déi tir dang tuong ty sang dang s6,
r6i duge khuyéch dai va qua day dan truyén vao chuong trinh do vi xir Iy két qua
cia mdy tinh.

Qud trinh do dao dgng ciia ddy cdp

Cong viéc thi nghiém do su suy gidm dao dong clia day cdp, khi day cap c6 1ap thigt
bi giam chén so véi day cap khoéng Iap thiét bi giam chan duoc ti€n hanh nghién ciu
thuc nghiém & ngoai hién truOng nhur sau:

Mdy do dao déng duge diéu khién qué trinh do theo chuong trinh cia may vi tinh,
Hai ddu do dao dong duoe gin chit vao 2 diém do tén 2 day cdp clia cdu. Pau do
dao dong duge gin vuong g6c véi day cédp. Cac tin hi¢u do dao~dong & hai dau do
dao dong tai hai dIém do dugc hoat dong. Déng thoi cung mot ldc va qua chuong
trinh dléu khién qui trinh do clia may vi tinh dugc miéu ta thanh hai dé thi ctia ham
gia toc theo thot gian a= f(t). Dua vio chuong trinh do va sir 1y két qua do dao doéng,
ching ta xédc dinh duée tan s6 giao dong clta day cip theo ham cia mat do phd S=
F(t) va chuyén vi chia day cdp 12 ham ciia thoi gian U= f(t).

b. Lap dit céc thiét bi TTNL can nhét tai cau day ving Bén Céc

Viéc lap dat thiét bi TINL va tién hanh do dao déng da dugc thuc hién nhidu 14n tir
cudi nam 2004 véi 1an cusi cung vao ngay 10 thang 12 nam 2005 vdi su cho phép
cta cdc co quan quén 1y cdu, cu'thé 13 S& Giao thong Ha Tay va Phong Giao thong
néng thon. Lan 13p nhiéu thiét bi nhét bao gém 16 thit bi TTNL trong dé 8 thiét bi
cho 8 day ngoai ciing & hai ddu cdu (méi ddu ciu gom 4 day, xin xem chi tiét cau tao
cau Bén Coc & Phan 11 ctia Bio c40), va 8 thi€t bi cho 8 day ngoai & khu gifta ciu.
Lan it nhat gém c6 4 thiét bi TTNL lap & 4 day ngodi ciing & hai diu ciu véi muc
dich d¢ thé hién 15 sy dao dong néi trdi cha cdc day khong lap so véi day c6 lap thiét
bi. Dudi day 1a mot s6 hinh anh 14p thiét bi vao cdu.

Hinh 1.1. Lap thi€t bj TTNL vao cic day céap
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Hinh 1.2. Cac thiétbj TTNL d3 I4p xong vio cdc day cdp

¢. Lap dat thiét bj do dao dong

Sau khi 1ap dat thiét bi do d4 tién hanh 14p dat cac thiét bi do. Duéi day 1a mot
0 hinh anh.

Hinh 1.3. Lip ddu do dao déng vao céc day cép
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Hinh 1.4. Lap dit thiét bi do dao dong

d. Tién hanh gay tai trong 1én cAu

Qud trinh thir tai va do dao déng duge ti€n hanh theo qui dinh tam thoi vé ddnh gid
chat lugng thiét bi TTNL déi v6i cdu ddy vang. Qui dinh nay duge soan thao va hicu
chinh b&i cdc cdn bo chuyén mon cta Vién KHCN Giao théng Van tai, Truong Pai
hoc Giao thong va Vu Khoa hoc Cong nghé, B6 GTVT (Chi tiét xem trong Phu Luc).
He théng gia tai dong dugc gy ra bdi doan 4 xe trong tai 12 tdn chay véi van toc
khoang 25-35km/h. Dudi day 14 mot s6 hinh anh thir tat & ciu Bén Céc.
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Hinh 1.6. Cic chuyén gia tham du thir nghiém tai cdu Bén Coc

e. Két qua thi nghiém do su suy gidm dao dong ciia day cap, khi day cap
dugc 1ap thiét bi gidm chén so v6i day cip khong iap thiét bi giam chan

Theo hudng tir Ha N¢i dén, cic di€m do dao dong trén day cép bao gom:
* Phia bén phai cla cdu treo Bén Coc, & tru cdu s6 1, ¢6 cic diém do dao dong
tai day s 1, day s6 2, day s6 13, day s6 14.
* Phia bén trdi cia cau treo Bén Cée, & tru ciu s6 1. ¢é cdc diém do dao dong
tal day so 3, day s6 4, day s615 va day s6 16. “-
* Phia ben phai cia cdu treo Bén Céc, & tru cdu s6 2, ¢6 cic diém do dao dong
tai day s6 5, day s6 6, day s6 9 va day s& 10. _
* Phia bén trdi cha cu treo Bén Céc, & tru cdu s6 2, ¢6 cic diém do dao dong
tai day s6 7, day s6 8, day s6 11 va day s& 12.
Tir két qud thi nghiém do su suy gidm dao déng tai cdc diém do trén day cdp 6 lip
thi€t bi gidm chan va khong l4p thiét bi gidm chin & cdu treo Bén Céc, chiing ta nhan
dugc céc gid tri gia t6c, tan 56 dao dong, chuyén vi clia day cép & cdc bang 1-4.
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+ D6 thi dich chuyén va gia tc cia mot s6 day cap tiéu biéu nhu sau:

Day s0 3:
G TOLLAPCRUBENCIC KHENGGE-CHAN, DAY
29
- w 1,
2 )
E Yy
° “—M%H 1 Fed
. W IR
~ _as | i
g ..
-4
-] L 3 4 2 “» »
™ BN T (5]
a (khong giam chan)
s @RTIC,000AY,CAUBENCOCCOGIAMCHAN IRV
L S -
as ! { -
..E‘ o4 i 1][# PEa
E
: 0.5
- T ‘ :
g H
= 0. T 1
1.2
e _ —
L] [ 3 192 . -
THIN SIAN T (5) )

Hinh 1.7: 96 thi gia toc cta day cap s 3
trudong hop khong c6 (a) va c6 (b) giam chan
Nhan xét:

Gia t6c trong trudng hop khong c6 giam chan la: 2,20m/s’

Gia t6c truong hop ¢6 giam chén 1a: 1,20 m/s’

Nhu vay, tai day cdp s6 3 (day ngoai) gia toc gidm di 45,45% khi day cdp cé lap
thiét bi giam chén so véi day cap khong 1ap thiét bj giam chan.

DECHCHUVEN BENEDC, KHONGGIRMCHAN, DTS

[ .o )

TR

= —

OH (HUYEM U (m}
-
%
-
-—

[ + . L - I -» ™
THH GAN T {5)

a (khong gidm chén)
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DICHCHUYEN CAUBENCOC, COGAMCHAN DAY S
o.esee
o.eadd
™ o -
- 0.0924
. [ .
z o.08ee-
% —0.0042 o
—c.ea2s
=1
2 e
-o.osan
o
° 3 [ ’ i1 = 1
THM HAN T (§)

Hinh 1.8: D6 thi dich chuyén ctlia day cdp s6 3
truong hop khong 6 (a) va cé (b) gidm chin
Nhdn xét:
Bién do chuyén vi trudng hop khong giam chan 14 : 0.0068m.
Bién do chuyén vi trudng hop cé giam chan 13 : 0.0035m.
Nhu vay: Tat day cdp s6 3 (day ngoai) chuyén vi gidm 48% déi vé6i day cép lap thiét
bi giam chéan so v6i day cdp khong 1ap thiét bi gidm chan.

