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NGHIEN CUU PAP UNG CUA TAM CO VET NUT CHIU TAI TRONG
DI PONG TREN CO SO KY THUAT PHAN TU SINH - DIET
VA THUC NGHIEM

Nguyén Thi Hong', Bui Manh Cuong’

Tém tat: Bdi bdo trinh bay két qua nghién civu 1y thuyét va thiee nghlem dap vng ciia tam cé vét nirt
chiu tdi trong di dong. Qud trinh phdn tich ddp vmg cia tam cé vét mirt dwoc thuc hién trén co so

phirong phdp phan tir hitu han (PT HH) va ddc biét tai di dong dwoc mé phong nho ky thudt phan tir

Sinh - Diét. Két quad khdo sdt so dwoe so sanh véi két qua thi nghiém trén mé hznh thuee 1 tai phong thi

nghiém Co hoc may - Hoc vién KTOS. Két qud nghién ciru gitip ta hiéu ro hon vé iing xir ciia tam c6 vét
nirt khi chiu tai di dong, day la co sé dé chan dodn khuyét tdt trong tam bang phwong phdp khéng pha

iy, nho phan tich dap ing ciia tam.

Tir khéa: Tam, vét nit, phan tir hiru han, phan tir sinh-diét, tai di dong.

1. PAT VAN PE

Trong thuc té k¥ thuat ta thuong gip cac két
ciu dang tam chiu tai di dong, vi du cac tAm mat
cAu, duong chiu tac dung ctua xe, cac dai vét
chéng lay trang bi cho nganh cong binh, mit cu
phao chiu tac dung ciia xe banh 16p hoic xe banh
xich di chuyén, mit duong bang chiu tic dung cua
may bay khi cat, ha canh, vv. Thong thudng, ngay
ca khi méi duge ché tao, cac vét nut da ton tai
hodc dudi tac dung cua tai trong khai thac, trén
cac tAm thudng xuat hién cac vét nit véi muc do
khac nhau, diéu nay dan dén giam kha ning chiu
tai va tudi tho ctia ching. Do d6, vin dé vét nut
trong tim trd thanh nhitng d6i tugng can duoc
xem xét voi muc tiéu khuyén cao ky thuat, duy tri
su lam viéc ctia hé va xa hon nira la dé xuét cac
giai phap gia cuong, khic phuc dé ning cao hiéu
qua lam viéc cho két cau. D6i voi cac két cdu tAim
khong c¢6 vét nit chiu tac dung cua tai trong di
dong, hoac tam v6i vét nirt chiu tai trong tinh, dén
nay da c6 kha nhiéu cong trinh cua céc tac gia
trong nudc va nudc ngoai cong bd (Esta Kago,
Jaan Lellep, 2014; Huang C.S, nnk 2011; Qian
G.L, nnk 1991). Tuy nhién d6i v6i két cau tdm co
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vét nut chiu tac dung cua tai trong dong, dac biét
1a tai trong di dong, do tinh phtrc tap cta van dé,
cho dén nay con rét it cong trinh cong b (Ahmad
M. nnk 2015; Asghari m., nnk 2009). Trong cong
trinh nay céc tac gia dé xuit mot ki thuat lap trinh
moi, cho phép don gian hoa van dé nghién ciru, va
so sanh tinh dung din giita két qua tinh toan theo
phwong phap dé xut voi két qua thue nghiém trén
mo hinh thuc.

2. MO HINH TOAN HQC TAM CO VET
NUT VA GIAI THUAT PHAN TU SINH-DIET

Qua trinh phén tich dap tng cta tdm co vét nirt
chiu tai di dong duogc thuc hién trén co sé phuong
phap phan tir hitu han (PTHH) va dic biét, tai di
dong dugec md phong nho ki thuat phan tir Sinh -
Diét. Két qua khao sat sb dugc so sanh véi két qua
thi nghiém trén mo hinh thuc té tai phong thi
nghiém Co hoc may - Hoc vién KTQS.

