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(Bai nhdn ngay 08 thdng 02 nam 2002, hoan chinh sita chita ngay 10 thdng 4 nam 2002)

TOM TAT: Pé kiém chitng Iy thuyét moé hinh todn cho biia rung, chiing t6i da ché tao mét mé
hinh thi nghiém. Két qud do lyc va d@ lin coc trén mé hinh da kiém chitng mé hinh todn va
cdc gid thiét. Mot chuong trinh mé phdng mdy thi nghiém da dugc thanh ldp trén mdy tinh. Ti
két qud mo phéng chiing téi dd rit ra dugc mét s6 thong sé lam viéc tdi uu cho bia rung cd
nhdé.

1. Gidi thiéu

Coc ddng bing biia rung va rung va dudc dng dung trong méng cong trinh tuong doi gan
day va khd dudc wa chudng. Thong s& thi€t k& cia mdy buia tuy vao diéu kién ing dung ma
rit thay ddi. Phdn 16n cdc mdy déng rung c6 viing tin sd rung 5 d€n 40 Hz va dudc phén vao
loai mdy dong rung tin sG thip, gin diy cdng ty sdn xudt cdc loai mdy déng coc ICE ciing
d3 san xuat loai may déng coc tin s& cao dén 2400 Hz, hodc hing APE di ché tap mdt loai
bud rung cuc 16n dén gin 10 tdn ding cho cédc cdng trinh 16n.

Péng coc bing m4y rung cho phép dat vin tdc lin khd nhanh, it ti€ng on va it 1am hu coc
hon so vdi biia va trong cling mdt diéu kién dat thich hgp. Viéc rung coc trong qud trinh dong
s& 1am gidm luc cdn ddt nhu vdy n6 cho phép lin nhanh hon. Nhu da bi€t cdc loai bia déng
coc di duge ché tao thudng 12 nhitng mdy c6 khdi lugng 16n, mdy c6 trong lugng nhd nhat
ciing d&n 120 kg, thong thudng khi lam viéc nhitng loai may d6 phdi c6 gid dd di kem. Con g
cdc tinh phia Nam hién nay do c6 dic thii 1 cdc cong trinh duge xay dung trén nén dat y&u
va thudng dude gia ¢ bing mdt loai coc gd nhd duge goi 1a coc tram, dudng kinh & vi tri 16n
nhat khodng 10-15 cm, dai khodng 4 m, khdi lugng khodng 10 kg. V&i mot loai coc nhu vay
ngudi cong nhan thudng phdi déng bing tay ma hién nay chua mdt logi mdy biia nao dudc
ing dung. Bé gidm nhe siic lao ddng clia ngudi cdng nhin, van dé dugc dat ra 1a cin ché tao
nhitng mdy bia ¢3 nhd cAm tay dé déng coc thay thé cho sitc ngudi ma van dat hiéu qua cao.
Pé c6 nhing m?{y biia ¢é nhitng thong s6 1am viéc hgp 1y, mdt mdy biia md hinh ¢G nhd
nhung c6 kich thide nhut bia dinh thi€t k& da thyc hién va cdc thong s6 lam viéc da dudc do
dac, dua trén cd sd d6 ta md phdng mdy biia trén mdy tinh dé ki€m chitng thuc nghiém va toi
uu héa cdc thong s& 1am viéc ciia may.

2. M hinh phong thi nghiém.
2.1 Muc dich cud md hinh thi nghiém.

Kiém chiing va so sdnh cdc két qud nhin dugc trén md hinh thi nghiém va md hinh
thi€t 1ap trén mdy tinh tf d6 cho phép md phdng qud trinh lin coc trén may dé ti€t kiém thdi
gian va gid thanh thi€t k&, chi phi ch€ tao thif mdy bia.

2.3 Thiét bi thi nghiém .

+ C&u tao thi&t bi (hinh 1) bao gdm:

- M6t mdy buia rung c@ nhd véi luc kich dinh huéng.

- M6t bi&n tin gdn v4i dong cd clia mdy bia cho phép thay ddi tin s& 1am viéc ctia ddu bia.
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-M4y biia dudc gin v6i coc thi€t dién vudng ghép tif hai thanh thép L70 cm chiéu dai 1 mét.
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Hinh 1. M6 hinh thi€t bi thi nghiém bia rung.

_Khung din hudng ddng thifi két hgp bo phin tao lyc cdn dau coc ( c6 thé skt
dung dat cdt md phdng hodc cdc lyc duy tri 1&n du coc va than coc thong qua cdc ddi trong
treo trén cdc puly gdn vao khung mdy) . Luc cdn ¢ déu va than coc c6 thé dugc thay ddi tuy
theo trong lugng doi trong .

