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TOM TAT

Rung déng tich hop va ddp mang lai nhiéu lgi ich cho cac may xay dung cé chirc ndng dao
va nén déat. Bé tich hop duoc rung déng vao may dao dwdong éng ngdm (moling machines), can cé
céc co cau rung co kich thuéc theo phuong hwéng tdm nhdé gon. Mét co cau nhw véy da duoc téc
gié gidi thidu lan déu tién ndm 2007 [1-4], hoat ddng dwa trén nguyén ly dao ddng cia I6i sat cua
bng déy trong mach céng huéng RLC. Bé xuat dé6 d& nhén dwoc sw quan tam Ién cla céc nha
nghién ctru dong Iwc hoc phi tuyén tng dung. Tuy nhién, né chwa cé tinh (ng dung cao do cong
suét sinh ra con quéa nhd. Bai béo nay gidi thiéu mot mé hinh co céu rung-va dép méi, cing dua
trén mach céng hudng RLC nhung di theo huéng khai thac rung déng cta chinh 6ng day. Co céu
ma&i nay c¢6 kha ndng cai thién téc do dich chuyén clia may 1én dén 6 Ian.

ABSTRACT

Vibration combined with impact brings advantages to civil machines working with soils. In
order to combine vibration with impact of moling machines, vibrators with compact centripetal
dimension are needed. A such vibrator, invented in 2007 by Nguyen et al [1-4], has attracted
attentions from applied nonlinear dynamics researchers. In the former rig, the principle upon which
the experimental rig is based is the combination of resonance in an RLC circuit and a solenoid, to
effect impacts of a metal bar on an obstacle block. However, it should be further improved to be
poweful enough for applying to actual moling machines. This paper introduces a new model of a
vibro-impact mechanism which is more powerful than the former. The new mechanism is also
based on the resonance in an RLC circuit and a solenoid, but to effect vibration and impacts of the
solenoid instead. Experimental study shows that the new design can cause the progression rate to
increase as much as 6 times compared to the former design.

l. GIOI THIEU dap da dugc chimg minh la co6 thé lam ting
ning suit ciia cac may dao/ nén dat, giam strc
can cua dit va ting tinh 6n dinh cta hé théng
[5-8]. Mot co cAu rung-va dap cé kich thuéc
nhd gon, co the tich hop vao trong cac may
dao duodng ngadm ngang van chua ton tai do
han ché vé kich thudc cta cac co cdu rung
truyén thong.

Trén thé gisi, dé tao cac duong Ong
ngam dudi long dt, thudng sir dung cac may
dao duorng ngam ngang (Moling Machines).
Chlng c6 cac uu viét rat 16n nhu: khong pha
huy cac cong trinh c6 sdn bén trén, tiét kiém
cong lao dong va thoi gian, gia thanh thap...,
do vay dugc khuyén khich sir dung thay cho

phuong phap dao va ldp (Open excavate) Cho dén nay, cac may rung-va dép
truyén thong. Cac may dao duong ngam thuong mai va nhiéu nghién ciru thyc nghiém
ngang (Moling machines) con cO céac tén van sir dung co ciu banh léch tam do Tsaplin
thuong mai nhu “May dao ngang va dap” [9] d& xuét, rdt cong kénh. V4i y dd giam
(Impact moling machines) hay “Dung cu thiéu kich thudc va khai thac rung - va dép
Xuyén dat” (Earth piercing tools). Ching theo phuong ngang, Lok [10] da nghién ciru
thuong c6 duong kinh tir 10 dén 100 mm, tuy md hinh rung dung co cdu cam. Du vy, co
thudc ¢ day, cap, dng can dit ngdm. Cac may cAu nay c6 ma sat 16n, 1am phat sinh nhiét cao
moéc thwong mai nay lam viéc dua trén nguyén va nhanh mon da can trd viéc phat trién va
ly va dap thuan tay, st dung céc piston khi tmg dung trong thuc tién. Mot nghién ciru tmg
nén dich chuyén dau bua theo phuwong ngang dung va dap trong cac may khoan ngang da
va tao lyc va dap ma khong thé tich hop rung duoc tién hanh boi Franca va Weber [11], str
dong vao may, du rang rung dong tich hop va dung ngudn rung dong 1a may tao rung dwa
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trén nguyén 1y nam cham dién. Co ciu nay
cling doi hoi kich thudc may khé 16n (khoang
400 mm duodng kinh) dé co thé sinh duoc luc
va dap du 16n.

