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LOI NOI DAU

Trong linh vic khoa hoc k¥ thuat, van dé dit ra cho cac k¥ su thiét
ké 1a phai lam nhu thé nao dé cong viée thiét ké tré nén chinh xéc va chi
phi 13 thap nhat. Hay sau khi thiét ké, phai kiém tra, thir nghiém va ché
tao nhu thé nao dé mang lai hiéu qua kinh té cao va thoa méin nhitng diéu
kién k¥ thuat. Tat ca nhitng van dé d6 da din con nguoi dén viéc nghién
clru va tao ra mot s cong cu dé giai quyét hitu hiéu bai toan ma thiét ké
va kiém nghiém dat ra. Trong do, phan mém ANSYS 12 cho phép ching
ta giai quyét mot cach nhanh chéng va chinh xac nhiing van dé phire tap
d6. Tuy nhién, ANSYS 12 chua dugce sir dung pho bién va dang can tim
hiéu vé kha ning tmg dung dé gidi cac bai toan co hoc, tim (ng suat va
bién dang cua cac chi tiét may va hé thong may.

Ngoai ra, mon hoc Thiét ké va mo phong may 13 mot mon hoc co
s& ctia nganh Co khi Ché tao may trong chuong trinh dio tao Thac si cua
Truong Pai hoc Su pham K§ thuat Thanh pho HO Chi Minh. Muc tiéu
ctia mon hoc 1 nham gitip cho hoc vién ¢ kha ning thiét ké, mo phong
chi tiét, cum, bd phan may va mdy, quan 1y co so dir liéu thiét ké, phan
tich va danh gia két qua thiét ké va mo phong. Dé thyc hién dugc cic
cong viée trén, doi hoi hoc vién phai van dung cac kién thirc co s nganh,
két hop v6i cac phuong phép tinh va sir dung thanh thao cic phan mém
mo phong nhu : AutoCAD, ANSYS, CATIA, ...

V6i nhimg muyc dich nhu trén, téc gia da bién soan cudn sach nay véi
sy gitp d& nhiét tinh ciia KS. Nguyén Tuan Anh, ThS. Pinh Hiru Hanh va
cac dong nghi¢p — Truong Pai hoc Su pham K§ thuat TP HCM, nhim
dung 1am tai liéu hoc tap cho sinh vién Pai hoc va hoc vién Cao hoc thudc
nhém nganh K¥ thuat n6i chung va nganh Co khi Ché tao may néi riéng.
Tuy nhién, cu6n sach nay chi yéu danh cho d6i twong méi lam quen véi
ANSYS nén chi dirng & mirc co ban va giai cac bai toan khong qué phuc
tap.

Trong qua trinh bién soan, cudn sach nay khong thé tranh khoi
nhirng thiéu s6t. Tac gia rat mong nhan dugc su gop y cua nguoi doc de
cac phién ban sau dugc hoan thién hon. Moi gép ¥ xin vui long giri vé
dia chi mail: trungdt@hcmute.edu.vn.

Téc gid, TS. P56 Thanh Trung
Truwong Pai hoe Sw pham Ky thuiat TP HCM
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Chwong 1
TONG QUAN

1.1. GIOI THIEU PHAN MEM ANSYS
1.1.1. Giéi thiéu chung

ANSYS dugc lap ra tir nam 1970, do nhom nghién ctru cua Dr. John
Swanson, hé thong tinh toan Swanson (Swanson Analysis System) tai My,
12 m6t goi phan mém dura trén phwong phap phan tir hitu han dé phan tich
c4c bai toan vat 1y co hoc, chuyén cac phuong trinh vi phan phuong trinh
dao ham riéng tir dang giai tich vé dang s6 v6i viée sir dung phuong phap
roi rac hoa va gin ding dé giai va md phong tmg xtr cia mot hé vat Iy
khi chiu tac dong cua céc loai tai trong khac nhau.

Nho g dung phuong phap phan tir hitu han, cac bai toan k¥ thuat
vé co, nhiét thuy khi, dién tir sau khi mo hinh héa va xay dung mé hinh
toan hoc cho phép giai chiing véi cac diéu kién bién cy thé vai sb bac tu
do 16n.

Trong bai toan két ciu (structural), phan mém ANSYS néi chung
dung dé x4c dinh treong chuyén vi, bién dang, tmg suat va cac phan lyc.
Phén tich két cau gom phan tich tinh, phan tich dong va mot so phéan tich
két cau khac nhu phan tich pho, phan tich dao dong riéng, mat 6n dinh, ..

Nhu vay tac dyng cuia ANSYS la dé tinh toan kiém tra d¢ bén, ing
suat, bién dang, dao dong, nhiét, t0i wu hoa két cau... Néu di co két cau,
c6 thé sir dung ANSYS dé kiém tra két cau c6 bén hay khong, néu chua
du bén thi nguyén nhéan 1a & dau va tir d6 tim ra cach khic phuc kip thoi,
hodc néu cé sai hong thi ciing biét dwgc 1y do tai sao. Néu chwa cd két
cau thi c6 thé ding ANSYS dé nghién ctru va tim ra phuong 4n t0i wu
cho két cau, tranh duoc nhirng sai sot gdy ra thi¢t hai. Vi y nghia rat 16n
nén ANSYS duogc ding nhiéu trong cic co quan nghién ctru, thiét ké co
khi va co hoc.

ANSYS 1a mot phan mém manh va dé giai cic bai toan véi s6 phan
tir 16n thi doi hoi cAu hinh may cao. DPé sir dung phan duge ANSYS 12
thi cau hinh méy tinh nén str dung 13 b xir Iy Pentium hay Itanium véi it
nhit 512 MB of RAM (1 GB véi bd xir 1y Itanium) 950 MB trong trong 6
cimg, 6 CD ROM, hé diéu hanh Window XP 64 bit, Window XP 32 bit
hay Window 2000 va man hinh 17” tr¢ 1én véi d§ phan giai khi sir dung
it nhat 1a 1024x768 Medium color (16 bit).




ANSYS c6 nhitng tinh ndng néi bdt nhuw sau:

+ Kha ning d6 hoa manh mé& gitip cho viéc mé hinh ciu tric rat
nhanh va chinh xéc, cling nhu truyén dan nhitng mo hinh CAD.

+ Giai duoc nhiéu loai bai toan nhu: tinh toan chi tiét may, cau tric
cong trinh, dién, di¢n tir, dién tir, nhiét, Iuu chat...

+ Thu vién phan tir 16n, ¢6 thé thém phan tir, loai bo hoic thay doi
dd ctrng phan tir trong mo6 hinh tinh toén.

+ Pa dang vé tai trong: tai tip trung, phan b, nhiét, van toc goc. ..

+ Phan xir 1y két qua cao cap cho phép v& cac do thi, tinh toan toi
uu...
+ C6 kha nang nghién ctru nhitng dép Umg vat 1y nhu: truong Gng
suat, truong nhiét d§, anh hudng cta truong dién tir.
+ Giam chi phi san xuat vi c6 thé tinh to4n thir nghiém.
+ Tao nhitng mau kiém tra cho méi trudng c6 didu kién lam viéc
kho6 khan.
+ Hé thong Menu c6 tinh tryc gidc gitp ngudi st dung c6 thé dinh
hudng xuyén suot chuong trinh ANSYS.

1.1.2. Cach cai dat ANSYS 12

Tién hanh chay file setup.exe, xuat hién ctra s6 sau:

Please close all other applicstions before
conbinuing with the nstalation

Install Requered Prerequastes

Install ANSY'S. Inc, Products

¥
Install ANSYS. Inc. License Manages |

Esat

12,0 Release

Thyc hién cac budc:

1 — Cai dat cac mdi trudng hd trg cho ANSYS.
2 — Cai dat ANSYS.
3 — Cai dat giay phép st dung ( license server).





D¢ cai dit giay phép sir dung, chon nhu chi dan sau:

m ANSYS  Inc. License Wizard

i Wiglcome to the ANSYS, Inc. License Wizard

MOTE: If you dont already have a icense fie nstalled on this icense
server machine and do not wish to install a fie at this tme, please
click =Cancel=. To install a icense fie af a later time, use the
ANSLIC_ADMIN utilty's 'Run the License Wizard® option.

The ANSYSE, Inc. License Wizard will take you through the following steps:
1. Install the license file.
2, Automatically specify the local machine as the Bcense server.
3. Startrestart the ANSYS, Inc. License Manager.

When available, you may use the =Skip> button to skip the current step.

\Choose «Cortinue= to begin...

Sau d6 chon file ghi cac thong s6 cho phép sir dung chuong trinh.

Open fz”z]

Look in: | < WINDOWS () <X A=k

[ T,E [ChDocuments and Settings

(ChonGame

My Recent  (CZ)Program Files
Documents (C2h50ft

) WINDOWS
@ . license.dat

My Documents

48

My Computer

File name: |Iicense.dat V| i Open ]

My Network Files of type: |TextDocunents [*.kst) v| [ Cancel ]





1.1.3. Khéi dng ANSYS 12

Chon Start = Programe = ANSYS12.0 & Workbench dé vao moi
truong Workbench cia ANSYS.

1.1.4. Giao dién ANSYS 12
Giao dién cia ANSYS Workbench cé ba phan chinh:
- Phia trén 1a céc thanh cong cu hd tro.

- Phia bén tay trai 1a hop thoai Toolbox noi chira nhirng mé dun ma
c6 the sur dung khi thao tac véi phan meém.

- Phén giita 1a man hinh chinh Project Schematic.

¥ Unsaved Project - Workbench

File View Tools Units Help
JM%W ﬁOpen... ﬂSave ﬂ_‘)avens +QReconnect & Refresh Project & Update Project j]lnmrt @Pro]ect GCmpad:Mmie

B 8 Project Schematic

lEI Andysisﬁystems \ |
©) Electric (ANSYS)

Expicit Dynamics (ANSYS)

B Fidd Flow (CF)

&3 Filid Flow (FLUENT)

rﬁ:onit Response (ANS\S)

Linear Buckling (ANSYS) ||

(B tMagnetostatic (ANSYS)
B Modal (ANSYS)

{8 Random Vibration (ANSYS)
a Response Spectrum (ANS\%)

£) Shape Optimization (ANSY

B Btatic Structural (ANSYS)

) Steady-state Thermal (ANS}YS)
@ al-Electric (ANSYS)

B Transient Structural (ANSYS)
a Tnl'Fnsient Structural (MBI Z
ﬂ Transient Thermal (ANS\Z
2] Cmﬁfnent Systems /
2] Custu\V\Systems /
2] DﬁimErfloratlon /

Ny

)

| T Yiew All { Customize. .. |

8 Ready |EI5I'mProgress [1]5hoW 2 Messages) | .:
Trong hop thoai Toolbox\Analysis system gom 17 mé dun twong

g véi 17 kieu bai toan c6 the phan tich véi ANSYS 12.

Electric - Dién

Explicit Dynamic — Dong luc hoc
Fluid flow ( CFX) — Dong chat long (CFX)
Fluid flow ( FLUENT) — Dong chat long (FLUENT)

Harmonic response — Tinh toan dap tmg diéu hoa

A
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6. Linear Buckling — Tinh toan 6n dinh
7. Magnetostatic — Phan tich tir tinh

8. Modal — Phan tich dao dong riéng

9. Random Vibration — Dao dong ngau nhién

10. Response Spectrum — Phén tich phd

11. Shape Optimization — T6i uu hoa hinh dang

12. Static Structural — Phan tich tinh

13. Steady — State Thermal — Phén tich nhiét ¢ trang thai 6n dinh
14. Thermal Electric — Nhiét dién

15. Transient Structural (ANSYS) — Két cau qua d6 (ANSYS)
16. Transient Structural (MBD) — Két cau qua do (MBD)

17. Transient Thermal — Qué d¢ nhiét

D6i voi mot bai toan cu thé, phai xéac dinh duoc dang cua bai toan
va tir d6 Iya chon m6 dun phu hop dé giai quyét van dé ma bai toan dit
ra. D6i v6i mdi dang bai Gmg v6i timg mo6 dun s& c6 phuong phap giai
khac nhau trong phan mém ANSYS 12. Van d¢ dit ra 13 thao tac dé giai
nhirng bai toan d6 trong phan mém ANSYS 12 nhu thé ndo. Vi vay, tai
liéu nay s€ gioi thiéu cach giai, cach pha.n mém phan tich bai toan va dua
ra phuong phép cu thé, tong quat ddi véi mot so dang bai todn co bin
trong co hoc.

Trong gi6i han cua tai li¢u nay, chi tap trung phan tich bai toan tinh
(Static Structural), mdt so bai todn dao dong riéng (Modal) va bai toan 6n
dinh (Linear Buckling).

1.2. GIOI THIEU BAI TOAN CO HQC

Co hoc ¢6 dién 1a co s& cho sy phat trién cua céc nganh khoa hoc
ky thuat va cong ngh¢ nhu: ché tao may, xay dung... Co hoc co dién chia
ra thanh ba phan 16n: tinh hoc, dong hoc va dong luc hoc, tir d6 cling co6
duogc cac bai toan tinh hoc, bai toan dong hoc va bai toan dong luc hoc.

+ Tinh hoc:

Tinh hoc 1d mot phan nhanh cia vat 1y lién quan dén viéc phan tich
cac tai (lgc, moment lyc) trén mot hé vat ¢ trang thai can bang tinh c6
nghia 1a trong trang thai ma vi tri tuong doi gitra cac thanh phan trong hé
1a khong thay doi1 theo thoi gian, hodc khi cac thanh phan va cau tric dang
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& trang thai dimg yén. Khi ¢ trong trang thai cin bang tinh, hé c6 thé dang
ding yén hodc khoi tdm cuia n6 dang di chuyén véi van toc déu.

Theo dinh luat II Newton trang thai nay c6 nghia 13 tong ngoai luc
va moment lyc trén mdi vat trong hé bing khong, c6 nghia 13 véi bat ky
mot lye ndo tac dong 1én vat phai co mot lyc bang vé d6 16n va nguoc
chiéu tac dong 1én vat. Tur rang bugc nay nhiing dai lugng nhu nén hay ap
lyc c6 thé duogc suy ra. Tong ngoai lyc bing khong duge biét v6i tén dicu
kién cAn bang thir nhat, va tong moment lyc bang khong duoc biét véi tén
diéu kién can bang thir hai.

Tinh hoc dugc dung nhiéu trong viéc phan tich cic cau triic nhu
trong k¥ thuat kién tric va cau trac. Stre bén vat lidu 1a mét linh vye lién
quan trong co hoc dua chui yéu trén viéc ung dung can bang tinh.

Thuy tinh hoc con dugc biét dén véi tén tinh hoc chat 16ng, 13 mot
nganh nghién ctru chat 16ng ¢ trang thai ding yén. Nganh nay phan tich
cic hé ¢ trang thai cin bang tinh trong d6 c6 cac lyc sinh ra do chat 1ong
co hoc. Bic tinh cua bat ky chat 1ong nao ¢ trang thai dimg yén 1a luc téc
dong lén bat ky phan ndo cua chat 1ong ciing bang nhau theo moi hudng.
Néu Iyc 14 khong bang nhau chat 1ong s& chay theo huéng cia tong lyc.

+ Dong hoc:

Nghién ctru md ta nhitng hé vat chat dang trong qua trinh chuyen
dong, nghién ctru cac quy lut chuyén dong ciia vat thé don thuan vé hinh
hoc, khong dé cap dén khoi lugng va luc. Nhitng két qua khio sét trong
dong hoc sé€ lam co sd cho viéc nghién ctru toan dién cac quy ludt chuyén
dong ctia vat thé trong phan dong luc hoc. Trong dong hoc, vat thé duogc
dua ra dudi hai mé hinh: dong diém va vat ran. Dong diém 13 diém hinh
hoc chuyén dong trong khong gian, con vat ran 13 tip hop nhiéu dong
diém ma khoang cach giita hai diém bat ky trong n6 luén luon khong doi.
Khi khao sat cac vat thuc c6 kich thudc khong dang ké, c6 thé coi nhu
mo hinh dong diém.

Chuyén dong 13 sy thay d6i vi tri cta vat trong khong gian theo
thoi gian. Pon vi do d§ dai 1a mét va ky hi¢u m, don vi do thoi gian 1a
gidy va ky hiéu 1a s.

Tinh chét ciia chuyén dong phy thudc vao vat chon 1am méc dé so
sanh goi 12 hé quy chiéu. Trong dong hoc, h¢ quy chiéu duoc lya chon
tly ¥ sao cho viéc khao sat chuyén dong cua vat duoc thuan tién. Pé c6
thé tinh todn nguoi ta con phai chon hé toa do gin véi hé quy chiéu. Pé
don gian, thong thudng ding ngay hé toa do lam hé quy chiéu.
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Tinh thoi gian thong thuong phai so sanh véi méc thoi diém to
chon trudc.

Vé ndi dung, dong hoc phai tim cach xac dinh vi tri cia vat va mo
ta chuyén dong cua vat theo thoi gian so v6i hé quy chiéu da chon.
Thong s6 x4c dinh vi tri ctia vat so véi h¢ quy chiéu da chon 1a thong s6
don vi. Thong s6 don vi ¢6 thé 1a véc to, toa df, goc... Quy ludt chuyén
dong duoc biéu dién qua cac biéu thirc lién hé gilra cac thong s6 dinh vi
v0i thoi gian va duge goi la phuong trinh chuyen dong. Trong phuong
trinh chuyén dong, thoi gian dugc coi 1a ddi s6 doc ap. Khi khtr d6i s6
thdi gian trong phuong trinh chuyén dong duoc biéu thic lién hé giita
cac thong s6 dinh vi goi 14 phuong trinh quy dao.

D¢ bicu thi tinh chat cia chuyén dong ching ta dua ra cac dai
lugng van toc va gia tdc. Van toc 1a dai lugng bicu thi huéng va toc do
chuyén dong cua diém hay vat. Gia toc 1a dai luong biéu thi sy thay doi
ctia van toc theo thoi gian. Gia téc cho biét tinh chat chuyén dong déu
hay bién d6i. Van toc va gia toc 12 cac dai lugng phy thudc vao thoi gian.

Cén clr vao nfi dung ching ta chia dong hoc thanh hai phan dong
hoc dlem va dong hoc vat ran. Khi khao sat dong hoc vét ran bao gio
ciing gdm hai phan: dong hoc cta ca vat va dong hoc cia diém thudc vit.

+ Dong luc hoc:

Dbong luc hoc 1a mot nganh trong co hoc chuyén nghién ciru chuyén
dong cta cac vat thé va moi lién hé giira ching véi tuong tac giira cac
vat. Pong luc hoc quan tim dén nguyén nhén sinh ra chuyén dong cia
cac vat, d6 1a lyc. Pong luc hoc thiét 1ap cac dinh luat lién hé giira lyc tac
dung véi nhitng dic trung dong hoc va ap dung cac dinh luat d6 co thé
gidi cic bai toan k¥ thut. Co sé clia dong lyc hoc trong thé gidi vi md
(kich thuge 16n hon ¢& milimet) la cac dinh luat Newton va nguyén ly
Galileo, theo co hoc ¢6 dién hay tién dé cua thuyét twong d6i. Co s& cia
dong luc hoc trong thé gidi vi mé (kich thuéc nhd hon ¢& micromet)
chinh 1a thuyét lugng tir.

Vit thé trong dong lyc hoc dugc xét dudi dang mo hinh: chat diém,
co h¢, vat ran. Chat diém 1a mot diém hinh hoc ¢6 mang khéi lwong. Chat
diém 12 m6 hinh don gian nhat va co ban nhat cua vét thé trong dong luc
hoc.

Khéc véi tinh hoc, luc trong dong luc hoc ¢6 thé 1a khong doi, co
thé bién ddi ca vé do 16n 1an phuong chiéu.

Trong dong luc hoc, luc ¢ thé 13 lyc phu thudc vao thoi gian nhur
luc kéo dau may, phu thudc vao vi tri ctia vt nhu lyc hap dan, phu thuge
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vao van toc nhu lyc can cia khong khi. Mot cach tong quat trong dong
lyc hoc lyc 12 mot ham cua thoi gian, vi tri va van toc. Trong dong luc
hoc, cac lyc duge phan chia thanh ndi lyc, ngoai lyc hay phan lyc lién
két. Ngoai lyc 1a cac luc do chat diém hay vt thé ngoai hé tic dung vao
hé. Phan luc lién két 13 lyc tac dung do cac vat gy lién két 1én co hé
khao sat.

Pé khao sat chuyén dong cua vat bao gio ciing chon trude mot hé
quy chiéu. Hé quy chiéu khong phu thudc vao thoi gian goi 12 hé quy
chiéu quén tinh, ngugc lai hé quy chiéu phu thudc vao thoi gian goi 1a hé
quy chiéu khong quén tinh.
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Chwong 2
TRINH TU PHAN TiCH

2.1. BAI TOAN TONG QUAT

Véi mdi bai toan cy thé déu cd phuong phap giai khac nhau tuy vao
cac diéu kién ma bai toan dua ra, vi thé mdi bai toan s& c6 mot dac trung
riéng nhung trinh tu de giai mot bai toan trong ANSYS 12 ga.n nhu 1a
giong nhau vé mit tong quat, déu phai qua cac trinh tuy cu thé co lién
quan chit ch& va quyét dinh 1an nhau.

Trinh tu dé gidi mot bai toan trong ANSYS 12 nhu hinh 2.1.

Chon hé thdng phan tich
Thiét 1ap cac thudc tinh vat liéu

l

Xay dgyng mo hinh hinh hoc

Thiét 1ap m6 hinh phén tir hitu
han (phan tir ludi)

Thiét 1ap cac diéu kién bién
cuia bai toan (rang budc, tai,...)

Y

Giai (Phan tich)

\J

Xir 1y va xem két qua

Hinh 2.1
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D61 voi mot bai toan cu thé, déu phai thyc hién cac trinh tir giai
trén va doi hoi sy chinh xéc, théng nhat véi nhau. Céc bude giai mot bai
toan cu thé déu dugc phan mém thé hién duéi dang thu muc cay (Tree
Outline) gitp ching ta c6 thé dinh huéng, tryc quan vé bai giai, vé vi tri
cac bude trong hé théng mot bai giai. Chiing ta c6 thé thay doi cac thong
s0 hay nhimg diéu kién trong mdt budc giai vao bat ¢t luc nao trong quéa
trinh giai theo y muon. Tat ca déu dugc phan mém cap nhat va giai lai
theo nhitng thong s6 mai. Vi vdy sé rat thuan tién trong qué trinh nghién
ctru lya chon phurong 4n nao 13 thich hgp nhat.

2.2. BAI TOAN TiNH

Po6i v4i bai toan co hoc dang tinh tirc 14 phan tich vét thé ¢ trang
thai ding yén dudi sy tac dong cia tai trong, lyc hay momen lyc.
ANSYS s& phan tich bai toan va cho thay dugc trang thai (mg suat, bién
dang cua chi tiét.. .Cing c6 thé tmg dung dé kiém tra do ben cua cac két
cAu, tim ra Ung suat tai ting vi tri, tai vi tri ndo chiu mg suat 16n nhat va
mé phong sy bién dang cua chi tiét. P& phan tich mot bai toan két cau
dang tinh (Static Structural), phai thuc hién céc budc sau:

1. Engineering Data: Lya chon va thiét 14p cac thong s6 vat liéu
2. Geometry: Xay dyng mo hinh hinh hoc

3. Model: Thiét 1ap mo hinh phén tir hiru han

4. Set up: it cac rang budc va tai

5. Solution: Phan tich

6. Results: Két qua phan tich

b i

W 77 Static Structural (ANSYS)

e 0 Engineering Data v 4
3| @ Geometry ? .
2 . Model T
5 @ Setup 2 .
6 @ Solution 2:
7 @ Results 2 .

Static Structural (ANSYS)

< Buwdc 1. Engineering Data: Lia chon va thiét lgp cdc théng sé6 vit
lieu
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Két qua phan tich ctia bai toan s& phy thudc vao loai vét liéu. Vi
vay khi giai bai toan véi ANSYS can phai xac 1ap ding nhimg thong s6
vat 1y cta vt liéu nhuy moé dun dan hoi, hé s6 Poisson... ANSYS 12 cung
cap thu vién vat liéu kha day du, ngoai ra d6i voi timg vt liéu con co thé
thay doi cac thong s vat 1y sao cho phii hop véi diéu kién bai toan. Xdc
dinh dung vat liéu va cac thong sd cua vat lidu 13 nhitng diéu kién can
thiét ban dau khong thé thiéu dé c6 thé phan tich bai toan hoic két cau
mot cach chinh xac.

Nhap dip chudt vao Engineering Data s& xuat hién thu vién vét ligu
ciia phan mém. Cong viéc ciia ngudi s dung la lya chon nhimg vt li¢u
tir thu vién vat lle;u cO san cua phan mém hodc tao ra thu vién vat liéu
méi, trong d6 thiét lap cac thong so6 vat 1y cho thugc tinh cua vat li¢u sao
cho phu hgp véi yéu cau ma bai todn dwa ra nhu mé dun dan hoi E hay
hé s6 Poisson v, va tai vé cho bai toan chd sir dung trong khi gidi & cac
budc sau.

77 Static Structural (ANSYS)

-
1
E 0 Engineering Data
3
4
5

v
0 Geometry '
‘ Model ?
?
?

| @ setup
l 6 @ Solution

7 | 0 Results

Static Stroctiral (ANSYSY

Filter

Qutline

1 !

2 |@ Engineering Data az Contents filkered For Static Structural (ANSYS).

3 ‘ General Materials D " General use material samples for use in various analyses

4 ‘ General Non-lianEl'leral Materiﬂ "8 General use material samples For use in non-linear analy | 3
5 . Explicit Materials |:| [} Material samples For use in an explicit anaylsis.

6 |@l Hyperelastic Materials [ Material stress-strain data samples For curve fitting,

7 - Magnetic B-H Curves |:| "\ B-H Curve samples specific for use in a magnetic analysi—
8 < Favorites Quick access list and default items v

Sau khi dua vé cho bai toan nhitng vat liéu can thiét, s& gan vt liéu
cho chi tiét hodc timg bo phan khic nhau, riéng 1& cua chi tiét véi muc
dich cudi cung 1a md ta chi tiét va két cau mot cach chinh xac vé vt liéu
sir dung. Tién hanh thiét 1ap vét liéu cho chi tiét bang cach thao tac voi
thu muc Model\Geometry trong moi trudng Mechanical (moi truong sé
xuat hién & bude 3: Model).
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(& Project
B Model (A4)
&M Geometry

B /@ Connections
....... 7@ Mesh
B-[3 Static Structural (A5)
b ‘/a Analysis Sektings
E-9l&8 Solution (A6)
‘(3] Solution Infarmation

Coordinate System Default Coordinate System !I
Reference Temperature | By Environment
[El{Material
m Structural Steel »
Merlingsr FFrarke Var [.|

DP6i véi mdi bo phan hay khdi riéng 1& trong chi tiét (Solid,
Surface, Line), chon vat liéu tai hdp thoai Details of “Solid (Surface,
Line)”\Material\Assignment va chon vét liéu trong s6 nhirng vat liéu da
tai vé tir budc Engineering Data.

« Buworc 2. Geometry: Xay dung mé hinh hinh hoc

Sau khi hoan thanh budc du tién vé chon va cai dat cac thong s6
vat li¢u, tien hanh xay duyng md hinh hinh hgc cua bai toan hoac két cau.

Trudc tién, phai chon kiéu mé hinh hinh hoc sap xay dyng c6 the 1
dang Line Bodies, Solid, 2D, 3D...Cach thao tac: nhap chudt phai vao
Geometry trong Static Structural va chon Properties.

New Geomelry...

. Setup Import Geometry »

4
5
6 | @ soltion Duplicate
7 a Results Transfer Data From New  »
o Static Structural Transfer Data To New »

Update
Refresh
Reset
Rename

Properties

Quick Help

 Luc nay s& xuat hién hdp thoai Property, trong d6 c6 cac lya chon
can quan tam do la:
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+ Solid Bodies: mé hinh dang khdi.

+ Surface Bodies: mo6 hinh dang mat.

+ Line Bodies: m6 hinh dang duong.

+ Analysis Type (2D hodc 3D): ki¢u phan tich 2D hodc 3D.

Phai lya chon ding phuong phap dé chuan bi giai, néu khong phan
mém s& khong hiéu hoic khong cho phép thuc hién cac bude tiép theo.

Properties of Schematic A3: r_-n_rm:-tl_
T

E [ 2 Basic Geometry Options
o7 Solid Bodies
| 8 Surface Bodies

9 Line Bodies D

10 Parameters

11 Parameter Key Ds

12 Attributes ]

13 Named Selections D

14 Material Properties ]

15 =

16 Analysis Type 3D -

17 Use Associativity

18 Import Coordinate Systems |:|

19 Tmport Work Points ]

20 Reader Mode Saves Updated File |:|

21 Import Using Instances

22 Smart CAD Update ]

23 Enclosure and Symmetry Processing

24 Mixed Import Resalution Mone vy

Sau d6 thiét ké mo hinh hinh hoc: nhap dap chudt vao 6 Geometry
trong khung Static Structural, phan mém s& xuat hién méi trudng mébi
Design Modeler. Khi d6 phai chon don vi str dung trong budc xay dung
mo hinh hinh hoc. Viéc xac dinh nay 1a can thiét va quan trong, hé thong
don vi cta bai toan phai thong nhét trong timg budc tién hanh giai bai
toan néu khong thi két qua s& khong chinh xéc.

Sau khi x4c dinh don vi ta s€ ¢6 moi truong mdi voi giao dién:
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Fle Creste Concept Tock Wew el

Hd e © <]
TRAAEQLT + e M
w3 | ton ..

R

Betud feeche ooy $I0ot B

[, b WWEW

Trong Design Modeler c6 hai moi truong xay dyng mo hinh hinh
hoc cua bai toan, d6 1a Sketching va Modeling.

, + Sketching: cho phép thiét k& véi cac 1énh dugc cung cap du
de c6 thé thao tidc trong moi truong 2D nhu: Line, Circle, Oval,

Rectangle, Ellipse...
+ Modeling: sau khi

hoan thanh & mdi truong 2D, vao thé

Modeling d@é tao chi tiét hoan chinh. Trong Modeling ciing c6 day du cac

lénh dé thiét ké nhu: Extrude,

Sweep, Revole....dé xay dung khéi 3D,

hofc ciing 6 thé Iya chon trong Concept dé tao ra phén tir cho bai toan.
C6 the 1a phan tir thanh (Lines From Point, Line From Sketch, Line From
Edges), hoac phan tir mat (Surface From Sketch).

Ofil &: Static Structural (ANSYS) - Desigr

| File creste

Concept  Tools  Wiew Help

ladd
J KPlane
J :/' Generate

Sketching Toolb

s Lines From Paints

el Lines From Sketches

E Lines From Edges

W 30 Curve

“w Split Edges

¥ surfaces From Edges

8 surfaces From Sketches
Cross Section

General

I Horlzontal
[ vertical

F Radius

£~LengthfDistance

Dua vao céc 1énh hd tro nhu trén, ta c6 thé xay dyng dugc mé hinh

hinh hoc cta bai toan. Ngoai ra,

ANSYS con hd trg cho ngudi dung cong

cu hitu hiéu hon nira, d6 1a nhap nhitng mé hinh da duoc thiét ké ¢ cac
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phan mém d6 hoa khac nhu Solidwork, Pro-Engineer, AutoCAD... gitp
tiét kiém duoc thdi gian va cong sic trong qua trinh phan tich két qua,
bang cach nhap chudt phai vao 6 Geometry = chon Import Geometry =
Browse dé nhap mo hinh hinh hoc c¢6 sin.

-
1 B
?0 Engineeting Data v 4
3 |0 Geometry — =1
4 . Model ﬂ New Geometry...
_S_ﬂ S.»e.t.uﬁ 1 Import Geometry » |ﬁ] Browse.., I
6 ﬁ Salution 3 Duplicate Pressure_System.x_t
?—0 Results Transfer Data From New  » tension_link.x_t
Static Struck Transfer Data To New L4 Mator_cover_S.x_t
Update Axisym_pressure_2ZD_12.x_t
Refresh
Reset
Rename
Properties
Quick Help

Ghi chii: Dudi day sé trinh bay cach nhap mdt mo hinh hinh hoc tir mdt
phan mém CAD vao ANSYS 12.

_ Trong cac phan mém CAD ma ta dd biét thi AutoCAD Ia phin
mém pho bién va duge nhiéu nguoi str dung. Chinh vi vay tac gia s€ dua
ra cach nhdp mot mo hinh tr AutoCAD vao phan tich trong ANSYS.

+ Sau khi hoan thanh thiét ké chi tiét & AutoCAD, xuét file nay
sang dinh dang *.sat.

Trong AutoCAD vao File = chon Export...

ALl AutoCAD 2007 - [Drawing1. dwg]

GEW Edit View Insert Format Tools

[ new... CTRL+N
New Sheet Set, ..

T oren... CTRL+O
Open Sheet Set...

&3]l Load Markup Set. .
Close

Partial Load

H save CTRL4S
Save fAs... CTRL+SHIFT+S

ﬁ aelransmit, ..

@ Publish to Web. ..

ﬂ% Page Setup Manager...
Plotter Managet...
Flot Style Manager. ..
D Plot Preview

L= WP L

00 1O0NI D LNNIFEZD
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Chon dinh dang file xuét ra 1a * sat.

EH Export Data |El|g|

Savein: |DM}' Documents v| W QX @ Vew v Tok ~
ﬁ MName Size  Type Date Modified
v cmMC File Folder 11/28/2010 5:46
Mo ) CyberLink File Folder 1/2/2010 1:09 A
' My Music File Folder 1/2/2010 12:39 &
‘ @Mv Pictures File Folder 1f2fz010 12:39 4
™y videos File Folder 1/2{2010 12:41 &
My Documents
Favorites
/28
FTP
@ <_ 1 | l
Desktop
Az eme: I:Ir.al.-'-.-in-:ﬂ sal v | l Save
Fiesof ype: | ACIS (“sal] v|[__Cancel

Quay trd lai moi trudng AutoCAD, chon nhitng d6i tugng cin
Export = Enter.

+ Sau khi xuit ra file *.sat, khéi dong ANSYS Workbench va vao
md dun can phan tich. Nhap chudt phéai vao Geometry = chon Import
Geometry = Browse... va chi dén file *.sat can Import.

-
)@ 77 Static Structural (A i
2 Q Engineering Data v 4

=1
: . SR New Geometry...
i.L Import Geometry 3 | Browse. ..
5 ‘ Setup
6 @ Solution Duplicate % Drawingl.sat
7 0 Results Transfer Data From Mew » 5v5.agdb

Static Structural (a | 1o DataToNew b

Update

Refresh

Reset

Rename

Properties

Quick Help

Nhu vy nho khé ning tich hop ciia ANSYS v6i cdc phan mém d6
hoa khac ma c6 thé don gian hoa viéc tao mo hinh hinh hoc cho mot bai
toan phan tich va mé rong pham vi tinh toan.
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% Buwdc 3. Model: Thiét Igp mé hinh phan tir hitu han

_ Nhu da gi6i thiéu, ANSYS 14 phdn mém dya trén phuong phép
phan tir hiru han dé phan tich cac bai todn. Vi vy viéc xay dung m6 hinh
phén tir hiru han (chm ludi phan tir) 1a rét quan trong trong viéc phan tich
bai toan. Phin mém s& giai trén timg phan tir nho cua chi tiét va dua ra
két qua.

Sau khi xdy dung xong md hinh hinh hoc cho bai toan, tién hanh
chia ludi phan tir cho mo hinh vira tao ra dé phan mém c6 thé phan tich
trén timg phan tir va dua ra két qua chinh xac nhat cho bai toan. Viéc
chia ludi cang chat ché, so lugng phan tir sau khi chia ludi cang nhicu thi
bai toan phan tich cang chinh xéc.

Nhép dap chudt vao 6 Model, phin mém s& tw dong xuét hién moi
truong lam viéec méi d6 1a Mechanical. Trong giao dién Mechanical c6 4
vung chinh:

+ Thanh cong cu ¢ phia trén ctia hop thoai Mechanical.

+ Outline: Thi ty cac budce thyc hién bai toan dugc trinh bay dudi
dang cay.

+ Details View: Chi tiét cho budc dang thyc hién.
+ Graphics: Noi mé phong bai toan, thé hién tii, cac rang budc...
C6 thé thdy 15 & giao dién sau:

| Fle gt view unks Tods kb || @ | s - (S [@ & [@-
1B v-ERAGER & (IS+QA QRACEMNE|O-

]Mcdal | @'Conshutlmf-emstw | ﬁ\drtud Topology | ESmmeh'y ‘\Ramobaﬂuht | (¥ Connections @Sohmn Comibinaton
Qutline
E Project

= [l ModeT (AT —
f‘ M Geometry \
%/ 4% Coordinate Systins
Cornections
\q 12 Corvectins
. (=] Static Structural {A5)
<P analysis Settings
g 7ﬁ Solution (A6)
23] solution Information

Detals of "Model’ 2
= | Filter Dptions
Conkrel [Enatied 0.0d 400.00 () % w
—— ——
=) Lighting 200.00
ambient Light |0.1
Diffuss Light 0.6 |\ Geometry ALl <reet ) Print Freview i Reooet Freview/ ]
s.ne:dabl.rwl 1 e . 8 x
Light Col Text [Timestars

Section Planes

| X &
[[ e — L e L e ) 2
“\\Messages  Graphics Annotations J

Press F1 for Help (8t Messages Mo Sekection Metric {mm, kg, M, 5, mi, m&)  Degrees  radjs
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O hop thoai Outline, phan mém thé hién cac budc phai thyc hién
thanh dang cay thu muc.

Trong Model c6 4 budc con:
~ + Geometry: M ta dang hinh hoc va thiét 1p vat ligu cho timg
phan cua chi tiet.
+ Coordinate System: H¢ toa do (theo mac dinh).

+ Conections: Lién két (thé hién sy lién két giira cac phan tir ctia
két cau).

+ Mesh: Chia lu6i phan tir.

Chi thyc hi¢n bude Conections & nhimng chi tiét phéan tich dugc tao
thanh tir nhitng phan (Part) riéng 1€ khac nhau nhiéu. Khi xay dyng m6
hinh tinh, phai khai bao cho phan mém vé lién két giita nhitng phan nay.
Phan mém sé& dua ra cac lwa chon duoc thé hién trong Details of Contact
Region\Definition\Type d6 la:

+ Bonded: Dan, dinh lién.

+ No Separation: Khong tach roi.

+ Frictionless: Tiép xtc khong c6 ma st.
+ Rough: Tiép xuc tho.

+ Frictional: Tiép xtic c6 ma sat.

Details of "Contact Region” o
=] Scope ~
Scoping Method | Geometry Selection
Contact 2 Edges
Target 2 Edges
Contact Bodies
Target Bodies
[=1| Definition
Bonded -
Scope Mode Bonded

Behavior Mo Separation

Suppressed Rough |
| Advanced Frictional

Farmulation Pure Penalty
Mormal Stiffness | Program Controlled v
Press F1 for Help

Tiép theo, ticn hanh chia ludi tai buéc Mesh trong Project\Model
(A4): nhap chudt phai 1én dong Mesh xuat hién cac tiy chon sau:
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_@ Project
B- Model (A4)
& ,,. Geometry
‘,).L Coordinate Systems

o]
- S ] -
| 4 Update
= ‘;l 7 @.‘ Sizing
*| =} Generate Mesh W, Contact Sizing

" Refi k
=/ Preview Surface Mesh A Refinemen

Show Sweepable Bodies BB mapped Face Meshing
=} Preview Inflation figl Match Control
Create Pinch Controls & Pinch
Inflati
=} Edit in CFX-Mesh A Inflation
Details of "Mesh" | <] Clean a
=l Defaults alb Rename

Chia lu6i theo mac dinh:
+ Generate Mesh.

Hoic ciing ¢ thé cai dit cho viéc chia luéi:
+ Method: Phuong phép chia ludi.
+ Sizing: Theo kich thudec.
+ Contact Sizing: Kich thudc lién két.
+ Refinement: Lam min.
+ Mapped Face Meshing: Chia theo luéi ban db.
+ Match Control: Kiém soat chia luéi an khop.
+ Pinch: Vat nhon.
+ Inflation: Bom phong.

s Buwoc 4. Set up: Dat cac rang budc va tai

Tuong ng la ¢ bude Static Structural (A5) trong cdy thu muc
Outline, xuat hién trong moi truong Mechanical khi kho1 dong Model.