Day s6 9:
GRTOC,BRY,CAUBENECC,X HONGG RICHRN, DAY
] —f
3 + " g
. Ll Lo DAL T
o bog tl R
E ! ! I H
=~
L -
g 7
- 2 il
E | L
-
” : = ®
THE GIfN T (m/s2)
a (khong giam chén)
RATOC000RY, EAUBENEDL LOGACHRN,DAYY
-
|
g . T Iq T t T
(-
& -7 T I
-3
] 4 2 12 - »
L THE GBIAN T ($5)

Hinh 1.9: D6 thi giatéc clia day cap s69
truong hop khéng ¢6 (a) va ¢6 (b) gidm chan
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Nhdn xét:

Gia téc truong hop khong gidm chén 14 :2.5 m/s?

Gia toc trudng hop ¢6 giam chén 1a :1.63 m/s®

Nhu vay : Tai day cdp s6 9 (day ngoai) gia tdc giam 34,8%, khi day cdp 14p thiét bi
giam chan so véi day cdp khong 18p thiét bi giam chan.

DICHCHUYENCAUBENCOC,COGAMCHANL DNV .

DKH {HUVEN U (m)

» . . Q » F
THDI GAN T ($5)

a (khong giam chan)

IMERCHUYEN, CRUBENCOC, KHONBGIAMCHAN, DRYD

OXH CHWYEN B (m)
o

THOI 6AN T (S}

Hinh 1.10: D6 thi dich chuyén cua day cap s6 9

trudng hop khong c6 (a) va ¢6 (b) giam chan

Nhdn xét: __

Bién do chuyén vi trudng hop khong gidm chdn 1a :0.0072m

Bién d6 chuyén vi trudng hop ¢é gidm chan 1a :0.0046m

Nhu vay : Tai day cdp s6 9 (day ngoai) chuyén vi suy gidm 36,11%, khi day cép lap

thiét bi giam chin so véi day cap khong 14p thiét bi giam chéan.
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Day s6 15

GRTOCDRYCAEBENCOL XKHONGHAMUHN BRY 15

a (m/s2)
+

GIR  TOC

I.‘{ijﬁ J,

— 0 5

TH BN T (5)

a (khong giam chan)

GIATOL DAY CAUBENCOC DOGERIMUHAR DAY 15

13

19

III el

I
i

|

[.B-]

L]

GA TOC a (m/s2)

il "]H " i

b7 = 2
THOE GAN T (S5

Hinh 1.11: D6-thi gia t6¢ clia day cép s0 15

trudng hop khong ¢6 (a) va ¢b (b) gidm chén

Nhdn xét:

Gia toc trudng hop khong gidm chén 1a : 2.21 m/s?
Gia t&c truong hop ¢6 giam chin 1a
Nhu vay: Tai day cp s6 15 ( day ngoai) gia t6¢ giam 38,91%, khi day cap lap thiét
bi giam chén so v6i day cdp khong Jap thi€t bi gioam chan

: 1.35 m/s*

DICHCHUYEN CRUBENCOC,LOGIRICHAN.TRY 15

~0.00 11

DHH CHUWYEN U (m)
»

THH GAN T ($)

38

a (khong giam chan)
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IRCHCHUYEN RENCOC, KHONGG IIMCHAN, DAY 15

AN IS
R R

. e R o A

M (HUOVEN ¥ (m)

THIE GWN T (5)

Hinh 1.12: D6 thi dich chuyén cla day cdp s6 15

trudng hop khong c6 (a) va c6 (b) giam chén

Nhdn xét:

Bién d6 chuyén vi trudng hop khong giam chén 14 : 0.0066m.

Bién 40 chuyén vi trudng hop c6 giam chan la : 0.0039m.

Nhu vay : Tai day cap s6 15 ( day ngoai) chuyén vi gidm 40,9%, khi day cdp lap
thiét bi gidm chén so véi day cdp khéng 14p thi€t bi giodm chan.

Két qua chi tiét s& duge trinh bay duéi day:

Tai day cap s6 3 (day ngodi) gia téc giam 45,45%, chuyén vi glam48% tan s6 dao dong ting
13,08%, khi déy cap lap thiét bi gidm chén so vai diy cip khong 1ap thiét bi giam chan.

Tai day cap s6 4 ( day trong) gia t6¢ giam 52,35%, chuyén vi gidm 61,53%, tn s6 dao dong
tang 24.69% khi day cip 1p thiét bi gidm chan.

Tai day cdp s6 9 (day ngoai) gia t6c giam 34,8%, chuyén vi giam 36,11%, tin s dao dong
tang 5.14% khi day cap lap thiét bi gidm chiin so véi day cip khong 1p thiét bi giam chan
Tai déy cap s6 10 (day trong) gia tic gidm 40,25%, chuyén vi gidm 37,76%, tin sG dao dong
tang 21,15% khi day cap lp thiét bi giam chén so vi day cap khong Lap thist bi gidm chan.
Tai day cdp 11 (day ngoai), gia toc giam 29,09%, chuyén vi gidm 33,33%, tin 56 dao dong
tang 15,09% khi day cp lap thiét bi giam chéin so véi day cép khong 1ap thiét bi giam chén.
Tai day s6 13 (day ngodi) gia t5c gidm 34,78%, chuyén vi gidm 38.23%, tAn s6 dao dong
tang 7.29% khi day cdp 14p thiét bi giam chén so vii day cap khong 1ap thiét bi gidm chan
Tai day cap so6 14 ( day trong) gia toc giam 34,89%, chuyén vi giam 37,5%,
tin s dao dong tang 5,58%, khi day cap lip thiét bi gidm chan so vdi day cép
khong 1ap thiét bi giam chan.

Tai day cap s6 15 ( day ngoai) gia t6c gidm 38.91% chuyén vi suy giam
40,9%, tan s& dao dong tang 2,77%, khi day cdp lap thiét bi gidm chén so v6i
day cdp khong lap thiét bi gioam chén.

Tai day céap s6 16 ( day trong) gia t6c gidm 47.61%, chuyén vi giam 57,81%
tin s6 dao dong ting, tdn sG dao dong ting 6,36% khi day cdp lap thiét bl
gidm chan so véi day cdp khong lap thiét bi gidm chin.
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Bdng 1. Két qua do gia t6c va chuyén vi cha day cdp, khong lap thiét bi giam chén tai

cau treo Bén Céc.

Diy cép s Gia toc a (m/s) Chuyén vi U
(m)
3 2,20 0,0068
4 2,12 0,0065
5 2,10 0,0060
6 1,90 0,0054
7 2,35 0,0069
8 2,40 0,0074
9 2,50 0,0072
10 2,31 0,0068
11 2,20 0,0066
13 2,30 0,0068
14 1,92 0,0056
15 2,21 0,0066
16 2,11 18,0064

Bdng 2. K&t qua do tan s6 dao dong cla day cdp, khong lap thiét bi gidm chan, tai

cau treo Bén Céce.

Day Tén s6 dao dong cta day cap f (Hz)
cap sO
3 f=1,99; 3,92, 5,74; 7,96
4 f=1,93; 3,75, 5,39, 7,38
5 f=1,816; 3,51; 5,68; 7,61
6 f= 1,87, 2,75; 4,8; 6,44
7 f=1,81; 3,69; 5,33
8 f= 1,816; 2,75; 3,33; 5,09
9 f=2,92; 5,97, 9,37, 15,11; 18,86; 20,97
10 f= 3,04, 6,56; 9,3; 15,46; 20,39
11 f=2.98; 5,91; 8,61
13 f=2,81; 5,50; 8,08; 10,42; 12,07
14 f=1,99; 2,89; 3,86; 5,85; 8,96; 11,77
15 f=2.92; 5,80, 8,77
16 f=3,04; 6,21, 9,25; 12,89
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Bdng 3. K&t qua do gia tdc va chuyén vi cdu day cép, c¢é 1ap thiét bi giam chan, tai

cau treo Bén Cée.