Lp

Téi trong tac dung ~ Qu¥ dao di chuyén cua tai trong

Hinh 1. Tam c6 vét mirt chiu khoi lwong di dong
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Xét tim co vét nat, lién két bat ky, chiu tac
dung cua tai trong di dong (dang khdi lugng di
d6ng) theo mot quy dao nao d6 véi van tdc v. Mo
hinh bai todn nhu hinh 1.

Phuong trinh mé ta dao dong ciia phan tir tim
¢ vét nit, chiu tac dung cua khéi lugng di dong,
viét theo phuong phap phan tir hitu han, nhu sau
(Ahmad M. nnk 2015; Asghari m., nnk 2009):

(1M1, DML e +{CT (KT + KD ol = (Pl

trong do: [M]., [C]., [K]., {P}, tuong img 12
ma tran khdi lugng, ma tran can, ma tran d§ cing
va véc to tai trong phan tir bo sung do tai trong di
dong gay nén, cac thanh phﬁn trong cac ma tran
nay la ham phu thudc thoi gian va vi tri cta tai
trong di dong trén phan tir tm.

Khi nghién ctru dap ung ciia tam chiu tai di
dong, kho khan 16n nhat 1a mé phong qua trinh vat
di dong trén tim. Vi nhitng kho khin nay nén
phan 16n cac cong trinh da cong bd chi xét vat di
dong tuong duong voi tai trong (do trong luong
ban than vat gay ra) 1a di dong ma bo qua khoi
luong vat di dong tham gia vao dap tng cua hé.
bé giam bot kho khan va nhiing han ché néu trén,
tac gia dé xuat phuong phéap va giai thuat méi trén
co s ky thuat phan tir Sinh - Diét trong phuong
phap phﬁn ti hiru han, dya trén moi truong phﬁn
mém ANSYS. Ban chat ky thuat nay nhu sau: cac
khdi luong di dong dugc xem nhu cac phﬁn t
sinh - diét, sinh - diét duoc hiéu theo nghia 1a khi
dugc sinh ra cac vat di dong co khéi luong dung
bang khdi lwong thuc cua ching, khi bi diét di thi
khéi Iugng cta ching kéo xudng gia tri 0, luc nay
chiing khong con tac dung va tham gia vao chuyén
dong ctia hé nira. Qua trinh vét di dong gidng nhu
qué trinh sinh diét phan tir, giai thuat gébm 2 budc
co ban nhu sau:

Bude 1, tat ca cac khoi luong di dong duoc gin
1én tit ca cac nat doc theo chiéu dai tim, sau do6
chung duoc diét di;

Budc 2, phu thudc vao van tdc va thoi gian xét,
mdi khi vat di dong nao d6 di dén mot nit nhat
dinh thi khéi luong vat twong tng tai nit d6 duoc
sinh ra, di qua chung lai tiép tuc bi diét di.

Thtt tu cdc bude thuat toan duge thé hién

trén hinh 2. Gidi thuit da dugc tic gid Ung
dung lap trinh trong modi truong ANSYS
Workbench voi viée st dung cau Iénh cia moi
truong ANSYS APDL.

V2 vI
o

F1t

»
Hinh 2. Gidi thudt phan tir sinh - diét trong
bai todn nhiéu vt di djng

3. KET QUA MO PHONG SO VA
THUC NGHIEM

Tam thép
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Hinh 3. So do két cdu tam thi nghiém