Két hop véi viée chon vi tri (mat phang, diém, duong, khéi...) trén
cau trac ciia mo hinh, thiét 13p tai cc vi tri d6 12 tai trong, phan luyc hay
cac rang budc sao cho that chinh xac voi diéu kién bai toan dua ra hay
diéu kién 1am viéc cu thé cua két cAu vé ca tinh chat va do 16n.

Viéc xac dinh dang tai, diém dit luc hay nhimg rang budc cua két
cau c6 thé dugc xem 1a bude khé trong viéc tién hanh phan tich bang
ANSYS, doi hoi ngudi st dung phai c6 kién thic tot vé ki thuat dé viéc
phan tich bai toan dat dugc két qua chinh x4c.
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Tién hanh dit tai va cdc rang budc bing cach tuong tac véi dong
1énh Static Structural. Nhap chudt phai 1én vi tri ctia ddi tuong can thiét
1ap = chon 1énh Insert dé chén céc tai trong, lyc va rang budc tai vi tri
trén chi tiét da chon ¢ mai truong graphics. Céc luc, phan lyc lién két c6
thé Iyra chon dugc thé hién ra hop thoai khi nhap chudt phai 1én vi tri ctia
d6i tuong can thiét 1ap va chon Insert tai dong 1énh Static Structural:

+ Acceleration: Gia toc.

+ Standard Earth Gravity: Trong luec.

+ Rotational Velocity: Van toc quay.

+ Pressure: Ap lyc.

+ Hydrostatic Pressure: Ap lyc thity tinh.
+ Force: Luc.

+ Remote Force: Lyc tir xa.

+ Bearing Load: Lyc phan b trén 6 lin.
+ Bolt Pretension: Lyc xiét ctia bu 16ng.
+ Moment: M6 men.

+ Line Pressure: Ap lyc dang duong.

+ Thermal Condition: Ché do nhiét.

+ Joint Load: Tai trong dat tai nat.

+ Fluid Solid Interface: Ap luc dong chay trén bé miit.
+ Fixed Support: G6i tura ¢ dinh.

+ Displacement: Chuyén vi.

+ Remote Displacement: Chuyén vi tir xa.
+ Frictionless Support: Tya khong ma sat.
+ Compression Only Support: Chi d& lyc nén.
+ Cylindrical Support: Tya khéi try.

+ Elastic Support: Tya dan hoi.
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5. |
= ?B +
/N Analysis Insert 3 @ Acceleration
= 9l68] Solutio v @] Standard Earth Gravity
AR soll ¥ Solve ) )
2 @, Rotational velocity
77 Clean
"‘j ﬁ.‘ Pressure
dlb Rename
¥, Hydrostatic Pressure
&, Force
'5?,. Remote Force
@, Bearing Load
Is of "Static Structural (AS)" "Wy Bolt Pretension
efinition 8, Moment
1ysics Type Structural B2, Line Pressure
ralysis Type Static Structural .l Thermal Condition
ver Target ANSYS Mechanical A 1
- @ Joink Load
tions @, Fluid Solid Interf
Environment Temperature |22, °C = Fluid Solid Interface
:nerate Input Only Mo &” Fixed Support
Q, Displacement
(8, Remote Displacement
&, Frictionless Support
an Planes @ Compression Only Support
| X & @ Cylindrical Support
G, Elastic Support
&F Motion Loads...
[F- commands
e Cactlala

< Buwoc 5. Solution: Phan tich

Sau khi x4c dinh cac théng s6 vat liéu, xay dyng mé hinh hinh hoc,
dit tai, phan luc va cac rang budc cho bai toan cu thé, tién hanh phan tich
bai toan. Viéc phén tich nay I3 do phan mém ty giai quyet, cong viéc ciia
nguoi st dung 1a chon kiéu phan tich tuong Ung v6i myc tiéu cua bai
toan va chd phan mém xir 1y trong it phut dé dua ra két qua phan tich.

Chon kiéu phan tich va biéu dién két qua bang cach thao tac voi
dong 1énh Solution: Nhap chudt phai vao Solution va chon Insert ¢ xuat
cac két qua phan tich nhu sau:

+ Stress tool — Ung suat

+ Deformation — Bién dang

+ Strain — D§ gian dai

+ Linearized Stress — Ung suét tuyén tinh

Trong cic bai toan phan tich tinh thudng cht y téi bién dang
(Deformation) va ing suat (Stress).
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% Buwdc 6. Results: Két qud phan tich

Sau khi da chon kiéu phan tich va dua ra két qua cho bai toan, tién
hanh cho phan mém xu ly bang thao tac nhap chudt phai 1én dong
Solution (A6) = chon Solve.

SR -] Solution La&
L 4] Solu Insert >

r j Evaluate all Results

& Clean
alb Rename

Két qua phan tich clia phan mém & budc Solution s& dugc thé hién
& két qua bai toan (Result). Chon vao bét cir dong nao trong Solution, vi
du nhu chon Total Deformation hay Equivalent Stress... thi phan mém
déu dua ra két qua phan tich két hop vé6i hinh anh tryc quan.

Ching ta c6 thé xem chuyén vi 16n nhét, nho nhét hay chuyén vi
bat ky ¢ bat ctr vi tri ndo trén chi tiét bang cach str dung 3 nit 1é€nh trén
thanh cong cu: |@| "

+ Max: chi ra noi ma gi4 tri 12 16n nhat.

+ Min: chi ra noi gia tri 1a nhé nhat.

+ Probe: chon vao bat cir diém nao trén chi tiét s& hién thi két qua
tai vi tri do.

2.3. PHAN TiCH BAI TOAN DAO PQNG RIENG

Dao dong 1a mét qua trinh trong d6 c6 mot dai lugng vat 1y thay
d6i theo thoi gian ma c6 mot dic diém nao d6 1ap lai it nhat mot 1an. Dao
dong 12 mot hién tugng phd bién trong ty nhién va trong k¥ thuat. Cac
may, cac phuong tién giao thong vén tai, cac tda nha cao ting hay nhiing
chiéc cau...1a cac hé dao dong trong k¥ thuat. Vi vay viéc phan tich mot
bai todn dao dong sé& c6 tmg dung rat 16n.

Trong bai toan phan tich dao dong riéng ta ciing thyc hién day du 6
budc:

1. Engineering data: Lya chon va thiét 1ap cac thong s6 vat liéu
2. Geometry: Xay dyng mo hinh hinh hoc
3. Model: Thiét 1ap mé hinh phan tir hiru han
4. Set up: Thiét 1ap cac rang budc va tai
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5. Solution: Phan tich
6. Results: Két qua phan tich

v
W " Modal (ANSYS)

2 | @ EngineeringData 4
5 Geometry v 4
4 (@ mode 7 J
? ﬂ Setup 7 4
& @ Solution 7 4
7 |@ Results 7 4

Modal (ANSYS)
< Buwdc 1, 2 va 3 1am trinh ty gidng nhu bai todn phan tich cdu tric
dang tinh.
% Buwdc 4. Set up: Diat cac rang budc va tai.

O bai toén phén tich dao dong riéng (Modal) c6 sy khac nhau so
v0i bai toan tinh tir bude 4 (Set up) d6 la bude dat tai va cac dicu kién
bién. Trong bude nay, doi voi bai toan dao dong riéng, ta chi dat duge
cac rang budc cua hé chir khong thé dat dugc tai va cac lyc tic dung nhu
O bai toan phan tich tinh.

Nhép chudt phai 1én dong Modal, chon Insert s& xuét hién cac lya
chon rang budc nhu sau:

E{ Project

E Model (A4)

- Geometry

. v.r)-f-‘g Coordinate Systems
- /8 Connections

-/ Mesh
o 4 Therml Condion
.

(8, Fixed Support
'3” Displacement

@” Remote Displacement

@n Frictionless Support

Qj, Compression Only Support
.j, Cylindrical Support

G‘, Elastic Support

Details of "Modal (AS)"

B Commands
[ nefinitinn

Trong phén tich dao dong riéng, phan mém chi dua ra cac lya chon
rang budc trong ban than két ciu ma khong thé dit tai trong va cac luc
tac dung tir bén ngoai nhu trong bai toan phan tich tinh.
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Céc lya chon vé rang budc ctia bai toan dao dong nhu sau:
Thermal Condition — Piéu kién nhiét d6
Fixed Support — Géi tya c6 dinh
Displacement — Chuyén vi
Remote Displacement — Chuyén vi tir xa
Frictionless Support — Tya khong ma séat
Compression Only Support — Chi d& lyc nén
Cylindrical Support — Tya khéi try
Elastic Support — G6i tya dan hoi
% Bwdc 5. Solution: Phan tich
~ Sau khi dat 1én chi tiét cic rang budc, tién hanh phén tich bai toan
de€ dua ra két qua. Thuong thi chi tict c6 the bi rung dong & nhimg tan so
khac nhau vi vay ta phai chon tan s6 dé phan mém the hién két qua phén
tich. Theo méc dinh cua phan mém thi c¢6 6 dang dao dong tuong tmg véi
6 tan so.
Nhap chudt phai 1én dong Timeline, chon Select All: chon tat ca
céc tan so.
Nhap chudt phai 1én dong Timeline, chon Create Mode Shape
Result: tao ra hinh dang két qua dao dong cua chi tiét.

Create Mode Shape Results

_l s

ZOomToRa'qa

449.27 -

300,

200, —

100, I
4 5

Sau d6 nhap chuét phai 1én dong Solution (B6), chon Evalue All
Result: Dinh gi4 tri cia tat ca cac két qua.

./L.J! . l'ns«t

_0- -/ Evaluate All Results

e
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Ung v6i mdi tan sO phan mém s& dua ra mdt két qua bién dang
tuwong trng v61 dang dao dong & tan so do.

% Budc 6. Results: Két qua phan tich

Sau khi phan tich phan mém s& dwa ra két qua md phong sy bién
dang cua chi tiét. Chon vao bat ky dong Total Deformation nio trong 6
dong twong tmg véi 6 tan s6 dao dong ma phan mém tim ra thi déu xem
duogc két qua bién dang hay chuyén vi cia chi tiét dao dong & tan s6 do.

=R JfSolution (A6)

------- | 4] Solution Information
-/ Total Deformation

------- /8 Total Deformation S
/M3 Total Deformation 6

Pé xem chuyén vi 16n nhat, nho nhat hay chuyén vi bat ky ¢ bat ctr
vi tri nao trén chi tiét thi sit dung ba nat 1énh xuat hién & phia trén man
hinh; | B0 | @obe

Max: chi ra noi ma gia tri 1 16n nhat.

Min: chi ra noi gia tri 1a nhé nht.

Probe: chon vio bat cir diém ndo trén chi tiét s& hién thi két qua tai
vi tri do.

2.4. PHAN TiCH BAI TOAN DAO PONG RIENG KET HQP

Day 1a dang bai toan dao dong v6i sy xuat hién anh hudng cua tng
suat.

Chung ta c6 thé khic phuc han ché cua bai toan dao dong riéng &
chd: thém vao bai toan tim dao dong riéng cac tai trong hay lyc tac dung,
vi vy c6 thé mo rong duge tmg dung cia bai toan. Pé 1am dugc diéu
nay, ching ta két hop hai mé dun trong hop thoai Toolbox, d6 1a Static
Structural va Modal.

Trude tién, tao hé,thf")ng phan tich thir nhat Static structural (phan
tich tinh) bang cach nhap dap chudt 1én mo dun Static Structural trong
hdp thoai Toolbox.
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CISLLIIL {AINDT D)

Explicit Dynamics (ANSYS) B A

&3 Fluid Flow (CFx) W 77 Static Structural (ANSYS)

Fluid Flow (FLUENT) 2 | @ Engineering s v .
n i

Harmonic Response (ANSYS) 3 o PES— ?,
Linear Buckling (ANSYS) 2 . ol -
Magnetostatic (ANSYS) Mode! g 4
{l Modal (ANSYS) S @ seip ?,
fill Random vibration (ANSYS) 6 @& /Bélution ? .
m Response Spectrum (ANSYS) 7 Results 2,
@ Shape Optimization (ANSYS)

m Static Structural (ANGYS) l Static Structural (ANSYS)

Y steady-State Thermal (ANSYS)
Thermal-Electric (ANSYS)

Sau khi hé thong phan tich tinh da xuat hién, tién hanh kéo va tha
(thao tac gitr chudt trai) m6 dun “Modal” t6i vi tri 6 Solution trong bang
cua hé thong phan tich tinh da tao ra trude do.

CISLLIIL \ NS T D)

Explicit Dynamics (ANSYS) ¥

@ Fluid Flow (CFX) S@ 77  Static Structural (ANSYS)

Fluid FIo_w (FLUENT) 2 | @ Engineering Data v .
Harmonic Response (ANSYS) 3 a Geometry ?,
Linear Buckling (ANSYS) —

= 4 @ Model P .
Magnetostatfc (ANSTS) -
@B Mmodal (ansYE) 588 _Setup ——
m Random Yibration (ANETYS) 6 @ Solution 5 4
m Response Spectrum (ANSYS) 7 0 Results 2P,

B3 shape Optimization (ANSYS)
'@ Static Structural (ANSYS) |
Y steady-State Thermal (ANSYS)
(@) Thermal-Electric (aNSYS)

Static Structural (ANSYS)

Sau khi thao tac xong, man hinh s& xué‘:lt hién hé thong phan tich
thir hai (System B — Modal) lién két véi hé thong phan tich tinh thir nhat
(System A — Static Structural):

Modal {ANSYS)

Static Structural (ANSYS)

2 Q Engineering Data v j—2 o Engineering Data "
3 |@ Geometry P ,——3|@ Geometry ? .
4 @ Model P ,——a4 | @ Model 4
5 a Setup ? ‘ _/—0"5 @& setup T .
6 | @8 Solution ? 4 6 | @ Solution P 4
7 | @ Resuts ? . 7 | @ Resuls ?.

Static Structural (ANSYS) | Iﬂﬂm&m |
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Nhu vdy bude Solution ¢ hé thong A s& dugc chuyén sang budc
Setup 6 h¢ thong B vé6i cac thong sb 1a twong ty nhau. Budc 5B s¢ 1a
budc tiép theo ciia budc 6A va nhu vay cO thé tao su lién tyc cho mot bai
toan lién két giita hai mo dun ma két qua s& 1a két qua phan tich ctia hé
thong Modal.

*

% Budc 2 (Engineering Data), buéc 3 (Geometry) va buéc 4
(Model) trong tir nhur bai toan phan tich tinh. Cac budc nay & ca hai hé
thong phan tich déu ngang nhau, két qua h¢ thong bén ndy ciing 1a két
qua cuia hé thong kia. Vi vay chi can thao tic ba budc nay & cing mot hé
théng va tién hanh thuc hién giai cac budc cia mot bai toan nhu binh
thuong cua mot bai phan tich tinh.

Trong Outline cila moi trudng Mechanical:

[ﬁ Project
B [ﬁ Model (A4, B4)

‘,. Geometry

: _,«,\ Coordinate Systems

: ‘,%l Connections
@ Mesh
: -9[}] Static Structural (A5)
: ‘//‘{ Analysis Settings
B 7@ Solution (A6)
/G] Solution Information
= @ Modal (B5)
VAL =0 Pre-Stress {Static Structural)
‘,QL Analysis Settings
EI @ Solution (B6)
;[Il Solution Information

Outline ciia bai toan nay ciing giéng nhu bai todn phan tich binh
thuong, ciing gdm cic budc ma nguoi sir dung phai thyc hién. Budc
Modal (BS) thyc hién sau bude Solution ciia bude Static Structural (A6).
Vi vy ta c6 thé thay o viéc két hop hai mé dun dé c6 thé mé rong pham
vi cho céc bai toan can giai.

*

% Budc 5. Static Structural - AS (Tuong ing véi budce Setup)

Nho viée két hop md dun Static Structural vao md dun Modal ma
bai toan phan tich dao dong riéng cua phan mém s& c6 hiéu qua hon,
pham vi mg dung 16n hon. Nhu ddi véi bai toan phan tich dao dong
riéng binh thudng da trinh by & trén thi bai toan khong thé dit tai va cac
lyc tac dung. Nhung trong cach giai két hop ndy ta hoan toan c6 thé 1am
duogc diéu d6. Bai toan dao dong riéng hoan toan c6 thé c6 day du nhitng
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% Budc 7. Modal (B5)

‘Trong budc nay, tién hanh cai dat phan tich cho bai toan: chon s6
tan s6 dao dong 16n nhat cua chi tiét cho phan mém. Khi phén tich phan
mém s& dua ra két qua bién dang va tmg suat img véi mdi tan so do.

*,

% Budrc 8. Solution (B6)

Sau khi nhimg két qua phan tich ciia bai toan dugc chuyén tir bude
Solution (A6) sang budec Modal (BS) thi bat dau vao viée tuy chon xem
ket qua phan tich bai toan ¢ budce Solution (B6).

Chon vao bat ky dong Total Deformation nao trong 6 dong twong
ing voi 6 tan s6 dao dong ma phan mém tim ra thi deu xem dugc két qua
bién dang hay chuyén vi cua chi tiét dao dong & tan s6 d6 nhu hinh bén
dudi (gia thiét rang ta dit gid tri bang 6 cho budc tim sb tan s6 dao

dong):
SR~ fSolution (A6)
4] Solution Information

/%3 Total Deformation

.M Total Deformation 2
.3 Total Deformation 3
5 ﬁ Total Deformation 4
M Total Deformation 5
5 ﬁ Total Deformation &

Trong khi xem két qua, ta c6 thé xem chuyén vi 16n nhat, nh6 nhét
hay chuyén vi bat ky ¢ bat ctr vi tri ndo trén chi tiét bang cach sir dung 3

nit 1¢nh xuét hi¢n & phia trén man hinh: | " ®0 | et

Max: chi ra noi ma gia tri 1 16n nhat.

Min: chi ra noi gia tri 1a nhé nht.

Probe: Chon bt ctr diém nao trén chi tiét va s& hién thi két qua tai
vi tri do.
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Chwong 3
PHAN TiCH BAI TOAN DAM - LINE BODIES

3.1. BAI TOAN 3.1

Cho dam hinh vuéng véi kich thude 1 x 1 x 4 (inch), vat liéu 1a
thép ket cau (Structural Steel), chiu tai trong P = 500 lbs dat tai mot dau
tu do va dau con lai cua dam dugc co dinh (ngam) nhu hinh 3.1.

» & >

AV

Hinh 3.1 500 Ibs.

Xac dinh chuyén vi ciia dam theo phuong thang dimg (phuong Y)
va rng suat xuat hién trong dam.
Bude 1: Chon mé dun phan tich

Khéi dong ANSYS Workbench, chon mé dun phan tich: Static
Structural (phan tich tinh).

= CISuLLNiC \-iNo T oy

Explicit Dynamics (ANSYS) b
[C4  Fluid Flow {CFX) i@ = Static Structural (ANSYS)
@ Fluid Flow (FLUENT) 2 | @ Engifeering Data v
Harmonic Response (ANSYS) 3 >
Linear Buckling (ANSYS) — —
0] Magnetostatic (ANSYS) 5 i'? 4
@B Modal (aNSYS) S 7 4
m Random Yibration (ANSYS) 6 ﬁ Solution 2 4
m Response Spectrum (ANSYS) 7 /0 Results 2 .
B3 shape Optimization (ANSYS) / .

Static Structural (ANSYS)

@ Static Structural (ANSYS) |
Y steady-State Thermal (ANSYS)
[ Thermal-Electric (ANSYS)

rn

Budrc 2: Thiét 1ap vt liéu cho bai todn
Nhap dap chudt Engineering Data = chon Structural Steel.
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=3
I8 == Static Struckural (
E O Engineeting Data v ‘
3 ﬂ Geometry ? 4
4 | @ Model T4
; Q Setup ‘? ‘-
6 é Salution T
? 0-_ Results ? ;
X
- A B|cC kol
1 £
= Contents of Engineering Data 3
3 W structural Steel Cf= a8 ASLE £
5-110.1 o
” Click here to add a new material | 1 bl
455 | S—| i3

Sau khi chon vat liéu 1a Structural Steel thi quay lai méi truong

Project Schematic (chon vao bidu tugng @ RetumnteProe

trén goc phai cua
ctra s6 man hinh).

Vi phan mém d3 mic dinh vét liéu 1a thép két cau nén c6 thé bo qua
viéc chon lai vét lidu. Tuy nhién doi v6i nhimg bai toan sir dung nhiéu
loai vat liéu khac nhau, khong thé bo qua budc nay ma phai chon va tai
vé day du cac loai vat lidu can thiét.

Buéc 3: Xay dung mé hinh hinh hoc

Truge khi x&y dyng m6 hinh cho bai toan phai xac dinh phan tir ma
phan mém s& cin ctr dé giai quyét bai toan, bang cach nhap chudt phai
vao Geometry = chon Properties.

-

1

6

7 Solid Bodies

8 Surface Bodies

9 Line Bodies -
10 Parameters

11 Parameter Key Ds

12 Attributes ]

13 Mamed Selections ] B

|

Sau khi hop thoai trén xuat hién, chon phan tir Line Bodies bang
cach danh dau vao 6 vudng bén phai ctia n6 va dong hop thoai nay.

Nhap dip chudt vao 6 Geometry, phan mém s& xuat hién moi
trudong méi. Pay 1a moi trudng Design Modeler ma s& tién hanh tao mo
hinh hinh hoc cho bai todn. Trong mdi truong nay s€ cd hai thé:
Sketching va Modeling.
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Tién hanh vao thé Sketching dé xay dyng mé hinh 2D cho bai toan.
Chon mat phang v& 1a mat XY bang cach nhép chudt trai vao chiéu
duong cua véc to truc toa d§ Z, dugc mit phang vé XY nhu hinh:

3 f: Static Structural (AMSYS]) - Designiodeler

| Flle Create Concept Tools View Help

[AHB|@ || Due Greb sk ' W[ R@ C- S QAAQRRQ QR [+@ M

| EiPlane ')'-l‘lon—. -

| ticenerate Pchors Topclogy | EEstrude @iBRevove RpSween g Skinioft WTHRGuface pfiend - % Chanfer  @Pont  FE[Parameters
Skatching Toolboxes & iGraphics

o
Oraw | -

[ tine

& Tangent Line

& Line by 2 Tangents

2\, Pobine

(=4Pakygon

T-Rectangle

{MRectangle by 3 Ponts

£F0val

(@ Cirde

AACirde by 3 Tangerks

TyArc by Tangerk

% fArc by 3 Ponts
Moy -

Dimensions
Constrainks
Sattings

Sketching I Madzling I

Detals Yiaw @

li.
X
0.000 3.000 (in)

A

1 .Q_ZID

Wadel view [Prink Preview |

Chon 1¢nh v& dudng thing bing céch vao Draw = chon Line va v&
mdt doan thang xuat phat tir goc toa d (khong can quan tam tdi chicu
dai doan thing). Sau d6 chon Draw-> Dimensions = Horizontal dé dinh
kich thudc cho doan thing vira vé.

L
&
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Phia dudi goc trai man hinh s& xuat hi¢n hop thoai Details View.
Sau d6 vao Dimensions 1 va dinh gia tri chiéu dai H1 1a 4 inch.

| Sketching |Mndeling|

=I| Details of Sketch1
Sketch Sketchi
Sketch Yisibility Shows Sketch
Show Constraints? |No

=l Dimensions: 1

4
=l Edges: 1
Line [Ln7 |

Sau khi thiét 1ap chiéu dai cho doan thang, xem nhu da hoan thanh
xong cong vi¢c ¢ moi truong 2D. Tiep theo xay dyng m6 hinh bai toan tir
doan thang 2D vira tao ra.

Vao Concept - Lines From Sketches dé dinh nghia cho mé hinh
tir doan thang tao ra trong moi truong Sketching.

Oii A: Static Structural (ANSYS) - Desigr
| Fie create | cConcept Tools View Help
J @ u “~e Lines From Points
J wPlane Lirue-_: From Skekches
J :} e ) Lines From Edges
3DC

o WA urve
&ﬂ_ ™w Split Edges
4 Surfaces From Edges

&8 surfaces From Sketches
Cross Section »

¢ General

Trong Details View, ta thay hop thoai dang can nhap Base Object,
chon Sketchl trong Tree Outline, sau d6 chon Apply.

Of A: Static Structural (ANSYS) - DesignMo

]Fle Create Concept Tools View Help

QR W& || Dunda Greso |[se
J XYPlane v )f-| Sketchl v =
J :}Generate P 5hare Topology | .Exrruds

Outline Q
& A Static Struckural (ANSYS)

By o XVPlane

..... » W 0 Parts, 0 Bodies

Details View
[El| Details of Linel
Lines From Sketches |Linel
1 Sketch
Operation Add Material
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Sau khi chon Sketchl cho Base Object, nhap chudt vao biéu tuong
7 GeNerate 4 an goc trai man hinh. Téi ddy di tao xong phan tir Line
Bodies cho bai toan. Tiép theo xac dinh tiet dién.
Chon Concept = Cross Section = Rectangular dé xac dinh tiét
dién ctiia dam 1a hinh chir nhat.

JFIIe Create | Concept Tools View Help
| &1 [l & > Lines From Points

J wPlane 23 Lines From Sketches 5
| < Generate [T Lines From Edges o fRovare Qe
A, 3D Curve
Tree Outline . Spit Edges
J ve A Y & Surfaces From Edges

™ @8 surfaces From Sketches

v
&3 Linel
= M 1 Part, 1 Body

“ g ™ Line Body

ne @ Circular
€ Circular Tube

E channel Section
& 1 5ection

L 2 Section

L= L Section

dL T Section

il Hat Section

B Rectangular Tube
B User Integrated
8 User Defined

_ Trong hop thoai Details View, nhép hai kich thudce chiéu dai va
chiéu rong. DOi voi bai nay, tiet dién 1a hinh vudng nén nhép thong so
cho chicu dai B va chiéu rong H déu 1a 1 inch.

etails View

Sketch Rectl

Show Constraints? | Ko
oimensions s |
B 1in =
H 1in
1 Edges: 4 B
Line [Ln1o
Iina lin11 -

| Model view [Print Preview |
Tiép theo phai xac nhan tiét dién vira tao ra 13 mit cit cia dam nén
chon Line Body trong Tree Outline. Trong hp thoai Details
View\Details of Line Body\Cross Section ta chon Rectl.

ietails Wiew a2
7| Details of Line Body
Body Line Body
Faces o
Edges 1
Wertices 2
Mot selected =
Mone

Model Yiew IPr'nt Preview |
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Nhu vy chung ta da xdy dyng xong mé hinh hinh hoc cho bai
toan. Chiing ta c¢6 thé dong cira so Design Modeler lai ma khong can
quan tdm da luu lai hay chua vi phdn mém s& tu dong ldy mo hinh hinh
hoc vira tao ra cho cac budc tiép theo ctia bai toan.

Budéce 4: Chia lwoi

Vao lai moi truong Workbench, nhip dap chudt vao 6 Model thi
moéi truong moi s€ xudt hién, d6 12 mdi truong Mechanical. Céac bude
tiép theo cua bai toan déu thuc hién trong moi trudng nay.

Moi truong mdi s€ ¢6 giao dién nhu sau:

ructural (AMSYS) - e 1 [ANSYS Multi
units Took  Help - e -
hrERERE S-SR @EQaE/mE|O-

| Geometry | B PonkMass | (5

Project
B Q Mudel (A4}
S

H e Conednate Syshems
Tty e
Bt -sm: Structural {A5)
R Anabysis Settings
H -;Lﬁ Subution (AB)
28] solution Information

Detals of "Geometry” B
=

:Wt@ |eioce e d Sau ) v AWorkshesthFrint Freview hReport Fraview/.

vpe o

Length Linit Inches. Messapes B x
|Element Cantral | Frogram Cantraled Text Association

Displey Style | Past Color
Bounding Box
Properties

Statistics

Preferences

OREHCHE]

Press F1 for Help [ e Messages [t Selection Metric (mm, kg, N, 5, my, mA) Degrees  radfs
Céc bude con lai ciia bai toan déu dugce thé hién ¢ hop thoai Tree
Outline xuat hién & goc trén bén trai man hinh. Ta phai lan Iugt hoan
thanh cic budc theo tuan ti tir trén xudng.
Piu tién tién hanh chia ludi phan tir, chia ludi theo mic dinh: Nhap
chudt phai vao Mesh = chon Generate Mesh.

E Project

=B Model (A4)

‘/. Geometry

IE] 4,-\ Coordinate Systems

=

:,i Preview Inflation
Create Pinch Controls

] Clean

dlb Rename
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Sau khi chia luéi dim s& ¢6 hinh anh nhu sau:

Budc 5: Dit tii trong va cic rang budc 1én dim

Dit luc tai mot ddu cua dam: Nhip chudt phai vao Static Structural
(AS5) = chon Insert = chon Force.

]
HEE Project

= (6] Model (A4)

[+ J. Geometry
R "/“4!.1 Coordinate Systems

4 @ Acceleration
@) Standard Earth Gravity
@, Rotational Velocity

3] Force

5, Remote Force
@), Bearing Load
"ﬁ Bolt Pretension
% Moment

@, Line Pressure
q Thermal Condition

db Rename

Chon biél:l tuong ﬁ Xuét hién phia trén man hinh dé chon diém.
Sau d6 chon diém cuoi trén mot dau cia dam.

Trong hop thoai Details of Force = chon Scope = Geometry =
Apply.
Trong hdp thoai Definition = chon Define By = Component.

bat Y Component = -500 Ibf va gia tri 0 cho X Component va Y
Component.
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Details of "Force"

=l Scope
Scoping Method Geometry Selection
w Apply | Cancel
=l Definition
Type Force
Define By Components

Coordinate System | Global Coordinate Syst...
[ 1% Component |0, Ibf {ramped)

|| ¥ Component -500. Ibf {ramped)

[ 1Z Component |0, Ibf {ramped)
Suppressed Mo

Tiép theo dit rang budc cho dam:
Nhép chudt phai 1én Static Structural = chon Insert = chon Fix

Support.

- [ Model (A4)
[ @ Geometry
] ,/)'k Coordinate Systems

@7 Acceleration
@] Standard Earth Gravity
@, Rotational Velocity

@, Force

G_. Remote Force
Q, Bearing Load

-’ﬂ Bolt Pretension
q, Moment

0« Line Pressure
‘[ Thermal Condition

@ Joint Load
Details of "Static Structural (AS)" Q @, Fluid Solid Interface
[=l| Definition ol Fixced Support
Physics Type Structural 3” Displacement
Analysis Type Static Struct. .. _
ﬁ‘, Remote Displacement
Solver Target ANSYS Mech. ..
=|options @, Frictionless Support
[ | Enwironment Temperature | 71.6 °F @, Cylindrical Support
Generate Input Only Mo EL Simply Supported

@, Fixed Rotation
(8, Elastic Support

& Motion Loads...

Chon diém dau con lai cia dam va sau d6 chon Apply trong Details
of “Fix Support”\ Geometry.

Nhu vay ta da tién hanh dat tai va cc diéu kién bién cho bai toan.
Tiep theo la xur Iy va xem két qua tinh toan cua phan mem.
Budrc 6: Xir Iy va xem két qua bai toan

Nhap chudt phai 1én dong Solution (A6) -> chon Insert >
Deformation = Total dé xem két qua bién dang tong ctia dam.
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E Project

= Model (A4)
- ,/. Geomekry
-2k Coordinate Systems
/@ Mesh
SR | Static Structural (A5)

g Bnalysis Settings
/P Force

ﬂ Fixed Support

Insert Deformation

Contact Tool

2] Clean Probe 4
dlb Rename

Beam Tool 4

ﬂ!, User Defined Result

& Commands

Nhip chudt phai 1én dong Solution (A6) = chon Insert - Beam
Tool = Beam Tool dé xem tmg suit xuit h1¢n trong dam

= Model (Ad)
ﬁ ..... “. Geometry
E| s% Coordinate Systems
,@ Mesh

.F\nalysns Settings
: \« Force
% Fixed Support

vl

Deformation

Contact Tool

& Clean Probe 4

alb Rename

Beam Tool

B8, User Defined Result

B commands
Dietails of "Solution {46)" n
[=| Adaptive Mesh Refinement
Max Refinement Loops | 1. - -
Geometry A \Worksheet APrint Preview Al
Refinement Depth 2. VA }\ _A'
Graph

2 .
~Sau d6 chon Iénh Solve tir biéu tuong =/ 50We  trén thanh cong
cu dé phan mém tién hanh giai (mdy tinh can vai phuat dé xu 1y).
+ Hién thi chuyén vi bing cach chon Solution - Total
Deformation.

Két qua chuyén vi 16n nhét véi bai toan nay 1a: 0.004625 in.
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0015418
00010279
0.00051395

0Min | Il. x

0.000 1,000 (in)
0.500

l\Geometry A1~ \Print Preview jReport Preview/ |
Graph 2 Tabulr Data 7

CCOFTIT—————
Ta thdy chuyén vi clia ddm s& nho dan tir diém tic dung lyc t6i
diém dit rang budc ¢ dinh va phan mém thé hién diu nay bang nhiing
mau tugng trung cho gid tri tmg v&i mdi diém trén dam.
+ Hién thi tng suit cia dam: Chon Solution = Beam Tool =
Maximum Combined Stress.

Két qua mg suét 16n nhat 1a 12000 psi.

0.000 1,000 (in}
L SS—
0.500

\Geometry A/ -\ APrint Praview AReport Preview / |

Twong ty nhu nhimg phan trude, ta c6 thé xem két qua chuyén vi
va ung suat 16n nhat, nhoé nhat hay gia tri ¢ bat ky vi tri nao trén chi tiet
D | @ | [EProbe

bang cach sir dung ba nat 1énh: |
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v Giai bai toan trén bang phwong phap tinh toan:
Thép két cau c6 md dun dan hdi E = 29007557 psi, hé sb Poisson v = 0.3

3
Céng thitc tinh chuyén vi: & =1+ 5L
3EI 5AG

E 29007557
2(1+v)  2(1+0.3)

Trong d6: G = =11156753 psi

Chuyén vi c6 gia tri:
PL’ 6PL (5001b)(4in)’ . 6(5001b)(4in)

s=tz L OTh = _ = 0.004627in.
3EI  5AG 5(lin>)(11156753 psi)

(3(29007557 psi))%

Ung suét co gia tri:
M, (500lb)(4in)(0.5in)

C

o= — = 12000 psi
1 (lin)(lin)

12

Két qua chuyén vi giita hai phuong phap tinh todn va md phong
nhu sau:

Tinh toan: 0.004627 in.
Mo phong ANSYS: 0.004625 in.
Két qua tmg sut gitra hai phuong phap tinh toan va mo phong nhur sau:
Tinh toan: 12000 psi.
M6 phong ANSYS: 12000 psi.

Nhu vay két qua giita phuong phép tinh to4n va phan mém ANSYS
12 gin nhu nhau. Str dung phuong phép tinh toan chi tinh duge & mot vi
tri nhat dinh, con mo phong bang ANSYS ta ¢ thé phan tich & moi diém.
Qua d6 ta thay duogc sy tién loi va chinh xac ctia phan mém ANSYS va
loi ich ctia phan mém dem lai. Chi can ta dit cac gia tri dung thi gia tri
két qua dua ra 12 hoan toan chinh xéc.

3.2. BAI TOAN 3.2 — LINE BODIES
Dam véi tai va rang budc nhu hinh 3.2.
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4000 N

kA 4
A

01m ¥ 02m T 0.1m’l

Hinh 3.2

Déam ¢6 kich thuéc 0.4 x 0.05 x 1 (m). Dam tya 1én gdi ¢6 dinh &
dau A va gbi di dong & dau B. Tai trong 4000N dit tai cac vi tri C va
D. Vit liéu cia dam 1a thép két cau (Structural Steel) v6i m6 dun dan
hoi E = 73 GPa, hé so Poisson v = 0.3. Tim chuyén vi va ng suat
trong dam bang phan mém ANSYS 12.

Budée 1: Khéi dogng ANSYS Workbench
Chon m6 dun giai bai toan 1a Static Structural (phan tich tinh).

CICLLTIL L MIND T D)

Explicit Dynamics (ANSYS)
Fluid Flow (CFX) 7z Static Structural (ANSYS)
Fluid Flow (FLUENT) 2
Harmonic Response (ANSYS) ?

Linear Buckling {ANSYS)

Magnetostatic (ANSYS) :

Modal (ANSYS) 5

Random Yibration (ANSYS) 6 |§FE Solution
Response Spectrum (ANSYS) 7 9 Results
Shape Optimization (ANSYS)
Static Structural (ANSYS)
Steady-State Thermal (ANSYS)
Thermal-Electric (ANSYS)

Engineering Data

CERREE

=
o | of) | )| <

og)|

og

] Static Structural (ANSYS)

Eclneee

Buérc 2: Thiét 1ap thong s6 vat lidu cho bai toin

Phin mém mgc dinh vat li¢u 1a Structural Steel, ta van sir dung vat
liéu nay nhung s€ thay doi thong s6 md dun dan hoi E va h¢ so Poisson v
theo ding yéu cau cua bai toan.

Nhap dip chudt vao 6 Engineering Data, xuat hién hop thoai
Outline Filter. Vao hop thoai nay va chon 6 Engineering Data (A2).
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Outline Filker X
A
1 a
2 Contents filkered for Static Structural (ANSYS).
5 . General Materials [:] ") General use material samples For use in various analyse J
4 ‘ General Non-linear Materials D 4 General use material samples for use in non-linear analy
5 . Explicit Materials D ﬂ Material samples For use in an explicit anaylsis.
[ . Hyperelastic Materials [:] 2 Material stress-strain data samples For curve fitting.
7 . Magnetic B-H Curves El " B-H Curve samples specific for use in a magnetic analys
] <'» Favorites Ouick access list and default items .|
C ] il I >
[0 Show Progress (22 Show 0 Messages | .:

Sau khi xudt hién “Outline of Schematic A2: Structural Steel”,
chon vét liéu Structural Steel (néu thao tac khong lam xuét hién “Outline
of Schematic A2: Structural Steel” thi ta vao View = chon Outline thi
hop thoai trén ciling s& xuét hién).

Qutline of Schematic 42: Engineering Data

= Material
Fatigue Data at zero mean stress comes from B
3 W Structural Steel [ ]| | 1998 ASME BPY Code, Section §, Div 2, Table i
5-110.1
&l

Click here to add a new material

[ B Fyperelastic Materials L1 E. er| ress-strain data samples For curve Fitting,

7 . Maanetic B-H Curves I:I B B-H Curve samples specific for use in a magnetic analy
= 8 <'r Favorites Ouick access list and default items | .
(b7 AL 4

Tiép theo vao View = chon Properties s& xuat hién “Properties of
Outline Row 3: Structural Steel”. Chon Property = Isotropic Elasticity ta
tién hanh thay d6i mé dun dan hoi (Young’s Modulus) E = 7.3E+10 va
h¢ s6 Poisson (Poisson’s Ratio) v =0.3.

" I

- a B C D&

1

2 T4 pensity 7850 kam~3 | ]|l

3 2] ﬁ] Coefficient of Thermal Expansion D =

& = ﬁ Isotropic Elasticity [:l

7 Young's Modulus 7.3E+10 Pa [

8 Poisson's Ratio 0.3 [—

9 |@ TA Akernating Stress Mean Stress Tabular ]

13 |@ {3 strain-Life Parameters D dl
[ - i | }fl-’
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Sau khi thiét 1ap xong cac thong sb, quay lai méi truong Project

(3 Return to Project trén

Schematic bang cach nhap chudt vao biéu tuong
gbc phai man hinh.

Nhu viy ta da tién hanh thiét 1ap thong s6 vat Iy méi cho vat liéu
trong thur vién vat liéu c6 sin cua phan mém phi hop véi yéu cau cia bai
toan.

Buéc 3: Xay dung mo hinh hinh hoc cho bai toin

Trudc khi xay dyng mo hinh cho bai toan ta phai xac dinh phan tir
ma phan mém s& cin cir dé giai quyét bai toan. Nhip chudt phai vao
Geometry = chon Properties...