Day Gia tdc a (m/s?) Chuyén vi U (m)
cép s6
i 1,68 0,0048
2 1,40 0,0040
3 1,20 0,0035
4 1,01 0,0025
9 1,63 0,0046
10 1,38 0,0043
11 1,56 0,0044
12 1,30 0,0038
13 1,50 0,0042
14 1,25 0,0035
15 1,35 0,0039
16 1,10 0,0027

Bdng 4: K&t qua do tdn s6 dao dong cla day cdp, ¢6 1ap thiét bj gidm chan, tai cau

treo Bén Coc.

Tén s& dao dong cua day cdp f(Hz)

f=1,816;2,167;8,96; 11,77

f=181; 2,226 ; 5,039; 6,328; 10,66; 14,12
f=1,69;451;744; 11,54; 12,89; 15,23
f=1,7,2,81;4,98; 10,66; 17,46

£=2,75; 4,68; 9,25; 11,66; 14,02; 15,93; 18,10

f=287: 4,68; 8,32; 12,89; 18,51; 20,56
f=281:3,51:7,03; 12,42; 15,70
£=1,75: 3,50 6,15; 10,37:14.29; 17.81

f=1,87:275;5,62;8,73 ;13,02; 16,52;18,33

f=2,87;521,9,49; 12,48; 17,34; 21.09
f= 1,69 2,80; 12,07; 16,93; 20, 85
f=1.60; 2,80;12,07; 17,34




2. Két qua danh gia hiéu qua giam dao dong cia day cap tai cau
Ngoi Lan
Thi nghiém do su suy gidm dao dgng cdu ddy cdp cé ldp thiét bi gidm chdn va
khong ldp thiét bi gidm chdn tai cdu treo Ngoi Lan.
Céc diém do dao dong trén day cdp, theo hudng di tir Yén Béi dén bao gom:
e Phia bén phai cia cdu treo Ngdi Lin ¢6 céc diém do dao dong tai day cép s6
1 va day cédp s6 2, § tru cdu s6 1.
e Phia bén trdi clia cdu treo Ngdi Lin ¢6 cdc diém do dao dong tai day cdp s6 3
va day cap s6 4, G tru cau so 1.
Duéi day 12 mot s6 hinh anh thi nghiém & cdu Ngoi Lan.

Hinh 2.1: Thit nghiém tai cau Ngoi Lan

T két qua thi nghiém do su suy gidm dao dong tai cac diém do trén day cap cé lap -
thiét bi gidm cha&n va khong 14p thiét bi gidm chan & ciu treo Ngdi Lan, ching ta
nhan dugc cdc gid tri gia téc, tin s6 dao dong va chuyén vi ctia day cap cho & cdc
Bang 5 — 8.
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+ D4 thi dich chuyén va gia t6c clia mot s6 day cap tiéu biéu nhu-sau:

Day s6 1:
| GIATOC. CAU NGO LAN. KHONG GIAM CHAN, DAY 1 :
20 d Ve e .
s :
E i
E 1
- o3
=
= e
=
g O3
m
-14
-13 =
o . ‘e ) 2 h 1* 20
"THO GAN T {5)
a (khong giam chan)
GIATOC, CAU NGOI LAN. CO GIAM CHAN. DAY 1 _
1.0 -
~ B85 L I. ]
Ll
£
- .04
b
=
g s + r]
Wi
iy "
. 2 4 . L] © =]
THOI GAN T (5)

b (c6 gidm chin)
Hinh 2.2: D6 thi gia téc cta day cdp s6 1
truong hop khéng cé (a) va ¢é (b) giam chin

Nhdn xét:
Gia téc trudng hop khong gidm chan 1a :1.55 m/s*
Gia t6c trudng hop cé gidm chan la :0.84 m/s*
Nhu vay: Tai day cap s6 1 ( day ngoai) gia t6c suy gidm 45,8%, khi day cdp lap thiét
bj giam chan so v6i da cdp khong 14p thiét bi giam chan .

DCHCHUVENNGOLAN KHONGGIRMOHANDRY Y -~ -~

L0072

vl

100

ONH CHYEN U [(m)
-

. 3 . L © L] »
THOI GAIN T (§)

a (khéng giam chan)
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OCHEHIVEN, CRUNEDE AN TR RMCHAN DAY 1

g

E

i

0.00 12

5

;
3

HH CHWEN D (m)
Hi
]

i

& . » =7
THH 6GIAN T (5)

-
C |

b (cé giam chén)
Hinh 2.3: D6 thi dich chuyén ctia day cip s6 1
trudng hop khong cé (a) va cd (b) giam chan ...
Nhdn xét:
Bién do dich chuyén trudng hop khong gidm chdn 13 : .0.0050m
Bién do dich chuyén trudng hop ¢6 gidm chan 13 : 0.0025m
Nhu vay Tai day cdp s6 1 ( day ngoai) chuyén vi suy giam 50%, khi day cdp lp
thiét bi gidm chan so véi da cdp khong 14p thiét bi giam chan .

Day s6 2:
ey
. GIATOC, CAU NGO LAN. KHONG GIAM CHAN, DAY 2
- 12 Ll N
3 I
E ]
E os-
-
oe
=1
= -0 ; i
o
& -2 i 1 It ik
Lo i - —
o . z ” B ] m
THE GAN T {§)
Y 1 AT
a (khong giam chén)
GIATGC, CAU NGO LAN, CO GLAM CHAN, DAY 2
(¥
s
—  aa | 4 |
-~ -
[
B ez
: 2.0
g =] i L
=4
-e 1" Ef ]1- 'I T
£ e
-8
-10 ;
] 2 4 [ [ " -
THH BIAN T (5)

b (¢é giam chén)
Hinh 2.4: Do thi gia téc cia day cédp s6 2

trudng hop khong cé (a) va ¢é (b) gidm chan
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Nhdn xét:

Gia t6c trudng hop khong giam chén 12 :1.45 m/s?

Gia téc trudng hop ¢6 giam chan la :0.76 m/s*

Nhu vay Tai day cap s6 2 ( day trong) gia t6c suy gidm 47,58%, khi day cap lap

thiét bi giam chén so véi day cdp khong 1ap thi€t bi gidm chén.

DCHCHIYERNGIL AN KHONGGI-CHAN DRYZ
80000
5.0072
A F i .-
E " |
T H |
E 0.0000
= -0
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= -8 D056 T T
=3
= -0
-8R BT
-s.0000
L[ ] 3 [] » ? ™ »
THII GEN T (S)
a (khong g iam chan)
PYCHCHIVER CIUNGOR AN CORAMCHAN DIY2
LR ] Rig ]
ooz M
- o.ar2
3
- - ooemt ! " !
=2 0Less72-1 ]
g o.argaR T .
= -2
-
E 038134 H Ill +
= 000245 Jt
-0.88250
-0.mn3se
] 3 1] * 2
THOL GBN T ($)

b (c6 giam chan)
Hinh 2.5: D6 thi dich chuyén cla day cép s6 2
truong hop khong 6 (a) va cé (b) gidm chén

Nhdn xét:

Bién do dich chuyén truong hop khong gidm chén 1a :0.0048m

Bién do dich chuyén trudng hop ¢6 gidmchdnla  :0.0020m

Nhu vay Tai day cdp s& 2 ( day trong) chuyén vi suy gidm 58,33%, khi day cdp lap
thiét bi giam chén so véi day cap khong 1ap thiét bi giam chan.

