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Thanh phan té chirc

PGS TS. Pham Huy Hoang, Truéng Khoa CNCK, Truéng Ban Té chic
TS. Hb Thi My Nit, Phé truong khoa

PGS.TS. L& Thé Truyén, Trudng Bo mdn Ché Tao May
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Thong diép tir Ban to chic

Kinh gai Quy thay c6, Quy ddng nghiép,

Thay mit Ban to chuc, t6i rat vui mimg chao dén quy thay ¢6, quy dong nghiép tham gia hoi thao Khoa
hoc Cong nghé 2022 — Khoa Cdng nghé Co Khi, Truong Pai hoc Céng nghiép Thuc pham Tp.HCM vao
ngay 09 thang 5 nam 2023.

Hoi thao Khoa hoc dugc to chuc hang nam nham tao diéu kién cho sinh vién, giang vién trao ddi kinh
nghiém va trinh bay cac két qua nghién ctru dé tao méi truong nghién cau rong rai trong Khoa cting nhu
trong nha Trudng. Thong qua hi thdo, ching ta co thé tim ra cac hudng nghién ctu va trién khai ang dung
két qua nghién ctu vao cudc sdng, san Xuat. Ngoai ra, hoi thao ciing 1a co hdi de tang cuong Ky nang
nghién ciru va trinh bay cong trinh chuan muc hon dé phi hop véi céc tap chi cac cap.

Chung ta dang phai trai qua nhimg diéu kho khan nhat trong lich st véi dai dich covid, Viét Nam va
thé gioi dang rat can nhiing san pham cong nghé dé giai quyét bai toan thuc té tai dia phuong, dac
biét trong nhiing trudng hop khan cap. Chi dé hoi thao ndm 2023 “KY THUAT CO KHI VA UNG DUNG”
Vi thdng diép hdy cing suy nghi va hanh dong thong minh dé tiép can nhanh nhay va ung dung linh hoat
nhitng thanh tuu caa khoa hoc va cdng nghé hién dai dé giup nganh Co khi nudc ta ¢d nhiéu co hoi trong
viéc nang cao trinh do cong nghé, ting nang suét, rit ngan thoi gian dua san pham ra thi trudng, san xuat
dugc nhitng san pham cd chét luong va gia ca canh tranh. Thng qua do, 1am thay d6i phuong thirc quan
ly, quan tri trong san Xuat co khi. Loi cudi, kinh chic moi nguoi suc khoe. Ching ta hay cung lam viéc,
d6i méi dé dao tao va giéo duc, nghién ciru va sang tao gép phan vao su nghiép chung cta nha trudng.

Tran trong!
PGS TS. Pham Huy Hoang
Trudng ban t6 chuc

Truong Khoa Cong nghé Co Khi
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Nghién ciu cac thong so hinh hoc chii yéu cia dao ciat anh hwéng dén
tach vé cieng hat diéu
Tran Quéc Nhiém
Khoa Cong nghé Co Khi
Truong Pai hoc Cong nghiép Thuc Pham Tp.HCM
140 L& Trong Tan, Phuong Tay Thanh, Qugn Tan Pha, TP. Hé Chi Minh 700000, Viét Nam
Email: Nhiemtg@hufi.edu.vn

Ngay nhdn bai: 29/4/2023 ; Ngay chdp nhdn dding: 04/5/2023, ngay xudt ban: 08/05/2023

TOM TAT

Nim 2009, Viét Nam tré thanh nwéc xuat khau nhan diéu dirng dau thé giéi virgt mit cac nwée nhw An P9, Brazil.
Bén canh Hoi nhap vao thi truong thé gisi doi héi phai xay dung dwgc tiéu chuan cho san pham, dap wng nhirng yéu
cau khat khe ctia khach hang la nhiing viéc phai 1am ngay, khdng thé tri hoan. Trong ché bién hat diéu con hai cong
doan la cit, tach vé diéu va boc vé lua van phai sir dung qua nhiéu lao ddng thii cong. Viéc nghién ciru thiét bi va cong
ngh¢ dé co giéi hoa hai cong doan noi trén ngay cang birc xuc, tham chi la diéu kién séng con dé phat trién bén ving.
Pé nang cao chit lweng hat diéu sau ché bién, bai bo nay trinh bay nhirng nghién ciru cac théng sé hinh hec chi yéu
ciia dao cit anh hwéng dén tach vé cieng hat diéu.

Tir khoa: may béc vé hat didu; Viét Nam; dao cit
I. GIOI THIEU

Viée khai théc tiém nang kinh té to 16n ciia cdy diéu ¢ Viét Nam chi méi that sy khoi dau tir dau thap nién 80 thé ky 20,
nguoi dan dugce khuyén khich trong diéu d€ lay hat xuat khau. Téi thap nié€n 90, dién tich cay di€u ¢ Viét Nam da phat trién tdi
250.000 ha.

Trong nhiéu nim qua Viét Nam da timg budc khang dinh vi thé caa minh vé xuat khau diéu trén thé gioi. Nam 1992, Viét
Nam mé¢i khai thong thi trudng Trung Qudc, tir chd 1a nuéc xuét khau diéu the, thi nam 1996-1997, Viét Nam da cham dut xuat
khéu diéu thd qua An Do, dé giir lai ché bién, phuc vu cho xuit khau didu nhan. Nam 2000-2001, Viét Nam tro thanh nudc 6
san lugng didu thé dung thir hai thé gidi.

Nam 2002 - 2003, Viét Nam la nha san xuét, ché bién, xuat khau hat diéu I6n thi hai thé gici. Bén nam 2005 nudc ta da c6
hqn 200 nha may ché bién véi tong cong suat khoang 600.000 tan hat djéu ngqyén Iiéu/pém, xuét khéy duoc 110.000 tan nhan
diéu thd, gié tri kim ngach la 500 triéu USD, dung hang thir hai trén thé giai vé nhan diéu thé xuat khau.

