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‘ DAl HOC PA NANG CONG HOA XA HOQI CHU NGHIA VIET NAM
TRUONG PAI HQC SU PHAM KY THUAT Pic 1ap - Tu do - Hanh phiic

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai: Tinh toan thiét ké, ché tao thiét bj do chuyén vi ciia chi tiét chiu udn
phuc vu giang day thi nghiém cdng nghé ché tao may.

- Mi s6: T2022-06-10

- Cht nhiém: TS. Bui Hé Théng

- Thanh vién tham gia: TS. Phan Nguyén Duy Minh

- Co quan chu tri: Truong Dai hoc Su pham K§ thuat

- Thoi gian thuc hién: 3/2023 — 5/2024
2. Muc tiéu:

Muc tiéu cua dé tai 1a nghién ctru, thiét ké va ché tao thiét bj do chuyén vi cua
chi tiét chiu udn phuc vu giang day hoc phan thi nghiém Céng nghé ché tao may cho
sinh vién nganh Cong ngh¢ k¥ thuat Co khi, Khoa Co khi, TrU:O'ng bai hoc Su pham Ky
thuat. Trén €O SO ung dung phuong phap phan tir hitu han dé tinh toan mo hinh hoa va
mo phong s6 nham xac d6 vdng cua chi tiét va tién hanh tra do vong bang phuong phap
thyc nghi¢m dé so sanh, danh gia két qua thyc hién.

3. Tinh mdi va sang tao:

Tinh toan d6 véng ctia dam (chi tiét may) chiu udn 1a can thiét d¢ dam bao d6 an
toan va thuong duoc thuc hién theo phuwong phap 1y thuyét sir dung cac tinh toan nhu
co hoc vat ran bién dang, stc bén vat lidu..., d6i v6i cac bai toan phuc tap nguoi ta
thu’ong st dung cac phuong phap s6 hodc phu()‘ng phap phan tir hitu han dé tinh toan két
qua gan dung...Mic du vay, can thiét phal tién hanh kiém tra, so sanh danh gia bang két
qua thuc nghiém dé kiém ching céc két qua tinh toan dat dugc tir 1y thuyét. Tuy nhién,
viéc nay thuong it duge thuc hién, do phan 16n 1a khong c6 thiét bi, hoic thiét bi qua dat
tién, hodc thiét bi khong phu hop ddi véi cac linh vuc riéng biét... Xuét phat tir cac yéu
td trén, nhom nghién ctu dé xuat dé tai: “Tinh toan thiét ké, ché tao thiét bi do chuyén
vi ctia chi tiét chiu uén phuc vu giang day thi nghiém Cong nghé Ché tao may” lam co
s& phuc vu cho cong tac giang day tai BO mon Co khi Ché tao — Khoa Co khi — Trudng
bai hoc Su pham K¥ thuat.

4. Tom tat két qua nghién ctru:

- Nghién ctru téng quan vé thiét bi do chuyén vi ciia dam chiu udn, tiép dén dua

trén co so ctia co hoc vt rin bién dang dé tinh toan Iy thuyét v6i cac mé hinh 2 chiéu.

F/J

M= —Fx/2

Hinh 1. M6 hinh Iy thuyét dam chiu uon 3 diém
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Chuyén vi cua dam dugc xac dinh:

— Fx 3L2 4 2
Y = 2881 ¢ x%)

Chuyén vi 16m nhit tai x = %:
_F L3
 48EI

Ymax = 0

- Ap dung bai toan phan tir hiru han cho dam chiu udn 3 diém don gian dé xac
dinh ma tran d0 ctrng va tinh chuyén vi ctia dam (Hinh 2),

F

1 l 2

A l

1 2 3
L2 L2

< [

Hinh 2. Dam chiu uén 3 diém dwoc chia thanh thdn twr va 3 nut

Ma tran dg ciing cia moi phan tir nhu sau:

12 6L/2)  -12  6(L/2)
_ __El 6(L/2) 4(%)2 —6(L/2) 2(%)2
bal=lel= ol _12 -6y 12 -6(L/2)

6(L/2) 20 —6(L/2) 4@

Ma tran d¢ ciing toan cuc cua dam:

12 6(/2) -12  6(L/2) 0 0
6(L/2) 4(%)2 —6(L/2) 2(%)2 0 0
| -1z —ew/zy 24 0 12 6(L/2)
[K] = — L, L, L,
Lplswn 26 o eGr  -ew  2G)
0 0 12 —6(L/2) 12 —6(L/2)
00 6w 26?62 4G |

- M6 hinh hoa va mé phdng s6 2D va 3D dé€ xac dinh chuyén vi cia dam chiu
uon 3 diém.

Hinh 3. M6 hinh phan tir dam 2D va 3D dwoc sir dung dé mé phong sé
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Hinh 4. Két qua mé phong sé dat dwege véi mé hinh 2D va 3D

- Ché tao md hinh thiét bi va tién hanh thyc nghiém dé do d6 vong trén thiét bi
va danh gia két qua dat dugc.

Két qua dat dugc boi cac phuong phap tinh toan, mé phong sé 2D, 3D va thuc
nghi¢m trén thiét bi dugc thé hién trong bang:

| . Mo phoéng so Thuc nghiém
butngkinh | 7..i Ny | Tinh toan Bos (Gid tri trugng bingh
(mm) 2D 3D , 2
cua 3 lan do)

50 1.9012 1.904 1.936 1,86

d=6 70 2.6617 2.665 2.71 2,57

90 3.4222 3.425 3.486 3,32

110 4.1826 4.184 4.266 4,15

50 0.6016 0.6037 0.5803 0,56

d=3 70 0.8422 0.8451 0.805 0,75

90 1.0828 1.087 1.03 0,98

110 1.3234 1.328 1.255 1,18

50 0.2464 0.2478 0.2406 0,25

d=10 70 0.3450 0.3469 0.3303 0,34

90 0.4435 0.446 0.4201 0,43

110 0.5421 0.5451 0.5099 0,53

5. Tén san phim:
Stt Tén san phim S6 lwong
1 Bai bao trén tap chi qudc té c6 chi s6 ISSN (thudc danh muc 1
HDCD GSNN)

2 | Mo hinh thiét bi do chuyén vi ctia ddm chiu udn 1
BAo cao tong két dé tai 1
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INFORMATION ON RESEARCH RESULTS
1. General information:

Project title: Calculate, design and manufacture equipment to measure
displacement of 3-point bending for teaching manufacturing technology experimental
module.

Code number: T2022-06-10

Coordinator: PhD. BUI HE THONG

Implementing institution: University of Technology and Education

Duration: from 3/2023 to 5/2024

2. Objective(s):

The objective of the project is to research, design and manufacture an equipment to
measure displacement of 3-point bending for teaching manufacturing technology
experimental module for students majoring at Division of Mechanical Engineering -
Faculty of Mechanical Engineering — The University of Technology and Education.
Based on the application of the finite element method to calculate modeling and
numerical simulation to determine the deflection of the beam and behavior deflection
investigation using experimental methods to compare and evaluate the performance
results.

3. Creativeness and innovativeness:

Calculating the deflection of the beam to bending is necessary to ensure safety
and is usually performed according to theoretical methods using calculations such as
deformable solid mechanics, material strength..., for complex problems, people often
use numerical methods or finite element methods to calculate approximate results...
However, it is necessary to conduct tests and compare and evaluate the results. The
experimental results to verify the calculation results obtained from theory. However, this
work 1is rarely realizing, because there is no equipment, or the equipment is too
expensive, or the equipment is not suitable for specific fields... Based on the above
factors, the research team proposed the project: "Calculate, design and manufacture
equipment to measure displacement of 3-point bending for teaching manufacturing
technology experimental module" for teaching at Division of Mechanical Engineering -
Faculty of Mechanical Engineering - University of Technology and Education.

4. Research results:

- General study of displacement measurement equipment for beams subjected to
bending, then based on the basis of deformable solid mechanics for theoretical
calculations with 2-D models.

F/2]

M= —Fx/2

Figure 1. Deformation model of 3-point bending beam.
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+ For 3-point bending model, we calculate:

e Displacement equation:

_ Fx
T 48EI

(3L% — 4x?) (1)
e Maximum displacement at x = %:
FL3

Ymax = 6 = 48E] (2)
- For 3-point bending beam, to calculate theoretically, it can be divided into 2
elements and 3 nodes is shown in figure 2.

l F
1 2
T

I ]
A 5 A
1 L2 L2 3

P »d »
<« Ll | »

Figure 2. The beam was divided into 2 elements and 3 nodes.

- The beam was divided into 2 elements; each element has the deformation type as a
cantilever beam having a stiffness k;

+ Stiffness matrix of each element:

12 6(L/2) —12 6(L/2)
g 2L[0WD 4G 6 26y
ll=lel=T: —12 -6y 12 -6(L/2)

6(L/2) 2% —6(L/2) 4G

+ Global stiffness matrix:

12 6(L/2) 12 6(L/2) 0 0
L L
6(L/2) 45)*  —6(L/2) 2()? 0 0
gl 12 -6/ 24 0 -12 6(L/2)
[K] = — L, L, L,
(%)3 6(L/2)  2(3) 0 8" —6(L/2)  2(3)
0 0 -12 —-6(L/2) 12 —6(L/2)
L L
0 0 6(L/2)  2()° —6(L/2) 4G)° |

- The 2D and 3D numerical modeling and simulation to determine the
displacement of beams subjected to 3-point bending.
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Figure 3. 2D and 3D model of beam for simulation numerical

u, uz u, U2
+2.687e-01
0000100 | +8.4950-02
g e -9.884de-02
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Figure 4. 2D and 3D simulation results for displacement of beam circle

- Fabrication a device model and conduct experiments to measure deflection on
the device and evaluate the results.

displacement on the device

The results obtained by calculation methods, 2D and 3D numerical simulations and
experiments on the device are shown in the table:

Diameter Simulation Experimental
Load (N) | Calculation (Average result of
(mm) 2D 3D

three measurements)

50 1.9012 1.904 1.936 1,86

=6 70 2.6617 2.665 2.71 2,57

90 3.4222 3.425 3.486 3,32

110 4.1826 4.184 4.266 4,15

50 0.6016 0.6037 0.5803 0,56

d=3 70 0.8422 0.8451 0.805 0,75

90 1.0828 1.087 1.03 0,98

110 1.3234 1.328 1.255 1,18

50 0.2464 0.2478 0.2406 0,25

d=10 70 0.3450 0.3469 0.3303 0,34

90 0.4435 0.446 0.4201 0,43

110 0.5421 0.5451 0.5099 0,53
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5. Products:
No. Product name Quantity
1 The journal article with ISSN index 1
5 Model of device for measuring displacement of 3-point 1
blending.
3 Project report 1

6. Effects, transfer alternatives of research results and applicability:
- The research results of the project will be used as reference materials to serve

students in studying, scientific research and applying finite element calculations in the
field of mechanical engineering. In particular, the model of device for measuring
displacement of 3-point blending serving for teaching at Division of Mechanical
Engineering - Faculty of Mechanical Engineering - University of Technology and
Education.

- Application for teaching module: “manufacturing technology experimental” for
students majoring at Division of Mechanical Engineering - Faculty of Mechanical
Engineering — The University of Technology and Education with more than 120 students
participating in learning/year.

- Application address: 48 Cao Thang, Hai Chau, Da Nang.
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MO PAU
1. Téng quan tinh hinh nghién ciru
1.1. Ngoai nudc

Tinh hinh nghién ctru trén thé gidi lién quan dén linh vuc xac dinh chuyén vi ciia
cac chi tiét may (dam, gian, khung) chiu udn dd dwgc tip trung nghién ctru danh gia tir
mo hinh tinh toan, dén mo phong s6 va thuc nghiém. Trong thoi gian gan ddy mot
phuong phép thuc nghiém méi dugc phat trién kha ndi bat dé xac dinh chuyén vi cua
cac két cAu, dam, chi tiét may chiu uén d6 1a phuong phap twong quan anh sé (DIC),
trudc kia ngudi ta thuong st dung dong hé so lam phuong phap thuc nghiém dé do
chuyén vi nay. Pay 1a hai huéng nghién ctru thyc nghiém ma dé tai s& hudng t6i dé kiém
tra danh gia va so sanh véi két qua tinh toan phan tich, cling nhu tir mo phong sb.