K&t qua téng thé duge trinh bay dudi day:



e Tai day cdp s§ 1 ( day ngoai) gia toc gidm 45,8%, chuyén vi gidm 50%, tin
s6 dao dong tang 2,23%, khi day cdp lap thiét bi gidm chdn so véi da cép
khong 14p thiét bi gidm chén .

e Tai day cdp s 2 ( day trong) gia t6c gidm 47,58%, chuyén vi giam 58,33%,
tin 6 dao dong tang 0,88%, khi day cép 14p thiét bi gidm chén so véi day cép
khong 1ap thiét bi giam chén.

e Tai day cdp s6 3 (day ngoai) , gia téc gidm 44.05%, chuyén vi ngoai 50%, tin
s& dao dong tang 2%, khi day cép lap thiét bi giam chén so véi day cap khong
l4p thiét bi giam chin.

e Tai day cép s6 4(day trong) gia t6c suy giam 45.65%, chuyén vi suy giam
54.76%, tin s6 dao dong tang2.16%, khi diy cdp lap thiét bi giam chan so v6i
day cdp khong 14p thiét bi gidm chén.

Bdng 5. K&t qua do gia t6c vachuyén vi clia day cdp, khong 1ap thiét bi gidm chén

tai cdu treo Ngoi Lan.

Day cap s6 Gia téc a(m/s?) Chuyén vi U(m)
I 155 0.0050
2 1.45 0.0048
3 1.43 0.0046
4 1.38 0.0042

Bdng 6. Két qua do tan s6 dao dong cua day cdp, khong 1ap thiét bi gidm chan tai
cu treo Ngoi Lan.

Day cép so Tan s6 dao dong riéng cia day cap f(Hz)
1 2.63; 5.33; 7.96; 10.78; 12.24;
2 3.75; 5.60; 7.10; 8.027; 12.01;
3 2.63; 5.39; 8.19; 9.90; 11.01; 13.71,
4 4.10; 6.41; 8.32; 10.98; 12.30; 14.20; 16.64,

Bdng 7. Két qua do gia téc vachuyén vi cla day cap, c61ap thiét bi giam chan tai
cau treo Ngdi Lan.

Day cdp s6 Tan s6 dao dong riéng cia day cép f(Hz)
1 2.69; 5.35; 7.03; 9.14; 11.01; 12.07: 15.11
2 2.81; 5.65; 7.03; 8.90; 12.07; 16.75
3 2.82; 5.50; 8.08; 10.78; 11.64; 13.35;
4 3.39; 6.79; 8.50; 10.89; 12.07; 15.01; 17.21;
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Bdng 8. Két qué do tdn s6 dao dong cha day cdp, cé l4p thiét bi gidm chén tai cdu

treo Ngoi Lan.

Day cdps6 | Giatéc a(m/s?) | Chuyén vi U(m)
1 0.84 0.0025
2 0.76 0.0020
3 0.80 0.0023
4 0.75 0.0019

KET LUAN

Céac két qua thit nghiém danh gid hiéu qua cla thiét bi TTNL trén hai cdu day ving
Bén Coc, Ha Tay va Ngoj Lan, Yén Bai cho thdy thigt bi TINL c6 thé lam giam bién
do dao dong trung binh khoang 40-50%. Day 1a két qua rat kha quan trén con dudng
xay dung cong nghé 1am giam cdc dao dong cé hai cho ciu day ving nhidm nang cao
do an toan, tudi tho va gidm chi phi bao dudng va sira chita.

KET LUAN CHUNG

Dao dong cé hai xuéat hién trong‘rr?ft nhiéu linh vuc k¥ thuat & cdc nude trén thé
gidoctng d6 ¢6 Viét Nam, 1am gidm chat lugng, do bén va tudi tho clia céc thiét bi,
mdy modc. Ngoai ra cidc dao dong c6 hai ciing anh hudng rat nhiéu t6i sitc khoé va
tinh than clia con ngudi. Cc dao déng ¢6 hai ndy ngay cing nguy hiém va cin duge
quan tam thich dang vi 3 1y do:

-Sy tang 1én vé quy mo két cu, téc do mdy mdc va cudng d6 kich dong ngoai;
-Sy cdp thiét vé viéc giam gid thanh céc cong trinh 16n;
-Yéu ciu cao vé an toan cho cédc cong trinh quan trong.

Nhu dé phan tich trong dé tai c¢6 rat nhiéu linh vuc & nudc ta c6 kha nang tng dung
dé giam dao dong:

- Giao thong van tai:

- O t6, thu hoa, tau thuy,

- Céc phuong tién van chuyén dang cép treo, ciu giao thong

- Cong nghiép:

- Cac mdy co khi téc do cao,

- Céc thiét bi cong nghiép ndng chiu va cham,
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- Hang khong.

- Quobc phong:

- Xe tang, tén I, phéo...

- Heé théng rada,

- Xay dung:

- Nha cao tang, M4i che san van dong,

- Céc ket cau xay dung trén ving dong dat,
- Céc két cau ngoai khoi.

Nhi€u bg phén két cdu c6 thé dp dung thiét bj TTNL dé giam dao dong c6 hai nhu:
- Lap dit trong két ciu khung
- Lap dat tai méng cong trinh
- Lap dat vao day vang cla cdu day vang
- Lap dat vao cac thdp cdu, tru ciu
- Lap dat vao két cau vdom cla san van dong
- Lap dat wén tang cao cha cao 6c¢.

Ngoai ra, Viét Nam dang phit trién cong nghiép déng tau bién trong tai Ién, tu dong
héa trong nganh co khi, cong nghiép du khi, dan khoan biénscdu day vang v.v.. Vi
vay, viéc phdt trién cong nghé giam dao dong c6 hai & Viét Nam néi riéng ciing nhu
¢ trén th€ gidi néi chung 1a mot hudng k§ thuét ¢6 trién vong ting dung va dem lai
nhiéu hiéu qua kinh t& va x4 hoi. Sau khi thiét k&, hoan toan ¢ kha ndng tién hanh
ché tao cdc thi€t bi TTNL tai cdc nha mdy co khi & Viét Nam.

Vigc tinh todn fua chon va thiét k€ cdc thiét bi TTNL thudc loai cong nghé “May
do”. Diéu d6 ¢6 nghia 12 céc thiét bi nay can duge tinh todn va thiét ké riéng biét cho
timg loai cu, tlf loai day cép. Do d6 néu thué clia nudc ngoai thi cic chuyén gia cla
o phéi sang Viet Nam dén hién trudng khao ctu sau dé thiét k& va thué ché tao
riéng bi¢t pht hop theo kich thude clia day cdp va ciu ciing nhu phéi phil hop vé mit
dong luc. K€t qua dén dén céc chi phi rat t6n kém so véi cong nghe do Viét Nam tu
san xudt. Do vay ching t6i kinh dé nghi cdc cdp cé tham quyén tao cdc didu kién
thuén Joi cling nhu ddu tu kinh phi va cdn bo dé c6 thé phét trién cong nghé chong
cédc dao dong c6 hai bing cdc thiét bi TTNL & Viét Nam.
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Muc luc

Lap quy trinh cong nghé ché tao bo tiéu tan niang lugng

Phan tich va lia chon cac mat cong nghé, vat liéu, gia ca, hiéu qua, tudi
tho, céach lap dat... d€ quyét dinh phuong an ché tao thiét bi ti€u tdn
nang lugng dung nguyén ly can nhot

Lap quy trinh cong nghé ché tao

Hinh vé
So db gia cong mit dau truc trén may phay ngang
So d6 gia cong dong thoi mat dau va 16 tim try trén may chuyén ding
Chi tiét 6p vao day cap
Khuon dap

Chuan bj mép céc chi tiét han

Bang
Yéu cau d6 chinh xac ché tao thiét bi tiéu tan nang lugng
Diy kich thudc thang tiéu chuan ding dé chon khi ché tao cac chi tiét
cua bg tiéu tan nang lugng

Tiéu chudn vat mép, lap ghép va han
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Qui trinh cong nghé ché tao thiét bi tiéu tan ning lwong (TTNL)

1. Cac yéu cau ché tao ciia thiét bi TTNL phuc vu cic cong trinh ky thuat

1.1 Yéu cdu vt liéu va ky thudt cua thiét bi tiéu tan nang luong
Vit liéu dung dé ché tao bo ti€u tan nang lugng c6 dd bén tuong doi cao:
- Khi 4p suét dén 100kG/cm? thi vat lidu c6 d6 bén

o, =15+ 60kG | mm”
- Khi ap suit dén 100 - 200kG/cm” thi vét liéu c6 d6 bén
o, =30+90kG / mm®
- Khi 4p suit > 200kG/cm” thi vat lidu c6 do bén
o, > 90kG / mm®

Yéu cau vé do chinh xac khi ché tao thiét bi tiéu tan ning luong duoc cho trong Bang 1.