Niam 2006, cac doanh nghiép Viét Nam xuét khau dwoc 127.000 tin nhan diéu, dat kim ngach xuat khau gan 504 triéu USD;
trong khi An Do (1a nude "cuong quéc” vé cay diéu) chi xuat khau c6 118.000 tan nhéan diéu. Két qua nay da dua Viét Nam Ién
ngdi vi xuat khau nhan diéu hang dau thé gisi. Vai san luong xuat khau nay, thi truong Hoa Ky chiém 40%, Trung Qudc 20%,
Chau Au 20% va 10% con lai thudc Nga, Trung Dong va Nhat Ban. Chat luong nhan diéu Viét Nam ciing dwoc ca ngoi 1a s6
1, 1a thom ngon hon han nhan diéu cua An Do, Brazil hay Tanzania.. Nam 2007, san luong diéu thd thu hoach trén ca nudc vao
khoéng 350.000 tan. Cong thém 50.000 tan nhap khau tir Campuchia, tong san lwong diéu nguyén liéu cho cac doanh nghiép
ché bién xuit khau s& 1a hon 400.000 tan. Thang 1 dén thang 9/2009, Viét Nam di xuét khau duoc 131 nghin tn nhan didu cac
loai, kim ngach dat 614 triéu USD, tang 9% vé lugng nhung giam 10% vé gi4 tri so v6i cung ky nam 2008 do gia xuét khau
didu cua Viét Nam da giam khoang 900 USD/tan, chi dat mic 4.700 USD/tan. Viét Nam trg thanh thanh vién thir 150 cua
WTO, ltc ndy moi ngudi, moi don vi trong nganh san xuat didu phai xem xét toan dién ca thoi co va thach thirc. Bén canh
nhitng wu thé, nganh san xuat diéu ciing phai d6i mat véi nhiéu kho khan, tré ngai, anh hudng dén hiéu qua va sic canh tranh.
Gia nhap WTO, hoi nhap vao thi truong thé gisi doi hoi phai xay dung duoc tiéu chuan cho san pham, bao d¢am vé sinh an toan
thuc pham, dap tng nhiing yéu cau khit khe cia khach hang 1a nhiing viéc phai lam ngay, khong thé tri hoan. Tham gia vao
"San choi" 16n, viéc xay dung thwong hidu san pham c6 uy tin ciia nganh san xuét diéu Viét Nam méi 1a mot bao dam dé chiém
linh thi truong, dé chuyén tir viéc xuat khau nhan diéu thd sang xuat khau nhéan diéu ché bién véi cac san pham da dang, c6 gia
tri hon nhiéu lan.

Trong ché bién hat diéu con hai cong doan la cat, tach vo didu va boc vo lua van phai sir dung quéa nhiéu lao dong tha cong.
Viéc nghién ctu thiét bi va cong nghé dé co gici hoa hai cong doan néi trén ngay cang birc xtc, tham chi 1a diéu kién sdng con

dé phat trién bén virng. Xuét phét tir didu kién thuc tidn trén may cit, tach vo cing hat diéu da dugc di vao nghién ctu, ché tao
va vin dé nang cao ti 1é béc tach vo cing hat diéu gép phan tang ning sut 1a mot vin dé khong thé thiéu.

II. PHUONG PHAP CAT VO HAT PIEU
A. Téng quan vé dao tach hat diéu

Trong qua trinh cit vo cing hat diéu, dao cit dong mat vai tro quan trong. Néu thong s6 hinh hoc dao khdng t6t s€ anh
huong dén chét lugng cua hat diéu, nang suét, tiéu hao ning lugng... Do d6 dao duoc ché tao phai dap tng mot s6 yéu cau co
ban cat vo cing hat diéu véi nang suét cao, ty 1¢ boc tach vo cung hat diéu cao, ty 1¢ bé v thap, co kha nang chéng hao mon
miii cit dé co tudi tho cao, an toan trong str dung, dé ché tao, lap rap, don gian va gon nhe.
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O day, do mo hinh dwoc dé cap la lya chon cac thong s6 hinh hoc chu yéu vé dao dé ché tao thir va danh gia su phu hop cua
cac thdng so do trén co s¢ cat vo ciing hat diéu va dat ty Iéﬂ bdéc tach cao, ty 1€ bé v& thap. Do d6 dao cat dugc chon de khao
nghiém va danh gia ty 1€ boc tdch vo cang hat diéu, ty 1€ bé vd nhén hat diéu trong qué trinh tach vo cuang hat diéu bang dao
cat dia.

Dao cat dia la mot loai dao cat ma ludi ct la nhiig rang cua nam trén chu vi cia dao cit dang dia. Khi dao cit dia quay
tron, dao cat cat doc than hat dieu. Trong qua trinh cat, dao cat s& phan chia phoi hat dieu nguyén li¢u thanh cac thanh phan:
phan vo cang hat diéu, phan phoi cua hat diéu.

B. Théng sé hinh hoc cua dao [4, 6].

Céu tao dao cit dang dia duoc trinh bay trong Hinh 1. Céc thong sé hinh hoc cua dao cit dwoc trinh nay trong Hinh 2

A

N
N

A

e

Hinh 1. Dao cit dia
Trong do:

o goc sau

P : g6c mai nhon

¥: gbe trude
h: chidu cao udi cét Y L
t; budc ring
r: ban kinh héu dao
8 : chiéu day dao
Hinh 2. Théng s hinh hoc cua dao
- Anh hwéng caa goc sau a.

G6c sau la goc hop bai mit sau va mat cat, thuong ky hiéu 13 o. Goc o 16n s& lam giam d6 ciing viing cua dao, dao dé bi
rung dong trong qué trinh cat. Goc a. nho s& lam tang lyc ma sat & mat sau cia dao , dao s& mon nhanh va tudi tho cua dao s&
giam. GOc sau o thay doi s& 1am cho d6 cung viing cua mii dao thay ddi. Thuong goc o. s& nam trong pham vi 100+ 37°,

- Anh hwéng ciia géc truéc y.

Goéc trude 1a goc dugc tao thanh bai mat trudc dao cat voi mat phang vubng goc voi mat cat, di qua canh cat, thuong ky
hiéu 1a y. Goc y cang Ion thi qua trinh cat cang dé dang, giam dwoc sy téa nhiét ¢ dau ludi cit, do do s& giam dugc lyc cit. Tuy
nhién goc v 16n qua s& dan dén rang cit yéu di. Néu goc y nho thi ludi cat cang bén, s& 1am ting sy toa nhiét & dau ludi cat va
lam tiéu hao cong suét dién cua may.

- Anh hwéng caa goc B.

G6c mai 1a goc tao bai mat trudc va mat sau dao cat, thuong ky higu Ia . Loai gd mém g6c mai nhon B = 40%+ 45°. Goc
nay ¢6 anh huéng dén do bén cua rang, goc B phu thudc vao hinh dang, kich thuéc mét trudc va mét sau ciia rang. Chiéu cao h
(tirc phu thudc vao thé tich rdnh phoi). Tinh cong nghé ché tao. Sy mai lai khi mdi rang bi mon.

- C6 4 dang rang co ban:
Dang rang thang khong can: d& thoét phoi, cit tot.
Dang rang thiang dbi xtng: kho thoat phoi, d& ché tao, sir dung dugc ca hai mat cat trudc va sau.