5 4 nn

Mo data
1
6 = Basic Geometry Options
7 Solid Bodies 3
8 Surface Bodies |
9 Line Bodies E =
10 Parameters
11 Parameter Key DS
12 Attributes []
13 Mamed Selections [] o

Sau khi hop thoai trén xuat hién, vao Basic Geometry Options va
chon phan tir Line Bodies bang cach danh dau vao 6 vudng bén phai cta
nod va sau d6 dong hop thoai.

Nhép dap chudt vao 6 Geometry trong h¢ thong Static Structural &
moi truong Workbench, moéi truong Design Modeler s€ xuat hién. Tién
hanh xay dung mo hinh hinh hoc cho bai toan trong moéi truong nay.

Trong moéi truong Design Modeler c6 hai thé Sketching va
Modeling cho phép xay dung mé hinh 2D va 3D. Vao thé Sketching dé
xdy duyng mé hinh 2D cho bai toan. Chon mit phing v& 1a mit XY, nhap
chudt trai vao chiéu duong cua véc to truc toa do Z duoc mit phing vé
XY nhu hinh sau:
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% Az Static Structural (ANSYS) - Designiodeler

| Fle creste Comcept Tods View Help
[ HBE @] Dt @b [lsee: % & (@B || S QAR EQ QR |+ @
] A¥Hare bl ﬂ-l Nore =)

| sfGenersbe @pchoes opongy | WEstrude  @BRevlve  @pSwees  gSkintoft WThoSutoss Wpblend - % choreer @BRoik [FR|Parameters
Skesching Toohoses ?  Graphics
Craw |‘

[*uLine
# Tangent Line
# Line by 2 Tangents
A\ Polyine
(=3Polyoon
1 jRectangle
Rectangle by 3 Poinks
G oval
(g Crele
A4 ircle by 3 Tangerks
~ydre by Tangent
&% Arc by 3 Points
Mocify -
Dimensions

Constraints

Sethings

Seztiching I"'bdel'\\:ll

Disksils View -

IL.
0.000 3.000 (in) B
)

Madel view [ Pont Preview |

Chon Iénh v& duong tha.ng Draw = Line va tlen hanh v& ba doan
thing ké t1ep nhau xuét phat tir gbc toa d6 (khong can quan tim t&i chiéu
dai doan thang). Vao Draw = Dimensions = Horizontal dé dinh kich
thudc cho ba doan thing vira v&. Phia dudi goc trai man hinh s& xuét hién
hop thoai Details View. Vao Dimensions 3 va dinh gia tri chidu dai H1 1a
0.lm; H2120.2m; H31a 0.1 m.

Sketch Visibility | Show Sketch Al
Show Constraints? |No

a 1 3
[ 1H1 0.1m 1=
[ TH2 0.2m E |
[ Ha 0.1m B

1| Edges: 3 )
lima lim7 >

Tiép theo x4y dung thanh m hinh bai to4n tir doan thing 2D vira
tao. Vao Concept = Lines From Sketches d¢ dinh nghia cho mé hinh tir
doan thang tao ra trong méi trudng Sketching.

Ol A; Static Structural (ANSYS) - Desigy

J File Create | Concept Tools ‘Wiew Help
| 21 I & > Lines From Points
W ﬂ Lines From Sketches
m {0 Lines From Edges

3D Curve
Sketching Tool :A B
w Split Edges

¥ sSurfaces From Edges
&8 surfaces From Sketches
Cross Section 4

£ General
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Trong Details View ta thiy hop thoai dang can nhap Base Object,
chon Sketchl trong Tree Outlme\XYPlane sau do chon Apply.

I = |
Tree Outline 1 G
/@ A: Static Structural (ANSYS)
-, oh XVPlane
[N 9 Sketcht
..... * Z¥Plane
¥ YZPlane
7{.{:] Linel

i (. 0 Patts, 0 Bodies

[ Details of Linel
Lines From Sketches | Linel
1 Sketch
Operation Add Material

|
Sau khi chon Sketchl cho Base Object ta nhap vao biéu tugng

7 GENETate ran goc trai man hinh. T6i ddy ta da tao xong phan tir Line
Bodies cho bai toan.

Tiép theo ta x4c dinh tiét dién:

Vao Concept > Cross Section > Rectangular dé xac dinh tiét di¢n
ciia dam nay 1a hinh chit nhét.

o7l &: Static Structural (ANSYS) - DesignModeler

J File Create | Concept Tocls View Help

J 27 [ B = Lines From Points Select: T~ |
J WyPlane £ Lines From Sketches Eg
ines Fi -
| </ Generate @) Lines From Edges = fRRevolve Qg Swe
WA, 3D Curve
Tree Outline “w Split Edges
Bl 4 5 @ Surfaces From Edges
=t "Jﬂ'
[ i a Surfaces From Sketches
A
v i_ZF ane @ Circular
-y Linel © Circular Tube
=M 1 Part, 1 Body )
i, ™ Line Body E channel Section
X I Section
L Z section
L. L Section
AL T Section
JL Hat Section
B Rectangular Tube
& User Integrated
g8 User Defined

Trong hop thoai Details View, nhap hai kich thudc chiéu dai
va chiéu rong. P6i v6i bai ndy c6 tiét dién hinh chir nhat véi chiéu
dai B =0.05 m va chiéu rong H =1 m.
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Tiép theo, phai xac nhan tiét dién vira tao ra la mit cit cia dam nén
ta chon Line Body trong Tree Outline.

Trong hop thoai Details View —>Details of Line Body = Cross
Section = chon Rectl.

' e ez
tetails View 2
7| Details of Line Body

Body Line Body

Faces 0

Edges 3

Vertices 4

 Toi day ta da xay dyng xong m6 hinh hinh hoc cho bai toan nén ¢6
thé dong cua s6 Design Modeler.
Budc 4: Chia luoi
Vao méi truong Workbench va nhap dip chudt vao 6 Model, moi
truong moi s€ xuat hién la méi truong Mechanical. Cac bude ti€p theo
trong bai toan déu dugc thyc hién trong moi trudng nay.

Trong méi trrong méi, ta vao Unit = chon hé thong don vi Metric
(m, kg, N, s, V, A) nhu hinh sau:

uctural (ANSYS) - Mechanical [ANSYS Mult

[Units Tools Help “ 9 | “jsove - Pl [t
I etric (m, ka, N, 5, v, &)

i Metric (cm, g, dyne, s, ¥, A)

J Metric (mm, kg, N, 5, mY, mA)

Metric (mm, £, N, s, mY, mA)

( Metric (mm, dat, N, 5, m¥, ma)

)

Metric (um, ka, UM, s, ¥, ma)

U.S. Customary (ft, Ibm, Ibf, °F, s, ¥, &)
_ .5, Customary (in, lbm, IbF, °F, 5, ¥, &)
i -

Céc bude con lai cua bai toan déu duge thé hién ¢ hop thoai Tree
Outline xuat hién goc trén bén trai man hinh va tién hanh thyc hién céc
budce theo tuan tu tir trén xudng.

Pau tién tién hanh chia ludi phan tir va chia ludi theo mic dinh:
Nhap chudt phai vao Mesh = chon Generate Mesh.
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!! Project
= (&) Model (A4)

#- 2 Coordinate Systems

=} Preview Inflation
Create Pinch Controls

& Clean
ah Rename

—

Sau khi chia luéi dAm s& ¢6 hinh 4nh nhu sau:

20.00(n) z/I\ x

Budrc 5: Dit tii trong va cac rang budc 1én dim

10.00

Geo ik Frint FreviewhReport Freview/

+ Dat lén dam cdc rang budc:
Dam tya 1én gdi twa c6 dinh tai dau A. Nhép chudt phai 1én dong Static
Structural (AS5) trong Outline = chon Insert = Remote Displacement.

!! Project

= (8] Model (a4)

= M Geometry

W s Coordinate Systems
o ER Mesh

553

celeration
anclard Earth Gravity
&, Rotational velocity

S Farce

A, Remote Force
&) Bearing Load

& Bolt Pretension
G, Mament

L Line Pressure

Wy Thermal Condition

@ Jaink Load
Details of “Static Structural (AS)" 2 B, Fluid Solid Interfacs
), Fixed Support
thslcs. Tyee ﬂmftmal 08, Displacement
Anabysis Type Skatic Strisck...| & srr———
Salver Taraek ANSYS Mech..| Grag B |
= ), Frictiondess Support
| Ervronment Temperature | 71.6 5F . Cylindrical Support
‘Generate Input Only [no B Simply Supported

45, Fixed Rotation
T Elastic Support

B Maotion Loads. ..

[F: commands
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~ Sau do6 chon diém A bang cach Ia chon biéu tuong @ va chi vao
diém A trén dam. Trong hop thoai “Details of Remote Displacement” >
chon Scope = Geometry = Apply.

Trong Details of “Remote Displacement” = chon Defination: Dt
gia tri bang 0 cho cac dong X Component; Y Component; Z Component;
Rotation X; Rotation Y; dat “Free” cho Rotation Z.

f "Remote Displacement”

Coordinate System | Global Coordinate ...
| | % Coordinate | 0.in

>

| 1Y Coordinate |0, in

| 1 Z Coordinate  |0.in

Location Click ta Change
=|| Definition -
Type Remote Displacement

| | % Component | 0.in (ramped)
¥ Component |0, in {ramped)

Z Component |0, in (ramped) =
|| Rotation % 0. ° (ramped)
|| Rotation ¥ 0. ° (ramped)
Rotation £ Free :

Lap lai twong ty cho gbi di dong ¢ dau B. Chi ¢6 diém khac nhau 1a
dat gia tri bang 0 cho cac dong Y Component; Z Component; Rotation X;
Rotation Y; dat “Free” cho X Component va Rotation Z.

Details of "Remote Displacement 2" n
[ |Z Coordinate |0, in fadl
Location Click to Change

[=| Definition
Type Remote Displacement
# Component Free

| ¥ Component |0, in {ramped)
| | Z Component | 0.in {ramped)
|| Rotation ¥ 0, @ (ramped)

B Rotation ¥ 0,2 (ramped) d|=
Rotation 2 Free a
Suppressed Mo

Behavior Defarmable

Advanced

()

Sau khi dit cac rang budc 1én dam ta tién hanh dat lyc: Nhap chudt
phai vao Static Structural (AS) = chon Insert = Force.
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Project
- @) Model (A4)
[ﬂ--,,’ Geometry
¥ s% Coordinate Systems

E

- /& Mesh
SR e Static Structyzal £45) A ]

gt Analysis 3 R 4 @ Acceleration

- M8, Remote T, I @] Standard Earth Gravity
/B, Remote | ¥/ Solve 5y - i

e . Rotational Yelocity
[=--9[d8] Solutio
TA o —
- dlb Rename il

fi_. Remote Force

Q, Bearing Load

’ﬁ Bolt Pretension

q, Moment

@, Line Pressure

@ Thermal Condition
@ Joint Load

G2, Fluid Solid Interface

Details of "Static Structural (A5)" R

Sau d6 chon diém C bang cach hra chon biéu tuong @ va chi vao

diém C trén dam. Trong hop thoai “Details of Force” = chon Scope =>
Geometry = Apply.
Details of Force = chon Definition = Define By: Components.

Details of Force = chon Definition - Coordinate System: dat Y
Component = -4000 N.

Details of "Force"
[-I| Scope
Scoping Method Geometry Selection
e R e
=| Definition
Type Force
Define By Components
Coordinate System | Global Coordinate Syst. ..
| ¥ Component |0, N (ramped)
| |¥ Component | -4000, N {ramped)
| |2 Component |0.N (ramped)
Suppressed Mo

Lam tuong tu d6i v6i diém D.

Dé kiém tra lai cac tai va didu kién bién vira dit ta nhap chudt trai
vao dong Static Structural (A5) va chon xem trong mit phang XY. Phan
mém s& mo ta két qua diéu kién bién va tai trong vira dit 1én dam. Sau
khi kiém tra dung véi diéu kién bai toan ta chuyén sang cac budc tiép
theo; va hinh anh mé phong diéu kién bai toan nhu dudi day:
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0,000 0,100 (m)
0.050

|\ Geometry A orksheath Print Preview hReport Preview /

Budc 6: Xir Iy va xem két qua bai toin

Nhip chudt phai vao dong Solution (A6) -> chon Insert =
Deformation = Total dé xem két qua bién dang tong ctia dam.

E& Project

B Model (A4)
8 Geometry
,.r)‘\ Coordinate Systems

---‘/{_}1 Analysis Settings
/P, Force

/B, Fixed Suppart

...... id sert Deformation

B, Directional

=+ Solve Cortact Tool

Probe

Beam Tool

%I User Defined Result

B commands

Nhép chudt phai vao dong Solution (A6) = chon Insert > Beam
Tool = Beam Tool dé xem tng suit xuit hién trong dam.

,,& Mesh

;@ Static Structural (AS)

P ‘/ Analysis Settings
o P Farce
/'3, Fixed Support

Contact Tool

Probe L4

a. User Defined Result

B Commands

Details of "Solution (A6)" o
|E| | Adaptive Mesh Refinement |
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Sau d6 chon lénh  =#S50lve @& phin mém tién hanh giai véi két
qua nhu sau:

Két qua chuyén vi 16n nhét 13 9.9608x10° m.

= 2.21%9
1,1071e-6
3.4044e-10 Min

0,000 0.100 {m})
0.0s0

' Geometry AorkshesthPrint Praview}; Report Preview/ ]

Messages 3 X Tabular Data L)

Két qua g suét 16n nhat 13 9.6x10’ Pa.

0,000 0.100 (m)
0,050

I\ Geometry Aiol shecAPrint Preview jRepart Preview/. |

Messages B X Tabular Data a

v' Gidi bai to4n bing phwong phép tinh toan:

Ung suit theo phuong X xuét hién trong dam duoc tinh theo cong
thc: o = My
1
M6 men lyc M =4000(0.1) =400 N.m
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bh® 1(0.05%)

T =1.04x10"m* ;y=h2=0.025m

M0 men quén tinh 7 =

My _ 400(0.02_5) —9.6x10° Pa
1 1.04x107°

Két qua tinh todn hoan toan tring khép véi két qua mo phong,

Vay ta c6 (mg suat o =

3.3. BAI TOAN 3.3 - DAM CHU'I (LINE BODIES)

Lam bang thép két cau, chiu tai trong phan bd g = 1000 1b/in tai cac
vi tri nhu hinh 3.3 nhu sau:

0=1000Ib/in 0=1000bAn

: E SD%ET‘

i s

f 120inch f 240inch } 120inch {

Kich thude tiét dién mit ct:

Fin-

sin | |

30in

Hinh 3.3

35in
Muc dich ciia bai toan 13 phén tich tng suét trong dam va do vong
cua dam.
Budrc 1: Khéi dogng ANSYS Workbench
Chon mé dun phan tich: Static Structural (phan tich tinh)
Budérc 2: Thiét 1ap vat li¢u cho bai todn

Vit liéu d3 mic dinh 1a thép két cau nén bo qua budc chon vat liéu,
phan mém s€ ty ap dat vat liéu thép két cau cho bai toan.

Buée 3: Xay dung mé hinh hinh hgc (Geometry)
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_ Trude khi xay dyng md hinh cho bai toan, ta phai xac dinh loai
phan tir ma phan mém s€ can cr ¢ giai quyét bai toan. Thyc hién bang
cach nhap chudt phai vao Geometry = chon Properties. ..

1

6 B Basic Geometry Options

7 Solid Bodies 4
8 Surface Bodies 1
9 Line Bodies [v] -
10 Parameters

11 Parameter Key DS

12 Attributes [l

13 Mamed Selections E‘ o

]

Sau khi hop thoai trén xuat hién, ta vao Property > Basic
Geometry Options, chon phan tir Line Bodies bang cach danh dau vao 6
vudng bén phai cia n6 va déng hop thoai nay.

Nhap dip chudt vao 6 Geometry trong méi truong Workbench, vao
moi trudng moi (Design Modeler) dé xay dung mo hinh cho bai toan.

Chon Sketching = Draw = Line dé v& ba doan thang bat ky.

Chon Sketching - Dimensions dé x4c dinh céc kich thudc cho ba
doan thang: H1 = 120 in; H2 =240 in; H3 = 120 in.

Sau khi xéc dinh ba doan thang, ta vao thé Modeling tao dang 3D
cho dam.

Chon Concept = Line from Sketches:

Chon Details View = Details of Line = Base Object, chon Sketch
1 trong XY plane va chon Apply. Sau d6 nhap chudt phai 1én dong Line
—> chon Generate.

J - . b —

= EIE A: Static Structural (ANSYS)

= 3= XYPlane
o e, Sketchi
ooy e ZHPlane
by P VZPlane

ab Rename

Sau khi tao duong Line tiép theo phai xac dinh hinh dang mit cét
chir I:

Chon Concept = Cross Section = I Section.
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JFiIe Create | Concept Tools View Help

| 21 I B/ > Lines From points
| xvPlane ¢4 Lines From Sketches

[0} Lines From Edges

J =/ Generate
3D Curve
Tree Cutline :‘\ Spit Ed

=) .{. & Surfaces From Edges
| @@ surfaces From Sketches

Loy,
----- £ Line4
=& 1 Part, 1 Body

oy s Line Body

[ L'

Details View

[=1| Details of 12

st [y B | (B
2
Je ‘Rwd\as Qo 5we

Graphics

B Rectangular

@ Circular

€ Circular Tube

E channel Section
[T
L Z Section

L. L Section

dL T Section

JL Hat Section

Bl rectangular Tube
B User Integrated
&8 User Defined

k3 -

Sketch 12

Show Constrainks? |No

[=/| Dimensions: 6

___

i

[ w1 35in
[ w2 35in
w3 30i0n
[kl S5in
[z Sin

Edoes: 12

1

[

I

Ta dugc hinh anh tiét dién chit I nhu hinh vé:

Trong Details View\Dimensions: nhap cac kich thudc mat cét theo
nhu yéu cau.
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Tiép theo phai xac nhan tiét dién vira tao ra 13 mit cit cia dim nén
chon Line Body trong Tree Outline. Trong hdp thoai Details View —=>
chon Details of Line Body = Cross Section = chon 12.

Details View a
[=1| Details of Line Body

Body Line Body

Faces 0

Edges 3

Vertices 4

Nhu vy, ta da xdy dung xong md hinh hinh hoc cho bai toan va c6
theé dong cura s6 Design Modeler hoac chon Minimize dé thu nho.

Budc 4: Chia luoi
Vao lai mdi truong Workbench, nhip dip chudt vao 6 Model dé
vao moi truong Mechanical.

Xac dinh hé don vi cho bai toan: chon Unit < U.S Customary (in,
Ibm, °F, s, V, A).

J File Edit View | Units Tools Help “ 9 | :}' Solve ~ E' It
| B A |V Metricm, kg, N, 5, v, A)

J Model | '?/Consl Metric {cm, g, dyne, s, ¥, A)
Outline Metric {mm, kg, M, s, m¥, ma)
Project Metric {mm, &, N, s, mY, m&)
= [i Model { Metric {mm, dat, N, 5, m¥, ma)
&- /i Ge Metric (pm, kg, uN, s, ¥, ma)
1.5, Customary (Ft, Ibm, Ibf, °F, s, ¥, &)

U.5. Customary (in, Ibm, Ibf, °F, s, ¥, &)

vl [7 Deqrees
Radians

[7 radfs

RPM

[7 Celsius (For Metric Systems)

Kelvin {For Metric Systems)

Tién hanh chia ludi phan tir:
Chia luéi theo mic dinh: nhap chudt phai vao Mesh = chon
Generate Mesh.
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!EE Project

= Model {(A4)
- A Geometry
----- > Coordinate Systems

E] ..... ?E St Insert »
...... v :j Update
S

B :,i Generate Mesh

=} Preview Inflation

Create Pinch Controls

.x] Clean

alb Rename

Sau khi chia luéi dim c6 hinh dang sau:

0,00 200,00 {in} ZA g

L E—
100,00

netry Awiorkshest A Print Preview AReport Preview/ |
Budc 5: Dit tai trong va cic rang budc 1én dim

+ Djt tai trong phan bd (Line Pressure) 1én dam chir L.

Nhép chuédt phai 1én dong Static Structural = chon Insert = Line
Pressure.
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P

= (& Model (Ad)
- Geometry

.? Acceleration
@] Standard Earth Gravity
o L |®, Rotational Velocity

I, Force

‘9_. Remote Force
@, Bearing Load

"W Bolt Pretension
% Moment

ﬂ Line Pr =]

@ Thermal Condition
@ Joink Load

G, Fluid Solid Interface

Details of "Static Struckural (AS)" a

=l Definition @, Fixed Support
Phrysics Type Structural E G, Displacement
Analysis Type Static Struct. .. q Remote Displacement
Sohr.sr Target ANSYS Mech..| [ @n Frictionless Support:

= o'i'm_s @, cylindrical Support
| Erwironment Temperature |71.6 °F a =
Generate Input Only Mo = Simply Supported

@, Fixed Rotation
0, Elastic Support

& Motion Loads. ..

[E commands

Chon Details of Line Pressure = Scope = Geometry: chon doan

thang nhur trén hinh (chon biéu twgng i xuét hién phia trén man hinh dé
chon d6i tugng 1a dudng thang), sau d6 chon Apply.

Details of Line Pressure = chon Define By: Components.
Sau d6 xac dinh gi tri ctia Iyc phan bé theo phuong Z = -1000 Ibf/in.

]

Project
Model (A4)
- M Geometry
=k Coordinabs Systems
2B Mesh
=[] Static Structural {AS)
o LEY analysts sertngs
-9 Line Pressure
=1l Solution (AB)
(3] Soiution Information

]

o

 AVWCrkareet W Print Pr A Report Previewy ]
B % Tabular Data. 7

Line Pressurs ] Text Steos | Time [ [+ Tbfin] [ ¥ b [ 2 Tbin]

Define By Comporents Ll 0, jo. o

Coordinaste System | Global Coordinate Syst. .|

|| % Component: |0, bfjin (ramped)

¥ Component: |0, bfjin (rampad)

]2 Companent | -1000, I6fin (ramped)

Suppressed Mo

0.00 100.00 {in)
——

Gecmesry Selection

21 1. |0 o -1000.

Press F1 foe Help 0o Messages [N Selection 1.5, Customary (n, lbm, BF, 5, ¥, &) Degrees 2
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Lap lai cac budc trén cho tai trong phin bd ¢ doan thang con lai,
chon doan thang ¢ dau con lai cua dam va dét gia tri theo phuong Z = -
1000 Ibf/in gibng nhu & doan thing dAu tién.

Tiép theo ta dit rang budc 1én dam: nhap chudt phai vao Static
Structural (A5) = chon Insert = Remote Displacement.

1= i e | e

E Project

= @] Model (A4)
& A Geometry
B2k Coordinate Systems
- Mesh
Bk — N ot .
T Analysi IR .¥ Acceleration
B, Remote @] Standard Earth Gravit
:g“' =} Solve * Y
[y Remote |8, Rotational Velocity
=l-olE8 Solutic &) lean
] 5¢ 9, Force
alb Rename
9‘- Remote Force
@, Bearing Load
“aij Bolt Pretension
% Moment
T8, Line Pressure
®y Thermal Condition
@ Joint Load
Details of "Static Structural (AS)" q 8, Fluid Solid Interface
= Definition @, Fixed Support
Physics Type Structural b @ Displacement
Analysis Type Static Struct...| |
% Remote Displacement
Solver Target ANSYS Mech.., R
=1/ Options on Frictionless Support
|| Enwironment Temperature |?1.6 F z Cylindrical Support

Trong Details of Remote Displacement/Geometry: Chon diém dit

géj ¢ dinh (chon biéu tuong xuat hién phia trén man hinh dé chon
diém) 2> Apply.

mote Displacement”
Coordinate System | Global Coordinate ...
# Coordinate | 360, in

¥ Coordinate |0, in

7 Coordinate |0, in

Location Click to Change
[=)| Definition =
Type Remote Displacement

| % Component |0, in (ramped)
Y Component |0, in (ramped)
| |1Z Component |0, in (ramped) -
| Rotation % 0. ¢ (ramped)
Rotation ' Free

| Rotation 2 0. ¢ (ramped) el

Trong Details of Remote Displacement/Definition:

Dit gia tri bang 0 cho X Component, Y Component, Z Component,
Rotate X, Rotate Z; va dat gia tri Free cho Rotate Y.
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Lam twong tw budc trén cho rang budc & gbi tya di dong. Khi xac
dinh cac gia tri ta dat gia tri bang 0 cho Y Component, Z Component,
Rotate X, Rotate Z; va dat gia tri Free cho Rotate Y va X Component.

Sau khi dit xong céc tai trong va rang budc, ta nhép chudt vao
Static Structural dé xem hinh 4nh m6 phdng.

0.00 100,00 (in)
[ —]
50.00
\Geometry A'\\/orkshest APrint Preview AReport Preview / |
Messages B X Tabular Data 3

Budrc 6: Xir Iy va xem két qué bai toan

Nhip chudt phai vao dong Solution (A6) > chon Insert —>
Defomation - Total dé khao st bién dang téng ctia dam.

P
,4@ Static Structural (A5)
(lf_'_!{ Analysis Settings
ﬁw Line Pressure
-ﬁ, Line Pressure 2
-8, Remote Displacement
,3, Remote Dlsplal:ement 2

Deformation

Contact Tool

Qj Clean Probe '
Beam Tool ’
?E, User Defined Result
of "Solution (A6)" ? B Commands
iptive Mesh Refinement

Refinement Loops | 1,
nement Depth 2,

[\ Geometry A \//orksheetAPrint Preview AReport
Messages

Nhip chudt phai vao dong Solution (A6) > chon Insert > Beam
Tool = Beam Tool dé khao sat tng suat xuat hién trong dam.
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r@ Static Structural (A5)

= ( Analysis Settings

w Line Pressure

---ﬁ. Line Pressure 2

,/3, Remote Displacement
- 8, Remote Displacement 2

Deformation

Contact Tool

Probe

alb Rename - .
Eeam Too Beam Too

9“ User Defined Result

Details of "Solution {(46)" 2
1| Adaptive Mesh Refinement

Max Refinement Loops | 1.
Refinement Depth 2.

[ commands

\ Geometry A \\/orksheet APrint Preview ARep
Messages

Sau d6 chon biéu tuong  */Solve & g6c trén man hinh dé giai bai

toan.
Sau khi xir 1y xong phan mém s& dwa ra két qua nhu sau:

+ Chuyén vi: Chon Total Deformation trong Solution va hinh anh
két qua phan tich s€ xuat hién & man hinh Graphics. Chuyén vi 16n nhat
1a 0.078346 in.

0.017412
0.0087072 &

2.3857e-6 Min
-
X

0.00 100,00 (in)
L S—

\ Geometry A orlsheat APrint Preview AReport Preview / |
Messages B X TabuarData 2

i [Text
|Warning | One or mare bodies may be underconstrained and experiencing riaid body motion. * _

+ Ung suat: Chon Maximum Combined Stress trong Solution va
hinh anh két qua phan tich s€ xuat hi¢n ¢ man hinh Graphics. Ung suat
16n nhat 1a 1797.5 psi.

67




399,44
199,72 z

2.9427e-13 Min
1
X

0.00 100,00 {in}
L Se—

\Geometry A ok shest APrint Preview AReport Preview / |
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Chwong 4
PHAN TiCH BAI TOAN
HE THANH GIAN - LINE BODIES

4.1. BAI TOAN 4.1

Cho h¢ thanh gian bang thép két cau, chiu tai trong va rang budc
nhu hinh 4.1. Thanh c6 tiét dién tron véi ban kinh R = 0.01 m. Str dung
ANSYS 12 dé phan tich tmg va chuyén vi cua h¢ khi co tai trong.

280KN 210KN 280KN 360KN
3.118m

3.6m 3.6m 3.6m

Hinh 4.1

Bude 1: Khéi djng ANSYS Workbench
Chon m6 dun phan tich tinh: Static Structural.

CISLLTILC (N2 T D)
Explicit Dynamics (ANSYS)
H Fluid Flow (CFX)

—
Py |
G

Fluid FIOW (FLUENT) 7.4 g En"-'eering Data / 4
H.arrnonlc Rn.asponse (AMNSYS) 3 e }{e ometry 2 )
Linear Buckling (ANSYS)
, 4 Q/Model ?

(8 Magnetostatic (ANSYS) 4
@ Modal (ANSYS) 5 | @8 setup ? .
By Random vibration (ANSYS) 6 /@ Solution ? .
m Response Spectrum (ANSYS) / 0 Results ?,

2 shape Optimization (ANSYS)
B Static Structural (ANSYS)

Y steady-State Thermal (ANSYS)
Thermal-Electric (ANSYS)

| Static Structural (ANSYS)
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Buéc 2: Thiét 1ap vt li¢u

Vit liéu cta hé thanh gian 1a thép két cau, vi vay ta chon vt liéu
theo mac dinh 1a Structural Steel.
Buée 3: Xay dung mé hinh hinh hgc (Geometry)

Tru6ce khi xdy dyng md hinh cho bai toén, ta x4c dinh céc phéan tir
dugc st dung trong bai toan. Nhap chudt phai vao Geometry = chon
Properties...

o dal

hd

1

6

7 Solid Bodies
8 Surface Bodies
9 Line Bodies E
10 Parameters @
11 Parameter Key 05

12 Attributes ]
13 Named Selections ]

|

Sau khi hop thoai trén xuét hién, chon phan tir Line Bodies bang céch
déanh dau vao 6 vudng bén phai cua n6 va dong hop thoai nay.

Nhip dap chudt vao 6 Geometry, phin mém s& xudt hién méi
truong mdi 1a moi truong Design Modeler. Trong moéi truong nay ta s€
tién hanh xay dung mo hinh hinh hoc cho bai toan.

Vao thé Sketching, ghép chudt vao chidu dwong milii tén trén tryc
toa do Z dé chon mat phang v& la mat phang XY. Chon Sketching =>
Draw - Line dé v& cac doan thang, sau d6 vao Sketching = chon
Dimensions dé dinh céc kich thuéc chidu dai va cac gbc cho hinh v&.

Sau d6 vao Details View = Dimensions dé dinh gia tri cac kich
thudce.
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Details Yiew

Sketch Visibiity | Show Sketch A

Show Constraints? |MNo
[=l| Dimensions: 3

| a6 60 °

[ a8 60 °

'
=|Edges: 3

Line Ln7

Line Lng

Line Ln9 L

o |_

Dinh cac gia tri H5 = 3.6 m; A8 = 60°; A6 = 60"

Thyc hién tuong tu ¢ cac bude tiép theo ta dugc cac doan thing
lién két v6i nhau tai cac diem nhu hinh sau.

e

0.000 5.000 {m)
L —

2,500

Sau khi tao xong dang 2D cho hé thanh, tiép theo ta xiy dyng mé
hinh hoan chinh cho hé thanh trong méi truong Modeling. Vao thé
Modeling chon Concept = chon Lines From Sketches.
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] File Create ‘Cmcept Tools VYiew Help

“~¢ Lines From Points

I wyPlane @ Lines From Sketches

| % Generats {0} Lines From Edges
WA 3D Curve

Tree Outline

™ Split Edges

ERY - IE D

= ,,* ¥ Surfaces From Edges
| g8 surfaces From Sketches

Cross Section 4

v T TS

M@ 0Parts, 0 Bodies

Trong hop thoai Details View\Base Object, chon Sketch 1 trong
XY Plane xuat hién & Tree Outline, sau d6 chon Apply.

Details Yiew a
=1/ Details of Line2

Lines From Sketches | Line2
Apply | Cancel
Operation Add Material

Nhép chugt vao biéu tugng 7@ {rén thanh cong cy. T6i
day ta da tao xong phan tir Line Bodies cho bai toan.

Tiép theo ta xéc dinh tiét dién: vao Concept > chon Cross Section
—> Circular dé xac dinh tiét dién ctia dam nay 1a hinh tron.
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J Fle Create | Concept Tools View Help
J 4 = & s Lines From Points Select: ’E T@v |
J YyPlane £ Lines From Sketches i)
T 26~ | i Fi
J '} Generate @ Lines From Edges de *Remlve & swe
W, 3D Curve
Tree Outline Graphics
~ lit Edh
S Aoy P Edges
= ok ¢ surfaces From Edges
| @8 Surfaces From Sketches

(.

Trong hgp thoai Details View, nhap ban kinh R = 0.01 m.

1 Part, 1 Body

-y ™ Line Body

B Rectangular

© Circular Tube
E Channel Section
aE 1 Section

L Z Section

L. L Section

AL T Section

JL Hat Section

Bl Rectangular Tube
B User Integrated
g8 User Defined





Details Yiew a

[=1| Details of Circularl
Sketch Circular1
Show Constraints? Mo

[-]| Dimensions: 1

[-)|Edges: 1
Full Circle ‘ Cr23

Tiép theo phai xac nhan tiét dién vira tao ra 1 mit cit cia dam
bing cach nhap chudt vao Line Body trong Tree Outline. Sau d6, chon
Details of Line Body = Cross Section = Circular 1 trong hop thoai
Details View.

Details Yiew n
= Details of Line Body

Body Line Body

Faces 1]

Edges 11

Yertices 7

Circularl

Budéce 4: Chia lwoi

~ Vao lai méi trudng Workbench, nhap dip chudt vao 6 Model dé
xuat hién moi truong Mechanical va thyc hién cac budce tiép theo cua bai
toan trong moi trudng nay.

Pau tién, tién hanh chia ludi phan tir theo mic dinh: Nhap chudt
phai vao Mesh = chon Generate Mesh.

g; Project

= (@] Model (Ad)
- M@ Geometry
()'k Coordinate Systems

E| 93] st Insert »

P4 Generate Mesh

=} Preview Inflation
Create Pinch Contraols

& Clean

glb Rename

Budéc 5: Pat cac rang budc va tai trong
+ Dat rang bugc:

Nhap chudt phai vao Static Structural - chon Insert > Remote
Displacement (go1 tua).
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JrrTEs S marea - e | .

g! Project

= (8 Model (A4)
[+ ‘/. Geometry
[ 2% Coordinate Systems
=8 [ @7 Acceleration
=-olE @] Standard Earth Gravity
""" @, Rotational Velocity
S Force
3,- Remote Force
Q,. Bearing Load
“ug Bolt Pretension
3, Moment
9. Line Pressure
q Thermal Condition
@ Joint Load
Details of "Static Structural (A5)" a CB, Fluid Solid Interface
=] Definition 3’ Fixed Support
thsicf Type struFmrd &, Displacement
:;:l;ﬂ:a.r:;: i:::sih:l::l...... @ Remote Displacement
=)/ Options 69 Frictionless Support:
|| Environment Temperature |22, °C @, Cylindrical Support
Generate Input Only No FL Simply Supparted
@), Fixed Rotation
3, Elastic Support
o Motion Loads. ..

Trong “Details of Remote Displacement”\Geometry chon diém dit

rang budc, sau d6 chon Apply (ding biéu twong " trén thanh cong cy
de chon diém).

Trong “Details of Remote Displacement\Definition ta dat gia tri 0
cho cac dong: X Component, Y Component, Z Component, Rotation X
va Rotation Y; va dat Free cho dong Rotation Z.

Apply | Cancel |-
Coordinate System |Global Coordinate ...
| 1% Coordinate |0.m
[ ¥ Coordinate (0. m
| 1Z Coordinate |0, m

Location Click ko Change
= Definition
Type Remote Displacement

[ | ¥ Component |0, m (ramped)
| 1% Component [0, m (ramped)
["1Z Component |0, m (ramped) =
| | Rotation % 0. ° (ramped)
| | Rotation ¥ 0. ° (ramped)
Rotation Z Free

Céc rang budc con lai ctia hé thanh dan thyc hién tuwong ty nhu trén.
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+ Dat tai trong lén hé thanh:

~ Hé thanh chiu lyc tip trung tai cic diém xac dinh theo phuong Y.
beé dat céc tai trong nay lén h¢ thanh ta lam nhu sau:

Nhap chudt phai 1én Static Structural = chon Insert = Force.

M 4 ; Static Structural (ANSYS) - Mechanical [ANSYS Multiphysics]

JFIIe Edit View Units Tools Help |J°| :}Snlve ‘E. @ ) -
[RAY R-RAREBE & (S+aQaq Qg

JErwiruTnart 9, Inertial » B Loads ~ 9 Supports ~ | E:

E ! Project

B Model (Ad)
- A Geometry
‘()!; Coordinate Systems

S
 @! Acceleration
[=--ol&8] Solutiof _, @) Standard Earth Gravity

/m soll ¥ Solve ) )

£ @, Ratational velocity
& Clean
e .
dlb Rename

3_- Remote Force
Q,, EBearing Load
"ﬁ Bolt Pretension
&, Moment

3, Line Pressure

Chon Details of Force & Scope = Geometry = chon diém dit tai

trong va chon Apply (c6 thé sir dung biéu twong "} trén thanh cong cu
de chon diém).

Define By: chon Component.

bat Y Component = -280000 N, X Component = 0 va Y
Component = 0.

Details of "Force”

=] Scope
Scoping Method | Geometry Selection
e
=] Definition
Type Force
Define By Components

Coordinate System | Global Coordinate Syst...
% Component |0, M {ramped)

¥ Component |-2.8e4+005 N {(ramped)

| Z Component |0, N {ramped)

Suppressed Mo

Thye hién twong tu cho ba diém dit tai con lai.

Sau khi dit xong cac tai trong va rang budc, nhap chudt vao dong
Static Structural va xem két qua dat tai.
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Nhu vy bude dat tai va cac dleu kién bién cho bai toan da thuc
hién xong. Tiép theo 12 xir 1y va xem két qua tinh toan ctia phan mém.

Buéc 6: Xir Iy va xem két qua bai toan

Nhdp chudt phai vao dong Solution (A6) => chon Insert >
Deformation = Total dé xem bién dang.

H Project

= (@] Model (A4)

- - s Coordinate Systems

...... "% Mesh

a- -7/[3] static Structural (A5)
/N Bnalysis Settings

2, Remote Displacement
----- B, Remote Displacement 2
----- ﬁ-‘ Force
----- ﬁ-‘ Force 2
------- « Force 3
------- w Force 4

=8
O I R °. T

@, Directional
:} Solve Contact Tool 'L d

&£ Clean Probe »

alb Rename

Beam Toaol L4 a
Details of "Solution (A6)" n _
[=I| Adaptive Mesh Refinement a" User Defined Result
Max Refinement Loops | 1. & Commands int Preview ARep
Refinement Depth 2.
Graph

Nhip chuot phai vao dong Solution (A6) = chon Insert > Beam
Tool = Beam Tool d¢ xem ng suat xuat hi¢n trong hé thanh gian.
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P

= (68 Model (A4)

E| /B Geometry

----- ,, ){ Coordinate Systems

; Mesh

r@ Static Structural {(A5)
Q_i Analysis Settings

Remote Displacement
ﬁ Remote Displacement 2
S Force

/P Force 2

ﬁ, Force 3
B, Force 4
S
Deformation 4
Contact Tool 4
Probe 4
Details of "Solution (A6)" n 7, fned .
|E||.ﬁda|:ﬁve Mesh Refinement | User Defined Resu

- ' @ r r
Sau d6 chon 1énh =2 5olve & tién hanh giai va thu duoc két qua
nhu sau:

+ Chuyén vi (Deformation):

Chon Total Deformation trong Solution = chuyén vi 16n nhit :
65.101 mm.

9.2829e-5 Min

0.000 5,000 (m)
2,500

+ Ung sudt (Stress):

~ Chon Maximum Combined Stress trong Solution = mg suat 16n
nhat: 0.9 GPa.
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4.2. BAI TOAN 4.2

Xac dinh mg suét va chuyén vi cta gia d& dong co bang thép két
cau (hinh 4.2). Gi4 d& chju tai phan bd 14 500 N/m. Chiéu dai cua céc
thanh trong gia d& 1a 0.6 m va tiét dién cta cac thanh 13 hinh hop vudng
v6i chiéu day 0.03 m.