1.2. Trong nwéc

Hién tai trong nudc tinh hinh nghién ctru thudc linh vuc cua dé tai van con kha
méi mé, khong c6 nhiéu cic nghién ctru khoa hoc duoc cong bd lién quan dén van dé
nghién ctru duoc dé xuat. Phan 16n cac thiét bi sir dung dé xac dinh chuyén vi chu yéu
dugc nhap khau tir nude ngoai véi gia thanh cao. Mot s6 nghién ciru duge cong b lién
quan dén viéc xac dinh chuyén vi cta cac két cau trong cac cong trinh xay dung hoic
linh vuc co khi sir dung phwong phép twong quan anh sb.
2. Tinh cap thiét

Ché tao thiét bi kiém tra chuyén vi cta chi tiét may (dam, khung, gian) dé phuc vu
cho viéc giang day thuc hanh cua sinh vién chuyén nganh Co khi Ché tao/Nganh CNKT
Co khi 1a rat can thiét. Cac loai may thi nghiém ¢& 16n c6 gia thanh rét cao, diéu kién
dau tu con gap nhiéu kho khan. Viéc ché tao thiét bi nho gon, ¢6 gia thanh thép can duoc
thuc hién dé phuc vu cho viéc giang day tai Xudng Ché tao thudc khoa Co khi — Trudng
bai hoc Su pham Ky thuat — Pai hoc Da Na:mg.
3. Muc tiéu dé tai

Muc tiéu ctia dé tai 1a nghién ciru, thiét ké va ché tao thiét bi do chuyén vi cua chi
tiét chju ubn phuc vu giang day hoc phan thi nghiém Céng nghé ché tao may cho sinh

vién nganh Cong ngh¢ k¥ thuat Co khi, Khoa Co khi, Truong Pai hoc Su pham K thuét.



Trén co sé Gmg dung phuong phap phan tir hiru han dé tinh toan mo hinh hoa va mo
phong nham xac do vdng cua chi tiét va tién hanh tra d6 vong bang phuong phap thuc
nghiém dé so sanh, danh gia két qua thyc hién.
4. Céch tiép can

Dua trén co s6 cla cac bai toan strc bén vt liéu, co hoc vat ran bién dang da biét,
tién hanh tinh toan va kiém chtng v6i két qua tinh toan bang phuong phap sb (st dung
phuong phép phan tt hitu han) ... roi tién hanh thiét ké va ché tao mé hinh may, tién
hanh thir nghiém dé danh gia két qua.
5. Phuwong phap nghién ciru

- Nghién ciru 1y thuyét tinh toan bang cac phuong phap nhu phuong phép tinh toan
phan tich chinh xac.

- Tinh toan gan dung st dung cac phuong phap s6 (phuong phap phan tir hitu
han...).

- Kiém chtng bang cac moé hinh mé phong s6 sir dung phan mém Abaqus®

- Cudi cung la ché tao mé hinh thiét bi va tién hanh thuc nghi¢m dé kiém tra va
danh gia két qua.
6. Pdi twong va pham vi nghién ciru

6.1. Bdi tugng nghién ciru:
Thiét bi do chuyén vi ctia chi tiét chiu uén
6.2. Pham vi nghién ctru:
Tinh to4n phan tich phan tir hitu han dén mé hinh ho4, mé phoéng sd sir dung phan

mém Abaqus® va ché tao mé hinh.



CHUONG 1. TONG QUAN LINH VUC NGHIEN CUU CUA PE TAI

No6i dung cua chuong nay, ching to1 s€ gidi thi€u tong quan vé cac nghién cuu
thudc linh vuc cua dée tai, co s¢ ly thuyét tinh todn chuyén vi cia dam chiu uon va cuoi

cuing 13 muc tiéu va cach tiép cin nghién ctru.
1.1. Téng quan

Vén dé x4c dinh chuyén vi cua cac chi tiét may (dam, gian, khung) chiu uén ngang
phang dugc thyc hién dudi nhicu cach thirc khac nhau tir mé hinh tinh toan 1y thuyét,
dén mo phong s6 va thyc nghiém duoc thé hién trong cac nghién ciru trong va ngoai
nude [1-5]. Trong d6 mot sb nghién ciru md hinh hoa va mé phong sb sir dung phuong
phép phan tir hitu han thong qua bai toan uén ngang phang 3 diém, 4 diém... cac phuong
phap thuc nghiém duogc sir dung dé danh gia kiém ching két qua mé phong sd nho céc
thiét bi do str dung cam bién hodc dong ho so. Trong thoi gian gan ddy mot phwong phap
thie nghiém méi dugc phat trién kha ndi bat dé xac dinh chuyén vi cua cac két cau, dam,

chi tiét may chiu uén d6 1a phuong phap twong quan anh sé (DIC) [1, 6-7].

(a) (b)
Hinh 1.1 M6 hinh uén 3 diém (a) va 4 diém (b) trén mdy kéo nén van nang INSTRON [8]

Phuong phap do chuyén vi ctia ddm chiju udn ngang phing duoc thuc hién trén

may kéo nén van nang (hinh 1.1) thudng tw dong xac dinh chuyén vi thong qua cam bién
két ndi voi phan mém duoc két ndi véi may tinh va két qua thuc nghiém sé& cho két qua

do duogc thong qua mdi quan hé nhu luc — chuyén vi, ing suat — bién dang...



Force - Displacement

Peak load
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Hinh 1. 2 Méi quan hé giita lyc va chuyén vi trong thi nghiém uén 3 diém [9]

Mot s6 nghién ctru di thuc hién viéc danh gia dé t6i wu hod ciu trac cia vat lidu
st dung trong cac cong trinh bang phuong phap mé phong sé va thyc nghiém udn 3
diém. Nghién curu ctia A. Montazeria va cac cong su [10], da nghién ctru danh gid hi¢u
suit ctia cau to ong hinh luc giac (hinh 1.3b) va t6 ong tai nhap (hinh 1.3 b) dya trén 2
loai vat liéu PLA va TPU duoc san xuat bo sung dudi tai trong uén ngang phang thong

qua thir nghiém udn ba diém va mo hinh phan tich phan tir hiru han.

Hinh 1. 3 Cdu triic té ong hinh luc gidc (a) va t6 ong tdi nhdp (b)

M6 hinh m6 phong s6 va ché tao mau dé thuc hién thi nghi¢m dugc nhom tac

gia thé hién & hinh 1.4 [10].



Prescribed displacement

Indentor —>

Hinh 1. 4 M6 hinh thwc nghiém (a) va mé hinh phan tir hitu han (b).

M6 phong s6 va thuc nghiém da dugc D. Jindra va cac cong sy, [11] thuc hién véi
phuong phap udn ba diém d6i voi dam thép khong gi chir I dé danh gia két qua gitra 2
phuong phap nay (hinh 1.5).
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Hinh 1. 5 Két qua quan hé giita lwc va chuyén vi va cdc bé tri thi nghiém dam thép
Mot s6 nghién ciru trong nhitng nim gan day sir dung phuong phap turong quan
anh sd (DIC), phuong phéap diém anh hodc st dung Camera dé xac dinh chuyén vi cia
chi tiét chiu kéo, dim hoic két cdu chiu udn phang. Cac nghién ctru cia nhom tac gia

Truong Hoai Chinh va cong su... [7], tdc gia Tao Quang Bang et cOng su... [6].

W (R |l

Hinh 1. 6 Mé hinh thi nghiém dé do chuyén vi str dung twong quan dnh (DIC) va camera



Téc gia Nguyén Trong Phu va cong su... [11], da str dung nhitng phuong phép xac

dinh chuyén vi ctia dam chiu uén bang déng hd so (hinh 1.7)

Hinh 1. 7 M6 hinh thi nghiém do chuyén vi ciia dam bé téng cot thép (a) va dam thép (b)
Thiét bi sir dung dé xac dinh chuyén vi (d6 vdng) d6i voi chi tiét may hoic dam
trong linh vic co khi ché hay xdy dung thuong 1a cac loai may kéo nén van ning véi
kich thudc va chung loai khic nhau c¢6 ngudn gbe xuat x{ tir nhidu nudc trén thé gioi.
Thiét bj nay thuong duoc goi 1a may kéo nén van nang (Universal Testing Machine) con
dugc goi 1a: may do lyc kéo dut -may do do bén kéo (tensile machine), trong cac phong
thir nghiém do co tinh ctia thép con goi 1a may kéo thép. Vi co6 tinh van nang nén cac
loai may nay thudng c6 chirc ning nén (ép) dé thuc hién cac thi nghiém udn nham myc
dich do d6 véng (chuyén vi theo phuong thiang dimg) [13-14]. Cac loai may nay duoc
mg dung rong rii, dé xac dinh d6 bén kéo (tensile), uén (bending), nén (compress) ddi
v6i cac chi tiét may (dam) duoc ché tao tir nhiéu loai vat lidu khac nhau nhu: sét, thép,
cao su, vai, da giay, nhua — composite...Theo théng ké hién nay trén thé gidi c6 hon 200
nha san xuit may kéo nén van nang dén tir nhiéu nudce khac nhau. Tai Viét Nam, cac
hang san xuit may kéo nén c6 chét luong cao thuong duoc st dung nhu: Zwick Roell,
Tinius Olsen, Instron, WANCE, MTS, ADMET, COMETECH, GALDABINI....[13].
Gia thanh cuia cac loai may kéo nén van nang ké trén tuy thudc vao kha nang tai cho

phép duogc thiét ké ché tao, co thé dao dong tur vai chuc tri¢u d@)ng dén vai ty déng.



Hinh 1. 8 Mét s6 loai mdy kéo nén van nang dwoc su dung
Dé giam chi phi dau tu dbi véi cac mé hinh thire nghiém ¢& nho, nguoi ta thuong
su dung céac thiét bi do chuyén vi (d6 vong) don gian cé kich thudc nho gon sir dung
ddng ho so dé do chuyén vi (hinh 1.9). Céc thiét bi nay duoc ché tao tir két qua nghién
ctru v6i kich thude nho gon véi chi phi thap, nhung van dam bao d chinh xac va do tin
ciy cao [15-17]. Céc thiét bj nay c6 gia thanh dao dong tir khoang 40 triéu dong dén 70

triéu dong.

Hinh 1. 9 Cdc thiét bi do d¢ vong don gidn sir dung dong ho so

Pay 1a mot trong cac thiét bi ma muc tiéu cta dé tai hudng dén véi muc dich ché
tao duoc thiét bi do chuyén vi ctia ddm/chi tiét chiu udn co gia thanh thap, phuc vu cho

thi nghi¢ém va hoc tap cta sinh vién tai Truong Pai hoc Su pham K§ thuat.
1.2 . Co sé ly thuyét tinh toan chuyén vi cia dam chiu uén

Dua trén co so cua thanh chiu uén phing trong 1y thuyét stc bén vat liéu dé xac
dinh chuyén vi ctia ddm chiu uén. Bién dang udn 14 bién dang lam truc thanh bi cong,
céc thanh bi ubn thuong dugc goi la dam.

Dam chiu udn dugc chia thanh 2 dang chinh 13: uén thuan tuy phang va uén ngang

phang.



(a) (b)
Hinh 1. 10 Thanh chiu uon truée va sau bién dang: (a) truée bién dang; (b) uon thudn tuy
phang; (c) uén ngang phang.

Mot thanh duoc goi 14 udn thuan tay phang khi trén mat cit ngang chi c6 thanh

phﬁn ndi lyc 1a momen udn khac khong, cac thanh phﬁn ndi luc khac déu béng 0.

P P P P
A - l B I /! 2) l
C D B
a [ a 4 — -
A B
T
P

" e Q

(b)

Hinh 1. 11 (a) Biéu db ndi lwc cia ddm chiu uén; (b) ddm chiu uén thudn tuy phang

Theo 1y thuyét cta strc bén vat lidu chung ta biét, mot dam chiu tai trong nhu hinh
vé& (hinh 1.11a). Sau khi vé biéu d6 lyc cat Q(z) va mémen udn M(z), ta thay gié tri lyc
cit va mdmen udn tai mot mat cét bat ky trong doan CD 1a: Q(z) = 0; M(z) = P*a lubn
la hang s6. Néu trong mot doan dam lyc cat bang khéng va mémen uén bang hang sé
thi nguoi ta n6i doan ddm d6 chiu uon thuan tuy.

C6 thé quan sat va thay dbi véi dam chiu ubn thuan tuy phang (hinh 1.11b), truéc va sau
khi bién dang c6 dic diém sau: nhitng dudng thiang da v& vudng goc voi truc thanh van
1a duong thang va vudng goc voi truc thanh bi udn cong. Nhitng dudng thang d ké song
song véi truc thanh tré thanh nhitng dudng cong dong dang véi truc thanh bi udn cong.