Dang rang cong: rat dé thoat phoi, nhung khi mai thi kho mai dung véi dudng cong ban dau



Dang ring lién hop (vira thing vira cong): rat d& thoat phoi, d& mai sic mdi khi dao mon.
Phén thing

A

SN

Phin cong

Hinh 2.3: Céc dang ring cua dao cit
a) Dang rang thing  b) Dang ring thang c¢) Dang ring cong  d) Dang rang lién
khong can ddi xang hop
Hinh 3. Céc dang rang dao

Néu chiél} cao h tang thi thé tich ranh phoi ting dan dén dé dang thoat phoi, nhung tai trong tac dung 1én chan ring sé ting,
do momen udn tac dung 1én rang tang

- Anh hwéng cia ban kinh hau dao r.

Bén kinh r 1a doan chuyén tiép tir lung dén mit trudc cua rang. Day 1a diém tap trung tng suat, do @6 ban kinh r ¢6 anh
huong dén d6 bén rang.

Néu ban kinh r nho thi s€ lam tang l'Ing’SUét & day rang va lam giam sy thoat phoi ty do. Do d6 ban kinh r di Ién dé dam
bao su thoat phoi dé dang giir cho bé mat cat dugc tron lang.

Trong do:
h: chiéu sau cat, mm
Sz luwgng chay dao ciia mét rang, mm rang
kc: hé s6 phan phéi, thoat phoi.
Hoac theo [4] ban kinh r = 0, 1t (t: budc rang)
- Anh hwéng cia sé lwong ring Z.
S6 lwong riang c¢6 anh hudng dén ning suét lao dong va cong suét tiéu thu dién caa may
- Anh hwéng cia dwong kinh dao cit dia D, chiéu day dao b.

Theo [5] khao sat bién dang dic trung cac loai hat diéu loai A, B, C, D nhu sau:



Hat diéu loai A:

Hat diéu loai B:

ng_ﬂiéu loai C:

Hat diéu loai D:

Hinh 4: Céc bién dang dic trung hat diéu loai A,B,C,D

Hinh 5. Ba ving dién tich con lai sau khi cat

Khi hat diéu dwoc cit vo, phan vo hat didu con lai chua dugc cit hét gom 3 ving dién tich A1, A, Az xem Hinh 5. Phan
dién tich khé hot nhat 1 chd eo hat didu dién tich Az. Néu duong kinh D dao cang nhé thi kha niang hét bo dién tich A, rat tét.
Tuy nhién xuat phat tir diéu kién cit thuc té duong kinh dao D cit qua nho thi didu kién dé thoa man ct duoc tir cong thirc Fins
> 2(F+ Fea ) (2.2) khong dam bao do luc ¢t 1on. Nguoc lai néu duong kinh dao D 16n thi cang dé tha méan diéu kién cat cong
thtrc (2.2) [1], nhung phan dién tich A, con lai nhiéu s& khong dam bao qué trinh tach hat diéu.

Xuat phét tr md hinh tach bang chém ta thiy néu chiéu day dao cit dia 5 qua nho thi khi cit s& tao ra ranh cat hep s& khong
tao dicu kien mo mep t6t sau khi qua tach bang chém, két cdu cia dao sé& yéu di. Nguoc lai, néu chiéu day dao & cat qua Ion thi
dan dén viéc khi vao chém tach khong tét do cong sinh ra khi vao chém nho (do chiéu dai tiép xtc chém ngén).

Qua céc phan tich trén va qué trinh cit trén md hinh thyc té, ta thdy cac cac théng sé hinh hoc anh hudng dén ti 16 béc tach

v6 ciing va bé v nhan hat didu chu yéu 1a: duong kinh dao cit dia D va chidu day dao 8. Do dé, ta tién hanh khao nghiém céac
théng s6 nay anh hudng dén ti 1€ bdc tach vo ciing va bé v nhan hat diéu.



Chon mién khao sét;

Theo [4] chidu day dao & = (0,08+0,12)D¥2= (0,08+0,12). +/80 =0,71+1,07 mm. Chon & tinh toan 1 mm.

Bé day dao theo tinh toan va qua trinh cét thyc té trén mé hinh ta chon mién khao sat chiéu day dao cét & trong khoang [1
2] mm. Cu thé chon dao day 1mm, 1,5 mm, va 2 mm.

Duya vao phan tich, duong kinh t6i thiéu Dmin= 50 mm, duong kinh t6i da tinh toan Dmax = 80 mm, két cAu m hinh thyc té
ta chon khéo sat duong kinh cu thé chon 60 mm, 70 mm, 75 mm va 80 mm.

C. Khdo nghiém cac logi dao cat dia danh hirong d@én ti 1é boc tach vo cing va ti 1¢ vé nhan hat diéu.
—  Muc dich khao nghiém.

Khao sét ti 1& boc tach va bé v nhan hat diéu ding dao phay dia c6 thong sé hinh hoc khac nhau khi thuc hién nguyén cong
tach vo cang hat diéu. Tir d6 tim ra dao cét dia phit hop dam bao qué trinh béc tach vo ciing hat diéu cao (> 80%) va ti I¢ bé v
cho phép (<10%), dap ing dugc yéu cau san xuat trong thuc té.

— Nguyén liéu va cach tién hanh khao nghiém.
+  Nguyén liéu.
'Két qua khao nghiém trén hat dicu loai 1 & Viét Nam da qua hap, s dung dao cat dia (1 mit cat), thir nghiém trén h¢ thong
thiét bj tAch vo ctng hat diéu dung phuong phéap phay chép hinh do truong Dai Hoc Bach Khoa TP.HCM ché tao.
+  Diéu kién thi nghiém.
Thi nghiém duoc tién hanh trén hé thng thiét b tach vo ciing hat diéu ding phuong phép phay chép hinh do truong Dai

Hoc Bach Khoa TP.HCM ché tao (xem hinh 2.6); vén téc bang tai v = 0,25 m/s, s6 vong quay cia co cdu va dap n = 900
vong/phut.

Hinh 6. May tach hat diéu

—  Céch tién hanh thi nghiém.
Buéc 1: Chudn bi mdu:
+ S lwong hat diéu trong mdi 1an thi nghiém 50 hat.
+ S6 lugng mau dao cat dia thi nghiém 12 mau.
+ S6 lugng mAu cit thi nghiém 4 bo cit (04 cit/bd).
Buéc 2: Thong sé nghién ciru:
+ Xac dinh thdng s6 nghién ctru dau ra:

Céc thdng s6 nghién ctu daura  phdn anh cac chi tiéu kinh té - ky thuat cua may tach vo cang hat didu hay phan anh muc dich
nghién ctru cua dé tai. Cac thdng sb nay gom:

Ti 1¢ boc tAch vo cting hat didu: day 1a thong sb dic trung cho chi tiéu Kinh té-k§ thuat ciia méy tach vo cing hat diéu. Thong
s0 nay duge xac dinh bang ti I€ phan tram so6 lugng hat diéu dugc bdc tach trong tong so hat dugce dua vao boc tach.