Hinh 4.2

Buée 1: Khéi dong ANSYS Workbench
Chon mo dun phan tich tinh: Static Structural.
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CIZLLTIL L M&INDT D)
Explicit Dynamics (ANSYS)
& Fluid Flow (CFx)

(& Fluid Flow (FLUENT) 2 | @ Englneering Data v 4
¥ Harmonic Response (ANSYS e

! ' p ( ) 3 o ometry ? .
Linear Buckling (ANSYS) ] —
< _ 4 | @ /Model ? .
Magnetostatic (ANSYS) <
@B Modal (ANSYS) 5 ﬁ Setup T 4
f Random vibration (ANSYS) 6 A solution ? .
m Response Spectrum (ANSYS) ?/ 0 Results = P

(2 shape Optimization (ANSYS)
'@ Static Structural (ANSYS)

) steady-State Thermal (ANSYS)
Thermal-Electric (ANSYS)

| Static Structural (ANSYS)

Budrc 2: Thiét 1ap vt ligu
Str dung vat liéu mic dinh ctia phan mém 13 Structural Steel.
Buéc 3: Xay dung mé hinh hinh hoc

Xéc dinh dang phan tir: nhap chudt phai vao 6 Geometry = chon
Properties = chon Line Bodies (bang cach danh dau vao 6 vudng bén
phai ctia nd) = doéng hop thoai.

5 4 in
1
6
7 Solid Bodies A
8 Surface Bodies [
9 Line Bodies @ —
10 Parameters
11 Parameter Key Ds
12 Attributes []
13 Named Selections [] v

|
Nhép chudt phai vao 6 Geometry = chon New Geometry. Khi cira
s6 méi xuat hién chon hé don vi 13 meter.
Chon XY Plane, chon thé Sketching va chon chiéu duong cua truc
Z dé thiét 1ap mit phang v& 1a mit phang XY. Tiép theo, chon Sketching
- Draw > Line dé v& cic doan thiang. Sau d6 vao Sketching = chon
Dimensions dé ghi kich thudc dai va goc.
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Vao Details View = chon Dimensions dé dinh gia tri cac kich
thuéce. H1 = 60 cm; H3 = 60 cm; V2 =60 cm.

Details Yiew
=] Details of Sketch1
Sketch Sketchil

Sketch VYisibility Show Sketch
Show Constraints? Mo
-] Dimensions: 3

|L————-““———'|§J +

| JH1 60 cm
[ |H3 60 cm
[ vz 60 cm
[-)|Edges: 4
Line Ln?
Line Lng ~

Vao thé Modeling, nhip chudt phai vao XY Plane - chon Sketch
1 = chon Always Show Sketch.

8- E A Static Structural (ANSYS)

= ){. XYPIane

iy Shm Y¥ZPlar
L /B 0Part

| b,
oy M ZHPlar J % -

R Hide Sketch
P9 Look at

:_\ Show Dependencies

X Delete
=} Generate
alb Rename

dai cho doan thing nay 1a 60 cm nhu hinh v&.
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Sau d6 chon YZ Plane - chon thé Sketching dé chuyén mit phang
ve€. Trong mat phang m&i ndy, ta v& mot doan thing va dinh gia tri chidu




&P Geneeal

{4 Horizontal

1 vertical

[« LengthiTistance
£ Rarus
E3Diameser

/4 Binge

#§ semi-ukomatc
& Edie

15 Move
[Hanimate

| 08 Dislay

Constraints |-
Settings

Sketching I Modelng |

=| Details of Sketch2

Sketch Sketchz
Sketch Visibiicy | Show Sketch
Shew Corstraints? (o

=) 1

&0 cm

[=|Edges: 1
Line: Lnil

Vao thé Modeling, nhap chudt phai 1én YZ Plane - chon Sketch 2
—> chon Always Show Sketch.

Vao Create & New Plane dé tao mit phing v& méi.
Trong hop thoai Details View\Details of Plane 4, dinh cac gi4 tri:

[=l| Details of Plane4
Plane Plane4
Type From Plane
Base Plane YZPlane
Transform 1 (RMB) Offset %
[ |FD1, value 1 &0 cm
Transform 2 (RMEB) MNone
Reverse Normal/Z-Axis? Mo
Flip %Y-Axes? Mo
Export Coordinate System? |Mo

Transform 1: chon Offset X (twong g trong hé toa do moi).
FDI1, Value 1: chon 60 cm.

Sau d6 vao nhanh Tree Outline < chon Static Structural = nhip
chudt phai vao Plane 4 = chon Generate.

= -YE A Static Structural (ANSYS)

By 3 X¥Plane
.(c,'ﬁ_] Sketchl
‘/* Z%Plane

. T

alb Rename
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Céc doan thing con lai cua gia dd duge thyc hién tuong ty.
Sau khi v€ xong 4 chan cho gia do ta ¢6 hinh anh nhu sau:

0.00 80,00 (cm) !.l\ =
L

40.00

Tiép theo, xdy dung mé hinh hoan chinh cho hé thanh trong méi
truong Modeling.

Vao thé Modeling = chon Concept = Lines From Sketches.

| File Create | Concept Tools View Help

J {j ®e Lines From Points

J wYPlane J Lines From Sketches
) Lines From Edges

WA 3D Curve
™ Split Edges

J :j Generate
Tree Outline
= fiv Sk
Trong hop thoai Details View\Base Object, chon tat ca Sketch 1,
Sketch 2, Sketch 3, Sketch 4, Sketch 5, Sketch 6 (gitt phim Ctrl + nhap
chudt trai 1én 6 Sketch).

Trong Tree Outline\Static Structural, nhap chudt phai vao dong
Line 1 = chon Generate.
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Tiép theo xac dinh tiét dién mit cét cua thanh.

Chon Concept = Cross Section > Rectangular d¢ xé4c dinh tiét
dién cia dam nay 14 hinh chir nhét.

J File Create | Concept Tools View Help

J 2] I || = Lines From Paints Select: | *3 hv|
| Planes £ Lines From Sketches %3
J 4 ,i e ) Lines From Edges e ﬁRemlve ‘Swe,-
W\, 3D Curve
Tree Outline - ) & Graphics
=N ~ Split Edges S
‘,E . .«* > Surfaces From Edges
5 b &8 surfaces From Sketches
SR X sé] e
] Sketchz
SR % ;Ianedf © Circular Tube
E"'..rC@ Sketch3 E Channel Section
B “';}‘ Pl[a%eske N X I Section
e, sketchd
: v .
E----,* Planeé L Z Section
e, 2 Sketchs L. L Section
#-,¢3 Linel L T section
= ,,. L Part, 1 Body JL Hat Section
~v ™ LineiBody B rectangular Tube
B8 User Integrated
‘ User Defined

Trong hop thoai Details View\Dimensions: nhap kich thudc
B=H=0.03 m.

o
5[ Details of Rect1 &
Sketch Rectl
Show Constrainks? |MNo
| Dimensions: 2
e 0,03 m
[IH 0.03m
=|Edges: 4
Line Ln23
Line Ln24
Line Ln25 [
Line Ln26 ]
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_ Tiép theo ta phai x4c nhén tiét dién vira tao ra 1a mit ct cia thanh
bang cach chon Line Body trong Tree Outline. Pong thoi, trong hop
thoai Details View = Details of Line Body = Cross Section = chon
Rectl.

Details View a
[=]| Details of Line Body

Body Line Body

Faces 1]

Edqes 8

Vertices 8

Cross Section {=ldd} v

Nhur vay, mo hinh hinh hoc cua bai toan da dugc tao xong.
Buéc 4: Chia luéi

Vao méi truong Workbench, nhip dap chudt vao 6 Model dé xuat
hién mé6i truong méi Mechanical.

Chia luéi theo méc dinh:

Nhap chudt phai vao Mesh = chon Generate Mesh.

EEE Project

= (&) Model (A4)
/U Geometry
- 4% Coordinate Systems

-
B S Insert 4
- » <} Update
=2

Generate Mesh

=} Preview Inflation

Create Pinch Controls

& Clean

alb Rename

Sau khi chia ludi hé thanh c6 hinh dang nhu sau:
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Budéc 5: Pat cac rang budc va tii trong

+ Bat cdc rang bugc lén hé thanh:
Nhiap chudt phai vao Static Structural > chon Insert = Fixed

Support.

= (&) Model (A4)

- M@ Geometry

o

2 Mesh

Details of "Static Structural {A5)"

!g Project

,k Coordinate Systems

@7 Acceleration
@) Standard Earth Gravity
@, Rotational Yelocity

T, Force

&8, Remote Force

.;. Bearing Load

"ﬁ Balt Pretension

&, Moment

L Line Pressure

@ Thermal Condition
@ Joint Load

. Fluid Solid Interface

%

ixed Support

&’ Displacement

3, Remote Displacement

92 Frictionless Support

.j, Cylindrical Support

[=1| Definition
Physics Type Structural
Analysis Type Skatic Struy
Solver Target ANSYS Meq
[=]| Options
|| Environment Temperature | 71.6 °F
Generate Input Only Mo

=X Simply Supported
@ Fixed Rotation
3, Elastic Support

~ Chon biéu tuong trén thanh cong cy, sau do chon dt“)ng thoi 4
diém tai 4 day cua chan d¢ (ket hop gitra phim Ctrl va chudt trai d€ chon
doi tugng) = chon Apply trong Details of Fix Support\Scope\Geometry.
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+ Dt tdi trong lén hé thanh (chiu tai phdn bo trén bon thanh ngang)
Nhap chudt phai 1én Static Structural = chon Insert = Line

Pressure.
E! Project

= (@ Model (A4)
[+ M Geometry
[ >4 Coordinate Systems

,/@ Mesh

SR=

d @1 Acceleration
@] Standard Earth Gravity
@, Rotational Velocity

@, Force
@, Remote Force

alb Rename

&, Bearing Load
"W Bolt Pretension

B, Moment
% Line Pressure

@y Thermal Condition
@ Joint Load

Details of "Static Structural (AS)" 4 @ Fluid Solid Interface

] — -
Tién hanh nhap cac thong sé trong hop thoai Details of “Line
Pressure” nhu sau:

o Scope\Geometry: chon mdt doan thing nim ngang = chon
Apply.

o Definition\Define By: chon Component.

o X, Y Components: 0.

o Z Component: 500 N/m.

Details of "Line Pressure”

[=]| Scope

Scoping Method Geometry Selection
Apply I Cancel

[=| Definition

Type Line Pressure

Define By Components

Coordinate System | Global Coordinate Syst...
[ 1% Component | 0. Nfm (ramped)

| | ¥ Component |0, Nfm (ramped)

[ 1Z Component |S00, Nfm (ramped)
Suppressed Mo

Thuyec hién tuong ty dé dit tai phan b 1én ba thanh con lai cta gia da.

86




Sau khi dat xong tai va cac rang bugc 1én gia 4o ta ¢6 hinh anh nhu sau:

¥,
0.000 0.200 ()
L E— o i
0.450

Budéc 6: Xir Iy va xem két qua bai toan

Nhap chudt phai vao dong Solution (A6) -> chon Insert =
Deformation = Total d& xem két qua bién dang tdng cua thanh.

&-/8 sy_etu: Structural (A5)
ol Analysis Settings
= ,/ﬂ, Fixed Support
e % Line Pressure
i %, Line Pressure 2
ﬂ, Line Pressure 3
ﬁz Line Pressue 4

o Deformation

Contact Tool

Probe

Beam Tool 4

Details of "Solution (46)" £ 8, User Defined Result

Nhip chudt phai vao dong Solution (A6) = chon Insert > Beam
Tool 2 Beam Tool dé xem Umg suét xuét hién trong thanh.

Static Structural (A5)
v Analysis Settings
], Remoke Displacement

ﬂ Remote Displacement 2

..... Deformation

Contact Tool 3

Frobe

Details of "Solution (A6)" L
E=l| Adaptive Mesh Refinement
| Max Refinement Loops [1. B commands
| Refinement Depth |2

BB, User Defined Result

int Previesw A Re
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Sau d6 chon lénh =/Solve & thanh cong cu dé phdn mém tién
hanh gii.

Sau khi xir Iy xong phan mém s& dwa ra két qua nhu sau:
+ Chuyén vi (Deformation):

Két qua tinh chuyén vi 16n nhit 13 0.030511 mm.

e *
Project -

@ Madel (A1) [
= B Geometry ‘

8 Line Body

B g2 Coordinate Systems

1 B Mesh

5[ static Structural (A5)
P Andlysis Settings
B, Fixed Support
= ﬁ: Line Pressure
/B, Line Pressure 2

B Line Pressure 3

3

w Line Pressure 4 ‘ 1.3568-5
[ /@] Solution (A6) Bl
(31 Soltion Information '
- M Total Defermation L e
El- /8] Beam Tool B 3.3901e-6
/B Direct Stress | 0 Min
M8 Minimum Combined Stre ¥ ¥
—-— I - | @
is of "Tokal Defomation" 2 e 0 e
ore 0.400

+ Ung sudt (Stress):
Két qua tmg suét 16n nhét 13 2.7707 MPa.

Dutline

= M Geometry

|y Line Bady

3k Coordinate Systems

& Mesh

=[] static Structural (A5)
Y Analysis Settings
o AT, Ficed Support
o S Line Pressure
------- ﬂ e Line Pressure 2
ﬁr Line Pressure 3
e L Line Pressure 4
- /&l Solution (AB)

Y s e
S o
= E Beam Toal
{. Direct Stress 3.6028e5
& Minimum Corrbined Stre 15935
i Maximurn Combined Stri -3.2841e5 Min
QI Al
0.000 0,800 {m)
Dekails of "Maximum Combined Stress" 1 S
|ﬂ = 0,400
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Chwong 5
PHAN TiCH BAI TOAN
DAM 2D — SURFACE BODIES

Giai bai toan c6 hinh dang va tai trong nhu hinh 5.1 bang phan tir
Surface Bodies. Sau do, so sanh ket qua voi bai toan da duge giai ¢ phan
3.2 (phan tir Line Bodies).

4000 N 401014
2 I50m c
A B
0Am 1~ 02m oiml
Hinh 5.1

Dam c6 kich thuée 0.4 x 0.05 x 1 (m) va twa 1én gbi ¢d dinh & dau
A va gbi di dong & dau B. Tai trong 4000 N dit tai cac vi tri C va D nhu
trén hinh v&. Vat liéu ciia dam 13 thép két cau (structural steel) v6i md
dun dan hoéi E = 73 GPa, hé s6 Poisson v =0.3.

Buée 1: Khéi dong ANSYS Workbench
Chon m6 dun gidi bai toan 1a Static Structural (phan tich tinh).

m CICLLIIL L MINDT DY

Explicit Dynamics (ANSYS)
& Fluid Flow (CFx)

Fluid Flow (FLUENT)
Harmonic Response (ANSYS)
Linear Buckling (ANSYS)

[63) Magnetostatic (ANSYS)

@8 Modal (ANSYS)

i} Random vibration (ANSYS)
m Response Spectrum (AMNSYS)
@ Shape Optimization (ANSYS)
8 static Structural (ANSYS)
Y steady-state Thermal (ANSYS)
Thermal-Electric (ANSYS)

Solution

0 Results

ogd) | ol | ogll | ogd) [ sq) | &

| Static Structural (ANSYS)
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Budrc 2: Thiét 1ap thong so vit liéu cho bai todn

Phan mém mic dinh vat ligu 1 Structural Steel. Ta van st dung vét
lidu nay nhung thay doi thong s0 vat 1y cua nd vé md dun dan hoi E va hé
s0 Poisson v theo dung yéu cau cua bai toan.

Nhap dp chudt vao 6 Engineering Data, xuat hién hop thoai
Outline Filter = chon Engineering Data (A2).

x
- A B C D o]
1 -
2 Engineeting Data a2 Contents filkered For Static Structural (ANSYS).
3 ‘ General Materials D ") General use material samples for use in various analyse
4 |@8 Genersl Non-linear Materials ([ || B General use material samples For use in non-linear analy |
5 ‘ Explicit Materials D _E Material samples For use in an explicit anaylsis.
-] . Hyperelastic Materials D ") Material stress-strain data samples For curve fitting.
7 | @@ magnetic B-H Curves D i B-H Curve samples specific for use in a magnetic analys
. 8 <'r Favorites Ouick access list and default items | a2 o
) i [

Sau khi xudt hién ctra s6 “Outline of Schematic A2: Structural Steel”,
ta chon vat liéu Structural Steel. Chu y: Néu ctra s6 “Outline of Schematic
A2: Structural Steel” khong xuat hién thi ta vao View = chon Outline.

x ]

D -

Fatigue Data at zero mean stress comes From B

1993 ASME BPY Code, Section 8, Div 2, Table i
5-110.1

- A B|C
1 20FE

2

3 W structural Steel e
= Click here to add a new material

Tiép theo chon View = Properties dé clra s6 “Properties of
Outline Row 3: Structural Steel” xuit hién = chon Property =>
Isotropic Elasticity dé tién hanh thay d6i mé dun dan hdi (Young’s
Modulus): E = 7.3E+10 va hé s6 Poisson (Poisson’s Ratio): v = 0.3.
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v A B C D | &
1
2 T4 pensity 7850 kam~3 ||l
g @ U@ Coefficient of Thermal Expansion D =
] = ﬁ Isotropic Elasticity [:l
7 Young's Modulus 7.3E+10 Pa [
8 Poisson's Ratio 0.3 [—
9 @ Alternating Stress Mean Stress Tabular [:|





Sau d6 quay lai mdi truong Project Schematic bang cach chon 1énh

CPRetumtoProject o\ o6c phai man hinh.
Buéc 3: Xay dung mé hinh hinh hoc

Trudce khi xay dyng mo hinh cho bai toén, ta phai xac dinh phan tir
ma phan mém s€ can ci dé giai.

Nhép chudt phai vao Geometry = chon Properties. ..

Mo data
-] = Basic Geometry Options
7 Solid Bodies
8 Surface Bodies
) Line Bodies D
10 Parameters
11 Parameter Key Ds
12 Attributes []
13 MNamed Selections D
14 Material Properties |:|
15 3
16 Analysis Type 2D - [
17 Use Associativity
18 Import Coordinate Systems D
19 Import Work Points []
20 Reader Mode Saves Updated File []
21 Import Using Instances
22 Smart CAD Update []
23 Enclosure and Symmetry Processing
24 Mixed Import Resolution None vy

Trong hop thoai méi xudt hién, vao Property > Advanced
Geometry Options = Analysis Type = chon ki€u phén tich cho bai toan
1a 2D. Sau do6 thoat khdi hop thoai nay.

Nhép dap chudt vao 6 Geometry trong hé thong Static Structural,
mai truong Design Modeler s& xuat hién. Ta tién hanh xay duyng mé hinh
hinh hoc cho bai toan trong moi truong nay; chon hé don vi la Meter;
chon mit phang v& 1a mit XY (nhap chudt trai vao chiéu duong cua véc
to truc toa do Z). Trong mit phang XY, ta v& va dinh cac gia tri kich
thude: H2=0.4m, H3=0.1 m, H4=0.2 m, V2 =0.05 m.
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Detais iew
[E| Details of Sketch1

Sketch Sketchi
Sketch Visibility Show Sketch
Show Constraints? | Mo

| Dimensions: 4

[

[JHz 04m

mGE 0.1m

[TH4 0.2m
[|Edges: 8

Line ILn7 ]
@ .. - ——— e r—

Tiép theo ta vao thé Modeling xay dung mit 2D cho bai toan.
Chon Concept = Surfaces From Sketch: phin mém sé tao ra mot mit

Surfaces méi SurfaceSkl. Trong hop thoai Details View\Details of
SurfaceSk1\Base Object = chon Sketch1 trong mat phang XY Plane = Apply.

Details Yiew

[=l| Details of SurfaceSk1

Surface From Sketches Surfaceskl
Apply | Cancel |

Cperation Add Material
Orient With Plane Mormal? |Yes
Thickness {>=0) Ocm

Nhip chudt vao bidu tuong 7 ®"@%® 48 a0 mo hinh hinh hoc
2D cho bai toan.

Budéce 4: Chia lwoi

Vo lai méi truong Workbench, nhap dip chudt vao 6 Model >
xuat hién ctia s6 Mechanical.

Vao Unit 2 chon don vi Metric (m, kg, N, s, V, A).

Units Tools Help J o | E }' Solve - E‘ [E
IT Metric {m, kg, N, s, ¥, &)
i Mekric (cm, g, dyne, s, ¥, &)
Mekric {mrn, kg, M, s, m¥, ma)
Metric (mm, £, N, 5, m¥, ma)
i Metric (mm, dat, N, s, m¥, ma)
Mekric (pm, kg, pM, s, ¥, ma)
11,5, Customary (Ft, Ibm, Ibf, °F, s, ¥, &)
1.5, Customary (in, lbm, Ibf, °F, s, ¥, &)

IIT Degrees

Radians

|T radjs

RPM

[7 Celsius (Far Metric Systems)

92




Nhép chudt phai vao Mesh = chon Generate Mesh dé tién hanh
chia ludi theo miac dinh.

= (@] Model (A4)
*- 8 Geometry
28 & Coordinate Systems

-
Insert »
= ? st

‘/‘{ :} Update

7E j Generate Mesh

4 } Preview Inflation
Create Pinch Controls

&"] Clean
alb Rename

Sau khi chia ludi mat Surface s€ c¢6 hinh dang nhu sau:

uie

0.00 100,00 {mm)
[ ee—
50.00

Budc 5: Dit tii trong va cic rang budc 1én dim
+ Dat cdc rang bugc:

~ Dém tya 1én gbi tya c6 dinh tai dau A nén dit rang budc nhu sau:
nhap chudt phai lén dong Static Structural (AS5) trong Outline = chon
Insert = Displacement.

Khi hgp thoai Details of Displacement xuét hién, ta dinh cac gia tri:

o Scope\Geometry: chon biéu twong \(Jva chi vao diém A ¢ 1
dau ctia mat - Apply.

o Definition\Define By: chon Component va dit gi tri bang 0 cho
Xvay.

93




Details of "Displacement”

=l Scope
Scoping Method

Geometry Selection

Geometry
= Definition

Type Displacement

Define By Components

Coordinate System | Global Coordinate Syst...
% Component |0, mm {ramped)

¥ Componert |0, mm (ramped)

Suppressed Mo

Lam tuong ty cho dau con lai cia dam (diém B). Tuy nhién, trong
Details of Displacement ta dat gia tri bang 0 cho Y Component va Free
cho X Component.

+ Dat luc 1én diém C va D ciua dam:

Nhap chudt phai vao Static Structural (A5) = chon Insert = Force.

_@ Project
B Model (A4)
& ,,. Geometry
[ 2 Coordinate Systems

(SR = Static Structy=al £a5) n
2N Analysis ¢ Insert 4 @ Acceleration
/B, Remote T @] Standard Earth Gravity

o JB, Remotey ¥ SOlve

= 78 soon ) o

@
alb Rename J oI
- 3‘- Remaote Force

Q, Bearing Load

+ﬁ Bolt Pretension

-

@, Rotational Velocity

Chon biéu tirong &1 va chi vao diém C trén dam.
Trong hop thoai “Details of Force”

o Chon Scope = Geometry = Apply.

o Define By: chon Component.

o Y Component =-4000 N.

Details of "Force"

[=1| Scope
Scoping Method Geometry Selection
Geometry 1 Verkex

[=I| Definition
Type Force
Define By Components
Coordinate System | Global Coordinate Syst...
| % Component |0, N (ramped)

-4000. M (ramped) »
Suppressed Mo

Lam tuong ty diém cho diém dit lyc tai D.
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Dé kiém tra lai cc tai va diéu kién bién vira dit: nhip chudt vao
dong Static Structural (A5) = chon xem ket qua rang budc va tai trong
mat phang XY.

0.00 100,00 {mm}
L —

\ Geometry Aok shest APrint Preview A Report Preview / |

Sau khi kiém tra déng véi diéu kién bai toan ta chuyén sang cc
budc tiep theo.

Budc 6: Xir Iy va xem két qua bai toan

Nhip chudt phai vao dong Solution (A6) -> chon Insert =
Deformation - Total dé xem két qua bién dang tong ciia dam.

Pé xem két qua tmg sudt cua thanh theo phwong X ta phai thuc
hién nhu sau:

Nhiép chudt phai 1én dong Solution = chon Insert & User Define Result.

E! Project

= (@8 Model (A4}

,,. Geometry

= )\ Coordinate Syskems

,/@ Mesh

= ,E Static Structural (AS5)
,,{'\1 Analysis Settings

B, Displacement

e ﬁ Displacement 2

ﬁ: Force

ﬁ: Force 2

_/@ Solutlon (ABL
. Stress Tool 4
./‘ Total De Deformation ’
BB, User De| L] Clean Strain N
&b Rename
Stress »
Linearized Stress >
Fatigue »
Details of "Solution (A6)" Contact Tool »
=I| Adaptive Mesh Refinement
Max Refinement Loops ] 1. Probe [
Refi t Depth 2. s =
ETinement Lep | e 3:: User Defined Result

B commands
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Trong hdp thoai Details of User Defined Result = dat gia tri “=
SX” cho Expression.

Details of "User Defined Result”

[-l|Scope L]
Scoping Method Geometry Selec... ||
Geometry all Bodies

[=| Definition
Type User Defined Re...

WE: ‘ =

Input Unit System Metric {m, kg, M...

Qutput Unit ‘

By Time

Display Time: Last |—

Coordinate System Global Coordina. ..

Calculate Time History | Yes

Use Average Yes

Identifier v
Pusas e Cautlala

_ Sau d6 nhip chudt vao biéu tuong =/ 5olve & thanh cong cu dé
phan mém tién hanh thyc thi 1énh.

Két qua tinh chuyén vi 16n nhit 13 10.607x10° m.

0,000 0.100 (m)
)
0.050

So sanh két qua chuyén vi ndy (10.607x10° m) véi két qua phan
tich chuyén vi ¢ bai toan Line Bodies (9.9608x10° m) thi ta nhan thay hai
két qua nay gan nhu bang nhau.

Két qua tmg suét 16n nhét 13 9.7416x10° Pa.
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0,000 0,100 {m)
[ —
0.050

So sanh voi két qua (mg suat phan tich & bai toén Line Bodies
(9.6x10° Pa) thi ta cling thay ket qua phan tich ca ¢ hai bai toan co sai s0
khong dang ke.

Nhu vdy, véi méi bai todn ta cé thé sir dung nhiéu cdch xdy dung mod
hinh toan dé gidi va ket qua la gan giong nhau vai sai so khong dang ké.
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Chwong 6
PHAN TiCH BAI TOAN DANG DIA,
TAM 2D - SURFACE BODIES

6.1. BAI TOAN 6.1: CHI TIET DANG PIA (SURFACE BODIES)

Xac dinh g suat va chuyén vi cia chi tiét ndp va vong chin véi
kich thudc (don vi mm) nhu hinh 6.1. Nép chiu ap suat & mit trong 13 0.1
MPa. Nép dugc 1am bang vat lidu thép khong gi va vong chin 1am bing
thép két cau.

I 40 |
s

i | 30 | 24
- |

30 1—|9

1 P

I 30 I
Hinh 6.1
Ta giai bai toan ¢ dang 2D.

Bude 1: Khéi djng ANSYS Workbench

Chon mo dun phén tich: Static Structural.
99





Budre 2: Thiét 1ap thong sd vat liéu

Vit lidu cua cac chi tiét 1a thép khong gi va thép két cau. Cho nén
phai tién hanh chon vat li¢u thép khong gi tir thu vién vat li€u cua phan
mém, con vat li¢u thép ket cau thi theo mac dinh da c6 san.

Tai vat liu thép khong gi dugce thuc hién nhu sau:

Nhap dap chudt vao Engineering Data = chon General Materials.

Outline Filter

2 g Engineering Data az
0 ceneral Materials [ ]]= o
< | | General Materials| (¥
ee g Data —
- A B|C|D &
I

Trong hop thoai Outline of Schematic A2: Engineering Data >
chon Stainless Steel bang cach nhap chudt vao dau “+” bén canh dong
Stainless Steel.

Qutline of Schematic A2: Engineering Data

10 @ stainless Steel @ @

- - e —_——

& il 2

Properties of Outline Row 3: Air — h

Sau d6 quay lai méi trudng Project Schematic bing cach nhap
chudt vio bidu tugng  @rewmtorroee
Nhu vy ta da tai vat liéu dé thiét 1ap cho d6i twong phan tich.
Buéc 3: Xay dung mé6 hinh hinh hoc
_ Truée khi xdy dyng m6 hinh, ta phai x4c dinh phan tor ma phan
meém sé& can clr 4 giai bai toan.
Nhép chudt phai vao Geometry = chon Properties. ..
~ Trong hop thoai méi xuat hién = chon 2D trong Analysis Type
(kiéu phan tich cua bai toan 1a 2D) va sau d6 thoat khoi hdp thoai nay.
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6

7 Solid Bodies
8 Surface Bodies
9 Line Bodies D
10 Parameters
11 Parameter Key DS

12 Attributes ]
13 Named Selections [:]
14 Material Properties [:]

= Advanced Geometry Options

16 Analysis Type 2D -

17 Use Assaciativity

18 Import Coordinate Systems I:l

19 Import Work Points [:]

20 Reader Mode Saves Updated File [:]

21 Import Using Instances

22 Smart CAD Update ]

23 Enclosure and Symmetry Processing

24 Mixed Import Resolution None v

Tiép theo tién hanh v& mo hinh 2D cho bai toan hodc ¢ thé nhap
dir liéu tir file CAD c6 san. D6i véi bai ndy ta xdy dyng mo hinh hinh
hoc 2D bang AutoCAD va xuat qua ANSYS. Trong phin mém
AutoCAD (mbi trudng 2D) tao hai doi tugng (ndp va vong chin) ding
kich thuéc nhu hinh 6.1.

L

4%_

Luu ¥: Ngoai hai ddi tugng nip va vong chin, ta con phai tao thém doan
thang ¢ mat trén vong chan tuong ng cho phan 16 ctia vong chin, noi
ma ta s€ co dinh chi tiét.

Tiép theo tién hanh xuat sang ANSYS 12 theo trinh ty sau:

Chon File = Export.
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B4] AutoCAD 2007 - [Drawing1. dwg]
“QECH Edit  View Insert Format Tools

[ new... CTRL+N
Mew Sheet Set...
ﬁ Open...
Open Sheet Set,..
n Load Markup Set,..
Close

Partial Load
Save
Save fs...

ﬁ eTransmit,..
¥ Publish to Web. .

T—

CTRL+O

CTRL+5
CTRL+SHIFT+5

eI o LAANIEE]

Luu file & dang *.sat.

Chon d6i twong can xuét (trong bai ndy 13 hai mién va mot doan

thang) = Enter.

E!i] Export Data

e

Histom

[

My Documents

*

Favorites

1l
FTP
©

Desklop

Save in: | ) My Documents e |
Mame - Slze  Type Drate Modified

oamMc File Folder 11/26/2010 5:46
S Cyberlink File Folder 1/2/2010 1:09 Al
@Mv Music File Folder 1f2j2010 12:39 &
My Pictures File Folder 1f2f2010 12:39 &

My Videos File Folder 1/2{2010 12:41 &

5] cap-ring.sat 9KE  Standard &CIS Text 12f2f2010 11:40
3] ramz st KB Standard ACIS Text  12/2/2010 3:21 P
[&) tam.sat 9KE Standard ACIS Text  12/2/2010 3:16 P
2] I | k)
Fiename:  [coping sa ~
Fies ofype. | DT

Tiép theo thuc hién trong méi trudng Workbench.

Nhap chudt phii vao 6 Geometry = chon Import Geometry =

Browse va tim dén file vira xuat tir phin mém AutoCAD.

My Recent
Documents

My Documents

bdur M e
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Nhép dip chudt vao Geometry = chon don vi Milimeter trong mdi
treong Design Modeler.

AMSYS Workbench
Select desired length unit:

" Meter  Inch
" centimeter " Foot
& Milimeter
" Micrometer

r Always use project unit
™ Always use selected unit

Tiép theo, nhap chudt phai vao Import trong cdy thu muc Tree
Outline va chon Generate.

1 - — r P

B _EE A: Static Structural (ANSYS)

-y P X¥Plane
oy e ZXPlane
oy YZPlane

:. opd X Delete

] -
:} Generate

alb Rename

T6i day ta d3 tao xong mit 2D va cong viée tiép theo 13 thiét 1ap
cac rang budc theo yéu cau cua bai toan trong moi truong Mechanical.

Buéc 4: Chia luéi
Thuyc hién trong moi trudng Workbench\Mechanical.
Chon don vi 1a Metric (mm, kg, N, s, mV, mA).

Units Tools Help |J 9 ‘.}’ Solve - E. [ib
Metric {m, ka, M, 5, ¥, &)
st Metric {cm, g, dvne, s, ¥, &)

Cll Metric (mm, kg, M, 5, m¥, mA)
= Metric (mm, £, N, 5, m¥, ma)

I Metric {mm, dat, M, s, mV¥, ma)

?E Metric (um, ka, pM, s, ¥, ma)

;‘2 1.5, Customary (ft, lbm, Ibf, °F, 5, ¥, &)
it U.5, Customary (in, lbm, Ibf, *F, s, ¥, A)

Thiét 1ap vat lidu cho chi tiét nhu sau: chon Outline - Project >
Model = Geometry, sau d6 nhap chudt vao Part2 s& xuat hién hop thoai
Details of Part2 = chon vat liéu Stainless Steel.
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Details of "Part 2"

[+ Graphics Properties ~
5| Definition Geom W
| Suppressed Mo
Stiffness Behavior Flexible
Coordinate System Default Coordi.. .,
Reference Temperature By Environment
| Thickness 1. mm 3
Thickness Made Refresh on Up...
[=l|Material
Monlinear Effects
Thermal Strain Effects | Yes .
Bounding Box
Properties ~

DOi v6i Partl 1a vong chan lam bang thép két cau ding nhw mic dinh
ctia phan mém nén ta khong phai thiét 1ap vat li¢u lai cho doi tuong nay.

Chon kiéu phén tich 1a d6i xtimg (chon Axis symmetric trong hdp
thoai Details of Geometry) nhu sau:

Details of "Geometry” o
[=l| Definition
Source D:\DOANTOTNGHIEPYARS. ..
Type Parasolid

Length Unit Meters
Element Contral | Program Controlled

2D Behavior Plane Stress -

Display Style  |Plane Stress
Bounding Box Plane Strain

Properties  |Generalized Plane Strain
Statistics By Body

Preferences

#

CHE]

#

Tao lién két giira cac phan trong chi tiét: chi tiét c6 hai thanh phan
d6 13 ndp va vong chin, tvong tng 1 Part2 va Partl. Vong chin duoc dit
1én trén va giit cd dinh cho nip nén chon lién két gira nip va vong chin
1a Frictionless.

Vao Outline = chon Model = Connections = Contact Region.

Outline a
ﬁ Project
= @ Model (A4)
=, Geometry
.. “Q Part 1
L. a& Part 2
[#43% Coordinate Systems
= Connections
i, "B, Contact Region
- \/% Mesh
= 9[5] static Structural (A5)
7N Analysis Settings
9, Fixed Support
=g Solution (A6)
“-#[3] Solution Information

Xuat hién hop thoai Details of Contact Region.
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Details of “Contack Region”

Bls

[=l| Scope

Scoping Method | Geometry Selection
Contact 2 Edges

Target 2 Edges

Contact Bodies

Target Bodies ‘ =

Suppressed
Advanced
Formulation |Pure Penalty
Normal Stiffness |Program Controlled v

Press F1 for Help

Trong hop thoai nay ta chon Definition = Type = Frictionless.

Tién hanh chia luéi phan tir: nhap chudt phai vao Mesh - chon
Generate Mesh dé chia ludi theo mac dinh.

E! Project

= & Model (A4)
-/ Geometry
-2 Coordinate Systems

E| ..; St Insert r

o 2f Update

ieF ] Generate Mesh

=} Preview Inflation
Create Pinch Controls

,‘j Clean

dlb Rename

—

Sau khi chia Iudi d6i twong s& c6 hinh anh nhu sau:

Bude 5: Dat cac rang budc va tii trong
+ Dat rang budc:

Nip dugc vong chin giit lai, con vong chan thi dugc bét chit (c6
dinh) & 15 phia trén. Vi viy rang bue dit tai 13 13 Fixed Support.
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Nhip chudt phai vao Static Structural = chon Insert - Fixed

Support.
P
= @ Model (A4)
2 ,,. Geometry
R S ﬁ Surface Body
- ys%, Coordinate Systems
,@ Mesh
= ?E i
VA sert 3 @ Acceleration
&7/l Sol @] Standard Earth Gravity
""" v ®, Rotational Velocity
9, Pressure
@, Hydrostatic Pressure
@, Force
‘5!- Remaote Force
Q,. Bearing Load
+ﬁ Bolt Pretension
% Momenk
Details of "Static Structural (45)" g | B Line Pressure
= Definition @) Thermal Candtion
Physics Type Structural @ Joint Load
Analysis Type Static Struct...|| 9B, Fluid Sobd Interface
Solver Target ANSYS Mech.. |
= Options . "' el
| Environment Temperature |22, °C @, Displacement

Str dyng 1énh @ dé chon doan thang da dugc tao ra trén vong

5.000

Sau d6 chon Apply trong Details of Fixed Support\Scope\Geometry.

T1ep theo la dat rang bugc Compression Only Support 1én mat day
clia ndp, noi ma nép tiép xtic v4i phan than cia chi tiét chiu ap suat.

Nhip chudt phai 1én dong Static Structural = chon Insert =
Compression Only Support.

~ Sur dung bicu tugng @ va chon duong thang dudi mat day cua
nap.
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Va chon Apply trong Details of Compression Only
Support\Scope\Geometry.

- bt tai trong:
Dit tai 1a ap suit 1én mit trong cua nip: Nhip chudt phai 1én Static

Structural = chon Insert > Pressure. Sau d6 chon 1¢nh R chi vio mat
trong cua nap.

Chon Apply trong Details of Pressure\Scope\Geometry.

Details of "Pressure”

[=]| Scope

Scoping Method | Geometry Selection
apply | Cancel

=l Definition

Type Pressure

Define By Mormal To

| Magnitude |0.1 MPa (ramped)
Suppressed Mo
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Chon Details of Line Pressure > Definition = Magnitude: dat gia
tri ap suat 1a 0.1 MPa.

Dé kiém tra lai cac tai va diéu kién bién vira dit ta nhap chudt 1én
dong Static Structural (AS5), phan mém s& mo6 ta ket qua diéu kién bién va
tai trong vira dat 1én nap va vong chan.

30.00 {mm})

r r - - ’
_ Tiép theo nhap chudt vao biéu tuong -2 Solve | doi trong gidy lat
dé phan mém tién hanh phan tich.

Budc 6: Xir Iy va xem két qua bai toan

Xem két qua bién dang téng: Nhip chudt phai 1én dong Solution
(A6) = chon Insert > Deformation = Total.

Xem két qua tmg suat: Nhip chudt phai 1én dong Solution (A6) >
chon Insert = Stress = Equivalent (von-mises).

Xem g suat va bién dang riéng cia chi tiét nip: Dung biéu twrong

. dé chon riéng chi tiét nap va thyc hién tuong ty nhu 2 budc trén.
Nhu vay ta co the xem bién dang va {mg sudt cua may, bd phan hoic
riéng timg chi tiét.

Lic nay trong Solution s€ co:

5 /@ Solution (6)
- /Eﬂ Solution Information
/&g Total Deformation
-/ Equivalent Stress
/& Total Deformation 2
"/ Equivalent Stress2
~

B

<l Ll

Nhip chudt phai 1én dong Solution = chon Solve.
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|l
Details of "Solution (A6)" 1

Sau d6 xem két qua phan tich trong Solution bang cach:

~ Chon Total Deformation dé xem bién dang tong cua ca hai chi tiét.
K&t qua tinh chuyén vi 16n nhat 14 0.0005547 mm.

0.00 50,00 {fnm)
25.00

Chon Equivalent Stress dé xem tmg sut. Két qua (mg suat 16n nhat
1a 1.4884 MPa va phéan bo nhu hinh sau:

0.0017172 Min

0.00 50,00 {mm)
25.00

~ Chon Total Deformation 2 dé xem bién dang cua riéng chi tiét ndp.
Bién dang 16n nhat (Max) la 0.0005547 mm va nhé nhat (Min) la
2.811x10” mm.
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0.00014513
8,662e-5
2.811e-5Min 4

~ Chon Equivalent Stress 2 dé xem (mg suat cia riéng chi tiét ndp.
Két qua cho thay (mg suét 16n nhét 13 1.3867 MPa va nho nhét 12 0.15963
MPa.

0.0062487 Min ;
s
X

Ngoai ra, chung ta ciing c6 the xem bién dang (chuyén vi) va img
suat tai bat ctr diém nao trén chi tiét, hodc chi vi tri c6 gi tri 16n nhit va
nho nhit.