Tuy nhién trong thuc té, rat it khi ddm chiu uén thuan tuy ma thuong trén mat cat
ctia dam c6 cd momen va lyc cat (M = 0, Q # 0) khi d6 ta n6i dam chiu uén ngang. Trong

truong hop nay, nhitng duong thang ké vudng goc voi truc thanh trude khi bién dang
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(hinh 1.11b) thi sau khi bién dang khéng con thing va vudng goc véi truc thanh nira
(hinh 1.12). Piéu d6 ching t6 cac mat cat khong cong phang ma da bi vénh di va goc

vudng cua cac hinh chir nhat nho ké trén mat bén khong con vuong nita (dau hi¢u cua
su xuat hién tng suat t). Nhu vay, tai mot diém bat ky trén mat cat cia dam chiu uon

ngang vira phat sinh tng suit phap vira phat sinh (g suat tiép.

Hinh 1. 12 Dam chiu uén thuan ngang phang

Tt ca cac thanh phan Gmg suat phap, tng suét tiép ciling nhu cac thong sb hinh hoc
ciia dam chiu udn trong nghién ctru nay déu dua trén co s¢ cia 1y thuyét sirc bén vat
liéu.

1.3. Két luan, muc tiéu va céch tiép can nghién ciru

Trong chuong nay da giéi thiéu tong quan vé linh vuc nghién ctru cia dé tai gom
co so ly thuyét ctia dAm chiju udn va thiét bj st dung dé xac dinh chuyén vi. Trén co s&
nay, muc tiéu ctia dé tai nghién ctru sé& tién hanh thiét ké va ché tao thiét bi do chuyén vi
don gia c6 gia thanh thip dé do chuyén vi cta chi tiét (ddm) chiju uén nhim muc dich
phuc vu giang day cho sinh vién nganh Cong nghé ky thuat Co khi, Khoa Co khi, Trudong
bai hoc Su pham Ky thuat.

Cach tiép can nghién ctru dugc sir dung s€ dua trén co so ly thuyét co hoc vat ran
bién dang d biét, tinh toan thiét ké sir dung phuwong phap s6 (phuong phap phan tir hiru
han dé tinh toan mo hinh hoa va moé phong) nham xac do vong cua chi tiét, sau do tién

hanh thiét ké va ché tao m6 hinh thiét bi, cudi cung 1a thir nghiém dé danh gia két qua.
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CHUONG 2. TiNH TOAN LY THUYET DUA TREN CAC MO

HINH 2 CHIEU (2D)

Trong chuong nay, ching ti s& gi6i thiéu mo hinh tinh toan cho truong hop dan
chiu udn ngang phing, tiép theo s& giéi thiéu phwong phap phan tir hitu han 2 chiéu (2D)
dé tinh toan phén tich két qua dat duoc nham myc dich so sanh vai két qua mo phong
s6 & chuong tiép theo.

2.1. Xay dwng md hinh tinh toan phan tich cho ddm chju uén

MBS hinh tinh toan cho dAm chiu ubn dya trén co s& cua Iy thuyét stc bén vat liéu
va bai toan co hoc vat ran bién dang ma chiing ta di biét. Trong phan nay, ching toi
nhéc lai bai toan co hoc vat ran bién dang ctua dam bi ngam mot dau va chju tai tap trung
& dau con lai va bai toan dam duoc dit trén 2 géi tua chiu tai ¢ trung diém nhu hinh 2.1

va hinh 2.2 bén dudi.

,,,,,,,,,,,,,,,,,

RdO = di~dx
~k =1/R~d0/dx

Hinh 2. 1 Ddm chiu uén ngang phang dwoc ngam 1 ddu va 1 ddu chiu tdi tdp trung
Mo hinh ma ching t6i st dung dugc tinh toan dua trén phuong phép tich phan hai

16p. Phuong phap nay str dung phuong trinh momen dd cong, cong thirc toan hoc dao
ham bac 2 xac dinh d6 cong két hop vdi cac diéu kién bién dé tinh toan cho trudng hop
dam cong xon.

Phuong trinh momen dd cong, ta co:
1 M

tox 2.1)

Trong phuong trinh, % 1a cong thire dd cong cia dam, ta tinh theo duong trung hoa.
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M la momen do ngoai lyc, tich EJ dai dién cho do chéng udn cua dim (E: 1a m6 dun dan
hdi cua vat liéu dam va J 1a momen quan tinh cta tiét dién mit cit ngang cua dam).
Momen d9 cong tai diém bat ky:

d2y
1 de

(@) P -

Trong nghién ciru ndy, chung t6i khao st bién dang trong ving dan hdi va phan tir

dam bién dang c6 d6 déc nho nén:

2 2
<d_y) ~0 va l — d_y
dx R dx?
Vay, két hop (2.1) va (2.2) ta co:
M= E]% 2.3)

dx?
Theo ly thuyét sac bén vat liéu ching ta da biét duoc do vong (chuyén vi) tong

quat dugc xac dinh nhu sau:

§ =2 3L - x) 2.4)

6EI
Chuyén vi I6n nhét tai x=L:

Omax = g—g (2.5)

Phén tich twong tu cho bai todn dam chiu uén ngang phang qua 3 diém nhu hinh
2.2 bén dudi, ciing trén co s ca Iy thuyét sirc bén vat liéu chung ta hoan toan xac dinh
duogc do vong (chuyén vi) clia dam tai cac vi tri ma tai trong tac dung tuong trng vdi cac

mit cét ngang.

-+ L >
.
T IFk “““ |
FfzI X F/J
M= —Fx/2

Hinh 2. 2 M6 hinh bién dang cia ddm chiu uén 3 diém
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Trong truong hop nay ta c6 phuong trinh chuyén vi ctia dam theo 1y thuyét strc bén
vat liéu la:

§ = == (312 — 4x2) (2.6)

" 48EI
\ 2 s 1z e . - A , X L
Va chuyén vi 16n nhat tai trung diém cua dam x = P

FL3
Omax = 48El (2.7)

Trong d6: F 14 tai trong (ngoai luc) tic dung 1én dam; L 12 chiéu dai cua dam; E 1a
modun dan héi cua vat liéu dam va I 13 momen quéan tinh cua tiét dién mat cit ngang
ctia dam.

2.2. Phwong phap phan tir hiru han trong tinh toan phan tich dam chiu uén

Phuong phap phan tir hitu han (FEM) 1a phuong phap sb rat manh thé giai duoc
hau hét cac bai toan trong k¥ thudt nhu: phén tich ciu trac (structural analysis), truyén
nhiét (heat transfer), co chat 16ng (fluid flow), truyén chat (mass transport), thé ning
dién tur (electromagnetic potential).

FEM tao ra nhiing gia tri xép xi cua nhirng dai luong can tim tai mot s cac diém
101 rac trong mién tinh toan. Do vay, trong qué trinh mé hinh hoa, mot mién tinh toan
duogc chia thanh mot hé thong nhitng mién nho twong dwong nhu hinh 2.3. Nhiing mién
nho tuong duong nay duoc lién két voi nhau tai nhitng diém chung cuia hai hay nhiéu
phan tir va/hoic nhitng duong bién va/hodc nhitng bé mat. Qua trinh chia nhé nay duoc
goi 13 “roi rac héa” (discretization) va nhirng mién nhé twong duong goi 1a “phan ti”
(element). Nhitng diém lién két giita cac phan tir goi la “diém nut” (nodal points) hay

“nat” (nodes.

Hinh 2. 3 Roi rac mién tinh todn
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Trong FEM, thay vi tim 10i giai trén toan mién tinh toan, chung ta s& xay dung
nhirng phuong trinh cho mdi phan tir va két hop nhitng phuwong trinh nay lai dé dat duoc
10i giai ctia toan mién tinh toan.

Dam chiu un ngang phang rat pho bién trong k¥ thuat, nhu gidi thiéu & hinh 2.4

bén dudi:

Hinh 2. 4 (a) So dd hod ddm chiju uén; (b) Bién dang ctia truc ddm

Trong truong hop bién dang nho chiing ta da c6 két qua nhu sau:

M

- 2.8
o==7Y (2.8)
(@2
= 29
£=C (2.9)
Phuong trinh d6 vong:
v_M (2.10)
dx*> EJ '

Trong d6: o 1a (ng suat phap, ¢ 1a bién dang dai, M 12 mémen ubn noi lyc trén
mat cat ngang, v 1a do véng cua truc x va J 1a mémen quén tinh cia mat cat ngang doi
véi truc trung hoa.

2.3. Ung dung tinh toan cho mé hinh toan cu thé
Phan nay giéi thiéu mo hinh phan tir hitu han cua bai toan dam chiu uén ¢ hinh 2.3

chiu tai trong tap trung tai trung diém cta dam, day la trudng hop don gian cua bai toan
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do 6 s6 phan tir va s6 nit rat it. Muc dich dé xac dinh chuyén vi 16n nhat ciia ddm nham
so sanh va danh gia két qua voi phuong phéap giai tich theo cong thirc dwge tinh toan
theo 1y thuyét strc bén vat liéu va mo phong s sir dung phan mém.

Chia dam trén thanh 2 phan tir mdi phan ttr c6 2 nat va mdi nut c6 2 béc tu do (tong
s6 nut cta bai toan 1a 3 nat), chidu dai tong cong cuia dam 14 L, cac phan tir ¢ kich thude

bang nhau l; =1, = L/2.

|
A
1 |
> > <
Hinh 2. 5 Tinh dam chiu uén bang phwong phép phan tir hitu han

Chung ta biét dugc rang ma tran d6 ctg ciia 1 phan tir dam chiu uén k, dugc xéac

dinh nhu sau:

12 6, -12 6l

e

2 2
 _EJ 6l, 417 -6l, 2l 2.11)
©od 12 -6, 12 -6,

6l 212 -6l 412

Ap dung cho mé hinh bai toan trén chiing ta ¢6 duoc ma tran do ctng ciia 2 phan
tir va ma tran do ctirng toan cuc [K] bén dudi:

12 6l —12 6l
o EJ| 6l 42 —6l 212
fal=lkel= 55112 61 12 —et (2.12)

6L 212 -6l 4l?

12 6l —12 6l 0 0]
6/ 4> -6l 21> 0 0
Bj|-12 —6l 24 0 —12 6l
O 6l 202 0 812 —6l 2
0 0 -12 -6l 12 -6l
Lo 0 6l 202 -6l 4%

[K] = [k1] + [k2] = (2.13)




15

Ap dung cho mét sé truong hop cu thé ddi v6i dam chiu udn & hinh 2.4, véi vat
liéu st dung 1a hop kim nhom, chiéu dai L = 200mm, modun dan hoi E = 68,9E3 MPa;
chia dAm thanh 2 phan tir mdi phan tir 2 nat nhu trén thi chiéu dai ciia mot phan tir
1=100mm, duong kinh mit cit ngang va tai trong tac dung thay d6i khac nhau. Két qua

thu dugc nhu trong bang 2.1 bén dudi.
Bdng 2. 1 Két qud tinh todn cho mdt sé trudong hop

STT Duong lz::]lrl:])c ua dam Tai trong (N) Két qua dat dwgc (mm)
1 6 50 1.9012
2 6 70 2.6617
3 6 90 3.4222
4 6 110 4.1826
5 8 50 0.6016
6 8 70 0.8422
7 8 90 1.0828
8 8 110 1.3234
9 10 50 0.2464
10 10 70 0.3450
11 10 90 0.4435
12 10 110 0.5421

2.4 . Két qua, phan tich va két luan

Tir két qua tinh toan don gian cho mét so truong hop ciia ddm 2 phan tir mdi phan
tr 2 nat chju udn voi kich thude va tai trong khac, két qua dat dugc dam bao do chinh
xac va phu hop véi timg trudng hop khi ting tai trong 1én dam chiu udn.

Day 1a tién dé dé thyc hién viée so sanh va danh gia v6i két qua mo phong sd va

thuc nghiém trong cac chuong tiép theo.
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CHUONG 3. MO HINH HOA VA MO PHONG SO SU
DUNG PHUONG PHAP PHAN TU HU'U HAN

Trong chuong ndy sé& tién hanh x4y dung mé hinh 3 chiéu (3D) cho thiét bi dam
chiu udn dé 1am co s& cho viée ché tao thiét bi duoc trinh bay trong chuong 4. Sau khi
xay dung mo hinh 3D, chung t6i s& tién hanh cdc mé phong sb sir dung phuwong phap
phan ttr hitu han dudi su tro gitip cia may tinh. Két qua tinh toan s& dugc danh gid, so
sanh voi két qua tinh toan ¢ chuong 2.