Ti I¢ bé v nhan hat diéu: day ciing 1a thong s6 dic trung cho chi tiéu kinh té-ky thuét ctia may tach vo ciing hat diéu. Thong
s0 nay dugc xac dinh bang ti 1€ phan tram s6 lugng nhan hat diéu bi bé v trong tong so hat dugce dua vao boc tach.

Xuét phat tir muc dich nghién ctru ciia dé tai, chdng t6i chon thong sé dau ra la ti 1¢ boc tich vo cang va ti 1¢ v nhan hat diéu.



+ Xéc dinh thdng sb nghién ctru du vao:
Théng sb hinh hoc anh huéng dén ti 16 boc tach vo cirng va bé v nhan hat didu cha yéu 1a:
Puong kinh dao cit dia D (mm)
Chiéu day dao & (mm).
Vi thé dbi vei dao cat hat diéu, ching toi chon hai thong s chi tiéu trén dé nghién ctru 1a duong kinh dao cit dia D (mm),
chiéu day dao & (mm). Nhu vay thong s6 dau vao la D va 6.

Mau dao:

Hinh 7. Biéu dién thong s6 hinh hoc cua dao

Bang 1. Thong sé hinh hoc cac miu dao khao nghiém

TSHH D (mm) & (mm) a(do) B(dd) v(dd) h(mm) t(mm) r(mm) Z (ring)
Mau dao 1 80 2 30 40 20 3 7 0,7 36
Mau dao 2 80 15 30 40 20 3 7 0,7 36
Mau dao 3 80 1 30 40 20 3 7 0,7 36
Mau dao 4 75 2 30 40 20 3 7 0,7 34
Mau dao 5 75 15 30 40 20 3 7 0,7 34
Mau dao 6 75 1 30 40 20 3 7 0,7 34
Mau dao 7 70 2 30 40 20 3 7 0,7 32
Mau dao 8 70 15 30 40 20 3 7 0,7 32
Mau dao 9 70 1 30 40 20 3 7 0.7 32
Mau dao 10 60 2 30 40 20 3 7 0.7 27
Mau dao 11 60 15 30 40 20 3 7 0,7 27
Mau dao 12 60 1 30 40 20 3 7 0.7 27

I1l. KET QUA VA THAO LUAN
Két qua khao nghiém:

Bang 2. Két qua khao nghiém tai dau ra may cat

M4u dao Lin Téch hoan toan Téch khong hoan toan _Khéng téch __Bévo
So hat Tile S0 hat Tile So hat Tilé S0 hat Tile
1 24 48 % 10 20% 12 24% 4 8%
1 2 20 40 % 10 20% 19 38% 1 2%
B 22 44% 10 20% 155 31% 25 5%
1 24 48 % 11 22 % 12 24 % 3 6 %
2 2 26 52 % 12 24 % 10 20 % 2 4%
TB 25 50% 115 23 % 11 22 % 25 5%
1 22 44% 12 24% 14 28% 2 4%
3 2 23 46% 14 28% 12 24% 1 2%
B 22.5 45.% 13 26% 13 26% 15 3%
1 16 32% 7 14% 25 50% 2 4%
4 2 18 36% 9 18% 22 44% 1 2%
B 17 34.% 8 16% 235 47% 15 3%
1 16 32% 8 16% 26 52% 0 0%
5 2 20 40% 9 18% 20 40% 1 2%
B 18 36% 8.5 17% 23 46% 0.5 1%
1 20 40% 7 14% 22 44% 1 2%
6 2 19 38% 10 20% 20 40% 1 2%
B 195 39% 8.5 17% 21 42% 1 2%
7 1 20 40% 9 18% 20 40% 1 2%




2 22 40% 11 22% 16 32% 1 2%
B 21 44% 10 20% 18 36% 1 2%
1 26 52% 9 18% 14 28% 1 2%
8 2 27 54% 9 18% 12 24% 2 4%
B 26.5 53% 9 18% 13 26% 15 3%
1 24 48.% 12 24% 13 26% 1 2%
9 2 27 54% 11 22% 12 24% 0 0%
B 25.5 51% 11.5 23% 125 25% 0.5 1%
1 19 38% 8 16% 21 42% 2 4%
10 2 22 44% 10 20% 16 32% 2 4%
B 20.5 41% 9 18% 18.5 37% 2 4%
1 30 60% 16 32% 4 8% 0 0%
11 2 28 56% 15 30% 6 12% 1 2%
B 29 58% 155 31% 5 10% 0.5 1%
1 20 40% 6 12% 24 48% 0 0%
12 2 26 52% 3 6% 18 36% 6%
B 23 46% 45 9% 21 42% 15 3%
Bang 3. Két qua khao nghiém tai diu ra may va dap
MAu dao Lin Tach hoan toan __Khang tach ] dvi
S6 hat Tilé S6 hat Tilé So hat Tilé
1 42 84.% 4 8 % 4 8%
1 2 43 86% 6 2% 1 2%
B 42.5 85.% 5 10% 25 5%
1 38 76.% 4 8% 8 16 %
2 2 42 84% 2 4% 6 12%
B 40 80.% 3 6 % 7 14 %
1 36 2% 8 16% 6 12%
3 2 40 80% 6 12% 4 8%
B 38 76% 7 14% 5 10%
1 30 60% 15 30% 5 10%
4 2 34 68% 12 24% 4 8%
B 32 64.% 135 27% 45 9%
1 43 86% 7 14% 0 0%
5 2 38 76% 10 20% 2 4%
B 425 81% 8.5 17% 1 2%
1 41 82% 7 14% 2 4%
6 2 37 74% 9 18% 4 8%
B 39 78% 8 16% 3 6%
1 42 84% 4 8% 4 8.0%
7 2 44 88% 5 10% 1 2.0%
B 43 86.% 4.5 9% 25 5.0%
1 45 90% 3 6% 2 4%
8 2 45 90% 1 2% 4 8%
B 45 90% 2 4% 3 6%
1 43 86% 4 8% 3 6%
9 2 45 90% 3 6% 2 4%
B 44 88% 35 % 2.5 5%
1 44 88% 4 8% 2 4%
10 2 42 84% 3 6% 10%
B 43 86% 35 % 35 %
1 46 92% 3 6% 1 2%
11 2 44 88% 8% 2 4%
B 45 90% 35 % 15 3%
1 42 84% 10% 6%
12 2 43 86% 8% 6%
B 425 85% 4.5 9% 6%