6.2. BAI TOAN 6.2: CHI TIET DANG TAM (SURFACE BODIES)

Xac dinh chuyén vi va ing suét cua tam kim loai v6i1 hinh dang,
rang budc va tai nhu hinh 6.2. Bé day cua tAm kim loai 1a 20 mm va lam
tur thép khong ri.
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20mm 5

mm

200mm
Hinh 6.2
Buée 1: Khéi dong ANSYS Workbench
Chon md dun Static Structural.

VAUV NN NN
:-£

Budrc 2: Thiét 1ap thong s6 vat liéu cho bai todn
Nhap dGp chudt 1én dong Engineering Data = chon General

Material.
Qutline Filker
1
2 Q Engineering Data A2
3 |@ ceneral Materials [ ]| 3
£ | | |Genera| I\‘Iaterials| B N
Trong Outline of Schematic A2: Engineering Data, chon Stainless
Steel.

9 % Polyethylene %
10 % Stainless Steel 5 @ i‘
o | o e S

< i | »)

Buée 3: Xay dung mé hinh hinh hgc

Nhép dap chudt vao Geometry trong Static Structural ciia moi
truong Workbench = Design Modeler xuat hién.

Chon don vi Millimeter.
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Chon Sketching de xdy dyng m6 hinh 2D cho bai toan. Chon mat
phing v& 1a mit XY bang cach nhip chudt vao chidu dwong cua tryc toa
do Z.

Trong mjt phing XY x4y dyng tim dudi dang mit phang bing cac
Iénh vé€ trong thé Draw va dinh cac kich thudc bang cac 1énh trong thé
Dimension ta duoc:

Trong Details View = chon Dimensions d¢ x4c dinh céc kich thudc:
V1 =100 mm; H2 =200 mm; V3 =50 mm; H4 = 100 mm; R5 =20 mm.

& Details of Sketch1 Al
Sketch Sketchl
Sketch Visibility Shiowe Sketch
Show Constraints? |No

[~]| Dimensions: 5

" H2 200 mm
I H4 100 rm -
TR
v 100 rmm
Clv3 S0 mm
= Edaes: 5 ™|

Tiép theo ta xay dyng mit Surface tir hinh 2D vira tao ra. Chon
Concept = Surfaces From Sketches.

Concept Tools View Help

| “=e Lines From Points
7 £ Lines From Sketches
1) Lines From Edges

WA, 3D Curve
! “w Split Edges
.| ¥ Surfaces From Edges
o ﬂ Surfaces From Sketches

Cross Section 4

M
ooy o

Trong XY Plane, chon Details View = Details of SurfaceSkl -
Base Object = Sketchl = Apply.

Nhéap chudt phai 1én dong SurfaceSk1 = chon Generate dé tao mit.
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T T I T

= EIE A: Static Structural (ANSYS)

=l 3 ®YPlane
by 2 Sketchi

> Z#Plane

= ¥ZPlane

&
:. D Part X Delete

P Generate

ab Rename

Buwdce 4: Chia luéi

Nhap dap chudt vao 6 Model trong Static Structural cua
Workbench = ctra s0 Mechanical xuat hién.

Vao Unit @ chon hé don vi 1a Metric (mm, kg, N, s, mV, mA).

—
Units Tools Help |J Q| Jsove -l
Metric (m, kg, N, 5, ¥, &)
Metric {cm, g, dvne, s, ¥, &)
|7 Metric (mm, kg, M, 5, m¥, ma)
Metric {mm, £, N, 5, m¥, ma)

B |

I Metric {mm, dat, N, 5, mY, ma)

#| Metric (um, kg, b, 5, ¥, mA)

:; 1.5, Customary (ft, lbm, Ibf, °F, s, ¥, &)
it .5, Customary (i, lbm, Ibf, °F, s, ¥, &)

Xac dinh chicu day cua tim 2D bang céch chon Model >
Geometry = Surface Body noi dang d¢ dau “?” trong Project.

Project
= (@] Model (A4)
EH- -?. Geometry

e ?Q Surface
gk Coordinate Systems

’4@ Mesh
Khi d6 s& xuat hién hop thoai Details of Surface Body.

Details of "Surface Body" 2

[+ Graphics Properties A
= Definition
Suppressed No
Stiffness Behavior Flexible

Coordinate System Default Coordi, .|
Reference Temperature |By Environment |

| Thickness 0, mm
Thickness Made Refresh on Up...
Offset Type Middle(Membr...
=l| Material
Assignment Structural Steel |
MNonlinear Effects Yes

Thetmal Strain Effects | Yes

Trong hop thoai nay, ta xdc dinh chiéu ddy cho tam, chon
Definition = Thickness (noi dang xuat hién dong mau vang) va dat gia
tri cua chiéu day tam 1a 20 mm.
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Dit vat ligu cho chi tiét 1a thép khong ri cling hdp thoai nay. Vao
Material > Assignment = chon Stainless Steel (Luu y: néu khong thay
Stainless Steel xuat hién thi phai kiém tra lai budc 2).

Details of "Surface Body"

Graphics Properties g
[=]| Definition
Suppressed Mo
Stiffness Behavior Flexible

Coordinate System Default Coordinate System
Reference Temperature | By Environmenk

| Thickness 20. mm

Thickness Mode Manual

Offset Type Middle{Membrane)
[=I| Material

Structural Steel [l —
MNordinear Effects Yes j@m

Thermal Strain Effects |Yes
Bounding Box 3 Geom

Tiép theo, chia lu6i phan tir theo mic dinh: Nhap chudt phai vao
Mesh = chon Generate Mesh. Sau khi chia ludi tam kim loai s€ ¢ hinh
anh nhu sau:

Buéc 5: Dat tdi trong va cac rang bujc
+ Pat rang bugc:

Tam dugc ngam chit mot dau véi rang bude 13 Fixed Support: Nhap
chudt phai 1én dong Static Structural = chon Insert < Fixed Support.

[ @7 Acceleration

‘Z?@ Soly~ o )] Standard Earth Gravity
0 ES @, Rotatianal Velocity
ﬂ Cleen Q( Pressure
alb Rename
S, Hydrostatic Pressure
S, Force
ﬂ_. Remote Force
@, Bearing Load
*g‘.‘ Bolt Pretension
5, Moment
Details of “Static Structural (A5)" 7 | %L Line Pressure
| Definition @) Thermal Condition
Physics Type Structural @ ok Load
Anslysis Type Static Struct...|| S, Fluid Solid Inkerface
Solver Target ANSYS Mech..,

|| Options
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Dung nat chon duong thing ¥ tren thanh cong cu va chon mot
canh bén hong ctia tam, sau d6 chon Apply.

+ Pat tai trong:

Dit tai phan bb (Line Pressure) 1én dau con lai cia tim: Nhéap
chudt phai 1én dong Static Structural = chon Insert = Line Pressure.

ﬁ Pro]ect

& Model (A4)
:| ‘/. Geometry
o Surface Body
,,k Coordinate Systems

g o accdrson

i } Solve .; Standard Earth Gravity
. Rotational Yelocity

B, Pressure

H, Hydrostatic Pressure
B, Force

B'. Remote Force

@, Bearing Load

" Bolt Pretension

dlb Rename

| ﬁa.( Line Pressure
@y Thermal Condition

Details of "Static Structural (45)"
|= Definitinn

Trong Details of Line Pressure\Scope\Geometry: Dung nut chon
guimg thing BB va chi vao canh cin dt tii phan b - chon Apply.
Details of Line Pressure\Definition\Define By: Chon Component.

Details of Line Pressure\Definition\X Component: Dat gia tri 1
N/mm.

Dé kiém tra lai cdc tai va diéu kién bién vira dat, nhap chudt vao
dong Static Structural (AS5) va chon xem trong mét phiang XY.
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Budc 6: Xir Iy va xem két qua bai toan

Nhdp chudt phii lén dong Solution (A6) > chon Insert >
Deformation = Total d¢ xem két qua bién dang tong.

Nhip chudt phai 1én [dong Solution (A6) = chon Insert > Stress >
Equivalent (von-mises) dé xem tng suat xuat hién trong tim.

Sau d6 chon 1énh =4 Solve trén thanh cong cy dé phan mém tién
hanh giai.
Két qua phan tich tmg suat 16n nhat 1a 0.17071 MPa.

[ 8 Model (A4)

e M Geometry

53 Surface Body
EI ‘,a)\ Coordinate Systems

= Global Coordnate System
! Mesh
:il- =] static Structural (A5)
/‘\ Analysis Settings
H, Fixed Support
\ Line Pressure
= /@8 Solution (A6) ;
{G] Solution Infum.aﬁun 0.0EREAS
M Totdl Deformation 006623

0.048524
0.031411
0.013998 Min

Két qua phan tich chuyén vi 16n nhit 14 6.3916x10° mm

E Project

ER"| :‘I‘dﬂ (A1)
=] Geometry
o surface Body
[ 2k Coordnate Systems
/2 Gobal Coerdnate System
B ,,E| Static Structural (AS)
‘r’g Anzlysis Settings
ﬁ Fieed Support:
h v Line Pressure
=S ,E Salution (AE)
m Soiution Information

«. Equivalent Stress
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Chwong 7
PHAN TiCH BAI TOAN
DANG KHOI 3D - SOLID

Phén tich mg suét va bién dang cua khéi d& truc c6 hinh dang nhu
hinh 7.1. Khéi ¢6 chiéu day 30 mm va duoc lam bang thép két cau.

I 100 rmm i

35mm

3000kg
R13mm

Hinh 7.1

Buéc 1: Khéi dogng ANSYS Workbench

Chon m6 dun phan tich: Static Structural (phan tich tinh).
Budérc 2: Thiét 1ap vat ligu cho bai todn

Vit liéu ciia hé thanh dan 1a thép két cau, vi vay ta chon vt liéu
theo mac dinh 1a Structural Steel.
Bude 3: Xay dung mo hinh hinh hge

Chi tiét duoc phan tich & dang khéi (Solid Bodies) giéng nhu mic
dinh ctia phan mém. Vi vay khong phai chon lai phan tir (Bodies) cho bai
toan.

Nhap dap chudt 1én dong Geometry dé vao moi truong Design
Modeler xay dung mo hinh hinh hoc cho bai toan.

Vao the Sketching va tao hinh dang 2D cho bai toan: Chon 1¢nh
Lines dé v€ cac doan thang; Chon 1énh Dimensions dé dinh gia tri cho
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cac doan th:fmg va gbéc véi cac gia tri: H1 = 100mm; H2 = 60mm; V3 =
35mm; A5 = 60°.

Chon Sketching = Modify = Fillet va dat R = 30 mm.

Sketching Toolboxes

Chon hai doan théng can Fillet trong Graphics thi ta thu dugc:

V& dudng tron ¢6 ban kinh R = 13 mm v6i tAm ndm trén trung
diém day nho cua hinh thang.
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Dinh céac gia tri H8 =30 mm; R9 = 13 mm trong hdp thoai Details View.

Tiép theo 13 vio thé Modeling dé xay dung khdi 3D cho bai toan.
Chon Modeling = Create = Extrude.

OF A: Static Structural (ANSYS) -

]FIB Create Concept Tools View F
] »zj e Mew Plane

Jﬂ !
] :; G * Revolve

Tree o & Sweep
| B & skinjLoft
B Thinisirfare

Trong Details View: Dit gia tri depth = 30 mm (bé day Extrude).

[=1| Details of Extrude1

Extrude Extrudel
Base Object Sketchl
Operation Add Material
Direction Vectar MNone (Marmal)
Direction Normal
Extent Type Fixed

30
&5 Thin/Surface? Mo
Merge Topology? Yes

Xem hinh khéi 3D sau khi dat xong cac gia tri bang cach nhip
chudt vao TreeOutline = chon Extrude = Solid.

Budéc 4: Chia lwoi

Nhip dap chudt vao Model trong Workbench = cua s
Mechanical mé ra vdi cdy thu myuc Outline & bén trai va cac thanh cong
cu ¢ phia trén man hinh.
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Vao Unit trén thanh cong cu dé chon hé thong don vi Metric (mm,
kg, N, s, mV, mA).

Tiép theo tién hanh chia luéi phan tir. Nhdp chudt phai vao Mesh
trén cay thu muc = chon Generate Mesh dé chia ludi theo méac dinh.

S Model (A4)
I -/ Geometry
,a)\ Coordinate Systems

E| ?B St Insert 4
Y] 3} Update
= 78

4| Generate Mesh

E j Preview Inflation
Create Pinch Contrals

] Clean

dlb Rename

Buéc 5: Pat cac rang budc va tai trong
+ Pat rang bugc:

Nhap chudt phai 1én dong Static Structural > chon Insert - Fixed
Support = nhap chudt vao mat can giir co dinh = chon Apply (dé chon

mit ta c6 thé sir dung nut 1énh ™ trén thanh cong cu).

_ﬁ Project
(@l Model (A4)
&) ,(. Geometry
® ‘,_.-.. Coordinate Systems
B 9E Static Structural (AS5)
{\1 Analysis Settings
-ﬁ, Fired Support
: ?. Solution (46)
-#{3] Solution Information

0.000 0.080 (m)

™S 0.040

+ Pt tdi trong lén khoi Solid:

Vi khéi @& tryc nén tai trong tac dung gian tiép 1én khoi nén chon
kieu tai trong la Remote Force.

Nhap chudt phai lén Static Structural = chon Insert = Remote
Force.
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!! Project

B Model (A4)
Geometry
[y Coordinate Systems

o S Mesh

4 .T Acceleration
@] Standard Earth Gravity
.9 Rotational Yelocity

B, Pressure

@, Hydrostatic Pressure
5, Force

E Remote Force
@), Bearing Load
“aij Bolt Pretension

% Mornent:

9, Line Pressure

Trong Details of Remote Force, thiét lap nhu sau:

Scope\Geometry: nhap chudt vao mit try bén trong khéi, sau d6
chon Apply.

Definition\Define By: chon Component.
Y component: dat gia tr1 29430 N (twong tmg véi gia tri 3000 x 9.81).

Details of "Remote Force"

Geometry 1 Face r.‘_'_il
Coordinate System | Global Coordinate System [
| 1% Coordinate  [49.793 mm p
| ¥ Coordinate |35, mm
| 1Z Coordinate |15, mm ‘
Location Click to Change

[=)| Definition |§
Type Remote Force
Define By Components
| % Component |0, N (ramped) |
| ¥ Component  |29430 N (ramped) |
| Z Component |0, N (ramped) =
Suppressed No
Behavior Deformable |

’ Nhép chuét 1én dong Static Structural trong thanh Outline dé xem
két qua dat tai trong va rang budc.

%
0.000 0.060 {m)
[ ee——] ©
0.030

121





Nhur viy ta da tién hanh dit tai va cac didu kién bién cho bai toén.
Ticp theo la xur Iy va xem két qua tinh toan cua phan mem.
Budc 6: Xir Iy va xem két qua bai toan

Nhip chudt phai 1én dong Solution (A6) > chon Insert >
Deformation = Total dé xem két qua bién dang tong.

Nhip chudt phai 1én dong Solution (A6) > chon Insert > Stress >
Equivalent (von-Mises) dé xem Ung suat.

Sau d6 chon 1énh “/Solve (i thanh cong cu.
Két qua thu dugc nhu sau:
+ Chuyén vi (Deformation):
Két qua tinh chuyén vi 16n nhat 1a 0.0075635 mm.

e
[l Project
= & Model (Ad)
= _/‘ Geometry
i B Solid
# sk Coordnate Systems
o/ Mesh
B _,E Static Structural (A5)
/‘\ Analysis Setbings
ﬁ Fixed Support
ﬁ Remoke Force
=1 /i Selution (AB)
Salution Information

/B Total Deformation
B Equivalent Stress

0.00 60.00 (mm
Detais of “Total Deformation” o (mm)
= Scope ELhiy

Scoping Method Geometry Selection

Scoping ™ S \Geometry A\ | | APrint Preview s Report Preview /.

+ Ung sudt (Equivalent Stress):

Két qua g suét 16n nhat 1 47.526 MPa.

ouiee _____________
5] Project
= @ Model (A4)
= Geometry
8 Sold
[+ sk Coordinste Systems
A Mesh
= =] Static Structural (A5)
{ﬁ Analysis Settings
Fixed Support
Remote Force
= --,g Solution (A6)
- /] Soktion Information
,Q Total Defurmatm

0.00 &0.00
Details of "Equivalert Stress" 2 [ s | (rm)
|-l Scope |& 30,00
[Scopigtethad | Geamelry Selocton | l\geometry {7 hPrint Preview \Report Preview/
GEometry 1 &l Badies
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Chwong 8
PHAN TiCH BAI TOAN
COMPOSITE 3D - SOLID

8.1. BAI TOAN 8.1

Phan tich tmg suat va chuyén vi cua dam bé tong cot thép. Kich
thudc ngoai cua dam 1a 200 x 200 x 1000 (mm); cot thép c6 duong kinh
$¢10 mm va dugc phan bo nhu hinh 8.1. Dicu kién bién cua bai toan: ¢6
dinh 2 d4u dam va chiu tai 10.000 N trén bé mat dam.

P

¢ 200
Z NN
] s b=
] [ &
< N o o o
= N

& 50, 100

Hinh 8.1. Dam bé téng cdt thép

Buéc 1: Khéi dogng ANSYS Workbench
Chon mo dun phan tich tinh: Static Structural.

B CIZLLTIL L MINDT D)

Explicit Dynamics (ANSYS)
Fluid Flow (CFX)

& Fluid Flow (FLUENT)

= 2 v .
Harmonic Response (ANSYS) 3 e /Genmetry 2,
Linear Buckling (ANSYS) =

[6) Magnetostatic (ANSYS) - ‘ Model ? 4
@8 Modal (aNSYS) 5 ,ﬂ Setup ?,
fly Random vibration (ANSYS) & Solution ? .
i} Response Spectrum (ANSYS) 7 O Results ?

(22 shape Optimization (ANSYS)
[ Static Structural (ANSYS)

Y steady-State Thermal (ANSYS)
Thermal-Electric (ANSYS)

‘ Static Structural (AMNSYS)
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Budrc 2: Thiét 1ap vat ligu cho bai toin
Vit liéu bé tong 1a vat liéu khong c6 san trong thu vién vat liéu cia
phan mém, vi vy ta phai tao vét liéu méi d€ s dung cho bai toan voi
cac thong so cua vat liéu bé tong ma deé bai toan dua ra. Cach tao vat liéu
moi dugce thyc hién nhu sau:
Trong hé thong phan tich Static Structural: nhap dip chudt vao

dong Engineering Data, chon Engineering Data - hdp thoai Outline of
schematic A2, B2: Engineering Data xuat hién.

Nhap chudt vao 6 “click here to add a new Material” va doi tén
thanh “be tong”.

CQutline of Schematic 42, B2: Engineering Data

3 @ Sstructural steel 0= | B

4 ‘ be tong |[]

~ Click here ko add a new material | ;l
< i | T

Tiép theo vao hop thoai Toolbox = chon Linear Elastic =
Isotropic Elasticity.

ﬂ Isotropic Elasticity |

A orthotropic Elasticity

Trong hop thoai Property of Ouline row 4: be tong, ta thiét 14p md
dun dan hoi (Young’s Modulus): E = 3x10' Pa; hé sd Poisson
( Poisson’s Ratio) = 0.2.

Properties of Outline Row 4: be tong - X

1

2 B A Isotropic Elasticity LB

z ‘Young's Modulus SE+10 |Pa =

4 Poisson's Ratio 0.2 £|
< il | ¥
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Sau d6 quay lai méi truong Project Schematic bang cach nhip
chudt vao biéu tugng & RetumtoProject
Buéc 3: Xay dung mé hinh hinh hoc

Chon moéi truong Workbench > nhdp dap chudt vao Geometry
(hoac nhap chudt phai 1én dong Geometry va chon New Geometry).

Chon h¢ don vi 1a Milimetter.

Chon mit phing v& 13 XY (XY Plane).

Chon thé Sketching = Draw dé thiét ké 2D.

Chon thé Sketching » Dimensions dé dinh kich thudec.

Tao 4 15i thép tai 4 15 cua khdi: Chon XY Plane - chon thé
Sketching = Draw dé v& 4 duong tron tai tAm 4 16 v&i ban kinh 1a 10
mm. Sau d6 vao thé Modeling, nhip chudt phai vao Extrude 1 va chon
Generate dé tao ra 4 13i.

125




Luac nay trong Tree Outline ¢6 5 Parts va 5 Bodies dugc tao ra.

Tree Outline
=[] A: Static Structural (ANSYS)
By = K¥Plane
L e, sketcht
‘,ﬂ. Z¥Plane
oy YZPlane
#- [ Extrudet
= . S Parts, 5 Bodies
o, @ Solid
b, 0 Solid
-, @ Solid
e, @ Solid
. @ Sold

Budéc 4: Gan vat li¢u va chia luéi
Thuyc hién trong moi trudng Workbench.

Nhép dup chudt vao 6 Model trong Static Structural dé xudt hién
cura s0 Mechanical.

Chon Unit trén thanh cong cy = chon Metric (mm, kg, N, s, mV, mA).

™M Multiple Systems - Mechanical [ANSYS Multiphysics]

| File Edt view [units Tools Help || @ | fsoive - CH it
| = e M Metric (m, kg, N, s, ¥, 4)

JMesh =} Update Metric {cm, g, dyne, 5, ¥, &)

Outline ”r-l‘rl {mm, ka, N, 5, m¥, ma)

Mekric (mm, £, N, 5, m¥, m&)

Metric (mm, dat, M, s, m¥, ma)

Metric (um, ka, pN, s, ¥, ma)

1.5, Customary (ft, lbm, Ibf, °F, 5, ¥, &)
1.5, Custamary (in, lbm, Ibf, °F, s, v, &)

Poi tén cac doi twong: Vao Outline > Project - Model >
Geometry = nhap chudt phai 1én doi tugng va chon Rename.

E! Project ,: |

= (@] Model (A4, B4) J

=A@ Geometry

s Insert
/A 5 § Create Selection Group
«Q 54 :}' Update

- Coordir = Generate Mesh

(-8 Conneq

..... B Mesh | 3f Preview Surface Mesh
B~ ?_9 5!:'¢‘vl|:il: -.} Preview Inflation
A A
=] --,@ Update Selected Parts 4
"[ @ Suppress Body
;m ::usar (i) Hide Body
! ) Suppress All Other Bodies
B /{% @ Hide All Other Bodies

€ |

Details of "Solid"

|+ Granhirs Pranerties

aIb| Rename
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Déi thanh “be tong”, “thep1”, “thep2”, “thep3”, “thep4”.

Project
= @) Model (A4, B4)
B - Geometry
. /@@ betong

I:] -‘/jk Coordinate Systems
... [ Coannactione

Gan vat lidu cho timg d6i tugng trong dam:

I’

+ Nhap chudt vao “be tong” dé mé hop thoai Details of “be tong”,
sau d6 chon vat liéu nhu hinh sau:

Jim) |

Details of "be tong”

[+]| Graphics Properties

[=| Definition
|| Suppressed Mo
Stiffness Behavior Flexible

Coordinate System Defaulk Coordinate ...
Reference Temperature | By Environment
= 'Material
Assignment
Monlinear Effects Yes be tong
Thermal Strain Effects | Ves T Aluminum Alloy
[+ Boundina Box I

~ + Cot thép dwoe gén vat lidu 1a thép két chu theo mic dinh cua
phan mém.
Tiép theo ta phai tao lién két giita bé tong va ct thép. Nhap chudt
phai 1én dong Connections = chon “Rename Based on Definition”.

Project A
- Model (A4, B4) T
= ,/. Geometry
i o ,,(& be kong
- & thept
,,(& thepz
0(& thep3 =
i x& thep4 1
J)?; Coordinate Systems
5w
i .{'"- Insert 4
“’ -

J
/o <} Create Automatic Contact
+ B <} Create Automatic Joints

EI E Sta  Disable Transparency

) ]ﬁIbRenama

- Bl Rename Based on Definition
Details of "Connectio — Mkl AL

Trong Connections ¢ nhitng nhiing lién két mic dinh nhu sau:
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- o thept
‘/); Coordinate Systems

EI ‘/@ Connections

: A l Bonded - be tong To th:pl

A l Bonded - be tong To thep2

v i Bonded - be tong To thep3 —

et l Bonded - be tong To thep4

........ ./® Mesh

Chuyén tit ci céc lién két Bonded (dén) thanh No Separation
(khong tach roi) bang cach nhap chudt vao dong lién két (chang han:
Bonded — be tong to thepl), sau d6 chon No Separation nhu hinh sau:

Details of “No Separation - be tong To thepl” R
&I/ Scope a

Scoping Method | Geometry Selection

Contack 1 Face

Target 1 Face

Contact Bodies

Target Bodies =
[=| Definition

Mo Separation -

Scope Mode Bonded

Behavior Frictionless

Suppressed Rough —
=) Advanced Frictional

Formulation |P|.re Penalty

Sau khi hoan thanh, trong Connection ta thiy c¢6 cac lién két:

Outline 1
(& Project -
= (@] Model (Ad, B4) ]

= ,/. Geometry
“Q be tong
-t thepl
-XQ thep2

B % Coordinate Systems
B ,f% Connections

‘/1 Mo Separation -
/B, No Separation -

,@ Mesh

. (-l,‘ Mo Separation -
1 No Separation -

be tong To thepl
be tong To thep2
be tong To thep3

be tong To thepd

= #{=] static Structural (A5)

Tiép theo t1en hanh chia Iu6i: Nhip chudt phdi vao Mesh - chon
Generate Mesh dé chia luéi theo mic dinh ciia phan mém.
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Budc 5: Dat cac rang budc va tii trong
+ Dt rang budc cé dinh:

Nhép chudt phai 1én Static Structural = chon Insert = Fixed
Support.

Str dung biéu tuong @ trén thanh cong cu dé chon mit can cd
dinh (2 mit ngoai ¢ hai dau cia dam), sau d6 chon Apply trong Out line
of “Fixed Support™.

0.00 400,00 (rm;

\% 200,00
+ Dat tai trong:
Nhép chudt phai vao dong Static Structural (A5) = chon Insert =
Force.

Chon biéu tugng ®© , sau d6 chon mdt mit bén cua dam.

0

t

Trong hop thoai Details of Force = Scope = Geometry, ta chon
Apply.
Definition\Define By: chon Component.
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Definition: ddt Y component : -10000 N ; X component va Z
component : 0.
Bude 6: Xir Iy va xem két qua bai toin
Nhip chuot phdi vao dong Solution (A6) - chon Insert =
Deformation < Total dé xem két qua bién dang tong.

Nhip chudt phai vao dong Solution (A6) = chon Insert = Stress
-> Equivalent (von-mises) dé xem phéan bo tng suat.

Sir dung biéu twong . dé chon khéi, sau d6 chon 4 15i thép trong
man hinh Graphic va thuc hién lai hai budc nhu trén dé hién thi két qua
riéng cho 4 161 thép.

Sau cung nhap chudt vao biéu tugng jsolve  qé phin mém tién
hanh xt 1y.

Két qua phén tich cho thay chuyén vi 16n nhat cia dim bé tong cot
thép 1a 0.0097723 mm.

# ¢)~. Coordinste Systems
B Connections
B, No Separation - be tong To thepl
B, No Separation - be tong To thep2
-,/ B, Mo Separation - be bang To thep3
W, No Separation - be tong To theps
& Mesh
el ,E Static Structural (AS)
/\ Analysis Settings
ﬂ Fixed Suppaort
. Force
B ,{ﬂ Solution (AB)
/4] Sokstion Information

0

e 0.0021716
-/ Equivalenk Stress 0.0010%8 ¥
B Total Deformation 2 0 Min
M Equivalent Stress 2 ;
| -l

— 0.0 500.00
Petoizoi ol Peformelion’ i —— 2 ()
=| Scope |.~ 250.00

Két qua g suét 16n nhat cia dam 14 0.91137 MPa.

thep3
! g thepd
- A Coordinabe Systems
E {@ ‘Connechons
B, ho Separation - be tong To thep!
1 (‘H‘ Mo Separation - be bong To thep2
- B, Mo Separation - be tang To thepd
E (‘“‘ ko Separation - be tong To theps
sk
= =] static Structural (A5)
i {/\ Anatysis Settings
% Fored Support
Force:
=/ Solution (AG)
f:}] Salution Information
M Total Defunuatnn

L
ﬁmdmﬂumz

M Equivalent Stress 2 g .
/| z,_.l
0.00 500.00
Jetails of “Equivalent Stress" A

= Scone 250.00

2a e

L

Két qua (mg suét va bién dang cuia 4 15i thép:
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Chuyén vi 16n nhét cta 15i thép: 0.0097082 mm

e

ﬁ thep3
518 theps
Hl- A Coordinate Systems
= J@ Connections
- . Mo Separation - be tong To thep1
W, Mo Separation - be tong To thep2
- 4B, o Separation - be tong To thep3
/. Mo Separation - be tong To theps
Mash
__| ﬁ Static Structural {A5)
mi Analysts Settings
i Foed Support
i Force
8 -,,@ Solution (A6)
8] Solution Informarion
/B Total Deformation

A Equivalent Stress 0.0010816 ¥
- M Total Deformation 2 3.2853e-6 Min
A Equivalent Stress 2 | ™
- s
nnn G fren’y

Ung suét 16n nhét cua 161 thép: 0.40582 MPa.

Hine
o theps
. «1‘ thep4
(£ ke, Coordinate Systens

E J% Cannections
,,1 No Separation - be tang To tept
B Mo Separation - be tong To thepe
,‘I. Mo Separation - be tang To thep3
"W Mo Separation - be tong To theps

P Force

=i Solution (A6)
4] Selution Information
i Total Deformation
B Equivalent Stress
A Toral Deformation 2

M Equvalent Stress 2 | > . |

P Ty 0.00 500,00 (mm)

= %

8.2. BAI TOAN 8.2

Phan tich sy phan bd tmg suat va truong chuyén vi ciia tim bé tong
cbt thép chiu lyc. Téam c6 kich thude téng 1a 1000 x 1000 x 50 mm (hinh
8.2), cot thép c¢6 duong kinh ¢10 mm va duoc b tri theo ludi déu bén
trong tAm bé tong (4 cbt thép theo phuong ngang va 4 cbt thép theo
phuong doc). Piéu kién bién cua bai toan 1a b dinh tai 4 mat bén va lyc
tac dung P = 10.000 N duoc phin bd déu trén mot bé mit cia tam.

Hinh 8.2
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Bude 1: Khéi djng ANSYS Workbench
Chon mé dun Static Structural dé phén tich bai toan & dang tai tinh.

CICLLNIL L 4INDT D)

¥ Explicit Dynamics (ANSYS) Bt

(04 Fluid Flow (CFX) I 77 Static Ztructural (ANSYS)

Fluid Flow (FLUENT) 2 | @ Engifleering Data v 4
Harmonic Response (AMNSYS) 3| @ G7émetry ?,
Linear Buckling (ANSYS) -
#) Magnetostatic (ANSYS) ‘@ ﬁode' ¥ 4
@B Modal (aNSYS) S dsemp ? .
fil} Random vibration (ANSYS) 6 ﬁ Solution ? .
m Response Spectrum (ANSYS) -;/ 9 Results 2,

B3 shape Optimization (ANSYS)

Static Structural (ANSYS)

Y steady-state Thermal (ANSYS)
(') Thermal-Electric (ANSYS)

] Static Structural (ANSYS)

Budérc 2: Thiét 1ap vat ligu cho bai todn

Thuyec hién tuong ti nhur bai ton trén (bai toan dam bé tong cot thép)
Buéc 3: Xay dung mé hinh hinh hoc

Mo hinh hinh hoc ciia bai toan nay duoc xiy dyng bang phan mém
AutoCAD va luu file c6 phan m¢ rong 1a: .sat (tambetong.sat).

~ Céc bude Import trén phan mém ANSYS dugc thyc hign nhu sau:

nhap chut phai vao Geometry = chon Import Geometry = Browse:
chon file tambetong.sat.

- | A
I = Static Structural (ANS
2 | @ Engineering Data v 4
3 P |
J.._ New Geometry...
4@ Model
B Import Geometry ’ | T
lﬁ Setup
6 | @8 Solutiof <l Duplicate tambetong. sat
- Transfer Data From N ’
3 ;0 Results ransfer Data From New betong.sat
Static S Transfer Data To New ’ vdthu.sat
Update vd2,sat
Refresh
Reset
Rename
Properties
Quick Help

Tiép theo, nhap dap chudt vao Geometry dé vao moi truong Design
modeler va chon don vi 12 Millimeter khi hop thoai yéu cau xuat hién.
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Dicu nay rat can thiét vi phai thong nhat don vi giita phan mém CAD
(xay dyng mo hinh hinh hoc) va phan mém phén tich (ANSYS).

Nhép chudt phai 1én dong Import = chon Generate.

B8- .EIE A Static Structural (ANSYS)

oy e RYPlane
oy S ZHPlane

. -‘,)}. YZPlane

:. 0| X Delete
| Generate

&b Rename

 Nhu vy ta da chuyén md hinh hinh hoc da dugc tao sin tir phan
meém AutoCAD sang phan mém ANSYS dé phan tich.
Buéc 4: Gan vit liéu va chia ludéi
Nhap dap chudt vao 6 Model trong Static Structural = xuét hién
moi trudng Mechanical.
Chon Units = Metric (mm, kg, N, s, mV, mA).

M Multiple Systems - Mechanical [ANSYS Multiphysics]

| Fie Edt view [Unts Tools Hep || @ | fsove - fH [k

| = m W Metric (m, kg, N, s, ¥, &)
‘ Mesh = ;’ Update Metric {cm, g, dyne, s, ¥, &)
’7 Metric {mm, kg, N, s, mV¥, mA)

Cutline

Project Metric (mm, £, N, s, mV, mA)

B Model { Metric (mm, dat, N, s, m¥, ma)

= J. Ge Metric (um, kg, PN, s, ¥, ma)

E] 'Vf";i o 1J.5. Customary (ft, Ibm, Ibf, °F, s, ¥, &)
- Me 1.5, Customary (in, lbm, Ibf, °F, s, ¥, &)

Doi tén cac doi twgng: Vao Outline > Project > Model >
Geometry = nhap chudt phai 1én doi tugng va chon Rename. Poi thanh
“be tong”, “thepl”, “thep2”,..., “thep8” nhu hinh:

B (8] Model (A4)

= .,. Geometry
ﬁ thepl
E e ,/Q thepz
o /B thep3
o JB thepd
'/Q thepS
i (& thepﬁ
ﬁ thep?
ﬁ theps
e betong

[# 3% Coordinate Systems

Gan vit liéu cho timg ddi tuong;
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Trong Outline Project, nhap chudt vao “be tong” dé md hop thoai
Details of “be tong”, sau d6 chon vat liéu nhu hinh sau:

Details of "be tong”

Graphics Properties

1=l Definition
|| Suppressed Mo
Stiffress Behavior Flexible

Coordinate System Default Coordinate S...
Reference Temperature |By Environment

&= Material
Morlinear Effects Yes @
Thermal Strain Effects | Yes Aluminurm Alloy

[+ Bounding Box | ]

Dbi vai cdt thép thi ta khong can thyc hién bude gan vat lidu vi
mac dinh vat li¢u cta cac doi tugng 1a Structural Steel.

Tao lién két giita cot thép va bé tong: nhap chudt phai vao dong
Connection = chon “Rename Based on Definition”.

ik Coordinate Systems
SR 2

i -y B Bonded - thepl To betong
------ "M, Bonded - thep2 To betong
- B Bonded - thep3 To betong
i J:l_‘ Bonded - thep4 To betong
- B Bonded - thepS To betong
i ‘U‘ Bonded - thept To betong

----- B Bonded - thep? To betong
-J‘l‘ Bonded - theps To betong

i .,/% Mesh
£ Static Structural (45) —
------ s Analysis Settings
[ 9/&@] Solution (AG) »|

Netails nf "Crnnectinns” 2
Ta thay lién két mic dinh 12 Bonded (d4n), do d6 ta can phai
chuyén tat ci cac lién két niy thanh No Separation (khong tach roi) biang
cach nhap chudt vao 1 dong lién két, ching han “Bonded — be tong to
thepl”, sau d6 chon kiéu No Separation trong hop thoai Details of
“Bonded — be tong to thep1”.

AL

Details of "No Separation - be tong To thep1" a
=/ Scope Rad
Scoping Method | Geometry Selection
Contact 1 Face

Target 1 Face

Contact Bodies

[=| Definition

1L

Mo Separation A

Scope Mode Bnned _
Behavior r'-Jn :uec-aratu:-n
Frictionless

Suppressed Rough L
[=| Advanced Frictional

Formulation Pure Penalty
Normal Stiffness | Program Controlled v
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Thuyc hién tuwong ty cho 7 lién két con lai gitra 161 thép va bé tong.
Sau khi hoan thanh thi cac dong thong bao trong Connections xuat hi¢n
nhu sau:

EJ ,/% Connections
! ] l,‘ Ma Separation - thepl To betong
b v I Mo Separation - thepZ To betong
o l* Ma Separation - thep3 To betong
J'! Mo Separation - thep4 To betong
-----‘,’h‘ Mo Separation - thepS To betong
b --‘/",‘ Mo Separation - thepé To betong
f- o J’h No Separation - thep? To betong
et l Mo Separation - thep8 To betong
/8 Mesh
& 99 Static Structural (AS) =
{'\ Analysis Settings
-,[a Solution {A6) ~|

il

Tiép theo tién hanh chia luéi bang cach: nhap chudt phai vao Mesh
trong Tree Outline = chon Generate Mesh.

0.00 500,00 (mm) )\‘
I 20000 z %

250.00

Buéc 5: Dat tii trong va cac rang bujc

Nhé‘ip chudt phai 1én dong Static Structural = chon Insert = Fixed
Support dé x4c dinh cac rang bude.

Sir dyng biéu tugng @ ten thanh cong cy dé chon 4 mit bén hong
cua tam. Cac mdt dugc chon s€ chuyén sang mau xanh 14 cay.
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i 0.00 600,00 (mm}) ; ;
| —

300.00

Sau d6 chon Apply trong Outline of “Fixed Support™\Geometry dé
hoan tat viéc dat rang budc 1én tam.

Tiép theo tién hanh dit tai trong 1én tim: nhip chudt phai 1én dong
Static Structural (A5) = chon Insert = Force.

Chon biéu tuong ® > chon mit trén cua tam, lic d6 ta thdy mit
dugc chon chuyén sang mau xanh 14 cay nhu hinh:

b
| 0,00 600,00 {mm) ‘:

Trong hop thoai Details of Force\Scope\Geometry ta chon Apply.
Definition\Define By: chon Component.
Y component: -10000 N

X component: 0

o O 0O O

Z component: 0
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Nhip chudt vao dong Static Structural dé kiém tra lai cac rang
budc va tai trong:

0.00 600,00 (rm)

Budc 6: Xir Iy va xem két qua bai toan

Nhip chudt phai vao dong Solution (A6) -> chon Insert =
Deformation = Total dé xem két qua bién dang cua tm

Nhap chudt phai vao dong Solution (A6) > chon Insert > Stress
- Equivalent (von Mises) dé xem két qua phan b tmg suit.

~ Chon biéu tugng @ 4 chon knéi, sau d6 chon 8 15i thép trong
tam va tiép theo thyc hién hai budce ¢ trén de hién thi két qua riéng.

Sau d6 chon 1énh =/ Solve trén thanh cong cu.
Két qua phan tich nhu sau:
Chuyén vi (Deformation) 16n nhat ciia tim: 0.039444 mm.

| (! No Separation - thepl To betong A

. Mo Separation - thep To betong
'l No Separation - thep To bistong
(‘.‘ No Separation - thepd To betong
. Mo Separation - thepS To betong
/¥, Mo Separation - thepé To betong
B, o Separation - thep? To betong
i /B, o Separation - theps To betong
- A Mesh
= /2] static Structural (A5)
b ,af\ Analysis Settings
ﬂ Fixed Support
ﬁ Farce
= ,,{i Solution (AG)
m Subtlnn Infmnatm

,,. Eun-'alerl ﬂr&es
-/ Equivalent Stress 2
/B Totd Deformation 2

0.00 700,00 (mm) '

Dkl o "Tota Deformation’
|~/Scove

2= =
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Ung suit (Stress) 16n nhit coa tAm: 1.2854 MPa.

q

- B, No Separation - thep! To betong A
B, No Separation - thep? To betang
/B, No Separation - thepd To betang
- W, No Separation - thep4 To betang
B, No Separation - thepS To betang
/B, No Separation - theps To betang
-, W, o Separation - thep? To batong
B, No Separation - theps To betang
/& Mesh
= =) static Structural (A5)
7Y Analysts Settngs
ﬁ Fixed Support
'« Force
= i88 Solution (A6)
/4] salutian Infarmatian
M Total Deformation
-~ A Equivalent Stress
- M Equivalenk Stress 2
- M Total Deformation 2

taits of "Equivalent Stress"

¥|= &

|
Ung suét va chuyén vi cua 8 13i thép:
Chuyén vi 16n nhat: 0.037028 mm.