3.1. Xay dwng mé hinh 3 chiéu cho thiét bi do chuyén vi cia dam chju udn
3.1.1. Giéi thiéu so lwgc vé md hinh thiét bi dwec ché tao

Véi muyc dich kiém tra chinh x&c va thuan tién kha nang udn ciia dam cé chiéu dai

350mm, mot thiét bi kiém tra udn 3 diém tdy chinh da duoc thiét ké va ché tao. Thiét bi

ru tién ba yéu cau chinh:
e Tinh linh hoat: C6 kha nang chtra dam c6 chiéu dai t6i da 350 mm.

e Do chinh xac: Cung cép cac phép do chuyén vi (46 vong) chinh xac va dang tin

A

cay.
e D& sir dung: Hoat dong don gian va truc quan dé kiém tra hiéu qua.

Céc thanh phan cua thiét bi nhu hinh 3.1 bao gém khung d& (1) U50 1am bang thép

C45 chic chan dé 6n dinh va giam thiéu do léch, ray truot (2) din huéng chuyén dong
thang dung cua khéi dit tai dé dam bao luc tac dung duoc kiém soat, khdi dit tai hinh
tru (3) c6 duong kinh d = 8 mm d¢é truyén tai trong tic dung t&i ddm chiu udn va hai goi
d hinh tru (4) c6 thé diéu chinh ¢6 duong kinh d = 10 mm, cho phép tiy chinh khoang
cach dé phu hop véi cac trudng hop thi nghiém d6i voi cac mau thir ¢ kich thude khac
nhau. Thiét bj kiém tra (5) 12 ddng hd so duoc gin bén duéi dam dé xac dinh gia tri

chuyén vi 16n nhét tai diém chiu tac dung cuia tai trong.
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sample

(a) (b)
Hinh 3. 1 (a) So d@6 thiét bi kiém tra va (b) Mé hinh CAD 3D
1: Khung do - 2: Ray truot - 3: Khéi dat tdi - 4: Hai g6'i do - 5: Dung cu do do vong

Sau qua trinh tinh toan, tién hanh thiét ké cac chi tiét theo ting cum nhu theo
phuong an thiét ké. Thiét bi c6 ciu tao gém 4 bd phan chinh:
1: Khung do
2: Ray truot
3: Khoi dat tdi
4: Hai gbi do
Céc chi tiét s& duoc lép rap thanh cac cym va cac cum sé lép rap voi nhau thanh
may hoan chinh.

3.1.1. Thiét ké khung d&

Hinh 3. 2 M6 hinh CAD 3D khung do
1: Hai thanh chiu tdi - 2: Hai tru do - 3: Tam dé

Ciu tao: bd phan khung d& dugc tao thanh thtr 3 chi tiét chinh:
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1: Hai thanh chiu tai
2: Hai tru do
3: Tam dé
Hai thanh chiu tai c6 chiéu dai 400mm, c6 chtrc ning cb dinh ray va gbi d&. Hai
try d& o chiéu dai 300mm, c6 chirc nang chéng dd toan bd két cAu. TAm dé co kich
thude 185%450 (mm), ¢ chirc niang 6n dinh thing bang cho toan bo két ciu khung da.
Khung d& hinh chir nhét ¢é nhirng wu diém sau:
e Tbi wu héa khong gian: Hinh dang chit nhat giup t6i wu hoa khong gian sir dung,
dac biét l1a trong cac cong trinh xay dung cé dién tich han ché.
e D& dang thi cong: Céac canh va goc vudng giup viéc thiét ké va thi cong tré nén dé
dang hon, dong thoi giam thiéu sai s trong qua trinh lip dat.
e Chiu luc tot: Khung chir nhat c6 kha nang chiu luc tt, phan b6 déu tai trong 1én nén
mong, gitp ciu tric cong trinh viing chic.
e Linh hoat trong thiét ké: Phu hop vdi nhiéu phong cach kién truc khac nhau, tir c6
dién dén hién dai.
e Hiéu qua chi phi: Viéc san xuat va thi cong khung d& hinh chit nhat thudong c6 chi
phi thip hon so véi cac hinh dang phire tap khac.
Cong dung: khung d& U50 bang thép C45 chac chan dé 6n dinh va giam thiéu
d6 1éch khi chiu tai. Chong d& két cAu va tat ca cac bo phan cua thiét thiét bi do chuyén
vi ctia dam chiu udn.

3.1.2. Thiét ké ray trugt

Hinh 3. 3 M6 hinh CAD 3D cua ray truot

1: Ray truot vuéng - 2: Hai tam ray truot
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Ciu tao: b phan ray duoc tao thanh thir 2 chi tiét chinh:
1: Ray truot vuong

2: Hai tam ray tiy déng

Ray truot vudng cé chiéu dai 50mm c6 chirc ning dinh hudng thiang trén xudng

cho khéi tai dam bao hudng tac dung luc chinh xac. Hai tAm ray tiy dong c6 kich thudc

40x75 (mm), duogc ¢ dinh vao khung d& c6 chic nang lam ray trugt cho khdi dat tai

dam bao vi tri luc tac dung xudng dam va cé thé di€u chinh vi tri dé phu hop vdi yéu

cau khi thi nghiém.

Ray truot vudng c6 rat nhiéu wu diem vwgt troi nhu:

Thanh ray c6 d6 cting cap va viing chéc cao.

Ray truot co thé chiu duoc trong tai 1on.

Thanh ray va cac bo phan chi tiét d& 1ap dat va sai s6 khi lap dat thap.

C6 kha niang dinh hudng, nang suit lam viéc tdi da trong mot thoi gian lau dai
nhung khong xay ra hién tugng phat sinh vé nhiét.

Tinh ma sat trén thanh truot duge thiét ké dé giam tdi da, khi con trugt di chuyén
trén ray.

Do chinh x4c ctia con ray dan huéng cao, gitip cho cac chi tiét gia cong giam bat
sai sO.

HJ tro tot cho viée can b@“mg lyc gilra cac thiét bi may modc cua dong co gén trén
ray.

Qua trinh hoat dong chuyén dong ém ai, muot ma.

Quy trinh thao d& va lap dit ciing dé dang, khong gdy mat nhiéu thoi gian cho
qué trinh nay.

Ngoai ra thoi gian str dung san pham ciing twong d6i lau dai.

Cong dung: Ray truot din huéng chuyén dong thiang dimg cta khdi dat tai dé

dam bdo lyc tac dung duoc kiém soat va vi tri tac dung luc theo yéu cau cua thi nghié¢m.
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3.1.3. Thiét ké khoi dat tai

Hinh 3. 4 M6 hinh CAD 3D khoi dat tai
1: Tam dat tdi - 2: Thanh truot — 3: géi dat luc

CAu tao: bo phan khung d& dugc tao thanh thtr 3 chi tiét chinh:

1: Tam dit tai

2: Thanh truot

3 :go”'i dat luc

Tam dit tai c6 kich thudc120x120 (mm), c6 chirc ning d& cac khdi tai co trong

luong pht hop. Thanh trugt ¢é chidu dai 170mm c6 chirc ning dinh hudng thang trén
xudng cho khéi tai dam bao hudng tac dung luc chinh xac. Goi dat luc duoc cau tao tir
khdi thép chir U va mdt try dét luc (d = 8 mm), c6 chlrc ndng dé truyén tai trong udn téi
dam theo phuong chuyén dong thang dimg dé xac dinh chinh xac vi tri chuyén vi.
U'u diém ciia viéc dit tai trong trye tiép khi kiém tra dam chiu uén bao gom:

o Tinh chinh x4c cao: Viéc dat tai trong truc tiép 1én dam gitp phan anh mdt cach
chinh x4c hon céc diéu kién thuc t& ma dam s& phai chiu dung trong qué trinh st
dung.

o Dé dang quan sat: Khi tai trong duoc dat truc tiép, vi€c quan sat va do ludng cac
bién dang, khe niit hodc cac van dé khéac trd nén dé dang hon.

« Phan tng thuc té: Tai trong truc tiép gitp mo phong cac phan tng ctia dam dudi

tac dong cua luc, tir d6 c6 thé danh gid dugc kha nang chiu lyc va dé bén cua
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dam mot cach thuc té.
« Kiém tra toan dién: C6 thé kiém tra duoc ca ung suat va do vong cua dam, cung
cép mét blrc tranh toan dién vé hiéu suit caa dam khi chiu tai.
« Thich tng véi cac loai dim: Phuong phap nay c6 thé 4p dung cho nhiéu loai dam
khac nhau, tir dam bé tong cdt thép dén dam thép va cac vat liéu khac.
Cong dung: Khbi dat tai dung dé dat tai trong can thiét dé truyén tai trong uén
t6i dim theo phuong chuyén dong thang ding dé xac dinh chinh xac vi tri chuyén vi khi
kiém tra do vong cua dam.

3.1.4. Thiét ké goi do

Hinh 3. 5 M6 hinh CAD 3D hai géi do
1: Goi & hinh try - 2: Khoi thép chir U

CAu tao: b0 phan khung d& dugc tao thanh thur 2 chi tiét chinh 1a: Goi d& hinh
try va khéi thép chir U
Géi d& hinh tru ¢6 chiéu dai 42mm duong kinh d = 10mm c6 chire ning lam gdi
dd tryc tiép cho mau thtr . Khéi thép chit U c¢6 chiéu dai 20mm kich thudc 36x42x8
duoc lap trén khung d& c6 chiic nang c¢b dinh gdi d& hinh tru.
Uu diém ciia gbi d& tiy dong bao gom:
e Kha ning lam viéc on dinh: G6i d& ¢ thé van hanh véi toc d6 16n ma van dam
bao su 6n dinh.
e Chiju tai va va dap tot: Chét liéu hop kim gang giup gbi d& chiu duogc trong tai

16n va va dap.
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e Thiét ké nho gon: Goi d& 6 kich thudc nho, dé dang lip rap va sir dung.

e Chuyén dong ém 4i va muot ma: Cung cip chuyén dong nhe nhang, giam ma
sat va tiéng 6n khi may moc hoat dong.

e D2 dang bao dudng va thay thé: Do phd bién va gia ca phai ching, gbi d& d&
dang duogc bao dudng va thay thé khi can.

e Ting hiéu suat 1am viéc: Thiét ké gbi d& gitip d& dang boi tron, tir d6 tang hiéu
suét lam viéc va tudi tho cua may.

Cong dung: Hai gdi d& hinh try ¢6 thé diéu chinh (d = 10 mm) lam géi d& cho
mau thir phuc vu cho qua trinh thi nghiém dam chiu udn, cho phép tiy chinh khoang
cach dé phu hop véi cac trudng hop thi nghiém khac nhau.

3.1.5. Dung cu do d9 vong
Str dung dong ho so (Mitutoyo 2050s-11) két hop voi gia d& dé tir dé do do vong caa

dam.

Mat chia do

Go

Bau do di dong

&7 Diém tiép xic
Hinh 3. 6 Bé dong ho so d@é do chuyén vi trong thi nghiém
Pong ho so cé nhiéu wu diém khi sir dung, dic biét trong nganh cong nghiép
va co khi:
e Do chinh xac cao: Pdng ho so c6 kha ning do voi sai sb rat thip, do chia nho tir

0.01 mm dén 0.001 mm.

e Pa dang pham vi do: C6 thé thay d6i d6 chia va pham vi do, tir mm sang inch
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cho phu hop véi yéu cau do kiém.

e Chirc ning luu trit két qua do: Gitp theo ddi va so sanh cac két qua do ludng
trudc do.

e Pau ra dir liéu: C6 kha niang xuét dit liéu do dé xu 1y va phén tich sau nay.

e D& dang doc két qua do: Man hinh hién thi rd rang, giup tranh nham 1an va doc
két qua mot cach dé dang.
e Paning va linh hoat: Phu hop vai nhiéu loai do ludng khac nhau, tir do d6 thang,
d6 phang, dén do do khong song song ciia ranh.
Nhirng tinh ning nay lam cho dng ho so tro thanh cong cu khong thé thiéu trong
qua trinh san xuét va kiém tra chat lugng san pham trong nganh co khi.