Qua qua trinh khao nghiém boc tach vo cing hat diéu thi mau dao cét dia 11 1a mau dao c6 thong s6 hinh hoc cho chat
lugng boc tach cao nhat, dap (ing yéu cau cat, tach. Véi ti 1€ bdc tdch vao khoang 90%, bé v 3%, khong tach 7% sau va dép nhu
trinh bay trong Hinh 8.
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Hinh 8: Biéu thi phan trim boc tach vo cing hat diéu
IV. KET LUAN

Nghién ciru nay da xac dinh duoc anh huong dudong kinh, chiéu day dao cat dén ti 1¢ boc tach vo cing hat diéu tir d6 chon
duoc loai mau dao cét thich hop. Véi nhitng anh huong cua duong kinh dao, chidu day dao cit dén ti 18 boc tch vo cung hat
didu. Budc dau, chung ta da xac dinh dugc cac théng sé duong kinh dao, chiéu day dao dé dat duoc két qua tét. Pap tmg dugc
tidu chi cua hé théng tach vo cing hat diéu ty dong.
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TOM TAT

Theo théng ké, hién nay trén ci nuwéc dang sir dung hang nghin 10 hoi cac loai. Trong dé phan 1én cac 10 hoi c6
hiéu suit sir dung nang lugng thép, lam gia ting tinh trang 6 nhiém moi trwong va kém hi¢u qua vé mit kinh té. Tinh
hinh nay dit ra yéu ciu can thiét phai c6 cac giai phap giup cac doanh nghiép ning cao hiéu suit, tiét kiém niing lwong
trong sir dung cac 10 hoi. Chinh vi Vay, cac doanh nghlep can phoi hop co sé dao tao (truong, vién...), xdy dung muc
tiéu, ndi dung va nhirng giai phap dong bd, c6 hé thong, tao diéu kién cho ngum lao dong ning cao trinh d§¢ chuyén mon,
ky nang nghe nghiép. Qua d6 doanh nghiép niang cao duoc chét lwong nguon nhéan luc tai doanh nghiép, ap dung cac
cai tién va ing dung khoa hoc k¥ thuit vao san Xuét véi muc tiéu giam thiéu ri ro, van hanh an toan va tiét kiém ning
lwong, nang cao hi¢u suit 1 hoi.

Tir khéa: Nang cao higu suit 16 hoi
I.GIOI THIEU

V6i xu huéng cong nghiép hoa, hién dai hoa vao cong nghiép va cong nghiép ché bién ndng san, thuc pham, dwoc pham,
dé tao ra cac san pham ¢ nang suat va chat luong cao. Trong cac cong doan ché bién va san xuét cac loai san pham sau thu
hoach nhu: (san Xuat banh keo, sdy rau, cu, qua....) can sir dung mot san lugng hoi nude bao hoa va hoi qua nhiét rat 16n. Bé
san Xuét ra hoi nuéc can phai str dung rat nhiéu nhién liéu dot 10, tir d6 cac van dé vé tiét kién nang luong va giam 6 nhiém moi
truong trong qua trinh san xuat hoi cling ton tai nhiéu van dé can quan tam. Vi vy viéc nghién ciru cac ang dung khoa hoc ky
thuat dé hoan thién qua trinh san Xuit hoi 1a rat can thiét va c6 y nghia 16n g6p phan lam an toan trong qué trinh van hanh, tiét
kiém ning lwong trong san xuat hoi va nang cao hiéu suit san xut hoi khi van hanh 10 hoi.

Hién nay trén thé gigi c6 nhiéu nude da ng dung thanh cong tu dong hoé vao qua trinh dét 16 hoi dan dén chét luong,
ning suét 10 hoi cao va chi phi san xuat hoi giam. Vi vay viéc nghién ciu khoa hoc dé van hanh an toan, tiét kiém nang luong
va nang cao hiéu suét 10 hoi 1a rat can thiét va quan trong

Viéc nghién ciru van dé van hanh an toan va tiét kiém nang lwong khi van hanh 10 hoi céng nghiép nay c6 nhiing uu
diém sau:

- Ung dung két qua nghién ctru dé van hanh an toan céc thiét bi 1o hoi.

- Két qua nghién ciu nham gdp phan thuan tién trong viéc thiét ké, ché tao va van hanh céc hé thong diéu khién tu
dong mot sé thiét bi 16 hoi dé tir d6 1am tang hiéu suat san xuat hoi va an toan khi van hanh.

I1. PHUONG PHAP NGHIEN CUU

Nghién ctu, cai tién, hoan thién hé thng thiét bi dbt, qué trinh chay va giam cac ton that nhiét trong qué trinh van hanh
thiét bi 16 hoi dé van hanh an toan va tiét kiém nang luong khi van hanh 16 hoi.
A. Ngi dung nghién cizu chinh bao gom:
e Nghién ciru hoan thién qua trinh chéy va giam cac ton that nhiét trong qua trinh san xuat hoi.
e Pham vi str dung: Ung dung két qua nghién ciru dé kiém soat dugc qué trinh chay hoan thién nhat, giam céc ton
that nhiét va dua ra cac bién phép an toan thiét bi 1o hoi dé tir d6 lam ting ning suat va chét lwong hoi.

Qua trinh chay cua nhién liéu toa ra nhiét lwong (dwoc ki hiéu: Q). Khi st dung nhiét lvgng khdng sir dung dugc hét hoan
toan ma c6 nhirng ton that dang ké. Nhiing ton that nay phu thudc vao pham chat nhién liu, két cau budng hira va ky thuat dét
16. Ta ¢6 phuong trinh can bang nhiét:

Q=01+ 02+ s+ s+ s =100% i 1

Trong d6: q1: Nhiét lugng duoc st dung c6 ich dé dun néng nude trong 16 va sinh ra hoi.

02: Nhiét Iugng bi t6n that v6 ich do khoi mang di.

ga: Nhiét lugng ton that hoa hoc do phan tng chay khéng hoan toan.

qa: Nhiét lugng ton that co gidi do than lot xudng hop tro, bay theo khéi va 13n trong xi.
gs: Nhiét lugng ton that toa ra bén ngoai méi truong quanh 16 hoi.

Khi da biét trj s6 nhiét cua nhién liéu va nhiing ton that nhiét trong qua trinh dbt chay mot lugng nhién liéu xac dinh ta
tinh dugc higu sut nhiét cua 16 hoi.