Trudc tién tién hanh khao sat dap (mg ciia tim
c6 kich thudc nhu hinh 3 dudi tac dung cia vat di
dong bang phuong phap sb, voi hai truong hop
nguy hiém nhat d6i voi tim 1a vét nit ban elips tai
chinh gitra tim theo chiéu ngang va chiéu doc cua
tam, vét nirt ¢6 chidu dai 10mm, chiéu sdu 4mm
chiu vat di dong c6 khdi luong 8kg chay chinh
gitta, doc theo chiéu dai cua tim véi van toc
20m/s. Cac md hinh phan tir hitu han cua tim c6
vét nit va khong vét nut cling nhu chuyén vi coa
tAm tai thoi diém dat do vong 16n nhat duoc thé
hién trén hinh 4. Két qua nay nhan dugc trén co s¢
thyc hién mo phong s6 dap (g ctia tAm bét dau tir
thoi diém vat di vao tim dén khi di hét chiéu dai
tam. Két qua cho thiy rang gia tri va thoi diém dat
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d6 vong 16n nhit ¢ cac tim c6 vét nit ngang, doc
va khong vét nit 1a hoan toan khic nhau, tim
khong vét nut dat do vong sém nhat tai thoi diém
4,94e-2 gidy, tiép theo 1a tAm c6 vét niit doc (thoi
diém 5,0e-2 gidy) va cudi cung la tAm c6 vét nit
ngang dat d§ vong 16n nhét tai 5,057e-2 giay. Mot
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diém thi vi 1a v6i chiéu dai tim 1,5m va van téc
vat 20m/s thi tai cac thoi diém nay hoan toan
khong tring véi thoi diém vét & vi tri chinh giira
tam, nghia la khong phai vat tai vi tri chinh giira
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16n nhat nim tai mép ngoai ctia tam.

0.225

A mr=8kg

Directional Deformation
Type: Directional Deformation (¥ Axis)
Unit: m

Global Coordinate System
Time: 5.e-002

10¢4/2020 6:23 PM

0.0071812 Max§
0.0063833

0.0055854

0.0047875

00039896

00031917

00023937

00013938

0.00079791
0 Min

4 A
iy A,
%

ey
;‘PX%%AVA

0.675
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Hinh 4. M6 hinh phan tir hitu han va dg véng cia tam
(a-vét nitt ngang, b-vét mirt doc, c-khéng vét nirt)

Tiép theo khao sat dap g cia cac tim, bao
gdém: gia toc, chuyén vi theo phuwong vudng goc
v6i bé mat tim va theo phuong doc theo chiéu dai
tam tai vi tri mép bén, chinh gitta chiéu dai tim (vi
tri ndy ciing chinh 12 noi s& dit cam bién gia toc
va cam bién bién dang trong qua trinh thi nghi¢m
& bude tiép sau dugc thé hién trén cac hinh 8, hinh
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9. Vi cac van tde vat di chuyén khac nhau 1a 20
m/s; 40 m/s; 80 m/s 100 m/s.

Trén hinh 5 thé hién két qua nghién ciru dap
mg cta tdm khong vét nit vé chuyén vi, bién
dang, van toc va gia toc tai vi tri mép bén, chinh
giita chiéu dai tim vdi cac van toc di chuyén ctia
vat khac nhau 20 m/s; 40 m/s; 80 m/s; 100 m/s
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trong khoang thoi gian 7.5e-2 gidy (khoang thoi
gian ma vat di hét chiéu dai tim & van toc 20 m/s).
Trén hinh 6 14 két qua nghién ctru ctia tim c6 vét
nit doc. Hinh 7 1a dép Gmg cua tAm véi vét nit
ngang. Cac két qua khao sat thé hién trén cac hinh
5, hinh 6, hinh 7 cho ta thiy dép tng cua tim co
vét nut doc, vét nit ngang va khong vét nit 1a
hoan toan khac nhau. TAm cé vét nit ngang va

4,6653e-3

1.2014e4

doc co chuyén vi, bién dang, van tde va gia tdc 16n
hon nhiéu so voi tim khong vét nirt, cac thong sd
nay thay ddi cling phirc tap hon so véi & tm
khong vét nit. Mot diém tha vi 1a khi van toc di
chuyén ctia vat 1on hon 20 m/s, cac tAm co vét nirt
dat duoc d6 vong cuc dai tai thoi diém vat da di ra
khoi tim, chir khong phai & giai doan vat van con
di chuyén trén tam.
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Hinh 7. Ddp g cia tam c6 vét mirt ngang (a-chuyén vi, b-bién dang, c-vén toc, d-gia toc)