3.2. M6 phéng sé sir dung phwong phap phan tir hiru han
3.2.1. M0 phéng sé bai toan dam chju uén 2D sir dung phan mém ABAQUS®

ABAQUS® [18] 1a mdt phan mém chuyén dung dé thiét ké, tinh toan va mé phong
cong trinh, két ciu dya trén phuong phap phan tir hitu han, pham vi giai quyét van dé
ctia nd tir phan tich tuyén tinh trong ddi don gian dén cac van dé mo phong phi tuyén
phuc tap. Pong thdi hién nay ABAQUS® duoc hing Dassault Systémes phat trién 1én
thanh 3DEXPERIENCE, véi nhiéu tinh nang mai nhu c6 cac mo hinh vat liéu co thé
mo phong dai da s6 tinh nang vat liéu két cau dién hinh, trong dé bao gém kim loai, cao
su, vat liéu cao phan tu, vat li¢u phuc hop, bétong cot thép.... ABAQUS® khong chi giai
quyét van dé trong phan tich két ciu (mg sudt, chuyén vi, bién dang)... ma con c6 kha
ning md phong va nghién ctru van dé trong linh virc khac nhu truyén dan nhiét, phan
tich am thanh, di¢n tir - di€n tir trudng, phan tich co hoc méi truong dién ap. ..

Ciac buéc mo phéong trén Abaqus® CAE

Budc 1: Part — tao mo hinh tinh toan

Budc 2: Property — dét thugc tinh vat licu

Budc 3: Assembly — Lap rap

Budc 4: Step - Bat budce tinh toan
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e Budce 5: Load — Piéu kién bién

e Budc 6: Mesh — Chia luéi cho phan tir

14
A

e Budc 7: Job - Tién hanh chay mé phong s6

1. Part - Tao mé hinh dam chju uén trong méi trueong ABAQUS® 2 chiéu (2D)

Thuc hién cac budc thiét 1ap bai toan trong phan mém ABAQUS®, budc dau tién

cua mot bai toan bao gio cling la phai tao mdt mé hinh, m6 hinh dugc tao ra nhu hinh
3.7 bén dudi.

Khoi dong phan mém Abaqus®, dé tién hanh thiét ké mo hinh dam don véi kich

thude dudng kinh, chiéu dai xac dinh.

Module [£Part H eces [Trode | pare[Foem 1

Hame: | beam il Behaviors
l‘j 4 Medeling Space o T

(30 ® 20 Plsnar O Axisymmetsic ~

= Suboptions

Approsimate size | 200

Hinh 3. 7 Tao mé hinh dam chiu uén 2D trong phan mém Abaqus®
2. Property — Gan vit liéu cho dam
Dé gan vat liéu cho dam, vao phan material trong cay model, trong hop thoai edit
material ta dat tén cho vat li¢u, truong hop nay 1a thép, rdi chon cac muc nhu hinh 3.8
(vat liéu dan hoi):

& Egit Mt
4 Edit Material X 4 Edit Material X
Name: | Aluminium-70Gpa Name: Aluminium-T0Gpa
Description: Description:

Material Behaviors

General Mechanical Thermal Electrical/Magnetic  Other L
General | Mechanical Thermal  Electrical/Magnetic  Other
Elast
ity
ity Hyperelastic Type | Isotropic v ~ Subeptions

Damage for Ductile Metals Hyperfoam

Damage for Traction Separation Laws Low Density Foam
Hypgelastic

»
>
>
>
>
»  Porous Elastic

Damage for Fiber-Reinforced Composites
Damage for Elastomers

Viscoelastic

Viscosity

Hinh 3. 8 Bdt thudc tinh vét liéu cho dam

Sau d6 ta dién thong s6 modun dan hoi va hé so poisson cua vat li¢u. Trong nghién
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ctru ndy vat lidu dang hudn, déng nhét va 1am viée trong gii han dan hoi.
3. Assembly — Lip ghép
Mo hinh lip rap cho bai toan dam chiu udn 3 diém rat don gian nhu sau:
e Trudc hét 1a tao Instance cia mot part — gbi da:
M¢ rong muc Assembly trong model tree, double-click vao instances nhu trong

hinh v€ d¢€ tao instances:

¥ Create Instance

Create instances from:
O Models

Parts

Beam

Instance Type

A meshed part has been selected, so
the instance type will be Dependent.

Note: To change a Dependent instance's
mesh, you must edit its part's mesh.

"] Auto-offset from other instances

| oK Apply Cancel

Hinh 3. 9 Tao ldp rdp cho dam chiu uén 2D
4. Step — Thiét 1ap bwéc tinh toan
Trong nghién ctru nay bai todn dam chiu uén dugc thiét 1ap tinh todn don gian

trong moi truong Static-general.

Module: |: Step M Modek |: Model-1 M Step: |= Initial v

&
L 4
—
e Name: Step-1
= ‘\*\‘ Type: Static, General
..... s ’
n Basic  Incrementation Other
™ Description:
.+R_
, - S Time period: |1
'%, IJg“ e N Nigeom: On
txlz)‘ _/L \"‘\\ Automatic stabilization:  None v
g 3

[ Include adiabatic heating effects

Name Procedure Nigeom Time
v Initial (Initial) N/A N/A

[ Step-1 Static, General ON 1

I Create... Edit... Replace... Rename... Delete... Nigeom... Dismiss

Z X

Hinh 3. 10 Tao budc cho tinh todn dam chiu uén 2D
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5. Load - Thiét 1ap diéu kién bién va dit tai tac dung 1én dim
Mo hinh mé phong CAE cho dam udn 3 diém duoc tinh toan bang 1y thuyét phuong
phap phan tir hiru han. Phan mém Abaqus® duoc sir dung trong nghién ctru nay dé tinh
toan cho mo hinh 2D.
- Dat tai tac dung:
Mot luc tap trung F(N) tac dung vao diém gita cia dam. Trong nghién ctru nay
chung toi thyce hién qué trinh mo phong s cho 4 truong hop tai trong thay doi khac nhau

tuong tng v4i 3 thong sé duong kinh tiét dién mit cac ngang cta dam.

+ Edit Load

Name: Load-1 .
Type:  Concentrated force >
Step: Step-1 (Static, General)

Region: Set-1 [

CSYS: (Global) [p A

Distribution: | Uniform [ L
CF1: 0
CF2: -50
Amplitude: | (Ramp) ™ N
Y [ Follow nodal rotation
A Note: Force will be applied per node.
zZ X OK Cancel

Hinh 3. 11 Xac dinh vi tri tai trong tdp trung doi véi dam chiu uon 2D
- Thiét 1ap diéu Kkién bién:
Tai hai gdi d5, theo 1y thuyét bién dang dam chiu uén trong diéu kién Iy tuéng. Tai
hai nat ¢ 2 ddu mut cua dam chi xoay quanh truc z va di chuyén doc theo tryc x nhu

hinh 3.12.

a B
A 4
Name Initial Step-1 Edit...
v BC-1 Propagated
v BC-2 Created Propagated
Move Right
Boundary condition type:  Symmetry/Antisymmetry/Encastre
Boundary condition status: Created in this step ) ﬁ
Create... Copy... Rename... Delete... Dismiss

Hinh 3. 12 Thiét ldp diéu kién bién doi véi dam 2D
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6. Mesh — Chia luwdi phan tir

Trong md hinh tinh toan mé phoéng sé 2 D, chung t6i thuc hién viée chia lu6i don
gian cho cac truong hop khac nhau, dé so sanh véi két qua tinh todn & chuong 2 dau tién
chia ludi trong mé phong sb dudi su tro gitp ciia phin mém Abaqus® dugc thyc hién
nhu trong 1y thuyét tinh toan ¢ trén. DAm dugc chia ra thanh 2 phan tir, mdi phan tir 2
nat va tong sé nut ciia mé hinh trong trudng hop nay 1a 3 nat. Tiép theo ching t6i thuc
hién thay doi thong s6 ludi nhu ting thém sb phan tir dé giam kich thudc phan tir hoic
chia theo kich thuéc lugi 1a Imm nhu hinh 3.13. Tuy nhién két qua mé phéng sb trong

bai toan 2D thay d6i khong dang ké.

Sizing Controls
Approximate global size: ﬂ
Curvature control

Maximum deviation factor (0.0 < h/L < 1.0): 0.1
(Approximate number of elements per circle: 8)

Minimum size control

® By fraction of global size (0.0 < min < 1.0) 0.1 i |

(O By absolute value (0.0 < min < global size) 0.1

OK Defaults Cancel
Hinh 3. 13 Mé hinh chia luéi véi phan tir kich thuée Imm doi véi dam 2D

7. Két qua mé phong sb

Nhu da néu & trén, viéc thuc hién mo phéng s6 duoc tién hanh véi 3 truong hop
khac nhau vé duong kinh ctia dim nhém c6 mat cat ngang hinh tron theo d6 dudng kinh
1an lugt 14 6 mm, 8 mm va 10 mm. TAt ca cac mau duoc st dung dé tinh to4dn mo phong
déu c6 chiéu dai tiét dién uén L = 200 mm va chiu bén gia tri tai trong khac nhau 1an
luot 1a: SON, 70N, 90N va 110N.

Duéi ddy 1a 1 truong hop dién hinh vé két qua md phéng sé bang phuong phap
phan tir hitu han sir dung phan mém Abaqus® dé xac dinh chuyén vi (46 vong) theo

phuong thang dimg.



u, U2

+0.000e+00
-1.587e-01
-3.174e-01
-4.761e-01
-6.348e-01
-7.935e-01
-9.522e-01
-1.111e+00
-1.270e+00
-1.428e+00
-1.587e+00
-1.746e+00
-1.904e+00
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Hinh 3. 14 D6 véng 16m nhdt U2 doi véi dam d=6mm chiu tai 50N trong FEM 2D

Sau khi tién hanh mo phong s6 cho tat ca 12 truong hop véi cac thong sb va diéu
kién néu trén chung t6i da thu duoc cac két qua vé chuyén vi 16n nhat ddi véi dam khi

tai dit tai trung diém cua dam va két qua mo phong s6 duoc tong hop trong bang dudi

day:
Bang 3. 1 Két qua chuyén Vi cla dam sir dung FEM mo hinh 2D
Két qua chuyén vi 16n nhat ciia
Puong kinh (mm) Tai (N) .
dam (mm)
50 1,904
70 2,665
d=6
90 3,425
110 4,184
50 0,6037
70 0,8451
d=28§
90 1,087
110 1,328
d=10 50 0,2478
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70 0,3469
90 0,446
110 0,5451

3.2.2. M0 phéng sé bai toan dam chju uén 3D sir dung phan mém ABAQUS®

Thuyc hién twong tu nhu mé hinh mé phong ) phﬁn tt hitu han 2D & muc trén. Két

qua thiét 1ap trong moi trudng 3D qua cac bude duogc tong hop nhu bén dudi:
1. Part- Tao md hinh dim chiu uén trong méi truong ABAQUS® 3 chiéu (3D)
Khoi dong phan mém Abaqus®, dé tién hanh thiét ké mo hinh dam don véi kich

thude dudng kinh, chiéu dai xac dinh.

Y

A

Z X

Hinh 3. 15 Tao mé hinh dam chiu uén 3D trong phian mém Abaqus®
2. Property — Gan vit liéu cho dim
Dé gan vat liéu cho dim, vao phan material trong cay model, trong hop thoai edit
material ta dat tén cho vat li¢u, truong hop nay 1a thép, 16i chon cac muc nhu hinh 3.15

(vat liéu dan hoi):
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4= Edit Material x

“* Edit Material

Name: | Aluminium-T70Gpa Name: Aluminium

Description: 9 Description:

Material Behaviors Material Behaviors

- - | h | Th | i i h
General | Mechanical Thermal Electrical/Magnetic  Other Sieneral Mechanicall Themsal | ElecHicaUM s0RetiC N KT v
Elasticity > Elastic
Plasticity ] L4 Hyperelastic Type: | sotropic [ * Suboptions
Damage for Ductile Metals » Hyperfoam
Damage for Traction Separation Laws 13 Low Density Foam [ Use temperature-dependent data
Damage for Fiber-Reinforced Composites b Hypgelastic Number of field variables: 0%
Damage for Elastomers 4 Porous Elastic Moduli time scale (for viscoelasticity): | Long-term  ~
oEmT I R Viscoelastic [] No compression
Dampin:
aamp _9 [ No tension
Expansion
Brittle Cracking e
Eos Young's Poisson’s
. Modulus Ratio
ey 1 68900 033

Hinh 3. 16 Ddt thudc tinh vt liéu cho dam

3. Assembly — Liap ghép
Trude hét 14 tao Instance ctia mot part — gbi dd:
M6 rong muc Assembly trong model tree, double-click vao instances nhu trong hinh

ve dé tao instances:

Module: |5 Assembly | Model: |: circle-Pla-phi-10-2 | Step: |= Initial M
@5 aes
oy
et
i 4= Create Instance X
&
i @ Create instances from:
E @Paﬁ‘s () Models
.r_Ii‘ ‘_‘*_' Parts
i b
j eam
fulcrum
e
R, gy
o, B,
xyz)
+. fT\, Instance Type
f.j z‘.“ (®) Dependent (mesh on part)
(O Independent (mesh on instance)
Note: To change a Dependent instance's
mesh, you must edit its part's mesh.
uto-offset from other instances
Oa ffset fi heri
] (G

A

z X

Hinh 3. 17 Tao ldp goi d& cho dam 3D
4. Step — Thiét 1ap tinh toan.