+Thiét bi do

Pau do bao gdm:
-Cam bié&n do luc - Loadcell gin gitta ddu biia va coc dé€ do lyc bua tdc dung vao coc.
-C3m bién chuyén vi - Potentionmeter dé do d6 lin coc.

+ Thu nhén tin hiéu

Tin hiéu POT va Loadcell duge dwa vé may tinh théng qua mach chuyén ddi AC:
nhy vy tin hiéu thuc (analog) s& dugc bi&€n ddi thanh tin hiéu rdi rac so (digital). Mdy tinh
thu nhén tin hiéu, x¥ 1i va xudt tin hiéu diéu khién tdi bi€n tdn dé€ diéu khién t6c do ddng cd
1am thay déi tin sd 1am viéc clia ddu bia. So d6 md hinh do Iuc va dé Iin cla thi€t bi thi
nghiém dudc bi€u di&n & hinh 2.

+Cdc thong sd clia mdy bud thi nghiém:
Cong suit dong cd: N=0,75 kW; SO vdng quay truc ra cia dong cd 1a n=900 vong /phiit va
dugc thay déi nhdy mot bi€n tin. MOomen tinh banh 1éch tim dugc thay doi tr 0,07 kg.cm dén
0,3 kg.cm; d6 ciing 10 xo: K =630 N/cm.

Khdi lugng bia: m;=25kg; Khdi lugng coc: my = 25kg .
Thong s6 lyc cdn coc : Lyc ma sdt thanh bén : Fins. = 10 +25 kN;
Luc cdn dau coc : R =10 +30 kN.
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Hinh 2. So d6 mo hinh do ciia thiét bi thi nghiém.

+ Thong s& dau do:

-Chuyén vi ( d6 lin coc) : 1=0+20 cm; Lyc ddu biia 1én coc : P=0+4000 kg .

Tan s6 rung cia mdy : n,= 01000 vg/ph.
K&t qud do do lin coc va luc kich bida ctia m6 hinh thi nghiém dudc trinh bay & hinh 3.

So sdnh d6 lin coc tinh todn trén chudng trinh md phdng bing phin mém Matlab —
Simulink va d§ lin coc do dugc & hinh 5 va 6 ta thiy c6 su sai 1éch khong 16n tir diy cho
phép ta chi thi nghiém trén m4y tinh.

3. Mb phong qué trinh liin coc biing biia rung trén mdy tinh

Dvya trén cd sd két cdu ctia hé thdng va nhitng k&t qui nhén dugce trén md hinh thi
nghiém chiing ta ¢6 thé mo phdng md hinh todn qud trinh lin coc bing biia rung trén may
tinh va tim ra cdc thong sd lam viéc hgp 1y cho loai mdy biia déng coc ¢d nhd.

D€ xdc 14p m6 hinh todn chdp nhin mot s gia thuyét sau :

— Coc la vt cting tuyét doi; ddt quanh coc khong chuyén dong; giita thanh coc
va dit 12 ma sdt kho; Iuc kich 1én coc A P =Py . sint(ot+a); coc dude khdo st trong md hinh
ddt déo hoan toan.

Thyc nghiém cho thdy ring lyc cdn xung quanh coc, luc ma sat kho - téc gid A.
Golovatrebuu [9] di khdng dinh diéu d6 dua trén co sé phédn tich dang dao dong trén
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oxilograp ctia phan rung trong dat. K&t qué thdy ring vdi vén téc dao dong lin coc cao thi
" thanh phan lyc cdn dan hdi & thanh bén c6 thé bd qua (3 day thanh phdn dan hdi nhd hon
thanh phén déo 200 1dn). Con lyc cdn nhdt clia d4t thi ¢6 tinh chat phi tuy&n (vdi dic tinh
y€u) va tham chi & vin t6c khéng 16n (5 - 10 cm/s) da dat mot gié tri Sn dinh it thay ddi khi
tdng van toc. A -
-Doi vdi trudng hgp déng cdc coc ¢ ddu nhon ta tinh luc cdn téng hgp chinh 1a luc
ma st khd (ldc d6 coi nhu khong 6 luc dan hdi va luc cdn nhdt).
- Trong qud trinh lin coc, vén tdc quay clia dé-ba-ling 1a khong ddi. Nhung 1y thuyét
va thuc nghi€ém (M. A. Jypun) dé chi ra ring, khi Iin coc, vdn t6c quay ctia d&-ba-ling s&
thay d8i 5%, c6 nghia 1a trong tinh todn c6 thé chip nhén vén t&c gbc cia dé ba ling 12 dai
lugng khong ddi, khong lién quan dén viéc xédc dinh cdc tai trong tinh cling nhu dgng 1én co
ciu.
Quad trinh lin coc dudc thuc hién theo titng giai doan nhu sau:
a) Giai dogn ndng [én phia trén
moX =-=Pysin (ot+a) +Q+F (D
vadit=0;x=%=0
vBit=t;;x=0; X =x
Trong dé : Q : Trong ludng
F: Luc cdn ma st thanh bén