Viéc st dung cudn cam nhu mdt dong
co ¢o 18i sat chuyén dong thang khir hoi da
dugc Mendrela [12] dé& xuit va nghién ctu.
Tuy nhién, dong co ctiia 6ng chi dugc phan tich
& ché do khong tai va & dang mot mo hinh don
gian.

Mot co cdu rung - va dap co kich thude
nhé gon, khai thac chuyén dong tuan hoan cua
161 kim loai trong mdt cudn cam, tan dung
nguyén ly cong huong dién trong mach RLC,
duoc gidi thiéu boi tac gia nam 2007 [1-4] da
thu hat dugc sy cht y ctia cadc nha nghién ciru
trong linh vuc tng dung co hoc phi tuyén. Tuy
nhién, kha ning tmg dung cta né con han ché
do lyc va dap tao dugc con rat yéu. Bai bao
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nay giéi thiéu mot co cdu rung-va dap RLC
méi, ¢6 cling cau tao co ban va kich thudc véi
co ciu trude day, nhung c6 hiéu niang cao hon
dén 6 lan.

Bai bao nay duoc ciu tric nhu sau:
Trude hét, nguyén 1y hoat dong cia co cau rung
- va dap méi dugc trinh bay ¢ phan 2. M hinh
van hanh thi nghiém duoc trinh bay trong phan
3. Phan 4 1a cac két qua va thao luan. Phan 5 1a
két ludn ctia bai béo.

Il. NGUYEN LY HOAT PONG CUA CO
CAU RUNG-VA PAP MOI

Hinh 1 trinh bay nguyén 1y hoat ddng cta
co cdu rung-va dap duoc gidi thidu boi tac gia
niam 2007 (Goi tit 1a co cdu RLC-07 - Hinh 1a)
va cla co ciu va dap moi (Goi tat 1a co cau
RLC-09 - Hinh 1b).
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Hinh 1. Nguyén ly lam viéc cdc co cau rung-va dép (a)Co cdu RLC-07 va (b) Co cdu RLC-09

Ca hai co ciu nay déu hoat dong dua trén
nguyén 1y cong hudng cia mach RLC. Cudn
cam c6 chtra 13i sat c6 thé chuyen dong tu do
trong long né. Ty dién C, dugc méc ndi tiép véi
cudn cam, c6 gia tri dién dung dugc chon sao
cho gy nén hién tugng cong hudng dién ¢ gan
hai dau 6ng day. Khi 16i sat c6 vi tri tai noi xay
ra cong hudng, lyc dién tir tuong tac gitra 6ng
day va 16i co gia tri rat 16n s& kéo 161 st chuyén
dong rat nhanh vé phia diém giira 6ng day. Do
quan tinh, 15i sit tiép tuc chuyén dong vé phia
déu kia cua 6ng ddy. Tai ddy, luc dién tir co gia
tri 16n s& budc 15i sit dimg lai va chuyén dong
nguoc lai. Pidu chinh cac gia tri phu hop cua
dién 4p xoay chiéu, dién cam cua ong day va
dién dung ... s& nhan dwoc chuyén dong tuin
hoan, lién tuc cua 13i sat.
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Trong co cdu RLC-07 (Hinh 1a), mot
chbt chan duoc dit chin ngang trén dudng
chuyén dong cua 161 sat. Ca cudn cam va chét
déu duoc gin ¢ dinh trén mot tim truot. Tam
trugt nay co thé truot trén mot hé ray dan. Ma
st gita tm truot va ray dan cé thé diéu chinh
dugc dé phuc vu cho cac khao sat sé liéu. Thuc
nghiém cho thay, va dap cua 16 sat vGi chét
chin 1am ting tan sb dao dong cua 13i sit. Két
qua rung dong-va dap mang lai chuyen dong
clia tim trugt c6 ma sat vdi ray dan dugc tang
cuong, duoc coi nhu chuyén dong tuong tu cia
méy dao ngam c6 lyc can cia dét.