Q1 = %(Z Di 'Aii) 2)

Trong d6: B: Suét tiéu hao nhién li¢u, (tirc 1a luong nhién liéu da dét trong mot gio, kg/h).
D; - San luvgng mdi chat da san suat trong mét gio, cd thé 1la nudc néng, nude s6i, hoi béo hoa kho, hoi qua



nhiét, hoi qua nhiét trung gian va lugng nudc xa 10 kg/h.
Aii — lwong ting entanpi cua moi chit khi nudc cap bién thanh mai chit.
Aii = (i — inc) ii 12 entanpi caa mdi cht va inc 12 entanpi cua nuéc, kj/ kg(3)
B. Phuong phdp thutc nghiégm
Thiét bi thyc nghiém: Thyc nghiém tdi uu héa qua trinh san xuat hoi tai 10 hoi san xuat hoi nu bia tai truong Pai hoc Cong
nghiép Thuc Pham TP H6 Chi Minh.
Déi twgng nghién ciu tai cac phan xuong 16 hoi san Xut hoi nudc tai cac nha may san xuat duong, banh keo, mi an
lién... nhién ligu dbt nhu: dau, than, cui, cai trau, vé hat diéu....

I1l. KET QUA VA THAO LUAN
A. Kiém soét nhiér d¢ khoi 10 g,

Tén that nhiét do khdi mang ra ngoai (qz)

Q,= (Ith + Ikkl{l_]%oj; kJ /kg (3)

Trong do: In — enthalpy khéi thai; lth = Vin .Cin .tn; kdkg  (5-3)
Vin— thé tich khoi thai;  tw— Nhiét do khoi thai, °C.
Cin— Nhiét dung riéng trung binh caa khoi thai, kJ / m*C.
lwa — enthalpy caa khong khi lanh dua vao 1o; kJ/kg
Lo = @ X Vig X g X Uy = @ty x gy 4

Hai yéu t6 anh huong chinh dén gz 1a nhiét do khoi thai va hé s thira ¢ dau ra 16 hoi khi nhiét do khoi tang 1én 12+15°C
thi ton thét gz s& tang 1én 1%

Nhiét d6 khi 16 nén cang thap cang tét. Tuy nhién, nhiét d6 nay khong nén thap téi mic hoi nuée ¢ éng xa ngung tu &
thanh éng. Didu nay quan trong vai nhitng nhién liéu c6 ham luong luu huynh cao vi nhiét d¢ thip s& dan dén an mon do luu
huynh bi dong swong dan t6i an mon kim loai 16 hoi. Nhiét d6 khi 16 cao hon muc 200°C cho thdy tiém nang thu hdi nhiét thai
Vi céc bo sdy khi trude khi vao budng dbt hodc ham nudc cip vao 10.

B. Pun néng so bg nuwéc cdp sir dung thiét bi trao dsi nhiét

Théng thudng, khi thai cia 10 hoi ra khoi budng dét 6 nhiét do khoang 200 dén 300°C. Do d6, c6 tiém ning thu hoi
nhiét tir khi 10. Nhiét @6 khi 10 thai tir 16 hoi thuong dugc duy tri & muc téi thiéu 200°C, dé luu huynh oxit trong khi 16 khéng
bi ngung tu va gy ra an mon & bé mat truyén nhiét. Tiém nang tiét kiém nang lugng phu thudc vao loai 16 hoi va nhién liéu sir
dung, c6 thé sir dung thiét bi bo ham nudc dé giam nhiét do khi 10 xudng 200°C, tang nhiét do nudc cap vao 10 1am gop phan
nang cao hiéu suét nhiét cua 10 hoi thong qua nghién ctu cho thay sé tiét kiém duoc rat nhiéu tién mua nguyén ligu.

Vi du: Tai xudng san xuat bia co 10 hoi cuia trudng Pai hoc Cong Nghiép Thuc Pham trong mét gio 16 hoi san xuat ra
4000 kg hoi bio hoa khé va 1000 lit nude si ¢ 4p suat P=8 bar va sir dung nhién liéu dau DO c6 nhiét tri Qa=45500kJ/kg.
Xac dinh s6 tién tiét kiém nho bo ham néng nude cap t,=30°C 1én t,=90°C. Biét hiéu suat dbt 10 n=70% va gia dau l1a
20.000VND, mét nam san xuét 300 ngay va mdi ngay 3 ca (24 gio).

Nudc cap khéng qua bd ham nude ,=30°C Nudc cap qua bo hdm nuée t,=90°C
inc= 125,7 kj/kg; i’p =720 kj/kg; i”’» = 2769 Kkj/Kg; inc = 377,0 kj/kg; i’p = 720 kj/kg; i = 2769 Kj/kg;
1. Xac dinh sb nhién liéu dé san xuét hoi va nuéc: 1. Xéc dinh sb nhién lidu dé san xuat hoi va nudéc:
52D, .ﬁli _ 4000x(2769-1257) + (1000x (720-1257) _ 5060 o | B— ) Di.%li _ 4000x(2769-377.0) + (L000x (120-377.0) _g1,14 0
7. 0,7x 45500 .Q 0,7x 45500
2. Chi phi san xuét hoi va nuéc néng trong mot nam: 2. Chi phi san xuat hoi va nuéc néng trong mot ndm: T, =
T1 = Bx24 gio x300 ngay x gia dau = Bx24 gio x300 ngay x gia dau =
=350,63x24 x300 x 20000 =50,49 ti VND =311,18x24 x300 x 20000 =44,81 ti VND

4. Sé tién tiét kiem mot nam nho dun néng nuéc cap vao 16 hoi tir t,=30°C [én t;=90°C
. - Tw=T1-T,= 50,49 - 44,81= 5,68 ti dong ) o
Qua d6 ta thay su dung ton that do khi ndng khéi 10 g, d€ hdm néng nudc cap vao 10 da tiét kiém so tién khé 16n

C. Sdy néng so bé khong khi cap cho 10

Sy nong so bo khdng khi cap 16 ciing 1a Iya chon gidng nhu dun néng so bo nude d6i voi cac 10 hoi than, cui, ba mia....
Qua tham quan va nghién ctu tai Vifon Acecook dé tang hi¢u suat nhiét Ién 1%, can tang nhi¢t do khi chay lén 20°C. Nhung
con phan 16n cac 1o dot dau va gas cd cdng suat nho thi khéng dung b say khdng khi
D. Qué trinh chay khdng hoan tdt gs

Qua trinh chay khong hoan tat c6 thé Ia do thiéu khong khi hogc thira nhién li¢u hoac viéc phan bo nhién ligu khong hop
ly. C6 the thay rd khi qua trinh chay khong hoan tat néu quan sat mau hodc khoi va can dicu chinh ngay. C6 thé tinh dugc Qs
va g3 trén co s¢ xac dinh thanh phan va thé tich caa khoi:
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Q, =V, 1, [126.CO + 108H,, +358CH,, + 3 Qe .CmHn( —1%) kg ni (5)

0y = 100% kI /kgnl 6)
dv

Vi truong hop hé thdng d6t dau hoic ga, CO hoac khai (chi xay ra véi hé thong dot déu) véi mue khi du binh thuong
hoic cao s& cho thay cac truc trac cua hé thdng. Mot nguyén nhéan thuong thiy cia qua trinh dét chay khong hoan tat la ty Ié
pha tron nhién liéu va khong khi ¢ 16 d6t sai. Dau chay kém c6 thé 1a do d6 nhét khong chinh xac, dau dot bj tic, hién tuong
cacbon hoa ¢ dau dbt va su xudng cap cua thiét bj khuyech tan.