Cubi cung, nghién ciru thyc nghiém déap ung
dong clia tim thong qua cac dic trung gia toc, van
tdc, chuyén vi va bién dang. Két qua mé phong sb
va thuc nghiém do tai diém mép bén, chinh gitra
phuong chiéu dai tim c¢6 niit ngang dugc thé hién
& bang 1, két qua 1y tai thoi diém cac gi tri nay
dat tri s6 16n nhat. Theo cac két qua nghién ctru
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cho ta thdy két qua mo phong sb kha gan véi thi
nghiém, sai s6 khong qua 26 %. Sai s6 16n nhat 1a
thong sb bién dang 18n téi 25.7% diéu nay 1a do
két qua tinh toan trén mo hinh phan tir hitu han lay
tai mot diém, con trong thuc té tem do bién dang
chiém ca mot ving va vi vay that sy rat kho dé ma
x4c dinh dugc tem bién dang do tai diém nao
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tuong (ng trén md hinh phan tir hitu han, mat Bang 1. Két qua md phéng so

khac tem do bién dang rit nhay voi keo gian, anh va thire nghiém véi van tdc vat 20 m/s

huéng cia 16p keo giam ciing dan dén sai sb 16m,

diéu nay la dac trung rat dién hinh cua phép do R B M6 phong Thuyc | Saisé
£ A LAy A e Thong so £ .

bién dang. Tuy vay, két qua nghién ctru da cho ta sO nghiém %

thdy rang phuong phap va ky thuat mo phong da Chuyén vi

dé suit dang tin cdy khi 4p dung trong phan tich (mm)

dap tmg clia két cdu chiu tai di dong ndi chung va | Bién dang

4.52 4.11 9.8

cho tim c6 vét niit néi riéng. phuong doc 1.08 | 086 | 25.7
tam (10e-4)
Van tbc (m/s) 035 | 031 10.6
Gia toc (m/s?) 98.7 | 88.13 12
4. KET LUAN

Bai béo trinh bay két qua nghién ctru 1y thuyét
va thue nghiém dap tng cua tdm c6 vét nirt chiu
tai trong di dong. Qua trinh phan tich dap ting cia
tam c6 vét nit duoc thuc hién trén co sé phuong
phap phf?ln ti hitu han (PTHH) va dac biét, tai di
dong dugec md phong nho ki thuat phan tir Sinh -
Diét. Két qua khao sat sb dugc so sanh véi két qua
thi nghiém trén mo6 hinh thyc té tai phong thi
nghiém Co hoc may - Hoc vién KTQS. Két qua
nghién ctru va giai thuat duoc dé xuat giup ta dé
dang thuc hién cac nghién ciru dép (g clia tim co
vét nirt khi chiu tai di dong v6i quy luat chuyén
dong khac nhau, qua do hiéu rd hon vé su khac
biét giita dap (mg cta tAm nguyén ven va tdm cé
vét nit khi chiu tai di dong, day 1a co s¢ dé chan

o doan khuyét tat trong tdim bang phwong phap
Hinh 9. Mau tam lam thi nghiém khong pha hity, nho phén tich dap tmg cia tim.
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Abstract:
A STUDY ON THE RESPONSE OF CRACKED PLATES UNDER TRAVERSING MOVING
MASS BY USING FINITE ELEMENT BIRTH AND DEATH TECHNIQUE AND
EXPERIMENTAL

The paper presents the results of theoretical and experimental researches on the response of cracked
plates under traversing moving mass. Response analysis process of cracked plate is done on the basis of
finite element method (PTHH) and especially the travering moving mass is simulated by Birth and Dead
element technique. Survey results are compared with experimental results on actual model at the
Laboratory of Machine Mechanics. The research results help us better understand the behavior of the
cracked plate under mobile load, which is the basis for diagnosing defects in the plate by non-
destructive method, thanks to the analysis of the plate's response.

Keywords: Plate, crack, finite element, birth-death element, moving mass.
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