Scooe

I No Separation - thepl To betong

‘IK Mo Separation - thepZ To betong

- 'IK No Separation - thep3 To betong
/B, No Separation - thepd To betong

B, No Separation - theps To beteng

- ‘I‘ o Separation - thepé To betong

‘IK o Separation - thep? To betong

B, No Separation - thepé To betong
- A Mesh

[ /=] Static Structural (AS)

------ I Brialysis Settings ‘

..... B, Fixed Support
w Force

= i@ Solution (A6)

Solution Information

------ /B Tatal Deformation

< M Equivalent Stress

M Equivalent Stress 2
.ot 2

‘ails of “Tokal Deformation 2"
Srane

0.57128
0.42646
0.28564
014282
1.5295e-12 Min

0,00

700.00 {mm)
350,00

I 700,00 ()
|
350,00

Ung suét 16n nhit: 1.2854 MPa.

I o Separation - thepl To betong 4|
/B, Mo Separation - thep2 To betong
/. o Separation - thep3 To betong
/B, o Separation - thep4 To betong
o B, No Separation - thepS To betorg
/. o Separation - thepé To betong
B No Separation - thep7 To betong
B, Mo Separation - theps To betong
. (@ Mesh
== static Structural (AS)

7 andysis Settings
Fixed Support:
« Force

(=& Solution (A6)
/8] Solution Information

B Tokal Deformation

- 8 Equivalent Stress

. Equivalent 5 2

- B Total Deformation 2

of "Equivalent Stress 2°
pe

y@'ﬂ [l
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Chwong 9
PHAN TiCH BAI TOAN DAO DONG

Vé co ban thi bai toan dao dong cd quy trinh giai gidng nhu bai
toan phan tich tinh nhu cich xdy dyng mé hinh, xac dinh h¢ thong cac
phan tir, thiét 1ap cic rang budc va tai trong. Tuy nhién, bai toan dao
dong khac ¢ cach tao mod dun phan tich va cich khai thac két qua phan
tich bai toan. Bai toan dao dong s€ cho ta biét gia tri chuyen vi cua doi
tugng khao sat tai timg tan s6 dao dong ma phan mém tim thay.

Bai toan dao dong cling c6 ba kiéu mo6 hinh hinh hoc la: Line
Bodies, Surface Bodies va Solid Bodies.

9.1. BAI TOAN 9.1

Tim tan s6 va dang dao dong riéng ctia dam chit nhat nhu hinh
9.1. Dam c6 kich thuée L = 2.3 m; B = 0.04 m; H = 0.06 m, va dugc
dat trén hai goi do tya. Vat li¢u cua dam 1a thép ket cau c6 mo dun dan
hoi E = 200 GPa va h¢ so Poisson v =0.3.

Hinh 9.1

Buée 1: Khéi dong ANSYS Workbench

Chon mo dun phan tich 1a Modal (dao dong riéng).
Budérc 2: Thiét 1ap vat ligu cho bai todn

Vi phin mém da mgc dinh vét ligu Ia thép két cau voi mo dun dan

hoi va hé so Poisson thoa man yéu cau cua dé bai nén c6 thé bo qua viée
chon lai vat liéu.
Budce 3: Xay dung mo hinh hinh hge

Trudce khi xay dyng mo hinh hinh hoc cho bai toan ta can phai xac
dinh dang phan tir dé giai. Nhap chudt phai vao Geometry > chon
Properties.
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1

6

7 Solid Bodies 4
8 Surface Bodies

9 Line Bodies —
10 Parameters

11 Parameter Key [

12 Attributes ]

13 MNamed Selections D o

Panh dau vao 6 vuéng bén phai ciia phan tir Line Bodies dé chon,
sau d6 dong hop thoai nay.

Nhap dap chudt vao 6 Geometry dé vao mdi truong Design
Modeler dé tién hanh tao mo6 hinh hinh hoc cho bai toan.

Vao the Sketching dé xay dung m6 hinh 2D cho bai toan. Chon mat
phing v& 1a mit XY (bang cach nhap chudt vao chiéu duong cua tryc toa
d6 Z & goc dudi bén phai cira s6 d6 hoa)

Chon Draw > Line dé v€& mot doan t];lflng xuat phat tir goc toa do
(khong can quan tam t6i chiéu dai doan thang). Sau do, chon Draw =
Dimensions = Horizontal d€ dinh kich thudc cho doan thang vira vé.

Chon Details View (xuét hién & phia bén tréi cira s6 do hoa) =
Dimensions va dinh chiéu dai H1 1a 2.3 m.

Details Yiew

=|| Details of Sketch1
' Sketch Sketchi
Sketch Visibility Show Sketch
Show Constraints? |No
ﬂIDimensiuns: 1

-|Edges: 1
Line [Ln7

Tiép theo xdy dyng thanh mé hinh bai toan tir doan thang 2D vira
tao ra. Chon Concept = Lines From Sketches dé dinh nghia cho m6 hinh
tir doan thang tao ra trong moi truong Sketching.

J File Create | Concept Tools View Help

] ﬂ g E ®=¢ Lines From Poinks

J wYPlane dﬂ| Lines From Sketches
[ Lines From Edges
A\, 3D Curve

™ Split Edges

J :} Generate
Sketching Toolbs

¥ Surfaces From Edges
&3 Surfaces From Sketches
Cross Section 4

&P General
[t Horizontal
T Vertical
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Trong Details View, ta thay hop thoai dang can nhap Base Object,
chon Sketchl trong Tree Outline sau d6 chon Apply.

Sau khi chon Sketchl cho Base Object, nhap chudt vao biéu tugng
v Generate 48 thyc thi qua trinh tao phin tir Line Bodies cho bai toan.

Tiép theo xdc dinh tiét dién cia dam: chon Concept > Cross
Section = Rectangular dé xac dinh tiét dién cia dam 1a hinh chir nhat.

O A Static Structural (ANSYS) - DesignModeler

| File Create |concept Tools View Help

| 21 I B> Lines From Ports | select: | *1y Ty~ | W)

J ¥Plane £ Lines From Sketches bt
J '} Generate B Lines From Edges e *leve [
WA, 3D Curve

™« Spit Edges
‘3 b surfaces From Edges
N a Surfaces From Sketches

| )| rectangular

@ Crcular
© Crcular Tube
P rhannel Sectinn

B S8 1 Part, | Body

_ Trong hop thoai Details View, nhdp hai kich thudc chicu dai va
chidu rong 1a B = 0.04 m; H=0.06 m.

=1 Details of Rect1
Sketch Rect1
Show Constraints? | Mo

(>

=l| Dimensions: 2
E 0.04 m
I “in.nsm
- Edaes: 4
Pé xac nhan tiét dién vira tao ra 1a mit cit cia dam ta nhap chudt
vao Line Body trong Tree Outline, chon Rectl trong hdp thoai Details
View\Details of Line Body\Cross Section.

1L

ietails Yiew a
3| Details of Line Body

Body Line Body

Faces 0

Edges 1

Yertices 2

(@Ol Mot selected -

Mone

| Model View |Print Previewl

 Nhu vy ta da xay dung xong md hinh hinh hoc cho bai toan va c6
theé dong cua s6 Design Modeler dé chuyén sang cac budce tiép theo.

Buéc 4: Chia luéi
Thyc hién trong méi trudng Workbench.
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Nhap dap chudt vao 6 Model dé vao mdi trudng Mechanical.

Chon don vi cho bai toan 1a Metric. Vao Unit = chon Metric (m,
kg, N, s, mV, mA).

Q| Fsave - (A
Metric {m, kg, M, s, ¥, &)

Metric (cm, g, dyne, s, ¥, A)
[ metric (mm, kg, N, 5, my, ma)

Metric (mm, £, M, 5, m¥, ma)

Metric (mm, dat, N, 5, m¥, ma)

Metric (um, ka, pM, s, ¥, ma)

LS. Customary (ft, bm, Ibf, °F, 5, ¥, &)

LS. Customaty (in, bm, Ibf, °F, 5, ¥, &)

Tiép theo tién hanh chia ludi phan tir theo mic dinh. Nhap chudt
phai vao Mesh = chon Generate Mesh.

0.000 1.000 {m}) Z/L b3

Budc 5: Pit cic rang budc 1én dim
+ Dt rang bugc la goi s twa lén hai dau dam:
Nhip chudt phai vao dong Modal (A5) = chon Insert = Remote

Displacement.
P

= E Model {A4)
| - @ Line Body

4] Coordinate Systems

o S Mesh

3 @) Thermal Condition

@, Fixed Support
3, Displacement
T
B, Frictionless Support

@ Cylindrical Support

=8 Simply Supported

@, Fixed Rotation

3, Elastic Support
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Chon biéu tuong trén thanh cong cu dé chon diém. Sau d6
nhip chudt vao mot dau ciia dam.

Trong hdp thoai Details of Remote Displacement:
Chon Apply tai Geometry.

Pit cac gia tri bang 0 cho X Component, Y Component, Z
Component, Rotate X, Rotate Y.

Dat gia tr1 Free cho Rotate Z.

Coordinate System |Global Coordinate System

| % Coordinate |0, m

| ¥ Coordinate |0, m ‘

|1 Z Coordinate 0. m

Location Click ta Change L
Y
|

[=)| Definition
Type Remote Displacement
| % Component |0, m {step applied)
| 1¥ Component |0, m {step applied)

| | Z Component [0, m (step applied)
[ Rotation ¥ 0. {step applied)
[ Rotation ¥ 0. ® {step applied)
Rotation Z Free ~

Thyc hién twong tu cho rang budc con lai cia dam.

Sau khi dit cac rang budc 1én dim ta nhip chut vao dong Modal
(A5) d8 kiém tra lai két qua dit rang bude.

0.000 0,800 {m)
0.400

Budc 6: Xir Iy va xem két qua bai toan
Nhip chudt phai vao dong Solution (A6) = chon Solve.
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e il
a ;Ea Modal (AS)
JT;P Pre-Stress (None)
\,/\ Analysis Settings
frmares ﬁ Remote Displacement
Jﬁ, Remote Dlsplacement 2

Nhép chudt phai 1én dong Timeline > chon Select All dé chon tat
ca céc tan so.

Nhép chudt phai 1én dong Timeline = chon Create Mode Shape
Result d¢ tao ra hinh dang ket qua dao dong ctia dam.

|create Mods shape Resuks |

] -

Zoom To Range

Sau d6 nhap chudt phai 1én dong Solution (B6) = chon Evaluate
All Result dé xac dinh gié tri ctia tat ca cac két qua.

Luc nay trong Solution ¢4 6 dong bicu thi két qua phan tich twong
g v6i 6 tan s6 ma phan mém tim ra.

= ‘,{E Solution (AB)
- f] Solution Information

f ----- B Total Deformation
------ I Total Deformation 2
- /% Total Deformation 3

- /B Total Deformation 4

- /448 Total Deformation 5

L ,,Q Total Deformation &

Theo mic dinh thi phin mém s& ty dong tim ra 6 tan s6 riéng (mg
v6i 6 dang dao dong riéng cia ddi tuong. Vi viy, ta co thé nhap chudt
vao dong Total Deformation tir 1 dén 6 dé xem dang dao dong, tan s
riéng va két qua chuyén vi ing voi timg dang dao dong ctia ddi tugng.
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+ Dgng I:

Project
=~ (6 Model (A4)
&g. Geomelry
8k Coordinake Systens
Mesh
& ,,E] Modal (A5)
'@ Pre-Shress (None)
,,?K Analysis Settings
B, Remote Displacement
B, Remote Displacement 2
=l Solution (A6)
/1 sobation Irformation

M Total Deformation 2
- M8 Total Deformation 3 .

B Total Deformation 4 [HREIE _
B Total Deformation 5 D.0z3801 i

- M Total Deformation & 1.3041e-7 Min
.
%

Dﬂ;ﬂ! T i 0.000 1,000 {m)
Deformation” [ e—]

Chuyén vi 16n nhat 0.21421 m tmg v&i tan s6 dao dong 17.298 Hz.

+ Dagng 2:

| Project

- 8| Model (A4)
k3 ‘,. Geometry
# st Coordinste Systems
} Mesh

= [F] Modal (as)
- /TR Pre-Stress (None)
gl Analysis Settings
ﬂ Remcte Displacement:
Remake Displacement 2
B ﬁswmm;

il of *Total Deformation 2° X L] - 1,000 {m) .
Chuyén vi 16n nhét 0.23979 m (mg v6i tan s dao dong 58.533 Hz.
+ Dang 3:
COE—
= [& Model (A4)
B ceometry

o+ Coardinate Systems
Meash

= ,& MndaI(Ml
i Pre-Stress (Mone)
Analysis Settings
,,é, Remioke Displacement
/B, remcte Displacemert 2
B s Solution (AG)
i Salution Information
- M Total Deformation
- M Total Deformation 2

-’ Tatal Deformation 4 | s :
- g Total Deformation 5 A ¥
" & Total Defarmation & 1.0398e-6 Min
.
4
R e " 0.000 1.000 {m)
[ElScope 1 0,500

Chuyén vi 16n nhét 0.21414 m (mg v6i tan s dao dong 69.088 Hz.
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+ Dang 4:

A Geometry

F ok Coordinste Systems

b A Mesh

=417 Modal (As)
/T Pre-siress (None)
i :g‘ Analysis Settings
I . Remote Displacement
% Remote Disphacement 2
B Solution (A6)

- AF] soution Informasaon
/8 Total Deformation

/B Total Deformation 2
- B Totl Deformation 3

M Total Deformation 5 02325 ¥
M8 Total Deformation & 5.034e-7 Min
| L
¥
0.000 1.000 {m)

‘Detals of "Total Deformation 4° 7
prandmatdeaey 2 T

Chuyén vi 16n nhét 0.20924 m (mg v6i tan s dao dong 155.07 Hz.

+ Dang 5:
CIEE————

| Project
Model (4)
[+ M Geametry
F},f;f\ Coordinate Systems
; Mesh
= /i) Modal (A5)
(§ Pre-Stress (None)
[ Bnalysis Settings
B, Remate Displacement
,0' Remobe Displacement 2
= /8] Solution (A6)
/4] Solution Information
M Totsl Deformation
i Tota! Deformation 2
M Tots Deformation 3
{. Totl Deformation 4

3 Total Defarmation & 4.8185e-6 Min T .
Chuyén vi 16n nhét 0.22856 m (mg v6i tan s dao dong 160.38 Hz.

+ Dagng 6:
]

| Project

- 88| Model (A4)
#- A Geometry
H - s, Coordinate Systems
; Mesh

= A1 Modal (AS5)
/TP Pre-Stress (None)
7 Analysis Settings
/B, Remate Displacement
ML remote Displacemert 2
=8| Solution (A6)
] Solution Tnfoemstion
i Total Deformation
i Total Deformation 2
i Total Deformation 3

- M Total Deformation 4
| M Total Deformation S 0.023773 7
Q] o Ceformation £ S ;
.
x
s of "Tatal Deformation 6° 2 0.000 - 1.000 {m)

Chuyén vi 16n nhét 0.21389 m mg v6i tan s dao dong 274.76 Hz.

9.2. BAI TOAN 9.2
Cho dam bang thép két ciu, ¢ dinh hai dau (hai dAu ngam) nhur hinh 9.2.
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Hinh 9.2

Dam c6 chiéu dai L = 2.3 m; mit cit ngang c6 cac kich thude
B =0.04 m; H=0.06 m. Myc ti€u cta bai toan la tim tan so riéng
va dang dao dong riéng cua chi tiet.

Buéc 1: Khéi dojng ANSYS Workbench

Chon m6 dun phan tich Modal.
Budrc 2: Thiét 1ap vat liéu cho bai todn

Dam lam tir vat liéu thép két cAu theo ding nhu mic dinh cua phan
mém nén ta c¢6 theé bo qua budce lya chon vat licu.
Buéc 3: Xay dung mé hinh hinh hoc

Chi tiét phan tich & dang Line (Line Bodies) nén ta phai chon lai
kieéu mo hinh hinh hoc cua bai todn. Nhap chudt phai vao Geometry =
Properties.

hd

1

6

7 Solid Bodies =
8 Surface Bodies

9 Line Bodies —
10 Parameters

11 Parameter Key D5

12 Attributes ]

13 Mamed Selections D o3

Sau khi hop thoai trén xuat hién, ta chon phan tir Line Bodies bang
cach danh dau vao 6 vudng bén phai cua né va dong hop thoai nay lai.

Nhap dip chudt vao 6 Geometry, phan mém s& xuat hién moi
trrong moi Design Modeler, 1a méi truong ma ta s€ tién hanh tao mo
hinh hinh hoc cho bai toan.

Chon don vi cho bai toan 13 Meter va mit phang v& 1a XY.
Chon thé Sketching dé vé mot doan thing c6 chidu dai L = 2.3 m.
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Vao Concept = chon Lines From Sketches dé dinh nghia cho mé
hinh tir doan thang vira tao ra trong moi truong Sketching.

DUl A: Static Structural (ANSYS) - Desigr

J File Create | Concept Tools View Help
J Al “e Lines From Points

J wPlane ﬂ Lines From Sketches
T _¢ - | [ Lines From Edges
WA\ 3D Curve

Su Srlik Fdnas

| =} Generate
Sketching Toolb

Trong Details View ta thay hop thoai dang can nhap Base Object,
chon Sketchl trong Tree Outline va sau d6 chon Apply. Sau khi chon

Sketchl cho Base Object, nhép chudt vao bidu tugng 7 SMM4® e

goc trai man hinh dé phan mém tao phan tir Line Bodies cho bai toan.

Tiép theo ta xc dinh tiét dién cho doi twgng: Vao Concept > chon
Cross Section = Rectangular dé xac dinh tiét dién cua dam la hinh chi
nhat.

ofi &: Static Structural (ANSYS) - Designkodeler,

JFle Create Cuncept Tools View Help

J 21 = E| > Lines From Points |Selm: W % W
J RYPlane £ Lines From Sketches hact]
E Lines From Edges
Generate de Reval 5
I } “ A, 30 Curve * o ~ =

~« Spit Edges
: > Surfaces From Edges
| @8 Surfaces From Sketches

ﬂ Reckangular
@ Crcular
€ Croular Tube
E channel Section

=& 1 Part, 1 Body
...... ¢ ™ Line Body

Trong hop thoai Details View, nhap hai kich thudc chiéu rong va
chiéu cao. D6i v6i bai nay, ta nhap thong sé cho chiéu rong B = 0.04 m
va chiéu cao H = 0.06 m.

Tiép theo ta phai xac nhan tiét dién vira tao ra 1a mit cit cua dam.
Nhap chudt vao Line Body trong Tree Outline. Trong hop thoai Details
View = Details of Line Body = Cross Section = chon Rectl.

retails View n
1| Details of Line Body
Body Line Body
Faces 1}
Edges 1
Vertices 2
Mot selected -
More

| Model View |Prlnt Prevlawl

Thoat khoéi moi truong Design Modeler.
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Budéce 4: Chia luéi

Chon Workbench = nhip dip chudt vao Model dé vao méi truong
Mechanical.

Chon Unit = chon don vi Metric (m, kg, N, s, V, A).

Tién hanh chia lu6i phan tir theo mic dinh: Nhip chudt phai vao
Project > chon Model > Mesh > Generate Mesh. Sau khi chia ludi
dam c6 hinh anh nhu sau:

0,000 0,800 {m) ZA ®
| aa—

0,400
Buéc 5: Pit cic rang bude 1én dim
Nhip chuét phai 1én dong Static Structural = chon Insert = Fix
Support.

~ Chon biéu twong " trén thanh cong cu va chon vao mét dau cia
dam. Trong hgp thoai Details Fixed Suport = Scope = Geometry >
Apply.
Thuyc hién twong tu cho d4u con lai cua dam.
Nhip chuét vao dong Modal dé xem hinh anh mé phéng rang budc.

Budc 6: Xir Iy va xem két qua bai toan

Nhép chudt vao biéu tugng  =£Solve @& phin mém tién hanh giai.

Nhip chudt vao dong Solution (A6) s& xuit hién bang Graph va
Tabular Data nhu hinh anh. Hai bang nay cho ta so li¢u cua céac tan s6
dao dong ma phan mém da tim ra.
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Graph

312.2

200.

100, —

a.

O

1
1
2

L ———

1

~ =,
\\_Messages )__Graph |

Dé chon hién thi két qua phan tich & tit ca cac tan sé: Nhip chudt
phai vao 6 Graph = chon Select All = Create Mode Shape Results.

! 1
1 2 3 4 S 6

Lic nay trong dong Solution s& xuét hién 6 két qua chuyén vi tmg
V01 6 tan sO dao dong ma phﬁn meém da tim ra.

Jﬁ?, Fixed Support 2
g .;@ Solution (AG)
JED Solution Information
/% Total Deformation
/%@ Total Deformation 2
/%@ Total Deformation 3
/% Total Deformation 4
/% Total Deformation 5
/%@ Total Deformation 6

Nhap chudt phai vao Solution (A6) > chon Evaluate All Results
dé phan mém dua ra két qua.

‘o JSB, Fixed Support 2
=-/el

.;& Total Deformation 6 I

Pé xem két qua, nhap chudt vao bat cir dong nao trong 6 dong
Total Deformation dé phdn mém dua ra hinh anh chuyén vi Gng véi tin

s6 do.
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.E Project
= [l Model (A4)
=, M Geometry
3--«)&; Coordinate Systems
Mesh
=43 Modal (a5)
LT Pre-Stress (None)
e Y Analysis Settngs
L Fied Support
3 ,ﬂ: Fixed Support 2
H-4& Solution (A6)
3] Solution Informacan

- M Total Deformation 2
M Total Deformation 3
M Total Deformation 4
- M Totdl Deformation 5
o M Totd Deformation &

0.000 0.800(m)
0,400

Detals of "Total Deformation’ 1

O tan s6 dao dong 39.151 Hz thi chuyén vi 16n nhét 13 0.23998 m.
O tan s6 dao dong 58.575 Hz chuyén vi 16n nhét 13 0.23983 m.

O tan s6 dao dong 107.63 Hz chuyén vi 16n nhét 13 0.2289 m.

O tan sb dao dong 160.5 Hz chuyén vi 16n nhét 13 0.2286 m.

O tan sb dao dong 210.26 Hz chuyén vi 16n nhat 13 0.22608 m.

O tan sb dao dong 312.15 Hz chuyén vi 16n nhat 14 0.22583 m.
Céc gi tri chuyén vi bé nhat déu bang 0.
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Chwong 10
PHAN TiCH BAI TOAN DAO DONG MO RONG

Bai to4n dao dong riéng c6 sy xuat hién ¢mg suat trong chi tiét.

10.1. BAI TOAN 10.1

_ Tim tan s0 va dang dao dong riéng ciia dam chir nhat nhw hinh 10.1.
Dém dugc 1am 6 vét liu thép kit cu véi mé dun dan hdi E = 200x10°
N/m?; hé s6 Poisson v = 0.3. Kich thuéc L =4 m; B = 0.05 m; H = 0.08m.

w = 2 KN/m

Py b

SN

Hinh 10.1
Ta phén tich bai toan nhu sau:

Buée 1: Khéi dong ANSYS Workbench

Trong Toolbox, nhap dtp chudt vao mé dun phan tich tinh Static
Structural dé tao hé thong phan tich tinh xuat hién trong man hinh Project
Schematic.

Tiép theo kéo va tha md dun phén tich dao dong Modal trong
Toolbox vao & Solution ctia h¢ thong phén tich tinh vira tao ra, ta s€ thay
hé thong phéan tich dugc tao ra nhu hinh sau:

- S Project Schematic

l B Analysis Systems

8 Electric (ANSYS)

Explicit Dynarics (ANSYS) A

B Fluid Flow (CF) (W 7 Static Structural (ANSYS) I Modal (ANSYS)

Fluid Flow (FLUENT) 2 | @ Engineering Data v ,——az & EngreeringData v

Harmanic Response (ANSYS) 3 | @ Geometry ? ,——W3 @ Geometry ?.

Linear Buckling (ANSYS) + | @ | % ,—=a4 @ Mod z

Magnetastatic (ANSYS) |+ | &P Mode T4 Fogel —
Fodal (ANEYS) S | @ setup ? ,_/—!5 @ seto ? .

il Random vibration (ANSYS) 6 | @ Solution T . & | Solution 7 .

m Response Spectrum (ANSYS) 7 0 Results ? . 7 0 Resilts ? .

(5 shape Optimization (ANSYS)

a Static Structural (ANSYS) Static Struckural (ANSYS)
B steady-state Thermal (ANSYS)

) Thermal-Electric (ANSYS)

ﬁ Transient Structural (ANSYS)
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Theo d6 ta s& sir dung mo dun phan tich tinh lam tién d& dé phan
tich trong m6 dun phan tich dao dong.
Budérc 2: Thiét 1ap vt liéu cho bai toin

Vi phan mém da mic dinh vat liéu 13 thép két cau véi mo dun dan
hoi va hé s0 Poisson thdéa man yéu cau cua dé bai nén ta bé qua viéc chon
vat liéu.
Buéc 3: Xay dung mé hinh hinh hoc

Chi tiét phan tich ¢ dang Line (Line Bodies) nén phai chon lai kiéu
cho mé hinh hinh hoc cua bai toan bang cach: nhap chuft phai vao
Geometry = chon Properties.

1

6 ¥

7 Solid Bodies 1
] Surface Bodies 1
9 Line Bodies V] -
10 Parameters

11 Parameter Key DS

12 attributes ]

13 Named Selections ] 3

Chon phan tir Line Bodies trong hp thoai bing cach d4anh dau vao
0 vuodng bén phai ciia n6 va dong hop thoai nay.

Nhép dtip chudt vao 6 Geometry, mdi truong Design Modeler xuét hién.
Chon don vi cho bai toan 13 Meter va mit phang v& 1a XY.
Chon thé Sketching dé v& mot doan thang c6 chiéu dai L = 4 m.

Tiép theo, chon Concept > Lines From Sketches dé dinh nghia mo
hinh tir doan thang vira tao ra trong moi truong Sketching.

File Create | Concept Tools ‘iew Help

|
J .’a H “~s Lines From Points
JXYT @ Lines From Sketches

| 5 onere| T s From s

i Too ™ Split Edges

¥ Surfaces From Edges
&8 Surfaces From Sketches

Cross Section 4

&> General

Trong Details View xuat hién hop thoai dang can nhap Base Object,
chon Sketchl trong Tree Outline va sau d6 chon Apply.
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Sau khi chon Sketchl cho Base Object, nhap chudt vao biéu tuong

7 Generate tran thanh cong cu. Nhu vy ching ta di tao xong phin tir
Line Bodies cho bai toan.

Tiép theo ta xé4c dinh tiét dién cho d6i twgng: Vao Concept = chon

Cross Section = Rectangular dé xac dinh tiét di¢n ctia dam 1a hinh chit
nhat,

J File Create | Concept Tools View Help
J {] H ﬁ s Lines From Points Select: *[é f@v | @
J wyplane ) Lines From Sketches 3
J } cenerate [0 Lines From Edges e *Revohe sﬁwe
W, 3D Curve
MRt .« Split Edges
[:]m"i A S @ surfaces From Edges
SR
il @ Surfaces From Sketches
v VZPlane @ Circular
8-y Linel © Circular Tube
= @ 1 Part, 1 Body _
F- ™ Line Body E Channel Section
X I Section
L Z Section
L. L Section

_ Trong hp thoai Details View, nhap hai kich thuéc chicu dai va
chiéu rong. Doi vai bai nay ta nhap thong so cho chiéu rong B = 0.05 m
va chiéu cao H = 0.08 m.

Xéc dinh tiét dién vira tao ra 1a mit cit cia dim bang cach nhap
chudt vao Line Body trong Tree Outline. Trong hdp thoai Details View
-> Details of Line Body = Cross Section = chon Rectl.

ietails View 2
7| Details of Line Body

Body Line Body

Faces 1]

Edges 1

Yertices 2

S Mot selected v

Mone

| Model view | Print Preview |

Budéce 4: Chia lwoi

Vao lai méi truong Workbench, nhap dip chudt vao 6 Model >
cua sO mdi Mechanical xuat hién.

Chon Unit < Metric (m, kg, N, s, V, A).
Nhap chudt phai vao Project > chon Model > Mesh - Generate
Mesh dé tién hanh chia ludi theo mac dinh.
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Buéc 5: Pit cic rang bude 1én dim
Dit rang budc c¢b dinh 1én mot ddu cua ddm: Nhip chudt phai 1én

Static Structural > chon Insert > Fixed Support. Chon biéu tugng
trén thanh cong cy = chon mot dau cia dam. Trong hop thoai Details
Fixed Support = Scope = Geometry = Apply.

Tiép theo, dat tai trong phan bb: Nhép chudt phai 1én Static
Structural = Insert = Line Pressure.

= @] Model (A4, B4)

= A Geometry
L. ﬁ Line Body
w4 Coordinate Systems
B Mesh

@7 Acceleration

@] Standard Earth Gravity
i L |®@, Rotational Yelocity
& #& Modal (B <] Jean @, Force
4 -
- /720 Pre-s| b Rename 9
oy Analysis Settings % Remote Force
B4 %] Solution (B6) 0, Bearing Load
7] solution Information | % Bolt Pretension
@, Moment

@) Thermal Condition

Details of “Static Structural (45)" @ Jaint Load

=) Definition G, Fluid Solid Interface
Physics Type Structural B, Fixed Support
Analysis Type Static Structural & Discla ;
Salver Target ANSYS Mechanig " Displacemen

= Options @, Remote Displacement
|| Environment Temperature |22, °C @, Frictionless Support
Generate Input Only Mo &, Cylindrical Support

€L Simply Supported

& Fixed Rotation

Sau d6 chon ca doan thing (ca dim) dé dit tai trong phan bd nhu
hinh sau:
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Chon Component trong Details of Line
Pressure\Definition\Define By.

bit gia tri: - 2000 N/m tai Y Component.

Details of “Line Pressure”

[=l| Scope
Scoping Method | Geometry Selection t
Geometry 1 Edge

=1 Definition i
Type Line Pressure
Define By Components

Coordinate System | Global Coordinate System

| |% Component  |0. Nfm (ramped)

M ¥ Component -2000. Nfm (ramped) 3
| ]2 Comporent |0, Nfm (ramped)

Suppressed Mo

Xem mo phong cac rang budce dat lén dim bang cach nhdp chudt
vao dong Static Structural, xuat hién hinh anh sau:

Bude 6: Xir Iy va xem két qua bai toan

Chon 1énh =/ Solve trén thanh cong cu.

Nhip chudt vao dong Solution (A6) = bang Graph va Tabular
Data xuat hi¢n.

Graph B Tabular Data n
6. [v Frequency [Hz
71.164
40.
||
0. 1 1 1 1
1 2 3 4 9 6
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Dé chon hién thi két qua phén tich & tit ca cac tin s6: Nhép chudt
phai vao 6 Graph = chon Select All = Create Mode Shape Results.

1
W
- ——

1 5 6

Lic nay trong dong Solution s& xuét hién 6 két qua chuyén vi tmg
v6i 6 tan s0 dao dong ma phan mém da tim ra (theo mac dinh cua phan
mém la tim ra 6 tan s6 Gng v6i1 6 dang dao dong khac nhau cia dam).

=] /ﬁ Solution {(A6)

: ,,f!] Solution Information
- /‘ Total Deformation

- ,4‘ Total Deformation 2
-/ Total Deformation 3
/8 Total Deformation 4
/8 Total Deformation 5
/8 Total Deformation 6

~ Nhép chuét phai vao Solution - chon Evaluate All Results dé dua
ra két qua.

Total Deformation 6

Nhap chudt vao dong Total Deformation trong Solution thi két qua
dugc thé hién trén man hinh Graphic. Vi tan s6 dao dong 2.5477 Hz thi
chuyén vi 16n nhat 1a 0.17844 m.

[+t Coordnae Systems
o 8 Mesh
(= {2] static Structural (A5)
,Q Analysis Sethings
Feted Suppatt
i '« Line Pressure
f = _,@ Solution (AB)
{ «’_B Solution Infarmation
B- ,@ Modal (B5)
T Pre-tress (3atic Structursl)
Analysis Settings
F- Solution (B6)
e :D Snluhun Infnrmatm

. ] Intal Dsﬂ:m\ahon z
- M Toeal Deformation 3
A Tokal Deformation 4
- M Toeal Deformation 5
A Tokal Deformation 6
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Vi tan s6 dao dong 4.0732 Hz thi chuyén vi 16n nhét 13 0.17843 m.

.?I--,:!‘ . Conednate Systems a

A Mesh
3---,,@ Static Structural (45)
\ Analysis Settings
Fored Support
ﬂ Line Pressure
5- ,@ Solution (A6)
/1] sohution Infoemation
= m Modal (35)
b Pre-Stress {Static Structurdl)
T Analysis Settings

b8l Ethn (66)
e Soltion Infoemation
‘.‘ Total Deformation glm
. Y Total Deformation 2 '
B Total Deformation 3 AL
ﬁ Total Deformation 4 0017626 !
(‘ Total Deformation 5 0 Min
/B Total Deformation & i IL'
~ ‘

2l g Coordniate Systems
4& Mesh

= /=] Static Structural (A5)
N Analysis Settings
| ,ﬂ, Fexed Support
--ﬁ. Line Pressure

B, ,@ Solution (A6)

ﬁ Sohution Information
= ,.E Modal (85)
T_’@ Pre-Sress (Static Structured)
e PN Analysis Settings

£-,/8| Solution (86)
41 Solution Erfcemation
; 0.079269
- M Total Deformation 005352
(‘ Total Deformation 2 '
- 0039635
8 Toatearato s 0019817 ;
- M Total Deformation 5 0Min
----- B Total Deformation & 3 ‘
v K

Vi tan s6 dao dong 25.489 Hz thi chuyén vi 16n nhat 14 0.17817 m.

= J!- Coordnate Systems ~

Mesh
=l }% Slatll: Structural (A5)
fos Analysis Settings
Fuied Support
ﬁ Line Pressure
B- ,@ Solution (AG)
/8 Solution Information
= ,{a Modal (85)
i @ Pre-hress (Static ructued)
,;;\‘ Analysis Settings
&- ,@ Solution (86)
Soltion Information
----- % Total Deformation z'g;
[ ] Totall)eformahcn 2 Ultﬂ\]m

0019757 ¥

. TutaIDuf rnuh:n 5 OMin
A Total Deformation & ! [
X

nnn 2.0 imy

Vi tan sé dao dong 44.622 Hz thi chuyén vi 16n nhat 12 0.17821 m.

23]
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§|--¢!‘ Coordnate Systems ~

o Mesh

3:% Static Structural (AS)
N Analysis Settings
ﬁ, Fered Support
--)3.‘ Line Pressure
/88 Solution (A6)

/8] Solution Infoemation

=i Modal (B5)
oo /75 Pre-Seress (Static Structural)
Y Bnalysis Settings

|6 Solution (B6)
/3] Sation Infoemation
Tatal Deformation
----- g Total Deformation 2
/M Total Deformation 3
- M Total Deformation 4

0059404
0039603
0012801 ¥

o

V6i tan sé dao dong 71.164 Hz thi chuyén vi 16n nhat 14 0.17783 m.

ﬂ--«!‘ . Coordnate Systems ~

- /B Mesh
=}~ Static Structural (A5)
[ Y Analysis Settings
, Fored Support
B Lne Pressure
/@ Solution (AG)
----- ] Solution Information
=i Modal (B5)
T Pre-ress (Static Seructurdl)
e Y Analysis Settings
=] Solution (B6)
4] Sohstion Informaticn
- M Total Deformation

----- A Total Deformation &

K

/B Total Deformation 2 UiserD
----- A Total Deformation 3 0.033517
- M Total Deformation 4 0,019759 ;
M Total Deformation 5 0Min
L .

10.2. BAI TOAN 10.2

Phan tich dang dao dong va tén 56 dao dong cua chi giét nhu hinh
10.2. Chi tiet dugc lam tir thép ket cau va bat bulong ¢ hai dau. Trong do,
mdt dau dugce gitr co dinh va dau con lai dugc dat tai trong doc truc c6 do
16n 4000 N vé1 phuong hudng ra ngoai.

Hinh 10.2
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Bude 1: Khéi djng ANSYS Workbench

Trong Toolbox, nhap dap chudt vao md dun phan tich tinh Static
Structural dé tao hé¢ thong phan tich tinh xuat hién trong ctra s6 Project

Schematic.

Tiép theo, kéo va tha mé dun phén tich dao dong Modal trong
Toolbox vao 6 Solution ctia hé thong phan tich tinh vira tao ra. Khi d6 h¢
thong phan tich cua bai toan dugc tao ra nhu sau:

lEI Analysis Systems

(8 Electric (ansvs)

Explicit Dynamics (ANSYS) v

(8 Fluid Flow (CFY) W 7 Static Structural (ANSYS)

Fiuid Flow (FLUENT) 2 | @ Enginesring Data v ;a2 @ EngesringData
(A"

Harmeric Respanse (ANSYS) 3| @ Geonetry 2, 23 @ Geometry 2,
Linear Buckling (AMSYS) . = . )
({) Magnetastatic (ANSYS) § @ Madel ‘4 pldl -
T vodd (wi575) | 5 @ setwp % ‘-/-cs @ et ? .
fl} Random vibration (ANSYS) 6 | @ solution ?, 6 | solution ? .
m Response Spectrum (ANSYS) 7 0 Results = ) 2 0 Resuls 2 s

(&) shape Optimization (aNSYS)

3 static Structural (ANSYS) Statc Structural (ANSYS)

Modal { AF-J':'-"."'E.'}

Theo d6 ta s& sir dung md dun phan tich tinh 1am tién dé dé phan
tich trong m6 dun phan tich dao dong.
Budrc 2: Thiét 1ap vat liéu cho bai todn

Vit liéu cua chi tiét twong tmg v&i vat liéu mic dinh ciia phan mém
nén ta c6 theé bo qua budc nay.
Buéc 3: Xay dung mé hinh hinh hoc

Chi tiét ¢ dang khéi 3D (Solid) nhu dang méc dinh phan tir
Bodies ctia phan mém nén ciing ¢ thé bo qua bude xac dinh phan tir cho
bai toan.

Tién hanh nhgp md hinh cua bai todn tir mét file da c6 sin
(tension_link.x_t dugc tao tir phan mém CATIA). Thyc hién nhu sau:
nhap chudt phai vao 6 Geometry cua h¢ thong Static Structural > chon
Import = Browse = tim dén file tension_link.x t.
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Project Schematic

(8] Electric (ANSYS)

B Explicit Dynamics (ANSYS) e
& Fuid Flow (CFY) I 7 Static Structural (ANS
& Fluid Flow (FLUENT) 2 | @ Engineering Data
Harmonic Respanse (ANSYS)
9 " 3| @ Geometry :
Linear Buckling (ANSYS) ﬂ New Geometr

. 4@ Model Yo
[E]) Magnetostatic (ANSYS) i
[. T Il(m | 5 Q Setup | Import Geometry » | Browse, ,,
Bl Random Vibration (ANSYS) 6 | @ Solution Duplicate tension_ink.x_t
@ Response Spectrum (ANSYS) 7 |@ Resuks Transfer Data FromNew  » dam2.sat
[E2 Shape Optimization (ANSYS) ’ Francfer Data To

) N .

a Static Structural (ANSYS) Static Structural (ANSYS) ransfer Data To Mew Pump_housing.x_t
) teady-State Thermal (ANSYS) 1 Update Motor_cover S.x_t

) Thermal-Electric (ANSYS)

Refresh

E&1 Transient Structural (ANSYS)
) Reset

a Transient Structural (MBD)
Transient Thermal (ANSYS) Rename
B Component Systems Properties
@ Custom Systems Quick Help
@ Design Exploration

Buwdc 4: Chia ludi

Nhap dp chudt vao 6 Model trong hé théng Static Structural dé
vao moi truong Mechanical.