Trong co cau RLC-09 (Hinh 1(b)), cudn
cam c6 thé chuyen dong tuong ddi so véi tAm
trugt thong qua bén banh xe. Ngoai ra, nd duoc
lién két voi tam trugt thdng qua cac 16 s0. He 10
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so nay dugc dua vao nham khai thac dic tinh
cong huong cua co hé sau nay. Loi sat duoc dao
dong tu do trong 1ong 6ng day. Dudi tac dung
tuong hd cua lyc dién tur gitra ong day va 13i
sat, ca 16i sat va dng day déu dao dong véi cling
t?m sb nhung nguoc pha nhau. Chét chin duge
chuyén dén chin mot phia bién d6 dao dong cua
cudn cam. Két qua tich hop cua rung dong va
va dap cua ong day voi chét chin din dén
chuyén dong cua tim truot so véi ray dan. Hai
tp thi nghiém da dugc tién hanh dé so sanh
hiéu qua cua co cAu moi nay voi co cau RLC-
07. Két qua cho thiy RLC-09 mang lai kha
ning di chuyén cao hon nhiéu lan. Céc thi
nghiém duoc mé ta trong phan 3 dudi day.

111. MO HINH VAN HANH THi NGHIEM

Cudn cam duoc ché tao voi duong kinh
ngoai 94 mm, 161 sit ¢co duong kinh 28 mm,
ning 0,3 kg. Pién cam cua 6ng day co gia tri
16n nhét 1a 0,25 H (khi c6 16i sit) va 0,15 H
(Khi khong c6 15i sit). Hé théng dugc cung cp
boi mot dién ap xoay chiéu 90 V. V& hé co khi,
tAm truot va cac chi tiét trén nd c6 khdi luong
6,6 kg, bao gém cudn cam va 15i sit nang 3,2
kg. Luc ma sat gitra tAm truot va ray dan duoc
thiét 1ap ¢ hai gia tri 1a 4 kg luc va 6 kg luc.
Mot co cdu kep lién két giita cudn cam va tdm
trugt dugc thiét 1ap dé co thé chuyén ddi co cdu
vé mot trong hai dang mé hinh nguyén Iy,
RLC-07 va RLC-09, tuwong ung voi trang thai
cudn cam duoce ¢b dinh hay c6 thé di chuyén tu
do so v6i tdm trugt. Luong dich chuyén cua
tam truot dugc do béng thiét bi LVDT (Linear
Variable Differential Transformer) mua tir hang
Farnell in One. Tin hiéu dugc dua vao may vi
tinh béng bo thu nhan dit licu DAQ USB-6008
cia National Instruments va phan mém NI
LabView Signal Express 3.0. Phin mém
OriginLab dugc sir dung dé phan tich va xu 1y
dir liéu. V6i mdi gid trj clia lue ma sat duge xac
1ap, hai thi nghiém duoc tién hanh de so sanh
hi¢u néng cua co cau mdi so vdi co chu cil. Thi
nghiém thir nhat thu thap s6 liéu chuyén dong
ctia tAm truot khi co cAu duoc xéc 1ap theo mo
hinh RLC-07. Thi nghiém th&r hai duoc tién
hanh twong tu cho co ciu xéac 1ap theo mo hinh
RLC-09. Két qua thu duoc va thao ludn s& dugc
trinh bay trong phén 4.
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IV. KET QUA VA THAO LUAN

Luong dich chuyén clia tAm truot khi st
dung timg co cdu tng vGi cac gia tri ma sat
khac nhau dugc trinh bay trén hinh 2. Trong
cing mot khoang thoi gian, co cdu RLC-09
luon gy nén luong dich chuyén cia tim truot
nhanh hon nhidu so v6i co cidu RLC-07 gay
nén. Ching han, sau 7 gidy, voi ma sat bang 4
kg luc (Hinh 2a), co cau RLC-07 chi c¢6 thé
dich chuyén tam truot di duoc mét luong 50
mm; trong khi d6, co cdu RLC-09 mang lai
lugng di truot cua tém truot 1a 200 mm — tac la
nhanh hon bén lan. Twong tu, khi ma sat giita
tAm truot va ray dan dugc xac 1ap 1a 6 kg luc
(Hinh 2b), sir dung co cdu RLC-09 thu duoc
luong dich chuyén ciia hé théng nhiéu hon 6 1an
(180 mm khi su dung RLC-09 va 31 mm khi st
dung RLC-07).
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Hinh 2. Dich chuyén cua tam truot khi sw dung
co cdu dang RLC-07 (dwong 2) va khi sur dung
co cdu dang RLC-09 (dwong 1); ma sat gzu"a
tam trueot va ray dan cé gia tri (a) 4 kg luc va

(b) 6 kg luc.

i Nguyén nhan mang lai téc do digh
chuyén nhanh hon khi h¢ thong str dung co cau
RLC-09 c¢6 thé giai thich nhu sau.
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Co céu RLC-09 c6 khél luong dao dong
16n hon (3,2 kg) so vdi co cau RLC-07 (0,3 kg).
Khéi lugng chuyén dong 16n hon co thé giy
dong nang va dép lon hon. Bén canh do, hé 1o
so két ndi cho phép co hé co thé tin dung kha
nang cong hudng va gitt cho dao dong 6n dinh
lién tuc.