Tuong tu nhu trong mo hinh tinh toan 2D dam chiu udn duogc thiét 1ap tinh toan

don gian trong moi trudong Static-general.
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& Create Step X < EditStep
MName: Step-1
Name: | Step-1 Type: Static, General
Insert new step after Basic  Incrementation  Other
Initial Description: ||
Time period
Nigecm: On r
Automatic stabilization: Specify dissipated energy fraction M| 2| 0.0002
[ Use adaptive stabilization with max. ratio of stabilization to strain energy: | 0.05
[ Include adiabatic heating effects
Procedure type:  General v

Coupled thermal-electrical-structural
Direct cyclic

Dynamic, Implicit

Geostatic

Soils

Static, Riks v
< >

Cancel Cancel

Hinh 3. 18 Thiét ldp méi truwong tinh todn cho dam chiu uén 3D

5. Load - Thiét 1ap diéu kién bién va dit tai tac dung Ién dim
Mo hinh mé phong CAE cho dam udn 3 diém duoc tinh toan bang 1y thuyét phuong
phap phan tir hitu han. Phin mém Abaqus® duoc sir dung trong nghién ctru nay dé tinh
toan cho mo hinh 3D.
- Pit tai trong tip trung tai trung diém cia dam

< Edit Load X

Name: Load-1

Type:  Concentrated force
Step: Step-1 (Static, General)
Region: Set-16 [3

CSYS: (Global) [3 L

Distribution: | Uniform (I ()
CF1: 0
CF2: -50
CF3: 0
Amplitude: | (Ramp) v (\J

[[] Follow nodal rotation

Note: Force will be applied per node.
oK Cancel
Y

A

Z X

Hinh 3. 19 Dat tai trong tap trung cho dam chiu uén 3D
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- Thiét 1ap diéu kién bién:

Tai hai gbi d3, theo 1y thuyét bién dang ddm udn, dim chiu udn trong diéu kién ly
tudng. Trong hé toa 0 dugc mo ta trong hinh 3.19, hai diém nay chi xoay quanh truc z
va di chuyén doc theo truc x. Nhu dugc minh hoa trong hinh, méi diém trong sb hai
diém nay bi rang budc boi bdn béc tu do. Hai géi d& cta dAm duoc rang budc tat ca cac

bac tu do.

4 Boundary Condition Manager X

Name Initial Step-1 Edit...
v BC-1 Created Propagated

v BC-2 Propagated

v BC-3 Created Propagated Move Right

Boundary condition type:  Symmetry/Antisymmetry/Encastre
‘l‘ Boundary condition status: Created in this step

Create... Copy... Rename... Delete... Dismiss
Hinh 3. 20 Thiét lap diéu kién bién doi véi dam chiu uén 3D
6. Mesh — Chia lwdi phén ti

D6i véi mo hinh mé phong sb 3D, chia luéi s& phire tap hon va kich thudc ludi s&
anh huong dén do chinh xac cua két qua tinh toan. Pau tién, ching toi da tién danh gia
d6 hoi tu ctia ludi bang cach chon cac kich thude phan tir 1an luot 14 0,5; 0,75 va 1 mm
ri tién hanh chay thir nghiém. Déi voi trudng hop thir nghiém mau c6 duong kinh mé
hinh d 13 6 mm va tai 50 N, sai s6 t6i da quan sat dugc 1a 4,7% d6i vai kich thudc mat
ludi 0,75 mm va 1 mm, trong khi sai s6 ti thiéu 13 2,2% ddi véi kich thude mat ludi 0,5
mm va Ilmm. Do d6, kich thudc luéi 1 mm da duoc chon dé tién hanh mo phong sb
trong nghién ctru nay.

Trong md hinh 3D, hai gdi d& duoc thiét ké dé mo phong hinh dang ctia nhiing gbi
dd dugc sir dung trong thi nghiém thyuc té, co dang hinh tru c6 duong kinh d=10 mm.
Hai gia d& nay bi rang budc bdi 6 bac tu do trong khong gian. Dé nang cao tinh 6n dinh
trong tinh toan, cac rang budc di dugc ap dung dé ngan chin chuyén dong quay quanh
truc z va truc y, cling nhu chuyén dong doc theo truc x. Ludi phén tor duoc st dung la

phan tir tuyén tinh Hexahedral C3D8R, véi kich thuéc 1 mm cho mdi phén tir.
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Hinh 3. 21 Phan tir hitu han mé hinh (ludi) véi phan tir kich thuée Imm doi véi dam chiu uén
3D (d=10 mm)

7. Két qua mo phéng sd

Tuong ty nhu trudng hop mo phong sb 2D, viée thuc hién moé phong sé duogc tién
hanh véi 3 trudng hop khac nhau vé dudng kinh ctia dim nhom c6 mit cit ngang hinh
tron theo do duong kinh lan luot 14 6 mm, 8 mm va 10 mm. Tét ca cac mau dugc st
dung dé tinh toan mo phong déu co chiéu dai tiét dién udn L = 200 mm va chju bdn gia
trj tai trong khac nhau lan luot 1a: 50N, 70N, 90N va 110N.

Duéi day 1a két qua 1 trudng hop dién hinh két qua mo phong sé dé xac dinh do
vong 16n nhat U2 d6i véi dam d=6mm chiu tai SON trong FEM 3D.

U, Uz
+2.687e-01
+8.495e-02
-9.884e-02
-2.826e-01
-4.664e-01
-6.502e-01
-8.340e-01
-1.018e+00
-1.202e+00
-1.385e+00
-1.569e+00
-1.753e+00
-1.937e+00

Hinh 3. 22 D¢ vong lon nhat U2 doi véi dam d=6mm chiu tai 50N trong FEM 3D
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3.3.Panh gia va so sanh cac két qua voi phwong phap tinh toan phan tich
3.3.1. Lap bang so sanh
Sau khi c6 cac két qua ta 14p bang so sanh cac két qua mo phong voi cac két qua

v61 phuong phép tinh toan phan tich:
Bdng 3. 2 So sanh két qua mé phong sé véi phwong phdp tinh todn phén tich

Mb phéng sb
Puwdng kinh Tinh toan . ,
Tai (N) Chuyén vi 16n nhat (mm)
(mm) FEM
2D 3D

50 1,9012 1,904 1,936

70 2,6617 2,665 2,71
d=6

90 3,4222 3,425 3,486

110 4,1826 4,184 4,266

50 0,6016 0,6037 0,5803

70 0,8422 0,8451 0,805
d=38

90 1,0828 1,087 1,03

110 1,3234 1,328 1,255

50 0,2464 0,2478 0,2406

70 0,3450 0,3469 0,3303
d=10

90 0,4435 0,446 0,4201

110 0,5421 0,5451 0,5099

3.3.2. Danh gia

Két qua tinh toan 1y thuyét theo co s& phuong phap phan tir hiru han v6i mé phong
s6 2D va 3D cho théy muc do chinh xac cao khi so sanh véi két qua thuc nghiém, dac

biét & vung bién dang dan hdi noi mau hop kim nhém A6061 cé biéu hién bién dang
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tuyén tinh. Két qua tinh toan do vong 16n nhat thu duoc qua phuong phéap 1y thuyét va

mé phong s6 2D, 3D déu dam béo, du tin cay nhu bang 3.3 bén dudi.

Bdng 3. 3 Pdnh gid sai sé ciia cdc phwong phdp tinh todn va mé phéng sé

Diameter Load (N) Sai s0 tinh toan
(mm) 2D/3D FEM/3D FEM/2D
6 50 1.68% 1.83% 0.15%
6 70 1.69% 1.82% 0.12%
6 90 1.78% 1.87% 0.08%
6 110 1.96% 1.99% 0.03%
8 50 3.88% 3.53% 0.36%
8 70 4.75% 4.41% 0.35%
8 90 5.24% 4.88% 0.39%
8 110 5.50% 5.17% 0.35%
10 50 2.91% 2.35% 0.57%
10 70 4.79% 4.25% 0.56%
10 90 5.81% 5.28% 0.56%
10 110 6.46% 5.93% 0.56%

3.4. Kétluan

Ttr nhitng xay dung va thiét két mo hinh thiét bi dén két qua mo phong sd str dung
phuong phap phan tir hiru han 2D va 3D dat duge ¢ chuong nay, nhu danh gia ¢ trén
chung ta c6 thé thay rang cac két qua mo phong s6 bang phan mém Abaqus® cho mo
hinh s6 2D va 3D déu dam bao db tin cay khi so sanh véi két qua tinh toan ¢ bang 3.3.

Nhiing két qua nay con 1a tién dé dé sir dung cho viéc danh gia so sanh voi két qua

thue nghiém & chuong tiép theo.
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CHUONG 4. CHE TAO THIET BI, THU NGHIEM VA
PANH GIA KET QUA

Chuong cuoi nay s€ tién hanh gia cong va ché tao thi€t bi hoan chinh, sau do st
dung thiét bi nay dé tién hanh thuyc nghi€ém xac dinh chuyén vi cia dam chiu uon da
duoc tinh toan va mé phong s6 ¢ cac chuong trudc.

4.1. Chétaova lip rap mo hinh

Sau qu4 trinh tinh toan va thiét k& mo hinh 3D trén phdn mém Solidworks. Cac chi
tiét s& duoc ché tao va lip rap v6i nhau thanh mot thiét bi hoan chinh dé st dung do
chuyén vi.

4.1.1. Chétao khung d&

Hinh 4. 1 Khung d& chinh cia thiét bi
1: Hai thanh chiu tdi - 2: Hai tru do - 3: Tam dé

1. Thanh chiju tai va tru do
Hai thanh chiu tai (chiéu dai 400mm) va hai tru d& (chiéu dai 300mm) duoc ché
tao tir vat liéu thép U50. Cac chi tiét dugc ché tao lién két v6i nhau bang phuong phap
han hd quang dién.
Théng s6 ki thuit:

e Thép hinh U5S0x 22 x 2.5 x 3 x 6m
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e Trong lugng: 13.5 kg / cay

e Mac thép: SS400 — A36 - CT3 — Q235B

e Tiéu chuan chat lugng: ATSM A36, JIS G3101, 3010, SB410, GOST 380 — 88
Uu diém:

e Kich thudc da dang, phi hop v6i nhiéu myc dich sir dung

e Do bén cao, chiu duge tac dong cua thoi tiét

e Chju luc tét, it bi bién dang do tac dong cua ngoai luc

e Dé&van chuyén, thi cong, lép dat va bao tri

e Chi phi thap

Tao ranh trén thanh chiu tai:

Hinh 4. 2 Thanh chiu tai
Hai thanh chiu tai dugc tao ranh chir nhat c6 kich thudc 20x300mm st dung may

phay dimg 6H11, c6 chirc nang giup cho ray truot va gbi d& c6 thé di chuyén tuy chinh
khoang cach trong cac trudng hop thi nghiém theo yéu cau.
Bang 4. 1 Théng sé ky thét ciia may phay 6HI1

Cong suét dong co truc chinh 4,5 Kw
Cong suat dong co chay dao 1,7 Kw
Pham vi diéu chinh (vong/phut) 65+1800
S6 cap toc do 16
Pham vi diéu chinh lugng chay dao 23,5+1180
Xich chay sao nhanh: doc x ngang x dung
2900, 2300, 1150
(mm/ph)
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Kich thuéc may (pha bi) (mm) 2060x1530x2300
Khéi luong may (kg) 2100

Hinh 4. 3 May phay dung 6HI11

Co6ng nghé ché tao:

Phay rinh: Kich thudc can dat dwoc rdnh 20x300 (mm)
+ Chon dung cu cit:

Ta chon dao phay ngén chudi tru c6 kich thude nhu sau: d=12(mm), L=47(mm),
[=13(mm), z=4(ren)

+ Ché do cat:

Khi gia céng Phay mat ta chon chiéu sau cit t=1 mm, ta chon budc tién dao
Sz=0.02(mm/rang); lrong chay dao vong S0=0,02.5=0.1(mm/vong); chon téc d6 cit Vb
=40(m/ph).