Vi 16 dot than, cacbon chua chay cé thé dan dén ton that rat 16n. Dicu nay xdy ra khi c6 carbon trong xi va tang thém
lwong nhiét cap cho 16 hoi 1én hon 2%. Kich thudc than khong dong déu ciing c6 thé 1a mot nguyén nhan khién qua trinh chay
khéng hoan tat. O budng lira ghi xich, nhitng hat than to s& chay hét, con nhitng hat nho va min s& 1am tic duong théng khi, gay
ra phan phdi khong khi khong déu. Vai nhitng budng lira phun, viée diéu chinh gi6 va hé théng chay qua Ion cd thé anh huéng
dén su ton thét cachon.

E. Kiém soat khi du

Trong tat ca cac truong hop thuc té, can mot lugng khi du dé ¢am bao qua trinh chay hoan tat, cho phép c6 sai sé trong
qua trinh d6t va dam bao cac diéu kién khi 10 thich hop dbi véi mot s6 loai nhién liéu. Lugng khi du ti wu cho hiéu suat cao
nhét ciia 16 hoi 1a khi tong luong ton that do qué trinh chay khdng hoan tat va tén that do nhiét thai qua khi 1o dugc giam thiéu.
Mirc d6 khi du nay c6 thé dao dong tuy thudc thiét ké 10, loai 10, nhién liéu va cac bién sé cua quy trinh. Muc d6 khi du nay co
thé duoc xac dinh théng qua cac kiém dinh véi cac ty Ié nhién liéu khi khac nhau.

Kiém soat khi du & mirc ti uru ludn gitp giam ton that qua khoi 10; ctir mdi 1% khi dw giam s& gitip tang hiéu suat khoang
0,6 %. Dé kiém soat khi du can c6 thiét bi phan tich Oxy va dong hd do Iuu lwong khi trén thiét bi hozc thiét bi cam tay dé ghi
céc thong sé dinh ky gitip hudng dan ngudi van hanh diéu chinh luu lwong khi nham dat duoc van hanh téi wu. C6 thé giam khi
du 1én t6i 20% .

F. Giam thiéu ton that nhiét do birc xa va doi luu gs

Bé& mat bén ngoai cua 16 hoi néng hon méi trudng xung quanh. Do d6, bé mat ndy s& bi tén that nhiét ra xung quanh, tuy
thudc vao dién tich bé mat va sy chénh léch nhiét do giita bé mat va xung quanh.

Ton thét nhiét ¢ 16 hoi ra ngoai moi truong 1a tén that nang lugng ¢b dinh, khdng phu thudc vao dau ra cua 16 hoi. Céac
16 hoi thiét ké hién dai, muc t6n that nay c6 thé chi 1a 1,5 % tong ning suat toa nhiét & mic cao nhat, nhung sé ting 1én khoang
6 %, néu 10 hoi chi van hanh & mirc 25 % dau ra.

Stra chita hodc ting cuong bao 6n s& gidp giam ton that nhiét qua thanh va dng 16 hoi.

G. Kiém soat xd dday tr dong

Xa ddy, xa can lién tuc khong duoc kiém soét s& rat lang phi nhiét va nuéc cap. Vi vay nén lap dat thiét bi kiem soat xa
day tu dong, twong g véi do dan cua nudce 10 hoi va pH. Mdi 10% xa day & 10 hoi 15kg/cm? s& dan dén ton that hiéu suat la
3%.

H. Giam tén thdt do cgn va mugi

O 16 hoi @6t than va dau, mudi bam vao éng, 1a yéu t§ cach nhiét, can tré trao déi nhiét. Can loai bo mudi mot céch
thuong xuyén. Nhiét do khoi 10 ting c6 thé 1a do mugi bam nhiéu qua. Can bam ciing giy ra nhiing anh huéng nhu vay véi
nuéc. Nhiét d6 khi 10 thai cao voi muc khi du binh thudng cho thay hoat dong truyén nhiét kém. Hoat dong truyén nhiét kém
¢6 thé do muoi khi hodc can bam. Véi can bam & nudc can xem xét lai quy trinh xir Iy nuéc va lam sach éng. Udc tinh, nhiét
d6 khi 10 cir tang 22°C s& gay ra tn that nhiét uéc tinh khoang 1 %. Can thuong xuyén kiém tra va ghi lai nhiét 6 khi 10 vi chi
s6 nay phan anh lugng mudi bam . Khi nhiét do khi 1o vuot qua nhiét o caa 16 hoi méi duoc 1am sach khoang 20°C ciing 1a
IGc phai loai bo mudi. Do dé, chung t6i dé xuat lap dat nhiét ké theo thang do tai noi dat dng khoi dé quan trac nhiét do khi thai.

Udc tinh, 16p mudi day 3 mm sé& lam ting muc tiéu thu nang lugng I1én 2,5% do nhiét do khi 16 ting. Co thé phai ngimg
day chuyén theo dinh ky dé 1am sach bé mat 10 birc xa, dng, thiét bi Economizer va siy khi dé loai bo nhitng mugi bam kho
chiu nay.

. Thiét b kiém soat téc dg vo cdp ldp cho quat, quat théi va mdy bom

Thiét bi kiém soat tbc d6 vo cap 1a mot cach hiéu qua gidp tiét kiém nang lugng. Nhin chung, néu 16 hoi c6 muc tai thay
dbi thi thiét bi kiém soat tbc do vo cap s& tac dong cho quat, quat thdi va may bom hoat dong bao dam cho qué trinh van hanh
an toan.

K. Kiém soét tai 10 hoi

Hiéu suat téi da cua 16 hoi khong dat duoc & mirc day tai, ma 1a & muac 2/3 day tai. Néu tai 10 hoi giam xudng nira, hiéu
Suét ciing c6 xu huéng giam. O san lugng bang khong, higu suét cua 16 hoi bang khdng, va nhién li¢u dot s& chi tao ra ton that.
Nhitng hé s6 anh huong dén hiéu suat 16 hoi bao gom:

- Khi giam tai, gia tri luu lugng khi 16 qua cac éng ciing giam. Khi luu Iugng khi giam vai cling mét dién tich truyén
nhiét s& 1am giam mat chit nhiét do khi 10, 1am giam tn that nhiét.
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- O dudi mic nira tai, cac thiét bi chay cin thém khi du dé dét chay hét nhién ligu. Vi thé, ton that nhiét tang.
NGi chung, hi¢u suat 16 hoi c6 thé gidm dang k€ xuong dudi mic 25 % tai va nén tranh vén hanh 16 hoi dusi muac nay
cang it cang tot.