G vi tri trén ciing, hé théng c6 thé ding néu tdng céc e tic dung (vdi viéc ddi chiéu
cla luc F) sé nhé hon 0 :
—Ppsin(ot; +a)+Q-F<0 (2)

N&u c6 sy ditng thi chuyén dong ciia hé s& bit ddu vao thdi diém ¢, :
—Pypsin(ot —a)+Q-F<0 (3)

b) Giai doan chuyé€n dong ctia hé xudng dudi dén diém ti€p xiic véi nit dat:
my X =—Ppsin(ot+a)+Q—-F 4)

Vait=0 X =% Xx:=0
viit=G:x=0; % =%
O diu kién dau tién cdia (4) t’ = t, khi khéng ¢6 sy dirng thit’ = t; nén thda min
phudng trinh (2).

c) Giai doan xuyén nit dat (bién dang déo) :
mp X =-Pysin(ot+a)+Q-F-R (5)

vidit=ti:x=0: X =x3

IT
vlit=t4<2— ;x=x;%x =0
®
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Trong khodng thdi gian 2-11 — t4 $& x4y ra ditng hé cho dé&n lic bt ddu chu ky ti€p
)
theo khi lyc kich chua dii dé ning hé 1&n, c¢6 nghia 1a khi :
Py.sino=Q+F (6)
Tir (6) c6 thé xdc dinh duge géc pha nhu sau :
o = arcsin (g+f)

P& d& dang tinh todn, ngudi ta dua ra cdc thong s6 khdng thi nguyén :

2
T=ot q=g =
P, P,
( F i
P, P,

Phuong trinh vi phan dudc viét lai nhrsau: § =sin(t+ o) +q—-f—7v

Hinh 3. K&t qua do lin coc va luc kich ~ Hinh 4. Sy phu thudc cia do dirng coc may bua
thi nghiém (Biéu dd trén: do lin khong thi nguyén vaoq: f=0,5;
Biéu dd dudi: luc kich) 1iy=07:2:9=1:3:y=13

Tit phuong trinh trén cho phép ta tinh téan va thi€t 1ap dd hin coc khong thit nguyén
theotdi d& va luc cdn khong thif nguyén nhu trén hinh 4. Qua khdo sdt cdc tai liéu chi c6
trong c6ng trinh ctia TSEITLIN [9] 14 tdc gid dé cdp d&€n vén tdc lin coc khong thit nguyén
theo tai dé va ti 1& luc cdn ddu coc cho mdt chu ky rung. Trong bai bdo nady nhém tdc gid da
stt dung phuong phédp s& dé nhin k&t qua nhy trong tai liéu [9] d€ so sdnh, hon th€ di dén
trinh bay két qua dd thi trong khéng gian ba chiéu (hinh 4), qua phan tich bi€u d6 nhén thiy
riing ton tai mot dp luc t8i wu cda ddu coc vao ddt ma vdi dp lyc d6 cd thé dat duge sy dirng
coc 1dn nhat sau mot chu ky tir diy ta di d€n mot chién Iuge gia tdi theo sudn bén trdi cla
biéu dd 12 t8i uu, vi trong thuc t& lyc cdn diu coc ting dan trong qud trinh ha coc, vdi chién
lude gia tdi nay cho phép gidm nhd trong lugng bia.
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Ly thuy€t cho thdy ring lyc cdn ddu coc trong mdt chu ky c6 thé 18y khong ddi chi
trong truding hgp néu viing dan hdi nhd so véi d6 lin ha coc. Trong mét s& trudng hgp khic
nhu thi€t dién diu coc 16n, thi trong md hinh tinh todn cin tinh d&€n thanh phdn Iyc cidn dan
hdi & ddu coc, vi khi d6 n6 c6 gid tri khong kém thanh phéan lyc cdn déo, thim chi con 16n
hdn (ddc biét & cudi giai doan).