D6i v6i bai nay 1a két hop giita Static Structural va Modal nén
trong Outline Tree sé& thay rd sy két hop do.

Budc Modal (B5) 1a bude tiép theo ngay sau bude Solution (A6).
Vi vay, két qua cua bai toan s€ dugc chuyén tir A6 sang BS5.

Outline o

@ Project
= (@] Model (A4, B4)

- /8 Geometry

% Coordinate Systems

- /B Connections
-/ Mesh

-;El Static Structural (A5)
,/"{ Analysis Settings
B- 7@ Solution (A6)
: %3] Solution Information
= £ Modal (B5)
- ‘,TE:@ Pre-Stress (Static Structural)
- ‘,'/'"\i Analysis Settings

;‘@ Solution (B6)
----- ..;m Solution Information

Chon don vi cho bai toan 1a Metric (chon Unit = Metric (mm, kg,
N, s, mV, mA).
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[Units Tools Help “ @ | Jsove ~ T (b
Metric (m, kg, N, 5, ¥, &)

; Metric (cm, g, dyne, s, ¥, &)

JF Metric (mm, kg, N, 5, m¥, ma)

Metric (mm, t, N, s, m¥, mé)

I{ Metric (mm, dat, N, 5, m¥, mA)

ie Metric (um, kg, pM, s, ¥, mA)

o U, Customary (Ft, bom, 16, °F, 5, ¥, &)

11 U.5. Customary (in, lbm, IbF, °F, s, ¥, &)

Chia lu6i theo mic dinh: Nhip chudt phai vao Mesh = chon
Generate Mesh. Két qua chia ludi cua chi tiét ¢6 dang nhu sau:

0.00 200,00 {mm)
100,00

Buwde S: Dat rang bufc va tai trong
- Bdt rang budc cé dinh (Fixed Support):

Nhip chudt phai 1én Static Structural = chon Insert = Fixed
Support.

Chon biéu tugng U? dé chon mot mit trong clia vong dém.
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Sau d6 vao Details of Fixed Support =>Scope = Geometry = chon
Apply.
- Dat rang bugc khong trueot (Frictionless Support):

Nhép chudt phai 1én Static Structural = Insert = Frictionless
Support.

Chon biéu tugng IR dé chon mit bén hong ctia vong dém nhu hinh v&,

20.00 (mm} TN
. ——
(% o

Sau d6 vao Details of Frictionless Support = Scope = Geometry
—> chon Apply.
- Dat tai trong lén 1 dau con lai:

Nhép chudt phai 1én Static Structural = chon Insert = Force.

Chon biéu tuong U? dé chon mit trong ctia vong dém con lai cua
chi tiét.

0.00 70.00 (mm)
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Sau d6 vao Details of Force = Scope = Geometry = chon Apply;
Details of Force = Definition = Define by: chon Component va dat gia
tr1 Z Component = 4000 N.

Budérc 6: Xir Iy va xem két qua bai toan
Nhép chudt phai vao dc‘mg Solution (A6) = chon Solve.
ﬁ Modal (B5)

‘,f'l‘_‘,ﬁ Pre-Stress (Static Structural)
JQ analysis Settings

5 -f@
4 T Insert L4
_
0.

Details of "Solution (B&)" ] Clean
[=| Adaptive Mesh Refinemy s[b Rename

Max Refinement Loops | 1. I

Refinement Depth 2,

Nhap chudt phai 1én dong Timeline = chon Select All d¢ chon tat
ca céc tan so.

\Geometry AWorksheet\ Print Preview AReport Preview /

T 0ot
Mode |[v Frequency [Hz]
260.3 1]1. 33,738
2|2, 33744
33 [119.02
160. 4 |4, 119,05
| | {\ S
0. !
1 2 3 4
\\Messaoe\s\ Graph

Nhap chut phai 1én dong Timeline - chon Create Mode Shape
Results dé tao ra hinh dang két qua dao dong cua chi tiet.

\ Geometry A Worksheet A Print Preview A Report Preview /

6. Mode |[v Frequency [Hz]
il 33.738

260.3

‘ 2
3.
160, =
a0, | ‘ Create Mode Shape Results
o, Select Al
1 2 3 4
Zoom To Range

“._ Messages . Graph

NT}ép chuft phai 1én dong Solution (B6) = chon Evaluate All
Results dé xéac dinh gia tri cho tat ca cac két qua.
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Static Structural {A5) -~
- ;Ci Analysis Settings
Fixed Support
ﬁ Frictionless Support
,/G¢ Force
B _,ﬁ Solution (A6)
i —A%] Solution Information
a- - AT Modal (B5)
=0 Pre-Stress (Static Struckurs

g Analysis Settings

%3 Total Deformation & l;_i'! I

Lic nay trong Solution s€ c6 6 dong bicu thj ket qua phan tich
twong tmg voi 6 tan s6 ma phan mém tim ra.
= & Solution (A6)

....... @ Solution Information
- /8§ Total Deformation
------- B Total Deformation 2
------- /B Total Deformation 3
------- 8B Total Deformation 4

,,. Total Deformal:lon 5

Dé xem két qua phén tich c]:luyén vi Gmg v6i timg tin s6, nhap
chudt vao Total Deformation tir 1 dén 6 trong thanh Tree Outline.

+ Dang I:

=] static Structural {A5)
7 Analysis Settings
Fisxed Support
Jgg_ Frictionless Support
ﬁ- Force
= & Solution (A6)
41 Sebtion Information
,@ Modal (B5)
(T:_,O Pre-Stress (Static Structurs 1a
f"& Ainalysis Settings e

Solution (B6)
m Solution Information

:z Total Deformation 2
- MB Total Deformation 3
- M Total Deformation 4
- M Total Deformation 5

Total Deformation6
v 1 . |
il | Z.

== 0.00 200,00 {mm)
100,00

‘otal Deformation” L
7]

Két qua chuyén vi 16n nhét 13 76.882 mm Gng v&i tan sé dao dong
33.738 Hz.
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+ Dang 2:

—] Static Structural (A5) A
A Analysis Settings
3 Fixed Suppart
Frictiorless Support
ﬂ Force
= /8 Solution (A6)
Sohition Infarmation
/&) Modal (85)
= Pre-Stress (Static Struchur:
; A tinalysis Settings
=) J% Solution (B6)
m Sohttion Infarmation | =

,,. Tota Dct

= J‘ TnLaI Deformation 3
4. Total Deformation 4

M Total Deformation 5

----- B Total Deformation &

]
[ ]
- 2

A

]

Két qua chuyén vi 16n nhat 13 76.891 mm tng véi tin s6 dao dong
33.744 Hz.

+ Dang 3:

0.00 200,00 (rim)
100.00

2
]E Static Structural (AS) ~

A Analysis Settings
o M, Fized Support
‘,ﬂn Frictionless Suppaort
: '« Force
= ,@ Solution (AG)
8] Selution Information
,@ Modal (85)
13 Pre-Stress (Skatic Struchure

Analysis Sethings
5 ,% Solution (B6)

----- 1 Sclution Information
M Total Deformation

M8 Total Deformation 2
M Total Deformation 3

[T

“ M Total Deformation 4 B
B Toxal Deformation 5 ] v
Tekal Deformation s © 0Min
- 3 i
r—=—— Z
‘ckal Deformation 3 2 Vi =t
& 150.00
b=, TP —

Két qua chuyén vi 16n nhat 1a 85.366 mm tng véi tin s6 dao dong
119.02 Hz.

+ Dang 4:
e

N Binahysss Settings
- Fixed Support
%, Frictionless Support

[ ,@p Pre-Stress (Skatic Struchurs
A Analysis Settings
B ,@ Solution (B6)
A4 Selution Information
‘,.Td:al Defarmation
‘,‘ Takal Deformation 2
‘,. Tokal Deformation 3

L

A Total Defarmation S
i J‘ Tokal Deformation & L

[ e———
“ckal Defarmation 4"

300,00 {mn)

2
é 150.00
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Két qua chuyén vi 16n nhat 13 85.375 mm tmg véi tin sé dao dong
119.05 Hz.

+ Dang 5:

7Y Analysis Settings

ﬁ Fixed Suppart

E Frictionless Support

w Force
= ,@ Solution (A6)
41 Salution Information
] Modal (85)
/720 Pre-Stress (Satic Struchire

- Anahesis Setbngs
H:% Solution (B6)
11 Selution Informabion
@ Total Deformation
-/ Tetal Deformation 2
-/ Tetal Deformation 3
- M Total Deformation 4

-
“ M Total Deformation &

— — 0 l!—
“ckal Deformation 5* 3

iy,

(1] 300.00 {mm)
] 150,00

Két qua chuyén vi 16n nhét 13 81.652 mm Gng v6i tan sé dao dong
260.2 Hz.

+ Dang 6:

!g Static Structural (AS) -~

Anaysis Sethings
Fized Support
i ﬂn Frictionless Support
e JB Force
B & Solution {AB) 3
,@] Solution Information
,@ Modal (B5)
@ Bre-Stress (Static Structur:
{/\ Andysis Settings
B- ,ﬁ Solution (B6)
b ,{]] Solution Information
i M Tokal Deformation

| 36.291

- M Tokal Deformation 2 27.218

B Total Deformation 3 | x

- M Tokal Deformation 4 e

i M Tokal Deformation 5 | 207z f

L [T orn

S ~ -
| 3 z
oo 300,00
“otal Deformation & u h
150.00
[

Két qua chuyén vi 16n nhat 13 81.655 mm tmg véi tin sé dao dong
260.3 Hz.
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Chwong 11
PHAN TiCH BAI TOAN ON DINH

Két cau duoc goi 12 on dinh dudi tac dung cua tai trong néu nhu két
cau bi 1gch khoi vi tri (vi mot nguyén nhén nao d6) nhung sau d6 c6
khuynh huéng quay tr¢ vé trang thai ban dau. Tuy theo nguyén nhén gay
ra ma két cdu c6 thé phuc hoi trang thai ban dau hoan toan hay khong
hoan toan.

Néu nhu két cau khong thé quay trd vé vi tri ban dau va do léch
tiép tuc phat trién cho dén khi két cau c6 vi tri méi hodc dang cin bing
méi. Pay goi 1a két cau khong on dinh.

Budc qua do tir trang thai on dinh sang trang thai khong 6n dinh
goi 12 mét 6n dinh. Gidi han dau cua budc qua do d6 goi 1a trang thai toi
han va tai trong twong g vadi trang thai ti han goi 1a tai trong tdi han.

Phan tich on dinh — Linear Buckling la mé dun phan tich cé kha
nang dia ra két qua mat on dinh cua két cau vé bién dang, gid tri chuyén
Vi tai thoi diém dé va gia tri cua tai trong tac dong gay ra mat én dinh
hay con goi la tai trong toi han.

11.1. BAI TOAN 11.1

Phan tich 6n dinh cua chi tiét c6 hinh dang, rang budc va chiu tai
nhu hinh 11.1. Vat liéu cua chi tiét dugc 1a hop kim nhém.

F=100N

500 |
Hinh 11.1

Buéce 1: Khéi dogng ANSYS Workbench
DP6i voi bai toan nay phai két hop hai mé dun, d6 1a Static
Structural va Linear Buckling.
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Vao Toolbox = nhap dup chudt vao Static Structural - kéo va tha
Linear Buckling vao 6 Solution trong cira s0 Project Schematic. Hé thong
phan tich két hop xuat hién nhu sau:

EEmm -+

lE Analysis Systems

Electric (ANSYS)

roject Sc

nematic

Explicit Dynamics (ANSYS) v

8 Fluid Flow (CFY) W 7 Static Structural (ANSYS)

&) Fluid Flow (FLUENT) 2 | @ Engineering Data v ,——a2 |@ Enginesring Data v 4
Harmoanic Response (ANSYS) 3 ‘ Geometry 2, 3 ‘ Geometry v,
[ Linear Bucking (ANSYS) | + @ Mo 7 — a1 @ 2
Magnetostatic (ANSYS) T 4 4
) Modal (ansvs) 5| @ setwp ? ‘-/45 @ setwo 2,
@ Random wbeation (ANSYS) 6 @ solution ?, 6 | @ solution ? .
m Response Spectrum (ANSYS) 7 0 Results 2, 7 9 Results =y

[2) shape Optimization (ANSYS)
B3 static Structural (ANSYS)

) Steady-State Thermal (aNSYS)
Thermal-Electric (ANSYS)

inear Buckling (ANSYS)|

Static Structural (ANSYS)

Budérc 2: Thiét 1ap vt liéu cho bai toin

Vit liéu cta chi tiét 1a hop kim nhom va cach tién hanh tai vat liéu
nay veé bai toan dugc thyc hién nhu sau: nhap dip chudt vao Engineering
Data = chon General Material - danh dau “+” twong Ung véi
Aluminum Alloy.

Outline of General Materials

Sau d6 quay lai moi truong Project Schematic bing cich nhap

Return ko Project P P
RewmtoProkct 45 thanh cong cuy.

chudt vao biéu tugng
Buéc 3: Xay dung mé hinh hinh hoc

Trudc khi x8y dyng md hinh cho bai toan ta phai xac dinh phan tir
ma phan mém s& cin cir dé giai. Nhap chudt phai vao Geometry =>
Properties = chon phan tir Line Bodies.

~ Nhap dap chudt vao 6 Geometry > méi truong Design Modeler
xuat hién.

Chon don vi str dung 1a Milimeter.
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Vao the Sketching dé xay dyng mo hinh 2D cho bai toan va chon
mat phang v¢ 1a mat XY.

Chon 1énh Draw = Line - v& hai doan thing lién tiép nhau, xuét
phat tir goc toa d6 (khong can quan tim t6i chiéu dai doan thing). Sau d6
chon Draw = Dimensions = Horizontal dé dinh kich thudc cho cac
doan thing vira v&.

+F-Length/Distance
(< Radius
SyDiameter

/A Angle

S Semi-Automatic
Ssedr

Sl Move

[5 Animake

Constraints -
Settings

Sketching [Modelng |

Diatais Yiew a
|=| Details of Sketchl

Sketch Sketchi

Shetch Visibiity Show Sketch

' Show Constraints? | No
=] Dimensions: 2
THL 250 men
ﬁzsu ) N 000 300.00 {mm})

I 00
r

=] Edges: 2 150.00

Phia dudi goc trai man hinh s& xuét hién hop thoai Details View.
Vao Dimensions va dinh gia tri chiéu dai H1 va H2 1a 250 mm.

Sau khi thiét 1ap chiéu dai cho doan thing xem nhu ta d3 hoan
thanh xong cong viéc ¢ moi truong 2D. Tiep theo xay dung thanh m6
hinh bai toan tir doan thang 2D vira tao ra.

Chon Concept = Lines From Sketches dé dinh nghia cho mé hinh
tir doan thang tao ra trong moi truong Sketching.

Trong Details View, ta thdy hop thoai dang can nhap Base Object,
chon Sketchl trong Tree Outline sau d6 chon Apply.

Sau khi chon Sketchl cho Base Object, nhip chudt vao bidu tugng
/Generate T4 day ta da tao xong phan tir Line Bodies cho bai toan.

Tiép theo x4c dinh tiét dién bing céch: vao Concept > chon Cross
Section = Circular Tube dé xac dinh tiét dién ciia dam nay la ong tron.

Concept Tools Wiew Help

*~s Lines From Paints select: | *y Ty~ | )
£ Lines From Sketches *5
) Lines From Edges e RRevoive QpSwe
Ny 30 Curve o Gq:lhics
—— ™~ 5piit Edges
<& surfaces From Edges
i &8 surfaces From Sketches
+ B Rectangular
P e )
By Linet ® lrculer
= M@ 1 Part, 1 Body g Circular Tube
i ™ Line Body E Channel Section
T Serkion
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Trong hdp thoai Details View = Dimensions: nhap kich thudc ban
kinh vong trong Ri= 10 mm va ban kinh vong ngoai Ro =20 mm.

-, 1 Part, | Body
tn g ™= Line Body

Sketching Modeling |
=} of CircularTube1 H
Sketch [CircularTubst H
Show Constraints? |No i
= D il 2
IR [10 mm
" IRo |20 mm
H|Edges: 2 0.00 100,00 {mm)
rare—

~ Tiép theo phai xdc nhén tiét dién vira tao ra 1a mit cit cua dam:
nhap chudt vao Line Body trong Tree Outline. Trong hdp thoai Details
View = Details of Line Body = Cross Section —> chon Circular Tube.

Details Yiew q

[=1| Details of Line Body
Body Line Bady
Faces 1]
Edages 2
Yertices 3
O Mot selected -
Mone

Circular Tubel

_ Nhu vy ta da xay dyng xong m6 hinh hinh hoc cho bai toan nén c6
thé dong ctra s6 Design Modeler.

Budéce 4: Chia lwoi

Viao lai méi truong Workbench, nhdp dip chudt vao 6 Model dé
lam vi¢c v61 moi truong Mechanical.

Chon hé don vi st dung: vao Unit = chon Metric (mm, kg, N, s,

mV, mA).
M Multiple Systems - Mechanical [ANSYS Multiphysics]

] Fle Edt View |Unks Tooks Help |J 9 | “fsove -~ Tl [t
| = T Metric (m, ka, N, s, ¥, A)
]Mesh - j Update Metric (cm, g, dyne, s, ¥, &)
|7 Metric (mm, kg, N, 5, mY, ma)
Project Metric (mm, t, M, 5, m¥, ma)
= B Model { Metric (mm, dat, N, 5, m¥, ma)

G Metric (um, kg, i, s, ¥, mA)

: 1.5, Customary (Ft, Ibm, Ibf, °F, 5, ¥, &)
L& m U.5. Customary (in, lbm, Ibf, °F, s, ¥, &)

Outline
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Tiép theo tién hanh chia luéi phan tir theo mic dinh: nhip chudt
phai vao Mesh > chon Generate Mesh.

Sau khi chia luéi dim s& c¢6 hinh anh nhu sau:

0.00 200.00 {mm) z‘/k w
————

100.00

Budc 5: Pit cac rang budc va tii trong Ién dAm
Diu tién dit cac rang budc ¢ dinh: nhip chudt phai 1én Static
Structural = Insert = Fixed Support.

Str dung bleu tuong @ dé chon d6i tuong diém va nhap chudt 1én
mot ddu cia dim, sau d6 chon Apply trong Outline of “Fixed
Support”\Geometry.

Thuyc hién tuong tu cho rang budc c¢b dinh & dau con lai.
Tiép theo dat luc tai mot dau cua dam: nhip chudt phai vao dong
Static Structural (AS5) = chon Insert = Force.
Chon biéu tugng sau d6 nhip chudt vao diém chinh gifta dam.
Trong hdp thoai Details of Force = Scope = Geometry = chon
Apply.
Definition\Define By: chon Component.

Definition: dat Y Component = -100 N va gid tri 0 cho X
Component va Z Component.

173




Details of "Force"
[=]| Scope

Scoping Method Geometry Selection

Geometry 1 Wertex

[=]| Definition
Type Force
Define By Components

Coordinate System | Global Coordinate System
% Component  |0. N {ramped)

. ¥ Component 00 »
Z Component |0, N (ramped)
Suppressed Mo

Buérc 6: Xir Iy va xem két qua bai todn

Trong Linear Buckling (B5) = nhap chudt phai 1én Solution (B6)
-> chon Solve.

= ;m I.ineérElckling (B5)
i ‘,TE;B Pre-Stress (Static Structural)
I\ Analysis Settings

;@ Solutigo{RE)
: n < Insert 4
: 2

Details of "Solution (B6)" ] Clean

[=)| Adaptive Mesh Refine b rename
Max Refinement Loops |
Refinement Deoth 2, |

Nhap chudt vao dong Solution B6, phia géc dudi man hinh s& Xuat
hién bang Graph va Tabular Data la noi phan mém hién thi két qua phan
tich tim duoc hé s6 nhan cho lyc téi han.

Graph 2 Tabular Data

Mode |[v Load Multiplier
36682 11, [36682

20000 -
10000 -

AN Musagé Graph

Ta thdy Load Multiplier phan mém tim dugc 1a 36682. Céch tinh
lyc t61 han dugc tién hanh nhu sau: Fs = Fq x Load Multiplier. Nhu vay
két qua lyc téi han cua bai todn nay Fy, = 100 x 36682 = 3668200 N

~ Tiép theo xem két qua bién dang cuia két cau tai thoi diém t6i han:
nhap chudt phai vao gitra 6 Graph = chon Select All

174




T )
) Mode |[¥ Load Multilier
36662 1|1, 36682

20000 -
10000 -
0.

1

. Messages. Graph |

Tiép theo nhap chudt phai vao giita 6 Graph = chon Create Mode
Shape Results.

|, ueometry AWOrksneetA Frint Freview AReport Freview / |

1.
36682
Create Mode Shap
20000
Select Al
10000
0 Zoom To Fit

AN Messag;}\ Graph

Nhap chudt phai vao Linear Buckling = Solution = chon Evaluate
All Results.

B ‘,u Linear Buckling (B5)

‘/I‘E’p Pre-Stress (Static Structural)
' Vﬁ Analysis Settings
E--#&8 Solution (B6)

.,m Solution Information

-~/
Insert ’
-mmm- :—)] Evaluate all Results

El| Scope
Scoping Method | Geometry| %‘l Duplicate

Geometry all Bodies Duplicate Without Results
B| Definition BEa) Copy

Type Total Defq % cut

Mode 1,
Identifier ‘a Clean
El| Results ¥ Delete
[] Load Multiplier alb Rename

[ Minimurm dlb Rename Based on Definition
[ Maximum T I

Sau khi phan mém xtr 1y xong, nhap chudt vao Total Deformation
deé xem két qua bién dang.
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Project

[ (@] Model (A4, B4)
-, M Geometry
Ll Line Bady
[ Coordinate Systems
-/ Plesh
{2 Static Structural (A5)
1 --‘.aw finalysis Settings

o M Ficed Support
LB Ficed Suppoet 2
--,9. Farce
(= |&8 Solution (A&)
| o (8] sobstion Information
=-[J] Linear Buckling (B5) .
/T Pre-Stress (Statie Structurd) ’
gt Andyss Settings 0.22222
/8] Solution (86) 0,111 0
] 0Min
i *
S %
0.00 100,00
Ditails of *Tokal Deformation” L] [ e o
ocore 20.00
Soopng Method _|Gaometry Serection - [\ Geome \iorkshasth Print PraviewReport Preview /. |
GEOmetry all Badies
= Definition | Greph F Tabulr Data 2
Type Total Deformation | Animation ’EHE W | & 10Frames *  25ac{Aun) Mods [[v Lozd Mutiler
Fade 1 L
Identifisr | 360z |
(= |Results
| Load Mulipiier 38662 15000
| Minimum 0, mm
| Maimum 1. mm o
1

. \ hkssagés\_ Graph

Nhu vy dbi twong bi bién dang 16n nhét: 1 mm; lyc téi han: 36682
x 100 =3668200 N.

Ta ¢6 thé kiém chimg két qua vé lyc t6i han nhu sau: nhép chudt
vao dong Force trong Static Structural va thay doi lyc = -1 N (Y

Component).

Details of "Force"

El|Scope
Scoping Method | Geometry Selection
Geometry 1 Vertex

=l| Definition
Type Force
Define By Components

Coordinate System |Global Coordinate System
[1% Component [0, N (ramped)

M ¥ Component | »
[71Z Component [0, N (ramped)
Suppressed Mo

Nhé"{p chudt phdi vao dong Solution (B6) = chon Evaluate All
Results dé xem két qua va so sanh vdi truong hop dau, ta thay:
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Outline L]
[ @8l Model (A4, B4) ~
B .Q Geometry
i U Line Bady
B4 Coordinate Systems
o B Mesh
B ,@] Static Structural (AS)
i Y Andyss Settings

| Fized Suppoet

ﬂ Fixed Suppert 2

1, Farce

EI ,@ Solution (A6)

1 A% Sakdion Information

,@ Linear Buckling (B5)

/T2 Bre-Stress (Stee Structure

5 Jﬂ Analysis Settings |
B- ,ﬁ Solution (B6) 0.

A3 Saktion Information 011111

1 Def I | 10 Mi
M Total Defoemation 8 in I -
€= S - | & *

0.00 100,00 {mem)
)

Detaiks of "Tobal Deformation” 7
1= [scope

Scoping Method | Geometry Selection
GEometry (Al Badses

(= | Definition

Type Total Defarmation

| Anmation h|_||_11:| | 9 [ 10Frames
vade L

Identifier | 366620+ |
= | Results

[ Load Mulipiler | 3.66828+005 1EHG

Mninum D mm
[ Madmum (L. mm | 0. ]'

. Messapes Graph

Bién dang 16n nhat khong d6i 13 1 mm.

Hé s6 nhan cua Iyc lac nay thay dbi = 3.6682¢-+006 = 36682 x 100 N.

Vay lyc t6i han va chuyén vi ¢ hai truong hop lyc 12 nhu nhau. Vay
ta da tinh dugc tai trong tdi han, gia tri gy ra mat on dinh cho d6i tugng
khdo sat va chuyén vi cua do1 tuong trng voi gia tri ti trong t61 han do.

11.2. BAI TOAN 11.2

Phén tich bén, tinh lyc t6i han va gia tri chuyén vi cta két cdu chiu
lyc nhu hinh 11.2. Cac thanh chju lyc dugc 1am bang vat liéu thép két
cAu; tiét dién cta cac thanh 13 dng tron véi ban kinh ngoai 0.05 m va ban
kinh trong 0.03 m.

Hinh 11.2
Kich thudc va vi tri dat lyc tac dung nhu sau:
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|

4m

Budce 1: Khéi djng ANSYS Workbench

Chon md dun phan tich 13 sy két hop giita hai mé dun: Static
Structural va Linear Buckling. Trudc tién ta vao Toolbox, nhip dip
chudt vao mo dun Static Structural, sau d6 kéo va tha mé dun Linear
Buckling vao 6 Solution trong h¢ thong phén tich Static Structural vira
xuat hién & cira s6 Project Schematic. Trong Project Schematic s& Xuat
hién hé thong phan tich két hop nhu sau:

|E Analysis Systems l
(@) Electric (ANSYS)

B Explicit Dynamics (ANSYS) v

@ Fhuid Flow {(CFx) J @ 7= static Structural (ANSYS)

Fluid Flow (FLUENT) 2 | @ Engineering Data v ,——n2 & Engeering Data v 4
v ;

Harmonic Respanse (ANSYS) 3 a Geometry ?. s e —— 2 .
[BY Linear Buckling (ANSYS) ] + @ Mode = AP : =
{60 Magnetostatic (ANSYS) L s 4 1 fak _
@ Modal (ansYs) S5 @ setwp L ‘/"5 @ setwp P
il Random vibration (ANSYS) 6 | @8 solution = 6 | @@ Solution P .
fY Response Spectrum (ANSYS) 7 0 Results P, 7 0 Results 2,
E2) Shape Optimization (ANSYS)

3 static Structural (ANSYS) Static Structural (ANSYS)
n Steady-State Thermal (ANSYS)

Budrc 2: Thiét 1ap vat ligu cho bai todn

Vit liéu cia chi tiét 1a thép két cau nén c6 thé bo qua bude chon lai
vat liéu vi mac dinh vat liéu cua phan mém la thép ket cau.
Buée 3: Xay dung mé hinh hinh hoc

Tru6c khi xdy dung mé hinh cho bai toén ta phai xéc dinh phan tir
ma phan mém s€ can cir dé giai bai toan. Nhap chudt phai vao Geometry
—> chon Properties.

Chon phan tir Line Bodies dé khao st.

~ Nhép dip chudt vao 6 Geometry > moi truong Design Modeler

xuat hién, 1a méi truong ma ta s€ tién hanh tao mo hinh hinh hoc cho bai

¥

toan.

Chon don vi str dung 1a Meter.
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~ Chon thé Sketching dé xdy dyng mé hinh 2D cho bai toan v6i mat
phang v& la mat XY (nhap chudt vao chiéu duong cua vecto truc toa d6 Z
de chon mat phang vé l1a XY).
~ Chon lgnh Draw > Line: v& hai doan thing lién tiép xuat phat tir
goc toa do (khong can quan tadm tdi chiéu dai doan thang).

Chon Draw > Dimensions > Horizontal dé dinh kich thudc cho hai
doan thang. Nhap céc kich thuéec HI1 =2 m va H2 = 2 m trong Details View.

Skebching  Modeling

Details View a
=| Details of Sketch1

Sketch Sketchl

Sketch Visibiity | Show Sketch

Show Constraints? | No
= |Dimensions: 2

Hi [2m

e [2m 0.000 B.000 () ]
5| dges: 2 4,00

Line [tn7 H

Tiép theo tao mit phing v& méi dé v& cac chan. Chon Create 2>
New Plane dé tao mot mat mai.

Dl A: Static Structural (ANSYS) -

J File | Create Concept Tools ‘iew F

o+
| xvel B extruce
J G i Revolve

Tree 0 @ Sweep

m & skinjLoft

Mait méi tao ra c6 tén 1a Plane 4. Trong Details of Plane 4 - Base
Plane = xac dinh 1a YZ plane = chon Apply.

Sau d6 nhap chudt phai vao Plane 4 = chon Generate.

= ,!E & Static Structural (ANSYS)

=R ,)_f. X¥Plane

Hién thi hinh d3 v& trong mit phing XY bang cach nhap chudt phai
vao Sketch 1 = chon Always Show Sketch.
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=- (!E A: Static Structural (ANSYS)

EJ* ¥¥Plane
-] = ch

Always Show Sketch
s> ¥ZPlane @ Hide Sketch
“y e Planed P9 Look at

- U@ 0Parts, 0B

::\ Show Dependencies

X Delete
:} Generate

alb Rename

‘ Nhip chudt vao Plane 4 - chon Sketching > nhip chudt vao
chiéu duong cua tryc X = tién hanh v€ hai chan va dinh cac kich thudc
nhu hinh vé.
i

{paenerd
te=si Horizonkal
[ vertical
- LengthDistance
(" Radus
) Diameter
[ A Arde
# Semi-Automatic
Sk
e Mo
[ Animate
i Display

Constraints -
Settings

Skebehing Modeling I
Details Yiew

=l Details of Sketch2
Sketch Sketchz
Setch Visbilty | Show Sketch
Srow Constraints? | Mo
=l D it 4
Al 1z0°

AlD

-

0.000 8.000 {m}

i

sl

M FE
s} Zm
e zZm

LT

ST

4.000

Dinh céc gia tri trong Dimensions nhu sau: L1 =2 m; L2 =2 m; A6
=60% A10=120".

Vao thé Modeling = nhap chudt phai 1én Sketch 2 > chon Always
Show Sketch.

Tiép theo v& hai chan con lai trén mot phing méi. Chon Create >
New plane dé tao mat phang méi Plane 5.

Trong Details of Plane 5 xac dinh:
o Base Plane: chon Plane 4
o Transform: chon Offset Z
o FDI, Value 1: =4m
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=1/ Details of Planes

Plane
Type
Base Plane

PlaneS
From Plane
Plane4
Offset 2

Transform 1 (RME)

W FO1, Yalue 1 4m
Transform 2 (RME) MNone
Reverse NormalfZ-&xis? Mo
Flip ¥Y-Axes? Mo

Export Coordinate System? | No

Nhap chudt phai 1én dong Plane 5 = chon Generate dé hinh thanh
Plane 5.

Chon mit phang Plane 5 = chon Sketching = tién hanh v& hai
chén con lai (thuc hién twong ty nhu hai chén d3 v& tru6c d6).

Tiép theo xay dung thanh mo hinh bai to4n tir cdc doan thing trong
cac mit 2D vira tao ra. Chon Concept = Lines From Sketches dé dinh
nghia cho mé hinh hinh hoc ctia bai toan tir cdc doan thing tao ra trong
moi truong Sketching.

Trong Details View, ta thay hop thoai dang can nhap Base Object,
chon Sketchl, Sketch 2, Sketch 3 ( két hop dung phim Ctrl) trong Tree
Outline sau d6 chon Apply.

Sau d6 chon lénh 7 GeNerate tran thanh cong cy. Té1 day, ta da
tao xong phan tir Line Bodies cho bai toan.

Tiép theo x4c dinh tiét dién nhu sau: chon Concept = Cross
Section = Circular Tube d¢ xac dinh tiet dién cua chi tiét 1a Ong tron.

File Create |concept Tools VYiew Help

] E E “se Lines From Painks Select: E hv | @

£ Lines From Sketches *3)
@ Lines From Edges

®YPlane

J
lad &
|
| = Generate
Tree Cutline VA 3D Curve
m‘ ~ Split Edges
[—] Sk & surfaces From Edges

&8 surfaces From Sketches

de *Revnl\fe & Swe
R Graphics

B Rectangular

R |

oy Linel @ rcu at

=M 1Part, 1 Body ':_|r|:-JI.':r Tube
-y " Line Body IE Channel Section

Trong hop thoai Details View = Dimensions = nhap 2 kich thudc
ban kinh vong trong Ri = 0.03 m va béan kinh vong ngoai Ro = 0.05 m.

Tiép theo x4c nhan tiét dién vira tao ra 13 mit cat cua dam: nhap
chudt vao Line Body trong Tree Outline. Trong hdp thoai Details View
- Details of Line Body = Cross Section = chon Circular Tube.
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Details View 3

- Details of Line Body
Body Line Body
Faces 1]

Edges 2
Yertices <)

(@ T Mot selected v
None

Buée 4: Chia lwéi
~ Vao m6i truong Workbench > nhip dip chudt vao 6 Model >
xuat hién moi truong Mechanical.
Vao Unit = chon don vi Metric (m, kg, N, s, V, A).

Chia lu6i d6i twong khao sat theo mic dinh: nhap chudt phai vao
Mesh = chon Generate Mesh. Hinh anh cua doi tugng sau khi chia ludi
nhu sau:

Buéc 5: Pat cac rang budc va tai trong
Pit rang budc ¢b dinh: nhip chudt phai 1én Static Structural >
chon Insert = Fixed Support.

~ Sir dung biéu mqng@ dé chon diém - nhép chudt 1én 4 diém
cuoi phia dudi 4 chan - chon Apply trong Outline of “Fixed
Support”\Geometry.
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Tiép theo tién hanh dit lyc. Nhip chudt phai vao Static Structural
(A5) = chon Insert = Force.

Chon biéu tuong 0 - chon diém chinh giita cia thanh nhu hinh
sau:

Trong hdp thoai Details of Force = Scope = Geometry = chon
Apply.
Define By: chon Component.
X Component : 0 N

Y Component : -1 N

O O O O

Z Component : 0 N
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Details of "Force" a

|-/ Scope
Scoping Method Geometry Selection t
Geometry 1 Vertex

= Definition ' !
'Type -Force
Define By Components

Coordinate System  Global Coordinate System
¥ Component |0, N (ramped)

0 -1. N (ramped) _vl
Z Component | 0. N (ramped)

Nhép chudt vao dong Static Structural (A5) dé kiém tra cic rang
budc va tai trong.

Budc 6: Xir Iy va xem két qua bai toan
Chon Linear Buckling (B5) = Solution (B6) = nhip chudt phai
1én Solution = chon Solve.

B- /i l.inear Buckling (B5)
‘r-° Pre-Stress (Static Structural)
. ‘, A\ Analysis Settings

Details of "Solution (B6)" | Clean
=l| Adaptive Mesh Rel‘nq alb Rename %
|

Max Refinement Loops | 1
Refinement Depth 2.

Chon Solution (B6), lac ndy phia goc dudi man hinh s& xuat hién
bang Graph va Tabular Data 13 noi phan mém hién thi két qua hé sé nhan
cho lyc téi han.
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Graph R Tabular Data 1
1. Mode [[v Load Multiplier

1.4062e+6 1. 1.4062e+-006

1.e+6
7.5e+5
5.e45 -
2.5e+5
0.

1

Két qui Load Multiplier 1a 1.4062¢+6. Lyc t6i han 1a Fy=
1.4062¢e+6 N vi lyc tac dung dat 1én doi tugng 1a Iyc don vi ¢6 gid tri=1 N.

Pé xem két qua bién dang ciia d6i tugng tai thoi diém t6i han, ta
nhap chudt phai vao giira 6 Graph = chon Select Al

Graph a

I66E2
2o
10000
0.
1
\ Message\9\ Graph |

Nhip chudt phai vao giita 6 Graph = chon Create Mode Shape
Results.

1
36652
20000
Select Al
10000
o. Zoom To Fit
1

~ Messageé_\ Graph

~ Nhép chudt phai vao Linear Buckling (B5) > Solution (B6) >
nhap chudt phai 1én Total Deformation = chon Evalue All Results.

= {1 Linear Buckling (B5)
S "r':=}D Pre-Stress (Static Struckural)
N Analysis Settings
=#%3| Solution (B6)

- ./[E Solution Information

e
Insert >

Details of "Total Deformation” Evaluate all Results
=l| Scope

Scoping Method | Geometry| ¢ Duplicate

Geometry all Bodies %2 Duplicate wWithout Results
=l | Definition Copy

Type Total Defqd ¥ cyut

Mode 1. -

Identifier ] Clean
| Results < Delete

|| Load Multiplier alb Rename

|| Minirnurn alb Rename Based on Definition

.| Maxirum I | I
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Chon Total Deformation dé xem két qua bién dang.

Outline 7
| =] Project
= (8 Model (A4, B4)
3 ﬁ GEometry
[+ sk Coordinate Systems
D Mesh
= /2] static Structural (AS)
i 7 Analysis Settings
-3, Fixed Support ‘m 0.78577 Max
e 0.60045
=l /i] Solution (A6) 061116
«‘1_-] Solution Information 0.52385
| Linear Buckling (B5) ip
=P Pre-Stress (Static Structural) 0423
Wit Analysis Settings S
= %8 Solution (B6) !
4] solukion Information 0.17462
i Tokal Deformation 0087308
0 Min
Detals of "Total Deformation” 7 0,000 2,000 (m)
=Isenne 1,000

Két qua bién dang 16n nhat: 0.78577 m; gia tri lyc toi han:
1406200 N.

11.3. BAI TOAN 11.3

Hinh 11.3

Phan tich dao dong va um wan so aao agng cua “khoa lyc giac” nhu
hinh 11.3. Do6i tugng khao sat co tict dién hinh luc giac, duong kinh vong
tron ngoai tiep 8 mm, chiéu dai 200 mm, chiéu cao 75 mm, va 1am bang
vat liéu thép két cau.

Buéc 1: Khéi dogng ANSYS Workbench

Twong tw nhu bai toan 11.2, chon md dun phan tich két hop: Static

Structural va Linear Buckling.
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_ |

| B Analysis Systems |
Electric (ANSYS)

Explicit Dynamics (ANSYS) v
n Fluid Flow (CFx) IO == Static Structural (ANSYS) 2 Linear Buckling (ANSYS)
& Fluid Flow (FLUENT) 2 | @ Engnesring Data v ,——a2 @ EngneeringData v
n Harmonic Response (ANSYS) 3 . Geometry 2 . s . Eardiny 2 P
E ) S Model

() Magnetostatic (ANSYS) 4@ Model b4 ‘@ ®.
@B Modal (aNsvS) 5 @ sewp ? 4-/'5 @ setp ?.
il Random vibration (ANSYS) 6 | @@ solution ? . 6 |@@ solution ? .
u Response Spectrum (ANSYS) 7 ‘ Results ? . 7 o Results ? 4
2 shape Optimization (ANSYS)

Static Structural (ANSYS) inear Buckling (ANSYS

B static Structural (ANSYS)
) steady-State Thermal (ANSYS)
() Thermal-Electric (ANSYS)
m Transient Structural (ANSYS)
B Transient Structural (MBD)
™ Transient Thermal (ANSYS)

r

Buéc 2: Thiét 1ap vt li¢u cho bai toin

Str dung vat li¢u mdc dinh: Structural Steel.
Buéc 3: Xay dung mé hinh hinh hec

Trinh ty thyc hién tuong ty nhu bai toan 11.2.

Trong d6, tién hanh v& ba doan thing V1, V2 va H3 (bién dang cua
khoa lyc giac) nhu hinh veé.

Sau d6 dinh céac gia tri kich thudec V1= 10 mm, V2 = 65 mm, H3 =
200 mm.