Bang 1: Yéu cau do chinh x4c ché tao thiét bi tiéu tan nang lugng
Vat ligu va | Xilanh Pittong Can pittong | Nap Do ga lap
yéu cau gia rap, phu
cong kién
Do nhan bé Khong thap hon V8
mat
bo  khong | Khong 16n | - Khong 16n | - Khong 16n
thang cta chi | hon 0.03 hon 0.03 hon 0.03
tiét trén 500
mm
b dao mat | Khong 16n | Khong 16n | - Khong 16n | Khong 16n
mut hon 0.05 hon 0.05 hon 0.05 hon 0.05
Do dao bé | Khong qua dung sai cua dudng kinh tuong ting
mat so voi
tdm xy lanh
Do chinh xac | 2 3 2-4 2 2
cuaren
by  khong | Khong 16n | - Khong 16n hon 0.02 Khong 16n
vuong  goc | hon 0.02 hon 0.02
trén  chiéu
dai 100mm

1.2. Yéu cau ciaa co cau ga dat 1én cong trinh

Co cdu ga dat dung dé két ndi thiét bi tiéu tan nang luong 1én cong trinh.

Co céu ga dit c6 cac yéu cau co ban:
- Luc kep phai du dé thiét bj khong bi xé dich duéi tic dung cua tai trong nhung khong

qué 16n so véi cac gia tri can thiét dé tranh sinh ra bién dang.
- Khéng lam hong bé mat do luc kep tac dung vao.
- Thao tac nhanh, d tbn stc.

- Két cau gon, nho, an toan, thanh mét khoi dé dé bao quan, stra chira.

- Co gang lam cho phuong, chiéu cua luc kep vudng géc va hudng vao mat ti€p xuc.

2. Qui trinh gia cong ché tao cac chi tiét ciia b tiéu tan ning lrong

2.1. Yéu cau vé gia cong




Gia cong chi tiét phai chinh xac va theo dung véi cac kich thudc quy dinh dé co thé sin
sang lap dat cac chi tiét thay thé véi cac ban vé thiét ké. Cac chi tiét twong tu nhau va cac
chi tiét, bo phan du phong phai c6 kha ning lap 1an.

Toan bd cong tac gia cong phai duoc thuc hién nham giit cho cac bé mat lién ké khép véi
nhau. Cac bé mit chua hoan thién phai dugc gia cong ding theo cic duong nét va kich
thudc thé hién trén ban vé, va phai dugc lam nhén bé mit khong con céc vét gé ghé, 161
16m.

Hoan thién cac bé mit ctia tat ca cac chi tiét va bo phan phai phu hop véi cac yéu cau phuc
vu tuong Umg, va phai theo dung vdi cac ban v€ duge phé duyét. Cac bé mit duoc gia cong
hoan thién phai dugc thé hién trong cac ban v& ché tao bang cac biéu twong tiéu chuan hoa
tuong ung.

2.2. Cac nguyén cong chinh

Nguyén cong 1: Chuin bi phdi

Cac chi tiét dang truc 1a loai chi tiét Xuét hién chu yéu trong bd tiéu tan nang luong bao
gom xy lanh, tryc plston va cac chi tiét 1ap ghép bo tiéu tin ning luong 1én cau. Ching co
bé mit co ban can gia cong la mat tron ngoai. Mat nay thuong dung lam mat lap ghép. Tuy
theo két cAu ma c6 thé chia cac chi tiét dang truc ra cac loai sau:

- Truc tron: truc piston.

Trén sudt chiéu dai cua truc chi c6 mot kich thude duong kinh d. Khi L/d<4: truc tron ngén;
L/d = 4+10: tryc tron thuong; L/d>10: tryc tron dai.

- Truyc rong: loai truc rdng duge dung lam truc piston trong mot sb trudng hop.

a. Diéu kién ky thudt

Khi ché tao cac chi tiét cua b tiéu tan nang luong c6 dang truc can dam bao cac diéu kién

ky thuat sau: ‘

- Kich thudc duong kinh cac c¢b lip ghép yéu cau dat cap chinh xac 7-10, trong mot sd
truong hop can dat cap 5.

- Do chinh xac vé hinh dang hinh hoc nhu d6 con, do 6 van cua cac truc nam trong gidi
han 0,25-0,5 dung sai dudng kinh co truc.

- D0 nham cua céc ¢b truc lép ghép dat R,=1,25-1,16, ctia cac mat dau R,=40-20 va bé
mit khong 1ap ghép R,=80-40.

- B& mit truc piston dugc t61 cirng 30HRC va sau d6 dugc ma crom dat d¢ day 30-50um.

V& tinh chét co 1y ctia bé mit truc nhu d6 ctng bé mat, do thim tdi tuy timg trudng hop cu

thé ma dat diéu kién ky thuat.

Ngoai ra d6i véi mot s truc 1am viée voi tée dd cao con cd yéu ciu can bang tinh va cin

bang dong.

b. Vit liéu va phoi diing dé ché tao cdc chi tiét dang truc ciia by TTNL

Vit lidu dé ché tao cac chi tiét dang truc ctia bo tiéu tan ning lugng bao gém thép cacbon
nhu thép 35, 40, 45; thép hop kim nhu thép crom, crom-niken, 40X; 40T; 50T v.v...

Vi¢c chon phoi dé ché tao truc phu thudc vao hinh dang, két cau va san lugng cua loai truc
d6. Dbi voi chi tiét dang truc cua bo tiéu tan nang luong thi tét nhét 13 dung phéi thanh.
Xem Bang 2.

Bang 2. Diy kich thudc thing tiéu chuan dung dé chon khi ché tao céc chi tiét cua b tiéu
tan nang lugng, [6]

Gié tri kich thudc tiéu chuan
300 | 500 | 800 1000|1600 | 3000

c. Tinh cong nghé trong két ciu ciia chi tiét dang truc trong bgp TTNL
Khi thiét ké chi tiét dang truc can phai chi y dén céc van dé sau:

3



- Céac bé mat trén truc c6 kha nang gia cong dugc bang cac dao thong thuong.
- Gidm duong kinh tryc dén murc c6 thé ma van ddm bao moi chirc ndng lam viéc ctia nd.
- Gia cong tryc trén cadc may tién, may CNC.

Nguyén cong 2: Khoa mit diu dat kich thuéc dai, khoan 1y ddu tAm, tién thé va tinh

Khi niing cong nghé ciia phwong phap tién trong ché tao b tiéu tan ning lwong

Tién co6 thé tao duoc nhiéu hinh dang bé mit khiac nhau nhu cac mat try cta xy lanh,

pittong, cac mat dau ren trong va ngoal

a. Chuin dinh vi khi gia cong chi tiét truc:

Dbi voi cac chi tiét dang truc yéu cau vé do dong tam gila cac ¢b tryc 1a rat quan trong. Dé

dam bao yéu cau nay, khi gia cong truc can phai dung chuan tinh thong nhit.