Hé phuong trinh trén da dudc gidi trén mdy tinh théng qua phin mém MATLAB-
SIMULINK, va dudc ng dung cho mdy biia rung ¢8 nhd di ché tao tai B§ mén Co gidi hod
xi nghiép va xay dung Khoa Cd khi — Trudng Pai hoc Bach Khoa TP.H& Chi Minh dé tim
cdc mién thong s6 1am viée thich hgp. Cdc mbi quan hé giita tin s& vdi van téc lin, md men
tinh banh 1éch tAm va tin s6 vdi van tdc lic, luc cdn thanh bén ciia biia rung dude biéu dién
d hinh 7 va 8.
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Hinh 7. Quan hé vén t&c lin, tin s6 mémen tinh  Hinh 8. Quan hé vén tdc Iin tin s& va ma
sat thanh bén.
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4, K&t luan

- Chiing t6i da thanh cdng trong viéc ch€ tao mdt md hinh thi nghiém do Iuc va dd lin cho
may bud rung va rung va c¢@ nhd.

- M& hinh cho phép thay ddi mot s& théng s6 1am viéc clia mdy bda nhu tin s§, mémen tinh
banh 1&ch tim, Iy tic dung 1én thin coc va mdy bia c6 thé 1am viéc dugc & hai ché& db 1a
rung hodc rung va khi gdn bo phén de 1&n diu coc.

- Céc két qué do gbém lyc tdc dung cia bia 1én diu coc va dd lin cda coc theo thdi glan
dudgc hién thi trén man hinh may tinh. Tit ddy cho phép diéu khién t8i uu mét s& théng sd
lam viéc clia mdy (nhu tdn s8, luc kich, m6é men tinh bdnh 1&ch tdm, tai dé 1én coc) sao cho
thdi gian lin coc 1a nhanh nhat ing véi diéu kién coc va luc cdn x4c dinh.
- Tit nhitng k&t qua do dugc cho phép kiém chiing thuc nghi€m mé hinh todn va md phdng
trén mdy tinh bang chuong trinh viét trong phin mém SIMULINK, céc két qud tinh téan va
k€t glia thuc nghiém twong ddi tring khép nhau, vdi k&t qud nhén dudc cho phép ta md
phdéng qud trinh déng coc trén mdy tinh va t6i wu héa cac thdng s6 lam viéc clia may dé
gidm bdt nhitng khé khiin khi phai thi nghiém trén thuc t€.

Mb phdng qud trinh hin déo clia md hinh bu4 rung ta ¢6 nhn xét sau:
- Riit ra mgt chi€n lugc gia tdi cho phép ting kha nédng lin coc ma trong lugng cla phan lam
viéc ciia mdy khdng qué 16n (gia tdi theo sudn bén trdi clia mit phing gia ti).
- Khi ya chon ch& d6 tan s8 ¢6 tinh d€n do dan hdi ciia coc, ta phat hién ra ring c6 thé lin
coc dai khdng cén phai ting luc kich hay luc tinh.

- Khi ting m6 mémen tinh trong gidi han ctia mdy bud nho tir 0,05-0,3kg.m thi tén s6 t6i wu
dat vin t6c cuc dai ting din tit 60-70 rad/gidy, con khi lyc ma sdt thanh bén cla coc thay
ddi thi khong 1am thay d8i tin s8 t5i vu va né lubn bing 70 rad/gidy trong may mé hinh da
thi€t k&€ ma chf 1am van tdc Lin gidm khi ma sdt ting.

Phudng phép tinh todn trén md ra kha niing cho viéc lua chon cdc théng s6 ¢d ban dé
lin cdc coc cho mdy bud nhd. Péc biét phuong phdp nay c6 thé si dung hiéu qua khi ché tao
cdc mdy rung 6 cdc thong s di€u chinh dugc. N6 cho phép x4c dinh sd bd cic viing tin s&
va trén cd sd d6 ti€n hanh khai thdc thuit todn t6i vu d€ diéu chinh ché do tin s6.
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SIMULATION OF PILE PENETRATION ON LIGHT VIBRATORY
HAMMER MODEL

Nguyen Hong Ngan, Nguyen Chi Nghia
University of Technology — VNU-HCM

ABSTRACT: Laboratory model of Vibro-Driven Piles was created. The force of vibro-
driver and pile penetration were mesurered. A mathematical simulation model was
developed. The simulation showed results fully similar to the mesured proving the adequate
description of the physical model by mathematical model. Some optimized working-
parameters is then obtaind base on the matematical model.
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