Céc h¢ sb hiéu chinh va tinh toan toc do cat Vit=Vb.k1.k2.k3=0.9x0.8x1x40
=28,8(m/phut).
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2. TAm dé

3.

Tam dé (kich thudc 185%450 mm) vat liéu st dung 13 thép tAm day 8mm.

Théng s6 ki thuit theo tiéu chuén:
b day: 8mm
Khé rong: C6 thé 13 1500mm, 2000mm hodc 6000mm.

Khd dai: C6 thé 1a 6000mm, 9000mm hodc 12000mm.

Lién két bang phwong phap han hd quang dién

Céc chi tiét cau thanh khung d& duoc ché tao lién két voi nhau bang phuong phap han

hd quang dién.

Uu diém cta han ho quang dién

Tiét kiém kim loai.

Giam duogc thoi gian va gia thanh ché tao két cau.

Han c6 thé néi dugc nhitng kim loai c6 tinh chat khac nhau.
Thiét bi han twong dbi don gian va dé ché tao.

Két cdu tai mdi han c6 d6 bén rat cao.

Giam dugc tiéng dong khi san xuat.

Yéu cau ky thuat méi han

Trudc khi han phai 1am sach cac mép méi han va phan kim loai nam ké bén dén

khi thay anh kim. Chiéu rong khoang lam sach toi thiéu 12 20 mm mdi bén. Phai tay sach

Xi han 16p truéc maéi dugce han 16p sau.

Méi han dam bio an toan

- Khi kiém tra do dac bén ngoai khéng co.

Vét ntit bé mat mébi han va phan kim loai néng chay.

Chd gay goc, léch mép.

Sai léch kich thuéc, hinh dang méi han, ciing nhu phan 15i ting bén.

Khoéng nut trong kim loai nong chay cling nhu trong cac vung chiu anh hudng
nhiét cua kim loai co ban.

Khong c6 chd han khéng ngau giita cac 16p han véi bia mép.
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« Khong c6 chd han thiéu & chan méi han qua 15% chiéu day thanh hoic qua 3mm
néu thanh day trén 20mm dét véi san pham chi han mét phia.
« Khong c6 16 xop va ngam xi qué 5 vét/1cm2 véi kich thuse mdi khuyét vat khéng
qua 1,5mm va tong cua ching khéng qua 3mm.
« Khong cé vét nit, ran phan cau tao 1am giam tinh dan hoi va tinh déo cua kim
loai.
Tinh toan két cau méi han
Trong qué trinh 1ap rap may ta sir dung phuong phap han hé quang dién trong do
lien két mdi han giira tru d& va thanh chiu tai 12 han goc, d6 hai chi tiét quan trong c6
tac dung chiu lyc khi tién hanh thi nghiém nén phai dugc chic chin dam bao an toan
cua két cau mdi han lién két.

Kha ning chiu luc cia lién két han dwoc tinh theo cng thirc sau [19]:

F=t, *T*L, (4.1)
Trong do:
F — Kha ning chiu lyc caa lién két han, tinh bang don vi Niuton (N);
t,, — Cuong do tinh toan khi cit cua kim loai han, tinh bang MPa: t,, = 115 MPa (kim
loai han co gidi han chay nho hon 410 MPa);
T — Chiéu day tinh toan caa mdi han, tinh bang milimet (mm) T = 2(mm);
L,, — Chiéu dai duong han, tinh bang milimet (mm). Ta c6 lién két han xung quanh tru
do: L, =50+22*2 = 94 (mm);
F = 115%2* 94 =21620 (N)
4.1.2. Chétao ray truwoet

Hinh 4. 4 Mé hinh ché tao cia ray truot
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1. Ray truwgt vuong
Ray trot vudng (chiéu dai 50mm) str dung thép vudng 20x20x1. Ray trugt vudng
va tAm ray tiy dong trén duoc lién két voi nhau bang phuong phap han hd quang dién.
Vit liéu sir dung: Thép hop vuong 20 x 20 x 1.0 - mac thép AH36
Théng s6 ky thuit :
e Kich thudce: 20mm x 20mm
e DJ day: 1.0mm
e Chiéu dai tiéu chudn: 6m
e Trong lugng: khoang 2.45 kg dén 6.5 kg tiy thudc vao do day va loai thép.

e Mac thép AH36 1a loai thép cau tric sir dung trong nganh déng tau, c6 cac dic
tinh co 1y nhu:
Gi6i han chay t6i thiéu: 355 N/mm?
Gi6i han bén kéo tdi thiéu: 490 - 620 N/mm?
Thép hop vudng AH36 thudng duoc st dung trong cac Gmg dung doi hoi d6 bén cao
va kha nang chiu luc tbt, nhu xay dung cau, tau bién...
2. Tam ray tiy dong
Hai tdm ray c6 kich thudc 40x75 (mm) sir dung thép tAm can nong day 3mm. Hai

tam ray dugc ¢ dinh trén khung d& bang bulong MS.

Hinh 4. 5 Tam ray tity dong

Hai tm ray tuy dong duoc tao 16 vudng 18x18mm bang mdy phay ki hiéu 6H11

va khoan 2 16 d=8,5 va sir dung may khoan 2A125 dé khoan 16 rdi taro ren.
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e Phay rinh : Kich thwéc cin dat dwoc 18x18 (mm)
+ Chon dung cu cit:
Ta chon dao phay ngon chudi tru c6 kich thudc nhu sau:
d=12(mm), L=47(mm), 1=13(mm), z=4(rang)
+ Ché d¢ cat:
Khi gia céng ranh ta chon chiéu sau cat t=1 mm
Chon buéc tién dao Sz=0.02(mm/ring)
Luong chay dao vong S¢=0,02.5=0.1(mm/vong)
Chon tdc d6 cat Vb =20(m/ph)
Cac hé s6 hiéu chinh:
- Hé s phu thudc vao do ciing caa chi tiét gia cong ki=0.9;
- Hé sb phu thudc vao trang thai bé mit k,=0.8;
- Hé sb phu thudc vao tudi bén cua dao ks=1;
Nhu vay tdc d6 tinh toan 13 Vi=Vy.ki.k2.k3=0.9x0.8x1x20 =14,4(m/ph(t)
e Khoan, sir dung mii khoan rudt g mm @8 lam bang thép gi6
Chiéu sau cit : t=3,35mm.
Lugng chay dao S=0,14mm, chon theo may S=0,13mm/vong
Téc do cat V=17,7m/phit.
Céc hé s6 diéu chinh :
+ Theo tuoi bén cua dao k=1;
+ Theo chiéu sau 15 k=0.85;
+ Theo vat liéu mii khoan k=1
Vay téc do ct:
V=17,7.0,85=15m/phut

Tbc @6 truc chinh:

. = 1000Vt _ 100015
t D  3,14.8

= 597 v/phat
Chon theo may n,,,=600v/phut

. _ mbn _ 3,14.8.600 _ ,
Vay V= 000 = 1000 15mm/phut
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4.1.3. Thiét ké khoi dit tai

Hinh 4. 6 M6 hinh ché tao khéi dat tdi

1. Tam dit tai
Tam dit tai c6 kich thudc120x120 (mm) st dung thép tim day 3 mm. Tam dat
tai lién két v6i thanh truot bang phuong phap han hd quang - han que.
Vit liéu sir dung: Thép tim (Q355B) day 3mm bao gom:
Théng s6 ky thuit:
e D0 day: 3mm
e Kho rong: C6 thé 1a 1500mm, 2000mm hozc 6000mm.
e Kho dai: C6 thé 1a 6000mm, 9000mm hozc 12000mm.

e Mic thép: Q355B

e V& mit cu trac va thanh phﬁn hoa hoc, thép Q355B c¢6 cac dac tinh sau:
Cuong do ning suat tbi thiéu: 355 MPa
Do bén kéo: 470-630 MPa

e Thanh phan hoéa hoc (Phan trim khdi luong, <): C: 0.24, Si: 0.55, Mn: 1.6, P:

0.035, S: 0.035, Cr: 0.30, Ni: 0.30, Cu: 0.40, N: 0.0122.
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2. Thanh trugt
Ong din huéng c6 chiéu dai 170 mm, sir dung thép vuéng 18x18x1,8 mm.
Vit liéu sir dung: Thép vuong c6 kich thuwéc 18x18%1,8 mac thép SPCC
Thong s k¥ thuat:

e Thép can ngudi theo tiéu chuan JIS-G3134 ctia Nhat Ban

e Do day: 1,8 mm

e Kich thudc: 18x18 mm

e Mac thép: SPCC

e Mac thép SPCC thudng c6 cac thong sb k¥ thuat sau:

e Tiéu chuan co 1y:
Do bén kéo tdi thiéu 1a 270N/mm? (MPa).
Do gidn dai tdi thiéu tir 27% dén 31%, tuy thudc vao do day cua thép.
3. Goi dit luc
Gdi dat lue duge ciu tao tir khbi thép chit U va mot try dat luc st dung vat li¢u
Inox tron dic SUS304 (d = 8 mm). Cac chi tiét duoc thiét ké va ché tao lién két véi nhau

bang phuong phap han hd quang dién.

Hinh 4. 7 Géi dat luc
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4.1.4. Chétao goi do

Hinh 4. 8 M6 hinh ché tao goi do

1. Thanh gbi d&
G6i d& hinh tru ¢ chiéu dai 42 mm duong kinh d = 10 mm
Vit liéu sir dung: Inox tron dac SUS304 véi duwong kinh 10 mm .
Thong s6 ky thuit :
e Mac thép: SUS304
e Duong kinh: 10 mm
e Chiéu dai tiéu chudn: 6000 mm
e Thanh phan hoa hoc:
Cacbon ©: < 0.08%
Silic (Si): =< 1.00%
Mangan (Mn): < 2%

Niken (Ni): 8-10.5%
Crom (Cr): 18.00-20.00%

Phét pho (P): < 0.045%
Luu huynh (S): < 0.030%

e Tinh chit co ly:
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Do bén kéo dut: 520 N/mm>
Do bén nén: 45 N/mm?
G161 han chay: 240 N/mm?
Do dan dai twong dbi: 30%
bJ ciing (HB): 85

2. Khbi thép chir U

Khéi thép chit U c6 chibu dai 20mm kich thudc 36x42x8, duogc tao rinh
20x30mm bang may phay ki hiéu 6H12. Khoan 16 ¢6 duong kinh 10mm dé 1ap thanh
gbi d5 va 16 c6 duong kinh 6,7 dé c6 cb dinh gbi d& vao khung d&. Cac chi tiét duoc
thiét ké va ché tao lién két v4i nhau bang phuong phap han ho quang - han que. Goi d&
duogc cd dinh voi khung d& bang bulong M6.
Vat liéu sir dung: Thép vuong dac S45C véi kich thudc 42x42 mm
Thong s6 ky thuit :
e Mic thép: S45C

e Tiéu chuan: JIS G4051 — DIN 12344 — DIN 12363 — DIN 12379 — KS D3752 —
DIN 1.7225 - GB/T 3077

e Ung dung: Thép vudng dic S45C thuong duge str dung lam khuén duc, khuon
rén, dap thé tich, thao tac nhiét, linh kién dién tt, container, san phém quang hoc,
may anh, phu tung xe hoi.