V. KET LUAN
Mot co chu rung va ddp mdi, khai thac
dao ddng cua cudn cam trong mach dién RLC

da dugc thiét ké, ché tao va van hanh thi
nghiém. Két qua cho thay kha nang st dung co

ciu nay cho cac may rung va dap yéu cau kich
thudc nhd gon 1a rat hira hen.

Hudng nghién ctu dang duoc tiép tuc
trién khai 1a xdy dung mo hinh toan hoc mé ta
hé théng, phan tich dong luc hoc co hé dé tim
ra cac dic tinh quan trong ctia hé thong. Pau tu
phén tich va khai thac cong huong co cua hé
thdng ciing nhu cai tién két cau ciia co cdu cho
phu hop véi cac ting dung cu thé 13 cac hudng
nghién ctru tiép theo nén duoc quan tam.

Nghién‘ curu dwoc thuc fzi_én tu nguén tai chinh
cia dé tai NCKH cap Bo B2008-TN02-01.

Van-Du Nguyen and Ko-Choong Woo; Optimization of a solenoid-actuated vibro-impact
International conference, Advance Problems in

Van-Du Nguyen and Ko-Choong Woo; New electro-vibroimpact system; Journal of Mechanical
Van-Du Nguyen and Ko-Choong Woo; Nonlinear dynamic responses of new electro-vibroimpact
Van-Du Nguyen, Ko-Choong Woo and Ekaterina Pavlovskaia; Experimental study and
Mathematical Modelling of a New of Vibro-impact moling device; International Journal of Non-
Alain E.H.; Soil behaviour under vibratory driving; Proceeding of the international conference on
Rodger A.A. and Littlejohn G.S.; A study of vibratory driving in granular soils; Geotechnique 30,
Pavlovskaia E., Wiercigroch M., Woo K.-C., Rodger A.A.; Modelling of Ground Moling
Available online at

Lok, H.P., Neilson, R.D. and Rodger, A.A.; Computer-based model of vibro-impact driving;
Proceedings of ASME DETC: Symposium on Nonlinear Dynamics in Engineering Systems, Las

Experimental and numerical study of a new resonance hammer

TAI LIEU THAM KHAO
1.
mechanism for ground moling machines;
Mechanics, St. Peterburg (Russia), June 2007, pp 459-471.
2.
Engineering Science, Vol. 222, No. 4. (2008), pp. 629-642.
3.
system, Journal of Sound and Vibration; Volume 310, Issues 4-5, March 2008, pp. 769-775.
4.
Linear Mechanics, vol. 43 (2008), issue 6, pp. 542-550.
5. Barkan D.D.; Dynamics of Bases and Foundations; McGraw-Hill, New York, 1962.
vibratory pile driving and deep soil compaction. Kouvain-la neuve, Belgium, Sep. 2002.
1.
269, 1980.
8.
Dynamics by an Impact Oscillator with a Frictional Slider; Meccanica 38: pp 85-97, 2003.
9. Don C.W.; Vibratory and impact-vibration pile driving equipment;
www.vulcanhammer.net.
10.
Vegas, 1999.
11. Franca L.F.P., Weber H.I.;
drilling model with drift, Chaos, Solitons and Fractals 21, pp 789-801, 2004.
12.

Mendrela E.A. and Pudlowski Z.J.; Transients and dynamics in a linear reluctance selfoscillating
motor; IEEE Transactions on Energy Conversion, 7(1), pp 183-191, 1992.

DBia chi lién hé:

Nguyén Vin Dy - Tel: 0916.056.618, email: vandu@tnut.edu.vn.
Truong Dai hoc Ky thudt Cong nghié¢p Thai Nguyén
Tich Luong, Thai Nguyén

91


mailto:vandu@tnut.edu.vn