Chuén tinh thong nhét khi gia cong cac chi tiét dang truc 13 hai 15 tim c6n ¢ hai dau cia

truc. Dung hai 16 tdm con lam chuén, c6 thé hoan thanh viéc gia cong tho va tinh hau hét

céc bé mat cua truc.

b. Thir tw cdc nguyén cong va bién phdp cong nghé ché tao chi tiét dang truc truc ciia bg

tiéu tan nang lugng

Thit tw gia cong cdc bé mat

Viéc lap trinh ty gia cong cac bé mit va chon thiét bi cho cac chi tiét dang truc phu thugce

vao cac yéu td co ban nhu hinh déng, kich thudc, d6 cung vimng, yéu cau do chinh xac dat

duoc cung nhu san luong hang nam. Khi ché tao cac chi tiét dang truc tron c6 thé chia ra

céc giai doan chinh sau:
b.1. Gia céng chudn bi.

- Cit dut phoi theo kich thudc dai hodc boi sb cia chiéu dai trén may nhiéu truc hodc
may cat dut ty dong chuyén dung, may cua, cling c6 thé cat dut trén may tién

- Khoa hai mit dau va khoan hai 16 tdim. Néu truc dai phai dung luynet thi can phai c6
nguyén cong gia cong cd dd.
b.2. Gia cong trudc nhiét luyén

- Tién thd va ban tinh cic mat tru trén may tién (thuong dung hai lan ga dé gia cong hai
dau).

- Tién tinh cac mat tru. Néu 1a truc rong thi sau khi tién thd va ban tinh phai khoan va
doa 15 rdi méi gia cong tinh mat ngoai.

- Mai tho mét s cb truc dé d& chi tiét khi phay.

- Nin thang tryc c6 ® <100 va L/d>10.

- Gia cong cac 16 vuong goc hodc lam thanh mot goc dudng tAm truc, gia cong cac mit
c6 ren, mat khong quan trong.
b.3. Nhiét luyén '
b.4. Nén thing sau khi nhiét luyén dé khdc phuc bién dang
b.5. Gia cong tinh sau nhiét luyén

- Mai thé va tinh céc ¢b truc.

- Mai tho va tinh cac mat

- Danh bong

- Téng kiém tra.

c. Bién phap thuc hién cdc nguyén cong chinh

c.1. Khod mat dau va khoan 16 tam

Khi ché tao cac truc c6 chiéu dai L>120mm tir phdi thanh thi hai 16 tdm dugc dung lam
chuan dinh vi. Sau khi cit dut phoi thi khoa mat dau va khoan 16 tim phai duoc thyc hién
tiép theo ngay. Cong viéc nay duoc thuc hién theo cac phuong phép sau:

Trong san xuat don chiéc va loat nhé thudng phay hai mat dau cua truc, sau d6 liy dau roi
khoan 15 tAm theo ddu. Ciing c6 thé g4 tryc 1én mam cip, tién mat dau, khoan tam, sau do
d6i dau dé gia cong phia con lai.

Trong san xuét loat 16n va hang khdi, viéc khoa mit dau va khoan 16 tAm dugc thuc hién
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theo mot trong ba cach nhu sau:

+ Phay mit dau trén may phay co tang quay, sau d6 khoan 16 tAm trén may khoan hai phia.
+ Phay mat dau trén may phay ndm ngang va gia cong 16 tam trén may chuyén dung. Hinh
1 1a so d6 gia cong mat dau cua tryc trén ~may phay nam ngang trong dang san xuét hang
loat. Sau mdi 1an chuyén dao tai vi tri II 1y ra duoc mot truc di gia cong xong ca hai dau,
truc ¢ vi tri I duoc chuyén sang vi tri II dé cat dau tha hai, con trong vi tri I phoi maéi dugce
dit vao dé cit dau tht nhat. (Xem hinh 1)

Theo hai cach trén day, viéc khod mat, khoan tam dugc chia thanh hai nguyén cong.

1

m/\m%
nf

II
= —

4 3

Hinh 1. So dd gia cong mit dau tryc trén may phay ngang

1. Khéi V dinh vi; 2- Khéi V kep chat
3- Chi tiét gia cong; 4- Chot ty; 5- Dao phay.

+ Cach thir ba 14 trén mot nguyén cong dong thoi phay mat dau va khoan 16 tim & ca hai
phia trén may chuyén dung. Cach nay dung trong dang san xuat hang loat 16n va hang khoi.
So do gia cong theo cach nay dugc trinh bay trén hinh 2.
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Hinh 2. So d6 gia cong dong thoi mat dau va 16 tAm try trén may chuyén ding

) i. Xe dao; 2- Cac khéi V dinh vi va kep chat
3- Chi tict gia cong; 4- Miii khoan tam; 5- Dao phay

A, 3 4

Chi tiét gia cong dugc dinh vi va kep bang cac khéi V. Bé phay xong ca hai mit dau bang
hai dao, ban may mang vat dich chuyén A 10i dung lai ¢ vi tri khoan tdm. Lic nay céc truc
chinh mang mii khoan tdm thyc hién chuyén dong quay va B, dé dung khoan tim & cé hai
dau. Sau khi lam xong, truc chinh thuc hién dich ra B, ban may thuc hi¢n chuyén dong A,
dé vé vi tri théo chi tiét g4 phoi méi. May dang nay 1a may chuyén ding, ban ty dong.

c.2. Tién tho va tién tinh mat tru
Cong vi¢e tién tho va tién tinh dugc thuc hién trén may tién van nang. Viéc gia cong 10
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tam trén cac truc duoc lam theo ddu. Néu thyc hién trén may tién thi truc duoc kep mot
dau vao mam cap.

Nguyén Cong 3: Ché tao chi tiét két ndi vao diy cap bang phwong phap dip néng
(t=1500°C) (Hinh 3)
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b) Nguyén cong dép tinh
Hinh 4: Khudn dap tai hong ciia b TTNL

Sau khi dép ta chuyén céc chi tiét trén sang nguyén cong khoan, phay, lam sach bé mat va
nhudm mau den.

Nguyén cong 4: Khoan cac 15 1ap ghép buldng trén cac mit cia chi tiét tai hong, mat
bich, Hinh 4.

- Chon miii khoan, tard: @22, @11, M10 d khoan céac 15 1p ghép buldng trén bé mit cac
chi tiét két ndi.

- May khoan: Chon loai may khoan dung.

Nguyén cong 5: Phay, mai tinh cac mat phing ciia cic chi tiét két néi bd TTNL vao
diy cap va cau

Nguyén cong 6: Han cac moi han theo ban vé ché tao tuén thi quy trinh han

a. Cac dic tinh k¥ thuat co ban ctia mdi han phai phu hgp voi vat liéu chu thé nhu di duogc
quy dinh trong cac tiéu chudn twong tng. Tét ca cac moi han ndi thép tam theo chiéu tmg
suat chinh phai duoc han don hodc kép. Cac tam kim loai gin nhau chiu img suat cao phai
6 chiéu day chénh nhau t6i da 3mm. Néu su chénh 1&ch 16n hon thi tim kim loai day hon
phai dugc vat mép voi do nghiéng t6i da 1a 1:4. Cac mdi han co ban phai dugc ché tao tur
phang theo quy dinh trong quy trinh han da dugc phé duyét. Bén canh do, tat ca cac rn01
han tiép xtc v6i chit long nhét phai duge mai nhan Trudce khi han, phai loai bo cac m01
han dinh c6 khuyét tat hodc ran nit. Pbi v6i cac mdi han ndi dau kép, phan chan cac mbi
han phai duoc loai bo hoan toan bang cach mai hodc do lai trude khi t1ep tuc han trén cac
canh khac dé tranh dong cin.

b. Xur ly vt li¢u thep trudc khi han )
b.1. Chuan bi bé mat lam sach va son lop dau tién



Chuan bj mép céc chi tiét han
- Lam sach gi, ddu m& va cic chat ban khac trén mép han va hai bén.
- Vat mép bang may (may bao ton hodc bang may cat khi khong dé lai vét cit khac).
Lam sach mép han:

- B6i v6i mdi han giap méi: (Hinh 5.a)
Chiéu rong lam sach mep han L: L=b/2+(5+10mm)
B: Chiéu rdng moi han

- Béi v6i mdi han chit - T (Hinh 5.b)

Tiéu chudn vt mép, lip ghép va han duoc cho trong Bang 3.