Details View 7
() Details of Sketch1 »|
Sketch Sketcht '

Sketch Visibility Show Sketch
Show Constraints? |No
[=]| Dimensions: 3

LR

____

V1 10 ram
L vz 65 mm
=)|Edges: 3 i |
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Sau khi v& ba doan thing, chon Modify = Fillet d@ xac dinh bo
cung voéi gia tri R = 10 mm;

Sietchig Tookoces &
Draw
Modfy |«
[ Fillet Radus: [
P Chamfer
~ 7 Corner
T Trim
7 Extend

Tiép theo, nhip chudt vao 2 doan thing V2 va H3 s& thu dugc:

Tao mit cit ngang dé Sweep theo bién dang méi tao ra, chon
Create > New Plane. Trong hop thoai Details View = Details of Plane 4
dat cac thong so sau:

Details View a
[=1| Details of Plane4

Plane Plane4

Sketches 1]

Type From Plane

Base Plane Z¥Plane

Transform 1 (RMB) Mone

Reverse NormalfZ-Axis? Mo

Flip x¥-fxes? Mo

Export Coordinate System? | Mo

Tiép theo vao Tree Outline = Static Sructural = nhip chudt phai
1én Plane 4 = chon Generate.

EI.EE A Static Structural (ANSYS)

Ey S RYPlane
«ﬂg Sketchi
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Nhép chudt vao Plane 4 - chon Sketching dé tién hanh thiét ké
hinh Iyc gidc: sir dung 1énh Line va Dimension dé xac dinh tiet dién luc
giac voi duong kinh vong tron ngoai tiep 1a 8 mm.

Chon thé Modeling = nhép chudt phai vao Plane 4 > Sketch 2 >
chon Always Show Sketch.

Chon Create = Sweep dé tao khéi 3D cho chi tiét.

[=1| Details of Sweep1

Sweep Sweepl
Profile Sketch2

Path Sketchi
Operation &dd Material
Alignment Path Tangent
| | FD4, Scale (=0) |1
Twist Specification | No Twist
As ThinfSurface?  |No
Merge Topology?  |No

Trong Details View = Details of Sweep! dit cac thong so:
o Profile: chon Sketch 2 trong Plane 4 = Apply.
o Path: chon Sketch 1 trong XYPlane = Apply.

Nhip chudt phai 1én dong Sweep 1 > chon Generate. Sau khi
Sweep ta c6 dugc khoi Solid nhu sau:
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T6i day ta c6 thé thoat khoi méi trudmg Design Modeler va thyc
hién cac budc tiép theo cho bai toan.

Buoc 4: Chia luoi
Thuyc hién tuong tu nhu bai toan 11.2, két qua chia ludi nhu sau:

Buéc 5: Pat cac rang budc va tai trong
Dit rang budc ¢ dinh (Frictionless) tai doan thing V1. Sir dung
1énh @ va chon 6 mit nho va mét day nhu hinh sau:

Gia st dat lyc (Force) tai mdt ngoai cung trén phén chiéu dai coa
luc giac.

190




Trong d6, cc thong sb trong hop thoai Details of Force nhu sau:
o Define By: Component
o X Component: 0 N
o Y Component: 0 N
o

Z component: -1 N

Details of “Force"
[=l| Scope
Scoping Method Geometry Seleckion t
Geometry 1 Face
=)/ Definition .
Type Force
Define By Compaonents
Coordinate System | Global Coordinate System
[ % Component |0, N (ramped)
[]¥ Component |0, N (ramped)

-1. N (ramped) »
Suppressed Mo

Budc 6: Xir Iy va xem két qua bai toan

Trong Linear Buckling (B5) = nhip chudt phai 1én Solution (B6)
-> chon Solve.

=/ Linear Buckling (85)
/728 Pre-Stress (Static Structural)
g Analysis Settings

Details of "Solution (B6)"
=I| Adaptive Mesh Refi
Max Refinement Loops |17
Refinement Depth

Lad

~ Bang Graph va Tabular Data xuét hién véi két qua phén tich vé
hé so nhan cho lyc téi han.

Graph

1565,

1000,

500.

Nhu vy két qua luc t6i han ciia bai toan nay 1a : Fg=1 x 1565 =
1565 N.

Pé xem két qua, tién hanh nhu sau:
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= m Linear Buckling (B5)
- /TZ0 Pre-Stress (Static Structural)
/N Analysis Settings
=& Solution (B6)

------- A3 Solution Information
....... ?h
Insert »
Details of "Total Deformation” | - ;: Evaluate All Results
[=]| Scope
Scoping Method | Geometry B2 puplicate
Geometry All Bodies| B¢ Duplicate Without Results
[=| Definition By Copy
Type Total Defd & Cut
Mode 1.

s~

Két qua bién dang 16n nhét 12 1.007 mm; lyc t6i han = 1565 N,

11.4. BAI TOAN 11.4

Phan tich bén, tim lyc t6i han va bién dang ciia chi tiét gid d chiu
Iyc nhu hinh 11.4. Céac gia tri vé cac kich thudc, rang budc,... dugc thé
hién ¢ cac budc giai ctia bai toan.
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Bude 1: Khéi djng ANSYS Workbench

Twong tw nhu bai toan 11.2, chon md dun phén tich két hop: Static
Structural va Linear Buckling.

m S 3 Project Schematic

|E Analysis Systems |

(8) Electric (ANSYS)

B9 Explicit Dynamics (AN5YS) »

& Fiuid Flow (CF2) IW 7= Static Structural (ANSYS) 2 Linear Buckling (ANSYS)

Fluid Flow (FLUENT) 2 | @ Engineering Data v ,——u2 @& EngresringData v .
Harmonic Response (ANSYS) 3 o Geometry 2 . a3 e e 2 ‘
[BY Linear Bucking (AN5Y5) ] — > 2
() Magnetostatic (ANSYS) 4 @ Model ? 4| @ Model g 4
f Modal (ansYS) 5 @ setwp ? . 5 | @ setup )
f Random vibration (ANSYS) 6 @ solution ? . 6 | @@ Solution 2,
B Rresponse Spectrum (ANSYS) 7 9 Results T, 7 0 Results ? .
3 shape Optimization (ANSYS) :

B Static Structural (ANSYS) Static Structural {ANSYS) inear Buckling (ANSYS)

ﬂ Steady-State Thermal (ANSYS)

Budrc 2: Thiét 1ap vat liéu cho bai toin

Vit lidu thép keét cau (Structural Steel) theo mac dinh cua phan
mem.

Buéc 3: Xay dung mé hinh hinh hoc
Str dung phan tir khdi (Solid) theo mic dinh.

~ Nhép dip chudt vao 6 Geometry > moi truong Design Modeler
xuat hién.

Chon don vi Milimeter.

ANSYS Workbench
Select desired length unit:

" Meter T Inch
" Centimeter " Foot
& Milimeter
" Micrometer

r Always use project unit
I™ Always use selected unit

Trudce tién xay dung md hinh 2D trong mit phing XY. V& hinh chir
nhat va dinh kich thuéc 1a 80 x 100 (mm).
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=3 Diameter

A foge

4 Semi-Automatic
&Edt

12 Move

[H Animate

| i Display

Constraints
Settings

Sketehing | Modeling |

Details View
[=|| Details of Sketch1

Sketch Sketchi
Sketch Yisibility Show Sketch
Show Constraints? [No

J| Dimensions: 2 o i

80 mm
Cwt 100 mm
[=I|Edges: 4

0.00

45.00

=

Tiép theo v& 3 vong tron (ban kinh: 50 mm, 20 mm, 20 mm) tai cic
vi tri nhu sau:

Trong Details View, dit cac gia tri V3 =50, V4 =20, V7 =20, R6 = 50.
Tiép theo dung 1énh Line by 2 Tangent va Trim dé tao bién dang.
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Tai tim cua 3 dudng tron cii, v& tiép 3 vong tron méi (ban kinh: 30
mm, 10 mm, 10 mm).

Tiép theo sir dung 1énh Extrude dé tao khdi 3D. Chon thé Modeling
-> Extrude va nhap chiéu day 20 mm, thu dugc khoi Solid nhu sau:

Nhur vay ta di xay dung xong mé hinh cho bai toan va c6 thé thoat
khoi Design Modeler.

Buéc 4: Gan vat li¢u va chia luéi

Thyuc hién trong moi truong Mechanical (Workbench - Static
Strutural = Model) va don vi st dung 1a Metric (mm, kg, N, s, mV, mA).

M Multiple Systems - Mechanical [ANSYS Multiphysics]

| Fie Edit View [Units Tools Help |]°| jsove - (@ [t

| = W Metric (m, kg, N, 5, ¥, A)
Metric {cm, g, dyne, s, ¥, A)

|7 Metric (mm, ka, N, 5, m¥, ma)

Project Metric {mm, £, M, s, m¥, ma)

Metric {mm, dat, M, s, m¥, ma)

Mekric (um, ka, WM, 5, ¥, ma)

10.5. Customary (ft, lbm, Ibf, °F, s, ¥, &)
1.5, Customary (in, Ibm, Ibf, °F, 5, ¥, &)
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Budre 5: Dat cac rang bugc va tii trong

Dit rang budc cb dinh (Fixed Support) tai mit trong cua hai 16 nho
(ban kinh 20 mm).

Scoping Method | Geometry Selection t
Apply | Cancel
[=]| Definition |
Type Fixed Support
Suppressed Mo

Dit tai trong (Remote Force) 1én mit trong ctia 18 16n (ban kinh 50
mm) > chon Apply trong Details of Remote Force.

196




B
Trong hdp thoai Details of Remote Force, xac dinh c4c thong sb sau:
Define By: chon Component.

X Component : 0 N

Y Component : -1 N

o O 0O O

Z Component : 0 N

Details of "Remote Force"

Dé kiém tra lai tai trong va cc rang budc, nhap chudt vao Static

Structural.

| 1% Coordinate |80, mm !_il
[ 1% Coordinate |50, mm
| | Z Coordinate |10, mm
Location Click to Change
[ Definition
Type Remoate Force
Define By Components
[ % Component |0, N (ramped)
| REIEN -1, N (ramped) El
| |2 Component |0, N (ramped)
Suppressed Mo
Behavior Deformable
[+ Advanced

0.00

45.00

]

90,00 {mm})





Budérc 6: Xir Iy va xem két qua bai toan

Chon Linear Buckling (B5) = nhap chudt phai 1én Solution (B6)
-> chon Solve.

= /1A Linear Buckling (B5)
T Pre-Stress (Static Structural)
Y Analysis Settings
B¢ ! oo fBE

P Insert 4

Detalls of "Solution (B6)' | 9 Clean
=1 Adaptive Mesh Refine g pename

Max Refinement Loops |17
Refinement Deoth 2.

Bang két qua Graph va Tabular Data nhu sau:

gec

1.1314e+7

7.5e+6
S.e+6

2.5e+6

0.

Ta thay Load Multiplier tim dwgc 1a 1.1314e7 N (vi luc tic
dung ta dat 1én chi tiet 1a 1N nén két qua Load Multiplier tim ra dung
bang lyc té1 han).

Tiép theo xem két qua bién dang ctia bai toan tai thoi diém t4i han,

PN Analysis Settings
-8 Solution (B6)
- A2 Solution Information
g
Insert 4
of "Tatal Deformation” F-.-.a uate All Results
El| Scope
Scoping Method | Geometry B2 puplicate
Geometry |AII Bodies Ei‘ Duplicate Without Results
El| Definition B2 Copy
Tvoe [TotalDefd v -

Két qua Total Deformation (bién dang tong) dugc thé hién nhu sau:

Outine
& Project
= &4 Model (A4, B4)
[+ & Geometry
[+ Coordriate Systems
2B Mesh
== static Structural (A5)
S/ Analysis Settings
 a Remote Force

B, Fixed Support 089706

=/l Solution (A6) 078493
31 seltion Information 0.6728

=[] Linear Buckling (85) 0.56066
8 Pre-Stress (Static Structural) 0.44553

i1 Analysis Settings

F : y 0.3364
=l /g8 Solution (BE) e
L1 Soiution Informatian -
B Total Deformation 0.11213
0 Min

0.00 100,00 (mm
Details of “Total Deformation” n .00 {mm)

|= Srone

Gia tri chuyén vi 16n nhat 1a 1.0092 mm.
198




Chuong 12
PHAN TICH CHI TIET PON TREO TREN

Cho chi tiét don treo trén (hinh 12.1), dugc ché tao bang vat lidu
Composite v&i cac thong s6 md dun dan hoi, hé sd Poision duogc cho
trong bang 12.1. Diéu kién bién 1a: ¢6 dinh (Fixed Support) tai A va A’,
lyc tac dung (Bearing Load) tai B v6i Fx = 19.600 N va Fy = 9.800 N
(hinh 12.2). Phan tich (mg suat va bién dang ctia chi tiét don treo trén voi

cac diéu kién cho & trén.

ua?

e chuig e

- Dung sal cie I @334, £40 1 40.05
- Dung sai chc ieh thude con lgl 2 0.1

- B4 khong song song gitra 215 G40 14 02

N
T s Co K Che Too My COMPOSITE
Hinh 12.1
Biang 12.1. Thong s6 vat ligu Composite
R M6 dun dan hoi | Heé sb Ung SUat | ehéi lwong
Ten (GPa) Poison | PaY riéng (g/cm’)
(MPa)

Nylon66+G/F50% 15 0.32 230 1.58
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Hinh 12.2
Buéc 1: Khéi dogng ANSYS Workbench
Chon m6 dun phan tich 1a phan tich tinh - Static Structural.

Explicit Dynamics (ANSYS) i

& Fluid Flow (CFx) 1

& Fluid Flow (FLUENT) 2 | @ Enginering Data v .
0¥ Harmonic Response (ANSYS

) ' - ponse ( ) 3| @ Geopletry ? .
Linear Buckling (ANSYS) =

- , 4 @@ Moldel ? .
Magnetostatic (ANSYS)

@l Modal (aNSYS) 5 | @ getup ? 4
m Random Yibration (ANSYS) 6 Solution 7 4
m Response Spectrum (AMNSYS) 7 Results 2 .

3 shape Optimization (ANSYS)
B3 Static Structural (ANSYS)

ﬂ Steady-State Thermal (AMNSYS)

Thermal-Electric (ANSYS)

| Static Structural (ANSYS)

Budrc 2: Thiét 1ap vt liéu cho bai toan

Vit liéu cua bai toan khong c6 trong thur vién ciia phan mém nén ta
phai tao thém vat liéu méi véi cac thong so cho trong bang 12.1. Cach
thuc hién nhu sau:

Nhéap dap chudt vao 6 Engineering Data = xuat hién hdp thoai
Outline Filter = chon Engineering Data (A2).

X
- A B [« D &
1
2 ’ Engineering Data AZ Contents filtered For Static Structural (ANSYS),
3 . General Materials |:| _B. General use material samples for use in various analyse A
4 . General Non-linear Materials D =X General use material samples for use in non-linear analy 1
5 ‘ Explicit Materials |:| Lo Material samples For use in an explicit anaylsis,
-] ‘ Hyperelastic Materials D ﬂ Material stress-strain data samples For curve Fitting.
7 ‘ Magnetic B-H Curves I:l " B-H Curve samples specific For use in a magnetic analys
- 8 <'r Favarites Ouick access list and default items | - |
- i, e
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Sau d6 chon View trén thanh cong cy = Outline = xuét hién hop
thoai Outline.

& Unsaved Project - Workbench =JTES

File Edit ‘iew Took Units Help

:JN&W [£5 Open... = save ESave As... | =9 Reconnect @ Refresh Project <% Update Project ﬂlmport... |@Reh.rntoPmcht »
(7] \
- X i able of No Data - X

lE_| Physical Properties IE ¥ & 1 f

2] {14 E

=] 2 | Engineering Data Az

E Constant Damping Coefficie

= g Factor (B) 3 |@@ ceneral Materials ) e
iE Linear Elastic i 4 | B ceneral Nordlinear Materials ||| B

= s |@@ Epict Materials ]|

A orthotropic Elasticty 6 |@@ Hyperelastic Materials (]| el
[E_ Experimental Stress Strain Da I - :

T3 Uil Test Data 7 B maonetic B-H Curves D "

3 Biaal Test Data 7| 8 [ Favorites

E Shear Test Data L Click here to add & new library _
T4 volumetric Test Data

= e Outline

B Plasticity.

B Life

|Z] ' = /

E Lkl 3 % Structural Stesl I:‘ = /

- 4 L

E h’_] \ Click here to add a new material | -~
|‘f Yiew all | Customize. .. 1 {i

s Ready

Nhip chudt vao 6 “Click here to add a new material”.

M

File  View Tools Units Help

:L_]New (&5 Open... ﬁ Save aSave &s...  wprecornect @ Refresh Project  #F Update Project i]lrnpnrt... | eReh.rntoiject »
i
X Table of Mo Data
E Physical Properties
B Linear Elastic
B Experimental Stress Strain Data
B Hyperelastic
B Plasticity
@ Lfe - A B |
@ Strength i =
B Gasket =
2
3 % Structural Steel |:| = e
R — EE e = x
( Click here to add a new material
|‘T Yiew All | Customize. .,

8 Ready (= (22 show 0 Messages
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Va dit tén vat liéu can tao 12 Nylon66+G/F50%.

™ Unsaved Project - Workbench

File Edit Wew Tools Units Help

S new Fopen... [l save lsaveds.. <9 reconnect i@ Refresh Project # Update Project gf)Import... (3 Return ko Projec

Toolbox

Table of Mo Data

@ Physical Properties

@ Linear Elastic

@ Experimental Stress Strain Data
E Hyperelastic

B Plasticity

Life

E Strength

2 Material

3 W Structural Steel e
——

4 73 Nyloné6+GIFS0% O \_
L Click here to add a new mater|

'lgfﬁ:ﬁ?-'meﬁan%
(<] i |

Nhép chudt vao vat liéu vira tao va chon Properties dé hiéu chinh
cac thong so cua vat liéu nay tai hop thoai sau day:

[ .

File  ¥iew Tools Units Help

CMew (Fopen... lel save Blsavess.. | <greconnect M RefreshProject  Update Project gf)import... (@Retumnto Projec

a

Toolbox

Qutline Filter Table of Mo Data

[ Physical Properties

@ Linear Elastic

@ Experimental Stress Strain Data (<], o ] 2]

@ Hyperelastic

Plasticity

@ Life

Strength

=  Material
3 % Structural Steel |:| L —
T 0
& Click here to add a new material
|T view All | Customize. ., | &l i | (2]

3 Ready [ishowpragress: .2 shor

Tiép theo x6 Tab Linear Elastic va kéo tha “Isotropic Elasticity”
vao hop thoai “Property of Outline Row 4”.
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& Unsaved Project - Workbench
File  Edit View Tools Units Help
1] New (5 Open... [l Save B save As... | <9 Reconnect i@ Refresh Project # Update Project ﬁ]Impurt... I@Retum to Projec

7]

Toolbox

Outline Filker

lE Physical Properties ‘
E Density
‘E Coefficient of Thermal Expansi
E Constant Damping Coefficient
‘E Damping Fackor ()

[ e s |
Tsotropic Elasticty ]
Orthotropic Elasticity

i B Experimental Stress Strain Data ‘

%4 Uniaxial Test Data
%3 siaxial Test Data
B4 shear Test Data

E Yolumetric Test Data
@ Hyperelastic
[ Flasticity trve
d sotropic
& Life B 27 gasticey >,
[@ Strength 3 Voung's Modulus Ps w >
4 Poisson's Ratio  LS0OpiC Elasticity d
|~
—
(v View #l { Customize... | (] o ' ()

) Double-click component to edit,

Thyc hién trong ty nhu trén, kéo tha cic yéu to khac cua vat lidu
vao hgp thoai “Property of Outline Row 4 va dién cac thong s6 con lai
cua vat liéu.

& 123 - Workbench «JTES

File Edit ‘View Tools Units Help
S Qnew [5open.. bellsave @lSaveds.. | «preconnect @ RefreshProject o Update Project gf)import... | (B Retumn to Project

{v]
ETmm— -

Cutline Filter

[ B PhysiestPropertiss—— |1
E Constant Damping Coefficie
E Damping Factor (B)
R —
{4 - < D|E
B—Q{_tbgt_ropic Elasticity & 1
[Boemmasmswm]| | (o7 ooy 15 oo oLl
TA uniaxial Test Data 1 preemr v
1A Biadal Test Data | / 3 2@ Elasticity q _
E Shear Test Data |( 4 Young's Modulus 1s000 | MPa w| [ ] =
Volumetric Test Data \ T
5 Poisson's Ratio 0.32 (] Danal
@ Hyperelastic Aniics ommge=
e 6 E Tensile Yield 230 MPa v D ! 1
B Plasticity Strength ‘
M Life compressive laae | owimee 2R b s oo i
i 'E ‘ield Strength =2 MPa/DlD t *
Bl Strength? =
@ L il | il '
T3-Tensie Ultmate st /@ 05 0 0.5 1
O - e o = M | Click here to add a new material v Temperature [C]
(7 Yiew Al | Customize... | TE = | 3]

8 Ready





Sau khi thiét 1ap xong cac thong sd, ta quay lai mdi truong Project

Schematic bang cach nhap chudt vao biéu tugng @ Retur to Project

Nhu vay ta di thiét 1ap xong cac thong s6 cho vat liéu méi trong
thu vién vat liéu cua phan mém phu hop véi yéu cau cua bai toan.

Buéc 3: Xay dung mo hinh hinh hoc cho bai toin
+ Chon phan tir phdn tich: Line Bodies

Trudce khi xay dyng mé hinh cho bai toan ta phai xac dinh phan tir
ma phan mém s& cin ctr dé giai quyét bai toan bang cich: nhap chudt
phai vao Geometry = chon Properties.

Mo data
1
6 = Basic Geometry Options
7 Solid Bodies i
8 Surface Bodies |
9 Line Bodies IZI ) |
10 Parameters
11 Parameter Key Ds
12 Attributes []

Sau khi hop thoai trén xudt hién, vao Basic Geometry Options >
chon phan tir Line Bodies bang cach danh dau vao 6 vuong bén phai va
dong hop thoai nay.

+ Tao md hinh khoi (Solid) trén phan mém ProE 2001
3 s i T N~ <

B E Vew et Anoisn lfo Agphostoms Ui Wedow Help

DeEgd @aanes | HEO@E g 4%

@ PROTRISINNE: Exirude (RN

= 1007 haz bieen commpletesd
S Solict o craato 3 SKETCHING PLANE.

|
< RIGHT

o

FRONT
. PRT.CSYS.DEF
D Potscnid B
e
Frotusion d 128
Frotuson d 183
Cud 21
Found d 265
Fandil 41

* G IuLLLE

s Hoe:





Tién hanh xut file sang ANSYS dudi dang *.igs.

Fe £dt View It A.—.,w Tofo Apphcations Lkiies Window Hdp
leeg@s Daages BEO@EF |3 2755

S Mot # dements are defined. Select element(s) or action(s] fom dialog bax,
BN object was copied

@ ruecancHaNcHIeeRT 2
RIGHT

7 TOF

o FRONT

T PRT.CSYS_DEF

o Protusonid B

o' GedD

2" Potisond 13

7 Pronaond 185

= GedEn

T Foundid 25

T Fond 441

o Hem

|
|

oy e =
W et

Pl B8 Yow st frabps lgle Agpkcetons Nte Window  Help
DFEdd Daales HOEODE Qoa S W

st il wlaenieritt ate chelmnel St sberentn) e action!u fenem kg s
b et wat copind.

B FRECANGHOAMCHING PRI
HIGHT
Tor
PraHT
PAT_CSYS_0EF TremDiMede
3" Prebuisond 20

Froen[sfyen

I Wimtramse Esdpen
I Sutuces
W o]
I Sl

I~ Daturs Curven i Pt

LIE

Cancel |

Chi tiét phan tich ¢ dang kho1 (Solid Bodies) giong nhu mic dinh
vé phan tir bai todn cta phan mém nén ta khong phai chon lai phan tir
(Bodies) cho bai toan.

Ngoai ra, ta ciing c6 thé tao mo hinh khdi trén chinh phan mém
ANSYS hoac cac phan mém khac: AutoCAD, CATIA,... Sau d6 xuat ra
file ¢ dang *.x_t, *.sat.
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+ Nhdp mé hinh hinh hoc vao phan mém ANSYS

Vao Workbench - nhap chudt phai 1én Geometry > chon Browse
-> tim dén file da duogc tao ra ¢ trén.
File  View Tools Units Help

S _Mew [ Open... = save Bl save as

<gRecornect @ Refresh Project < Update Project ﬂlmport... | @Pro.&ct 0C0mpact Mode

i B Analysis Systems ]
@) Electric (ANSYS)
B Explicit Dynarics (ANSYS)
B Fuid Flow (CF)
3 Fuid Flow (FLUENT)

2

n Harmonic Response (ANSYS) 3 /i
n Linear Buckling {aMNSYS) T ( S
() Magnetastatic (ANSYS) : Browse .

Modal {ANSYS i
. ¢ : ). - G ottion Duplicate - _
. Random Vibration (ANSYS) Tﬁ Transfer Data From MNew » optimum design. CATPart
. Response Spectrum (ANSYS) Results Transfer To e R o1 CaTPat
E Shape Optimization (AN5YS) Static S up_armil,
a Static Structural (ANSYS) I Update loai cong nhat.sat
B steady-State Thermal (ANSYS) Refresh
B Thermal-Electric {ANSYS)

. Reset
a Transient Structural (ANSYS)
a Transient Struckural (MBD) Rename
a Transient Thermal (ANSYS) Properties
B Component Systems Quick
B Custom Systems
B Design Exploration
|T View All § Customize. .. l

@ Double-click compaonent ko edit. _ ]

Sau d6 nhap dap chudt vao Model.

M

File  Wiew  Tools  Units  Help
S mew Sopen.. bl save Bl saveas.. <greconnect @ RefreshProject # Update Project @] Import... |@Project @ Compact Mode

Toolbaox

Emlysis Syskems ]
Electric (ANS5YS)

Explicit Cynamics (ANSYS)

B Fluid Flow (CFx)

B Fiuid Flow (FLUENT)

Harmanic Respanse (ANSYS)
Linear Buckling (ANSYS)

() Magnetostatic (ANSYS)

@ Modal (ansys) |
fil Random vibration (ANSYS) 6 | @ solution v .
MY Response Spectrum (ANSYS) [ -
[ Shape Optimization (ANSYS) 7@ resis -
B static Structural (ANSYS)

) steady-state Thermal (ANSYS)
D) Thermal-Electric (ANSYS)

[ Transient Structural (ANSYS)
a Transient Structural (MBD)
Transient Thermal {ANSYS)

B Component Systems

Static Structural (ANSYS)

B Custom Systems

B Design Exploration

| T Yiew &ll | Customize. ..

: Ready
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Két qua thu dugc nhu sau:

File Edit View Units Tools Help || @ | /Sove ~ (A 6 (@ (&) @)~
EAY BB & sPaqagaaxas| -

|Model | ®Construction Geometry | @Virtual Topology | [y Symmetry | . Remote Point | 3 Connections | (@) Solution Combina

Outline o
= @ Model (a4) =
= Geometry
# 3% Coordinate Systems H
/B Connections
SO Mesh

= Static Structural (A5)

e N Analvsis Sethinns
< l il |
Details of "Model (A4)" 2
=l Filter Options
Control [Enabled
altehts
Ambient Light |0.1
Diffuse Light 0.6
Specular Light |1
Light Color

-
0.00 100.00 (rm) L X
| ——

A0.00
Messages 2 x

M
Press F1 for Heln (.
Budc 4: Gan vat liéu va chia luéi

Trong Project 2 chon Model 2 Geometry = Partl: chon Part 1.

Trong Details of Part 1 = Material = chon vat liéu
Nylon66+G/F50%.

a ructura - anical P CS
| File Edit View Units Tools Help || @ | FSove ~ tH [ &~
RAY C-ERADR/S-SPAQAAIQEAQAQE L E|O-
JGaJrnEtry|Q;PDintMass | E
Outine

ject
= @] Model (A4)
=@ Geometry

3 Part 1

F=—sk Coordi

L /8 Connections
AR Mesh
£ I I | m
[+ Graphics Properties
=) Definition B Nylon66+C/FS0%

Suppressed Mo % MG SUAT KEO NEMKHAC MHAL
Stiffniess Behavior Flexible S MylonB6+G/F50% - CHI CO E WA Y
Coordinate System Default Coordinate % Nyh"ﬁﬁ'l‘Gﬂ:EU% SCHICOE WA Y
Referemew By Environmenkt % JonBE+C/FS0% -CHL CO E VA V

= Material Ny

+C/fF -
T D MylonB6+C,/F22% - CHICOE WA Y
Effects Yes

Thermal Strain Effects | fes z Y.
(5] Bounding Box 0.00 100,00 L X
i Properties : 00 (mm)

| Statistics 50.00




Vao moéi truong Mechanical, trong méi truong nay ta thdy hop
thoai Outline c6 chira cac budce tiep theo phai thyc hién d€ phan tich bai
toan. Cac budc nay duogc trinh bay ¢ dang cay thu muc.

Chon Unit = thiét 14p don vi Metric (mm, kg, N, s, mV, mA).

Tién hanh chia lu¢i phén tir bing cach: nhdp chudt phai vao Mesh
= chon Generate Mesh. Ta ciing ¢6 thé vao Details of Mesh dé xem
hodc di€u chinh lai cac thong so chia ludi.

| File Edit view Units Tools Help || @ | fsolve ~ tH W @ (&) @~
AT S-RRER @srQaQ@a@AQE M E|[O-

|Mesh jupdate | @Mesh v L Mesh Control v | yoptions
Outling a

5 (@ Model (A4) [~
[ Geometry
I?I ----- % Coordinate Systems E
e Connections
....... _//@ Mesh
(4= static Structural (A5)
o PN Bnalusis Settinns M
< [ E]
q
[=l| Defaults ~
Physics Preference Mechanical
Relevance 0
[=I| Sizing
Use Advanced Size Function | Off
| Relevarica Center ]
2.0mm )E
Ini :
Smoathing Medium
Transition Fast Z Y.
Span Angle Center Coarse q X%
Minimum Edge Length | 3.14160 mm L | ]
Inflation F | 50.00
Advanced . | Messages o x
Pinch L Text Asst
T I ——

=

.. | Nz | Puw. | Js.. | Ba. 8:51 AM

Budc 5: Pit cac rang budc va tii Ién chi tiét

+ Dat rang budc

Nhip chudt phai vao Static Structural = chon Insert = Fixed
Support = chon mat trong 16 can giir co dinh tai A va A’ (sit dung biéu

tugng "X dé chon mit) > chon Apply trong Details of Fixed Support.
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| i £ e e e iy | @ | e - MEE BB ¥ - BEDM| & 5+ QAIAEAQERS O

Dt of “Fued Sepport”

= Soope
Seoping Method | Geomelry Selection
Geometry 4 Faces.

= Definibon
Tiee Fised Suppod
Suppeessed 1]

Mt e kg B, 5, il md} Degress rads Cebive

+ Dt tai trong
Nhép chudt phai 1én Static Structural = chon Insert = Bearing Load.

| File Edit view units Tools Help || @ | Jsove ~ (B0 @ A @~
RAFY "RRERR(&(sFQAQAIQ@@AQEMNE| O
|Environment @ Inertial v @ Loads » Bk Supports ~ | B

@ Acceleration

@] Standard Earth Gravity
®, Rotational Velocity

=

. Pressure

+ Solve
7 . Hydrostatic Pressure

= /@ m Z1Clean
< ™ b Renarme
Details of "Static Structural (A5)" a
[=l| Definition
Physics Type Structural
Analysis Type Static Structural
Solver Target ANSYS Mecha, ., @) Thermal Condition i
| Options @ Joint Load L %
| Environment. Temperature |22, °C &, Fluid Solid Interface
Generate Input Onky ]I\Io .
#, Fixed Support ,
hﬁ ﬁ’ Displacement }\Reooﬂ: Pfe\ﬂew, |
Gral %, Remote Displacement ?
@, Frictionless Support 1.

&, Compression Only Support
&, Cylindrical Support
@, Elastic Support

& Motion Loads...
B commands

Press F1 for Help
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Trong Details of Bearing:
Scope\Geometry: chon mét try trong (vi tri B) = chon Apply.
Definition\Define By: Components.
X component: 19600 N
Y component = -9800 N

o O O O

Nhép chudt vao dong Static Structural dé xem két qua bude dit
rang budc va tai trong:

| File Edit view nits Tools Help || @ | sove ~ £l B0 @ [A) [@~
[RAYLRERA&(SARQAIQAAQE N B | O

JEnwrontnt P Inertial + Pk Loads ~ 3-.Suppr:uﬁs v| B

Outline 4
L/ Mesh
(-2 Static Structural (A5)
‘,{‘1 Analysis Settings
/B, Fixed Support E
----- Solution (A6)
A ®1 Sotion Tnfrrmati E
< " "

BeGEGfBeangload” 7
[=l| Scope

Scoping Method | Geometry Selection
Geometry 1 Face

Definition

Type |Bearing Load
Define By Components

Coordinate-SystenrGloba Coordinate System
(] % Component | 19600 N

e — !
550010 \Geometry {77 === APrirt Preview hReport Freview/ |
%ﬁ % 0.N Graph q

Suppressed No

]

Messages 2 x

Press F1 for Help

Nhu vy ta di tién hanh thiét 1ap xong cac diéu kién bién cho bai
toan. Tiep theo 1a xir ly va xem két qua tinh toan ctia phan mém.
Budéc 6: Xir Iy va xem két qua bai toan

Nhip chudt phai vao dong Solution (A6) -> chon Insert =
Defomation = Total dé xem két qua bién dang tong.

210




| File Edit View Units Tools Help || @ | sove ~ tH 0 [0 A @~
[RAY L-ARRE & s RAAQAFARAAE M B[O

| Solution @ Deformation » ®eStrain v B Stress v | B Linearized Stress v | ®Probe (@ Took v | B,User Defined Result | B

i ]
2 Analysis Settings :

3, Fixed Support
: ---‘/Q, Bearing Load

=/@ M_! Stress Tool
k4
4
: <} Solve
Reeveery | } St—aln
«] Clean Stress
Details of "Solution (46)" | db Rename Linearized Stress »
[=]| Adaptive Mesh Refi t ) !
PMax Refi it Loops | 1, Fatigue ’
Refinement Depth |2, Contact Tool » B
Probe L4
B User Definad Result d
Commands - - -
E -APrint Preview AReport Preview/ |
Graph q
Messages 2%

Text Ass0
Fress F1 for Help

Nhip chudt phai vao dong Solution (A6) > chon Insert - Stress
- Equivalent (von-Mises) dé xem tmg suét.

| File Edit View Units Tools Help || @ | */Sobe ~ @l i [0 [A) [@~
RAY -ERAE @(sdQa @A RO

|Solution @, Deformation ~ ®LStrain  ®Stress v | BLinearized Stress v | @Probe v (@ Tools ~ | 8,User Defined Result | B

Stress Tool
Defor mation
Strain

&] Clean
Detalls of "Solution (A6)" ab Rename Linearized Stress B Wmimte-PrRcpa
| Adaptive Mesh Refi ) | @ Middle Principal
Max Refinement Laops | 1. Fatigue & Minimum Principal
Refinement Depth 2.
Contact Tool & Maximurn Shear
@ )
Probe » | F Intensity
B Normal
. User Defined Result B chear
B Commands B vector Principal
Graph W Error

Messages

Press F1 for Help





Sau d6 chon Iénh 7 5olve @& phin mém xir Iy v6i két qua nhu sau:

.

| File Edit view Units Tools Hep || @ | sove v Fll B [0 (A @~
[RAY AR AS- S PRAQAQAQE M & |0

|Result 6.2 (Auto Scale) +®-0-%-F | ® @ | ®erobe

Qutline 1
‘,‘Q{ Analysis Settings E
B, Fixed Suppart
/0, Bearing Load
=8 Solution (A6)
,/[D Solution Information
v
Details of "Taotal Deformation” L 51057
| Scope llm
Scoping Method Geometry Selection 1'5041
Geometry Al Badies Py
| Definition 0.00245
Type Total Def 0.60163
By Time 0.30082 O
Display Time Last 0 Min
Calculate Time History |Yes - - -
Tdentifier Geometry Aok sheetAPrint Preview AReport Preview/ |
=l Results Graph 1
Minirum a. mm r -
- Animation | W |00 [ 10 Frames v  2Sec(futo)
Maimum 2,7073 mm J |— H_ | Q
& Information
Messages LI
Text 435

Press F1 for Help |

Két qua tinh chuyén vi 16n nhét: 2.7073 mm.

| File Edit View Units Took Help ‘JOI jsove ~ [ W @ [~
[RAr T -rOED@ @& StQAQAQ@AQFEME | O

|Result 6.2 (Auto Scale) +B-F-9-F B ®| ®rrobke

w4 Analysis Settings

/T, Fixed Support
7, Beating Load

& /& Solution (A6)

m Solution Information
v M Total Deformation
Details of "Equivalent Stress" L}
= Scope
Scoping Method Geometry Selection
Geometry All Bodies
=l Definition
Type Equivalent (von-Mises) Stress 44.616
By Time 22.3]3 100.00 (mm)
Display Time Last 8.6019e-5 Min
Caleulate Time History | Yes - - -
T o \Geometry AJ/orl -hec C\Print Preview A\Report Preview/. |
Identifier Graph R
HifResits Animation p»|m || 1) 10 Frames v 2Sec (Auto)
| Minirurn 5.6019e-005 MPa J >[_ | [: : | Q
| Maimum 200,77 MPa
[#| Information Messages 2 x I
Text ASST
Press F1 for Help
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Két qua tmg suat 16n nhat: 200.77 MPa.
* Thao luin két qua mé phong
+ Chuyén vi:
V6i diéu kién bién da xac dinh nhu trén thi két qua mo phong rd
rang da cho ching ta thay dugc rang:
o Chuyén vi 16n nhit & gan vi tri lyc tac dung (vi tri B).

o Chuyén vi giam dan tir vi tri lyc tac dung dén vi tri ¢6 dinh (chuyén
vi bang 0).

+ Ung suat:

Ung suit tip trung 16n nhat & gan 2 c6 cua don treo, céc chd cong
va thanh mong gan 1o.

+ Két ludn:

Vi két qua md phong bang phan mém ANSYS, ta x4c dinh dugc
cac ket qua veé bien dang va Gng suat, kiém tra dugc két cau cua céc chi
tict thict ke trudce khi tien hanh gia cong va san xuat thye t&. Tir d6, giam
dugc dang ké chi phi va thoi gian ché tao thu.
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tiy chon vé tai trong, vé luc tac dung va vé cac rang budc nhu trong bai
toan phan tich tinh.

Nhap chudt phai 1én dong Static Structural, chon Insert va sau d6
dat 1én chi tiét nhirmg rang budc, lyc, tai trong...sao cho chinh xac voi
yéu cau cua bai toan dat ra.

Ta c6 thé thay 16 cac lya chon sau:

/@] Project

= Model (A4, B4)
----- A8 Geometry
----- sk Coordinate Systems
/B Connections

_;«% Mesh
E =

’ .? Acceleration
@] Standard Earth Gravity
@, Rotational velocity

&, pressure

/[E solution (B &, Hydrostatic Pressure
& 56
Z3] solution Information @, Force

G.. Rermote Force
@, Bearing Load

Details of "Static Structural (AS)" "Wy Bolt Pretension
= | Definition 8, Moment
Physics Type Structural &, Line Pressure

Analysis Type Static Structural .l Thermal Condition

Solver Target ANSYS Mechanic )
= | Options @ Joint Load
Environment Temperature |22, °C P Fluid Solid Interface
Generate Input Only Mo Q’ Fixed Support

G‘, Displacement
@, Remote Displacement

3,-_1 Frictionless Support
Section Planes

- Q}v Compression Only Support
| X & @ Cylindrical Support
@ Elastic Support

& Motion Loads...

B~ Commands

% Budrc 6. Solution (A6)

Sau khi dit cic rang budc diy du ta tién hanh budc phan tich
Solution ¢ Static Structural.

Nhiap chudt phai 1én dong Solution (A6) > chon Solve. Chd trong
it phit va phan mém s& tir dong dua toan bd két qua phan tich nay sang

bude B5 (Modal) dé dua ra két qua phan tich & dang bai toan dao dong
riéng va tim tan s6 riéng.
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