e Xuét xtr: Trung Qudc, Nhat Ban, Han Qudc, Chau Au, Pai Loan
e Kich thude: Day 8 mm

e Khdi lugng: Dya trén cong thirc tinh khdi lugng thép vudng dic, khdi lugng cua
thép vudng dac S45C kich thudc 42x42 mm la twong duong vai 13.85 kg/m.
Tao rinh bing may phay ki hi¢u 6H11
Phay ranh : Kich thudc can dat dugc 20x30 (mm)
+ Chon dung cu cit:
Ta chon dao phay ngdn chuoi tru ¢ kich thudc nhu sau:

d=12(mm), L=47(mm), I=13(mm), z=4(rang)
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+ Ché d6 cét:
Khi gia céng ranh ta chon chiéu sdu cit =1 mm
Chon budc tién dao Sz=0.02(mm/ren)
Luong chay dao vong S¢=0,02.5=0.1(mm/vong)
Chon tdc d6 cit Vi, =40(m/ph)
Céc hé sb hiéu chinh:
- Hé sd phu thudc vao d6 cimg cua chi tiét gia cong k1=0.9
- Hésb phu thudc vao trang thai bé mit k2=0.8
- Hésd phu thudc vao tudi bén cua dao k3=1
Nhu vay tdc do tinh toan 1a Vi=Vy.k1.k2.k3=0.9x0.8x1x40 =28,8(m/phiit)
e Khoan, sir dung miii khoan rudt ga mm 96,7 1am bing thép gi6
Chiéu sau cit : t=3,35mm.
Luong chay dao S=0,14mm, chon theo may S=0,13mm/vong
Tbc do catV=17,7m/phit. Cac hé sé diéu chinh :
+ Theo tudi bén cua dao k=1,
+ Theo chiéu sau 15 k=0.85,
+ Theo vat liéu mii khoan k=1
Vay téc do cat:
V=17,7.0,85=15m/phat

Tdc dd truc chinh:

_ 1000.vt _ 1000.15

M T T iser 713 v/phut
Chon theo may n,,,=680v/phit
Vﬁy Vtt: nDn — 3,14.6,7.680 — 14’3 m/phlllt

1000 1000
4.1.5. Lap rap may hoan chinh.
Sau khi ché tao xong cac cum chi tiét va chi tiét can thiét, ta tién hanh lap rap cum

chi tiét, lép rap hoan chinh thiét bi dva trén cac chuan dinh vi lép rap gitra cac cum chi

tiét theo thiét ké.
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Hinh 4. 9 Thiét bi do chuyén vi ciia dam chiu uén
Sau khi ché tao xong cac bd phan cua thiét bi, chung toi tién hanh lap day du cac
chi tiét con lai vao khung d&: Ray trugt, khdi chiu tai, gbi d&. Cac cum chi tiét 6 duoc
lap rap lién két véi nhau bang mbi ghép ren va phuong phap han hd quang dién.

4.2.  Thuc nghiém xac dinh d¢ vong
4.2.1. Vat mau thi nghiém

Céc thi nghiém dugc thyc hién bang cach sir dung dam tiét dién tron 1am bang hop
kim nhdém A6061 . Tt ca cac miu duoc sir dung dé tinh toan thuc nghiém va m6 phong
déu co chiéu dai tiét dién udn L =200 mm. Cac mau ndy cé mat cit ngang hinh tron véi

duong kinh 1an luot 14 6 mm, 8 mm va 10 mm.

Hinh 4. 10 Dam nhém A6061

Bang 4. 2 Cac dac tinh co ly cua A6061

Tinh chat vat ly H¢ mét

Ti trong 2,7 g/em?
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Tinh chit co hoc

D¢ cling, Brinell 95

bJ cung, Knoop 120

D0 cting, Rockwell A 40

b0 cting, Rockwell B 60

Do cling, Vickers 107

D6 bén kéo 310 MPa
Strc manh ning suét bén kéo 276 MPa
Do gian dai khi dat 12%

Do gian dai khi dut 17 %
M6 dun dan hoi 68,9 GPa
Do bén kéo 324 MPa
Strc manh chiu lyc tdi da 607 MPa
Strc manh ning suit mang 386 MPa
Ty 1¢ Poisson 0,33

4.2.2. Tién hanh thi nghiém:

Tién hanh 3 truong hop thi nghiém trén cic mau — dam nhom A6061 co6 mit cat
ngang hinh tron v6i duong kinh 1an luot 14 6 mm, 8 mm va 10 mm Mdi dam chju bén
gia tri tai trong khac nhau: SON, 70N, 90N va 110N trén thiét bi un 3 diém dugc thiét
ké riéng.

Cic budc tién hanh thi nghiém:
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e Budc 1: Piéu chinh thiét bj theo yéu ciu thi nghiém: diéu chinh khdi dit tai vé giira
thiét, diéu chinh khoang cach hai gbi d& voi khoang cach 200mm.

e Budc 2: Pua vat miu — ddm nhom vao thiét bi: dat vay mau lén hai géi do can chinh
khoan canh cin dbi gitta dam va 2 gbi 45, dit gbi tai 1én dam. kiém tra lai khoang cach
cac diém tiép xtuc dam bao do chudn xac cho qué trinh thuc nghiém do.

e Budc 3: Dit dau do di chuyén ctia ddng hd so c¢6 diém tiép xtic vira i cham vao vét
mau va co vi tri trung diém gitta hai gbi d& hay trung véi diém tac dung lyc. Sau d6
nhe ngang xoay mit chi do sao cho kim dong hd nam & vi tri s6 0, sing sang bat dau
thi nghiém.

e Budc 4: Nhe nhang dat tai 1én tim chiu tai tién hanh thi nghiém. Sau dat tai 6n dinh
cho kim déng ho so durng lai hoan toan ta dugc chuyén vi can do. Ghi lai lai két qua
thi nghiém thong s6 chuyén vi .

e Budc 5: Thém céc luong ta phu hop véi yéu cau cua trudng hop thi nghiém kiém
tra. Thay cac vat dam c6 cac kich thudc khac dé tién hanh cac truong hop kiém tra con

lai thu thap két qua chuyén vi.

Hinh 4. 11 Thuc nghiém trén thiét bi thuc té
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4.2.3. Két qua thuc nghiém xac dinh d¢ vong

Bang 4. 3 Két qua thwe nghiém ciia dam nhém

Pwong kinh Cugc thi nghiém
Tai (N) : ‘
(mm) (Két qua trung binh cua ba lan do)
50 1,86
70 2,57
d=6
90 3,32
110 4,15
50 0,56
70 0,75
d=38
90 0,98
110 1,18
50 0,25
70 0,34
d=10
90 0,43
110 0,53

4.3. Panh gia, so sanh két qua

4.3.1. Lap bang so sanh

Sau khi hoan thanh toan b thi nghiém ta lap bang so sanh két qua chuyén vi tinh

toan, md phong va thuc nghiém ctiia dim nhém tiét dién tron (mm)
Badng 4. 4 Két qua chuyén vi tinh todn, mé phong va thiee nghiém ciia dam nhém tiét dién tron

(mm)

Mb phong Cudc thi
nghiém
DPudng kinh Tai Phép
(mm) (N) tinh D 3D (Ket qua trung

binh cua ba

lan do)




52

50 1.9012 1.904 1.936 1,86

70 2.6617 2,665 2,71 2,57
d=6

90 3.4222 3.425 3.486 3,32

110 4.1826 4.184 4.266 4,15

50 0,6016 0,6037 0,5803 0,56

70 0,8422 0,8451 0,805 0,75
d=8

90 1.0828 1.087 1,03 0,98

110 1.3234 1.328 1.255 1,18

50 0,2464 0,2478 0,2406 0,25

70 0,3450 0,3469 0,3303 0,34
d=10

90 0,4435 0,446 0,4201 0,43

110 0,5421 0,5451 0,5099 0,53

4.3.2. Danh gia

Véi cac két qua tinh toan, mo phong va thuc nghiém thu thap duoc, c6 thé khang
dinh nghién ctru da dat dugc thanh cong muc ti€u ban dau. Két qua tinh toan va mo
phong cho théy muc d6 chinh x4c cao khi so sanh véi két qua thuc nghiém, dac biét &
ving bién dang dan hoi noi mau lam bang hop kim nhém A6061 cé biéu hién bién dang
tuyén tinh. Két qua tinh toan chuyén vi thu duoc qua phuong phap 1y thuyét va mo
phong 2D cho thay sai l1&ch rat nho, sai 1éch toi da khoang 0,01 mm (Béng 4.3). Trong
khi @6, két qua tinh toan chuyén vi dua trén mé phong 3D cho thay sai sé 1on hon, véi
do léch tdi da khoang 0,05 mm. C6 thé dé dang nhan théy rﬁng do dich chuyén do duoc
trong thuc nghiém 16n hon két qua thu dugc tir tinh toan 1y thuyét va mé phong. Tuy
nhién, trén tat ca cac miu va tai, sy khac biét giira thir nghiém va mé phong 3D nhin

chung 12 nho, dao dong tir t6i thiéu 1,82% dén tdi da 5,93% (giita md hinh FEM va 3D)
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va tir 2,36% dén toi da 6,83% ( gitra mo hinh 3D va EXP). Sy khac biét dang ké nhat
x4y ra trong trudng hop mau c6 duong kinh d = 6 mm va tai F = 110 N, trong d6 bién
dang déo xay ra vuot qua giéi han dan hoi, dan dén thay doi hinh dang sau khi d& tai.
Ngoai truong hop dac biét nay, sy khac biét trong céac kich ban con lai dao dong tir 0%
dén 4%. Do dich chuyén lién quan dén céc tai trong khac nhau, dugc xac dinh thong qua
cac tinh toan 1y thuyét, mé phong 2D va 3D, ciing nhu cac phép do thuc nghiém ddi véi
cac mau thir c6 duong kinh 6 mm, 8 mm va 10 mm, 14n luot duoc thé hién trén Hinh 10

va 1.
D6

——FEM — 8 2D —4—3D —Exp

=

DISPLACEMENT (MM)

1.5

40 5 0 80 90 100 110 120
LOAD (N)
(a)
D8
——FEM ——2D —A—3D —<EXP

ENT (MM)
SR
\\\,

40 50 60 70 80 90 100 110 120
LOAD (N)

(b)
Hinh 4. 12 D¢ dich chuyén ciia mau c6 dwong kinh = 6 mm (a) va dwong kinh = 8 mm (b)
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D10
——IEM —8-2D ——3D —<—EXP
0.6

0.5

04 /
03 /
0 60 70 80 9

i

DISPLACEMENT (MM)

02

40 5 0 100 110 120

LOAD (N)
Hinh 4. 13 D¢ dich chuyén ciia mau c6 dwong kinh = 10 mm

4.4. Két luan va huéng phat trién ciia dé tai

Trong nghién ctru nay, chdng toi da ap dung cho truong hop vat liéu 1a hgp kim
nhdm AB061 dé kiém tra bang ba phwong phap tinh toan phan tich dya trén ly thuyét co
hoc vt ran bién dang va strc bén vat liéu, mé phong sé bang phan tir hitu han va thuc
nghiém trén thiét bj dugc ché tao sir dung ddng hd so v6i bai toan udn 3 diém. Bo chinh
xéc cua két qua tinh toan va mo phong 1a rd rang, dic biét 1a & ving bién dang dan hoi,
trong d6 mau nhém AG061 hién thi bién dang tuyén tinh, dwoc quan sat so véi két qua
thuc nghiém.

Theo két qua nghién ciru, viéc du doan chuyén vi trong cadc mau chiu luc thong
qua phuong phép tinh toan va mo phong to ra c6 d chinh xéc cao. Do do, ¢ thé khang
dinh rang viéc du doan cac dai luong vat Iy khac nhau nhu tng suat va bién dang théng
qua cac phuong phap nay 1a dang tin cay. Mot s6 yéu t6 anh huéng dén do chinh xéc
cua tinh toan va md phong. Thir nhat, dic tinh cua vat liéu st dung phai pha hop véi dic
tinh cua mau that. Thi hai, trong qua trinh mé phong, diéu quan trong 1a phai thiét lap
chinh xac tai trong va cac diéu kién bién dé phu hop véi hoan canh thuc té va dic biét
1a s6 lugng phan tir ctia m6 hinh. Thir ba, thiét bi kiém tra phai dam bao yéu cau vé do
chinh xac.

Trong thuc t&, md phong s6 néi bat nhu mot phuong phép hitu ich va dang tin cay

véi sai s6 tdi thiéu. Khi xir Iy cac bo phan phic tap, cac phuong phép tinh toan 1y thuyét
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c6 thé khong du dé danh gia hodc du doan chuyén vi, (ng suat va bién dang. Trong
nhitng trudng hop nhu vdy, phuong phap phan tir hitu han tro thanh giai phap then chét
cho két qua gan dung. Bang cach dya vao mot s6 md hinh mé phong don gian, nguoi ta
cd thé xac dinh md hinh chinh xé&c nhat cho mau vat lidu. Céc tiéu chi, dit liéu va phuong
phap caa md hinh nay c6 thé duoc phat trién hon nita va &p dung vao viéc phan chia

ludi va m6 phong cac mé hinh phure tap.
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