L;=K+(5+10mm)
L,=6+2K+(5+10mm)
L;=6+2h+(5+10mm)
b-chiéu rong mdi han
k- canh méi han goc

b)

Pham vi lam sach

Hinh 5: Chuén bi mép cac chi tiét han

Béng 3. Tiéu chuén vat mép, lap ghép va han, [4]
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345 0
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Nguyen Cong 7: Ma Crom cac chi tiét can  piston, dau piston, ma kém cac chi tiét két
ndi véi ram cau, nhudm chi tiét tai hong két ndi véi day cap

Nguyén Cong 8: Son mau b tiéu tan ning lu’(rng bang cong nghé son 6 to.

- Lam sach bé mit bo tiéu tan nang luong bang gidy rap tinh.

- Dung bang dinh dé cudn che phan truc piston

- Son 16p tht nhat 1a 16p son 16t

- Son 16p thtr hai 1a 16p son chinh thirc

- Son 16p thir ba la 16p son bong

- Say ¢ nhiét d6 50°C dé lam cang bé mdt 16p son bong, tang dd bong, dep trong 5 gio.

- Bao goi bang vai, cho vao hop glay

Nguyén cong 9: Lap rap cac chi tlet ché tao thanh b tiéu tan ning luong

Cadc khdp noi bang bu-Iong va dai éc

Céc khop ndi bang bu-16ng phai dugc thiét ké va hoan thién pht hop véi cac thyc tién ky
thuat va tuan theo cac tiéu chuan da dugc chap thuan. Tat ca cac 16 bu-long phai dugc
khoan, duc theo yéu cau sao cho khép véi bu-16ng véi dd chinh xac thich hop. Cac bu-long
phai c6 vong dém va khoa him nhu yéu cau. Cac bd phan dé ghép chinh xac phai duogc lap
v6i cac chdt dan hudng. Noi chung, cac 16 dé bat bu-16ng, dai dc phai co cing kha ning
bao vé chdng han ri nhu céac thiét bj con lai (chi thé).

Bu-16ng va dai dc phai c¢6 cac duong ren tidu chudn tinh theo hé mét va phai duoc ché tao
tur thép khong gi.

Tat ca cac khép ndi bang bu-16ng va dai 6¢ phai dugc bao vé chéng han ri thich hop. Tat
ca cac bu-long, dai dc, dinh va vit (bao gdm ca cac vong dém) déu phai duoc ché tao tir
thép khong gi hodc duoc ma kém ndng vé6i chat lugng. Bu-16ng va vit c6 dau kiéu luc giac.

Nguyén cong 10: Kiém tra cac kich thwée lip rap va kiém tra hoat dong ciia b tiéu
tan niing lwong khong bi ket, ro ri diu.

Céc kich thu6c phai dat dung theo ban v& va yéu cau ki thuat ghi trén ban v& nhu do bong
bé mat, cac mdi han phai ngéu, khong 10, khuyét tat. Dé thuc hién diéu nay ta lam theo
trinh tu nhu sau:

- Mbi han phai tuan thu theo yéu cau cia AWS D1.1. Mdi han thép khong gi phai dugc thuc

hién tai phan xudng trang bi ¢ st dung dién cuc han bang thép khong gi.

- Céc thiét bi tiéu tan nang luong phai duoc danh sb cho timg thiét bi. Cac sd phai bao gdbm
16 cta san phém, ngay ché tao, luc thiét ké, va sb cta thiét bi.

- Céc thiét bi tiéu tan ning luong phai dugc lap rap tai nha may. N6 ciing phai ¢6 thé thao roi
trong qua trinh kiém dinh bo phan. Do d6 cac bd phan c6 thé phai dugce danh sé nhu trén ban
v& ché tao dé co thé lép lai hoan chinh nhu .

- Nha ché tao phai cung cép toan b cac ban v& ché tao, vt liéu, yéu cAu k¥ thuat chét luong.
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The purpose of this paper is to outline some principal steps in the problem of taut cable vibration mitigation by
using linear viscous damper. The structure and concept for fluid viscous damper are presented with numerical
analysis and experiments. The damper performance with respect to the cable vibration modes is of particular
interest. The dynamics of the cable-damper system depends on the frequency, the location of damper,
parameters of the damper. The modal damping ratios and optimal values of parameters of the damper are
investigated. The experiments with fluid dampers-cables system are carried out in the Laboratory and on Ben

Coc stayed cable bridge in Hatay province, Vietnam.

1. INTRODUCTION

In recent years, construction of cable-stayed bridges has been very active in the world. Vietnam
and Japan develops an intensive cooperation in cable bridges construction, namely Can Tho Bridge
funded by JBIC (Japan Bank of International Cooperation) with cost of 38 billion JY and Bai Chay
Bridge funded through ODA with an estimated cost of 70 million USD.

The problems of monitoring, maintenance and vibration control of cable bridges are of high
interest [1, 2]. Stayed cables used in long span bridges are flexible and hence they may lead to

large-amplitude cable vibrations induced by direct environmental loads such as those by moving



vehicles, wind or wind-rain combination. The significant influence of cable vibration on the
dynamics of cable-stayed bridges has been indicated by many authors [3, 4]. Thus, the cable
vibration control problem is a serious concern to engineers in the design of new bridges and retrofit
of existing bridges. Full-scale measurements show that vibrations of moderate amplitude can occur
over a wide range of modes of cable vibration [5]. Damping elements are efficient tools for
structures to achieve high performance at relatively low cost when the structures are subjected to
external disturbances. To suppress undesired cable vibrations subjected to dynamic loadings one
may install passive, active or semi-active energy dissipation devices close to the cable end at bridge
desk [6]. In recent years, serious efforts have been undertaken to investigate energy dissipation
systems, such as friction, viscous, tuning mass or liquid dampers, which are characterized by a
capacity to dissipate energy when subjected to deformation or motion [7]. The energy dissipation
may be achieved either by converting kinetic energy to heat or by transferring energy among
vibration modes. When a stayed cable is subjected to moderate external disturbance, a good
performance may be expected when connected to linear fluid viscous damper. A fluid viscous
damper dissipates energy by forcing a fluid through an orifice causing a damping force. In the linear
viscous dampers this force is proportional to the relative velocity between the damper ends. As it
was shown by Lee and Taylor [8] the addition of currently available dampers to a structure could
provide damping ratio as high as 35%. Fluid viscous dampers have been investigated and
numerically investigated by many authors [9-12]. Nonlinear viscous dampers design has recently
been addressed by Pekan et al. [13]. Some studies have been published regarding viscous dampers
design methodologies. Gluck et al. [14] suggested a design method for supplemental dampers in
multi-story structures, adapting the optimal control theory by using a linear quadratic regulator
(LQR).

The purpose of this paper is to outline some principal steps in the problem of taut cable
vibration mitigation by using linear viscous dampers. The structure and concept of fluid viscous
damper for cable vibration are presented with a comparison of theoretical calculation and
experiment for a fluid viscous damper. The damper performance in the cable vibration modes is of
particular interest. The dynamics of the cable-damper system depends on the frequency, the location
of damper, parameters of the damper. The modal damping ratios and optimal values of parameters
of the damper are investigated. The experiments with fluid dampers-cables system are carried out in

the Laboratory and on Ben Coc stayed cable bridge in Hatay province, Vietnam.



2. FLUID VISCOUS DAMPER

A prototype fluid viscous damper was manufactured as shown in Fig. 1. This damper has the
following parameters; stroke is 0.05m, diameter of cylinder is 0.04m and the designed damping
force is F=0.1939*V (kN/cm/s), where V is the velocity.

Fig. 1 Prototype damper for testing in laboratory.
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Fig. 2: Test set up in the laboratory.

In order to check the designed damping force, a test in the laboratory was carried out as shown
in Fig. 2. The damper was tested at three frequencies and amplitudes of piston stroke, namely f ; , 3
=1, 2, 3 (Hz) and A;,3=1.0, 0.85, 0.75 (cm), respectively. The displacements of the piston are

X(t)=Ay23*sin(2nf; 5 5t). The experimental results in comparison with theoretical calculations



ragarding the relationship between damping force F and the displacement of damper at three
different frequencies are plotted in Fig. 3. According to these figures the closed loops of
displacement and damping force are ellipses. Fig. 4 also shows the experimental results in
comparison with theoretical results regarding the relationship between damping force F and velocity

V of the damper, where V(t) =A;,3*2nf;3*cos (2rft). This shows that the theoretical and
experimental results are in good agreement.

FREQUENCE 2 Hz FREQUENCE 3 Hz
FREQUENCE 1.0 Hz

Damping Force, kN
Damping Force , kN
Damping Force, kN

Displacement, mm Displacement, mm

Displacement, mm

Fig.3 Loops of damping force/ displacement in testing frequency of 1 Hz, 2 Hz, 3 Hz

(thick lines are theoretical results and thin lines are experimental results).

FREQUENCE 1.0 Hz FREQUENCE 2 Hz FREQUENCE 3 Hz

Damping Force, kN

T &
T [ —

Damping force, kN
Damping Force, kN

Velocity, cm/s

Velocity, cm/s

Fig.4 Damping force — Velocity in testing frequency 1 Hz, 2 Hz, 3 Hz.

(thick lines are theoretical results and thin lines are experimental results).

3. DAMPER-CABLE SYSTEM

The free vibration of a taut cable with attached linear viscous damper near the end of the cable
was investigated [15] and extended by Krenk [16] who used a complex wave number to obtain an
asymptotic solution for the modal damping. A numerical investigation was carried out by Pachero et
al. [17] to obtain modal damping estimation curves. The effect of the damper depends on its

adequate damping coefficient, namely if the damper force is too large it will act as a support, and if



the damper force is too small it will fail to dissipate energy. Within two limits there would be an

intermediate optimal tuning of damper corresponding to a maximum modal damping.

3.1 Damping Characteristic of a Cable with a Damper

The problem of the taut cable vibration mitigation by using transverse linear viscous damper is
considered. The effect of sag and bending stiffness is neglected here because the linear taut-string
approximation is used. Thus, considering small free vibration of a cable-damper system assume that
the cable force is large compared to its weight, bending stiffness and internal damping are

negligible. A model of a simply supported taut cable with linear viscous damper is shown in Fig. 5.

—=
[
o

Fig. 5 A model of taut cable with a viscous damper.

The transverse vibration of the cable-damper system is described by the equation

2 2
0 u_H o“u :cau(l’t)ﬁ(x—l),

a2 2 ot @

where u(x,t) is transverse deflection, m is mass per unit length, H is horizontal cable force, x is
coordinate along the cable chord axis, and &x) is the Dirac delta function. The solution can be given

by the form of separate variables as

u(x,t) = X()T () . (2)

Asin l\/gx, 0<x<lI
T(t)=e™, X(x)=

Bsinl\/E(L—x), I<x<L
H (3)

Taking into account the continuity of displacement at the point of damper location yields
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The conditions of forces balance at the point of damper location is

o2
OX

This gives the following equation [16]

m m __ieX(l)
Acosﬁ,\/;+ Bcos/l\/;(L—l)_ N |

_ay| chau(l,t) '
x|, at 5)

x=I+

(6)
Egs. (4) and (6) give the frequency equation which determines the eigenvalues 4, .
Here, the following dimensionless damping parameter is introduced.
o=—S_.
vm )
The damped natural frequency @, and the modal damping ratio & are given by
Im(4
o =Re(s) & ="TA)
: o . ®)

The damped frequencies and damping ratios of each vibration mode are functions of |1/Land 6 in
different.

Suppose the damper location is given. In order to investigate the behaviour of modal damping ratios,
& versus 6 corresponding to the first three vibration modes (i=1, 2, and 3) are shown in the Fig.
6(a) for the interval 8 = [0,100] and for I/L=0.05. Fig. 6(b) depicts three curves of &
corresponding to three different damper locations: 1/L =0.05, 0.1, and 0.3. It is seen that the
modal damping ratios increase when @is increasing. They reach almost the same maximal value but
at different values of 6, as shown in Table 1. Thus, the tuning effect of damper can be clearly seen
in the Fig. 6(a, b, c). Further, the damping effect is better when the relative distance of damper
location is larger. It is obtained in the Figure 6¢ that the maximum damping ratio is larger for higher
frequencies, see also Table 1. Plots of non-dimensional damped frequencies o, /a)l0 versus @ are

shown in Fig.s 7(a,b) where a)lo is the undamped fundamental natural frequency.



Fig. 6(a) Plots of &versus 6. Fig. 6(b) Plots of &; with different I/L.
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3.2 Cable-Damper Experiment in Laboratory

In order to check the theoretical
result, a experiment of damper-cable
system was carried out in Laboratory
for different parameters (damping
forces, cable tensions) of damper and
cable as shown in Fig. 9. The
theoretical and experimental results

were in reasonable agreement.

Fig.9 Damper-cable experiment in the Laboratory

4. CABLE-DAMPER EXPERIMENT IN SITU

Ben Coc stayed cable bridge designed by Thang Long Consultant under Thang Long
Construction Corporation was built in 2002. The bridge has 3 spans, 4m-width, main girder is made
of shape steel 1450, cross girder is of 1400, cross bracing is of L100x10 and L75x8. Bridge deck is
concrete. Design load is H10 (means traffic flow with the trucks weigh 10T, distance 4 m/each, and
one heavy truck 13T). Piers are concrete columns, and two towers are steel frames. Cable
characteristic per a strand: Cross section area-140mm?, weight/Im-1,37 kg (see Fig.10). Cable
acceleration response without and with dampers are shown in Figs. 11 and 12, respectively.
Vibration reduction of cable acceleration is shown in Table 2. It is seen that the efficiency is about
30%.

Fig. 10 Damper-cable experiment in Ben Coc Bridge.
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Fig.11 Cable acceleration response Fig.12 Cable acceleration response
without damper. With damper.

Table 2 Maximum values of cable acceleration.

Without damper With damper
First Second First Second Eﬁlglency
measurement | measurement | measurement | measurement (%)
m/s? m/s? m/s? m/s?
Cable No.1 2.64 2.59 1.78 1.64 32.58
Cable No.2 2.12 2.08 1.25 1.51 28.77

5. CONCLUTION

Construction of cable-stayed bridges has been very active in the world, in particular, become
popular in Vietnam. Stay cables used in long span bridges are made of strands of high strength and
therefore have very low internal damping and are prone to vibrations. Thus, the cable vibration
control problem is a serious concern to engineers in the design of new bridges and for retrofit of
existing bridges. To suppress undesired cable vibrations subjected to dynamic loadings one may
install passive, active or semi-active energy dissipation devices close to the cable end at bridge desk.
In recent years, serious efforts have been undertaken to investigate energy dissipation systems, such
as friction, viscous, tuning mass or liquid dampers, which are characterized by a capacity to
dissipate energy when subjected to deformation or motion. In this paper some principal steps in the
problem of taut cable vibration mitigation by using a linear viscous damper are outlined. The

structure and concept for fluid viscous damper are presented with numerical and experimental



comparison for a fluid viscous damper. The damper performance in the cable vibration modes is of

p

articular interest. The modal damping ratios and optimal values of parameters of the damper are

investigated. The experiments with fluid dampers-cables system are carried out in the Laboratory

and on Ben Coc stayed cable bridge in Hatay province, Vietnam.
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