L. Lich trinh vdn hanh 16 hoi chuén

Vi 16 hoi dat hiéu suat téi uu khi hoat dong & mirc 65+85 % day tai, nhin chung, van hanh it 10 hoi & muc tai cao hon s&
hi¢u qua hon 1a van hanh nhiéu 10 hoi & muc tai thap.
M. Thay thé thiét b; Io hoi

Tiém nang tiét kiém nho thay thé 16 hoi va cac thiét bi dé ¢am bao an toan va hiéu suat toan phan tét nhat. Vé mat tai
chinh, giai phap thay 10 hoi va céc thiét bi c6 nhitng yéu té sau can xem xét thay maoi:

- Cii va khong hi¢u qua

- Sir dung nhién liéu méi thay thé ré tién hon.

- Kich ¢& qua to hodc qua nho so véi cac yéu cau hién tai

- Puoc thiét ké khong phu hop véi cac diéu kién tai Iy tuong

Nghién ciru tinh kha thi can xem xét tat ca cac kha ning co san nhién li¢u lau dai va ké hoach phat trién cua cong ty. Can
tinh dén cac yéu td tai chinh va k¥ thuat.

I11. KET LUAN

Sau qué trinh thyc hién nghién ctu, tinh toén, khao nghiém v& van hanh an toan va vin d tiét kiém nang lugng trong
véan hanh 16 hoi dé ning cao hiéu suit 16 hoi dé cho thy: Viéc ung dung cac két qua nghién ctu, thuc nghiém tai mot sé co sé
da chuing minh dugc viéc giam cac dang ton that nhiét, tiét kiém ning lwong va cac bién phap nang cao hiéu suat nhiét cua ting
bo phan trong 16 hoi. Két qua nghién cau va thuc nghiém ciing cho chiing ta thay rd duoc cac co so Iy thuyét cia qua trinh
chay, cac ton that nhiét... Dé tir d6 tiép tuc nghién ctru thém dé cai tién cac thiét bi va dua ra cdc bién phap diéu chinh cac yéu
t6 dé qua trinh chay hoan thién hon. Bén canh d6 cling dua ra cdc giai phép t6t hon vé tiét kiém chi phi ning lugng trong qua
trinh van hanh. Két qua cua dé tai c6 y nghia thyc tién rat 1on nhu da néu trén. Tuy nhién dé &p dung vao thuc tién véi quy md
I6n hon tac gia xin dé nghi duoc tiép tuc nghién ctru phét trién véi cac 16 hoi c¢6 cong suat Ion hon va d6t nhiéu loai nhién lidu
khéc nhau. Can phdi hop giita nha truedng va doanh nghiép dé két qua nghién ciru duoc hoan thién hon va ap dung dap tng nhu
cau van hanh an toan, tiét kiém ning luong khi dét 10 hoi va dong gop mét phan didu khién tu dong hda cac thiét bi trong qué
trinh d6t va thiét bi bao vé an toan thiét bi 4p lrc néi chung vao trong cong cudc hién dai hoa ciing nhu su phat trién kinh té va
khoa hoc k¥ thuat nuéc nha.
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Nguyén Minh Huy
Khoa Cong ngh¢é Co khi
Trwong Pai hoc Cong Nghiép Thuc Pham Thanh Phé Hé Chi Minh
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TOM TAT

Vigc gi@m tiéu thu nhién li¢u luon 1a méi quan tim hang du trong linh vurc phat trién 6 t. Hau hét cac nha san suit va
ché tao xe hoi déu thiét ké hinh dang cac loai xe nham dat dwore tinh khi dgng luc hec ly tuéng két hop véi cac cai tién
khac dem lai cho 6 t6 mt higu suét tuyét voi. Tinh khi ddng hoc glup giam luc can, glup xe on dinh hon va giam tiéu
thu nhién li¢u. Trong bai nghién ciru nay, mo hinh xe sedan dugc thiét ké bang phan mém Solidworks. H¢ sé can Cq va
hé sé nang Ci dwgc tinh toan bing phuong phap phan tir hitu han trong phan mém ANSYS. Mé phéng khi dong hoc
ciia 0 to dwa trén sw thay ddi ciia cac bién dau vao la goc nghiéng mui xe, goc nghiéng kinh chin gi6 phia sau va sw ‘thay
d6i van toc. Dir ligu cia md phéng dwoc dung dé giam thiéu luc cin va ting lwe niang khi dong hoc, cu thé 1a hé sé can
Ca va hé sé nang Ci bing cach sir dung cic phwong phap toi wu 1a phéan tich GRA. Két qua téi wu cho hé sé can Cq va
hé s6 nang Ci. Két qua t6i wu hé s6 can Cq dat dwoc 14 0,23224, h¢ s6 nang Ci 1 0,058468 tai mic toc df 1a 30m/s.

Tir khéa: khi dgng luc hoc 6 t6, hé s6 can, hé s nang, phan tich quan h¢ xam, phan tich phan tir hitu han.
I. GIOI THIEU

Khi 6 t6 di chuyén trén mat duong, su tac dong cia khdng khi vao vo xe sinh ra cac lyc can va md men 1am anh huong dén kha
ning van hanh cua 6 t6. Theo Mohammad Firdaus Mohammed Azmi va cong su [1], luc can téc dung I&n xe 1a hé qua cua bé
mit xe chuyén dong véi khong khi ding yén ¢ xung quanh. Tong chénh léch ap suat cha yéu & phia truéc va phia sau xe s& tao
ra luc can. Khi xe di chuyén vé phia trudc, n6 sé day khong khi sang mot bén. Biéu ndy sé 1am tang ap suét tinh & dau xe. Trong
khi d6 & phan sau cua xe, ludng khong khi khdng 6n dinh do bj tich ra tao thanh cac xody dan dén giam ap suit. Z M Saleh va
cong su [2] da sira di thiét ké KIA Pride bing céch thém bo tao xody, canh luét gi6é va bo khuéch tan va so sanh ching véi
nhau bang ANSYS. Muc giam luc can tét nhat khi sir dung ba stra d6i cting nhau cho két qua giam luc can trung binh tét nhat
1a 3,8%. 2019, Vignesh S va céc cong su [3] da thyc hién nghién ciu vé thay doi goc nghiéng kinh chin gi6 va géc nghiéng
mui xe bang ANSYS, két qua la hé s6 can Cd ciing thay d6i theo. Daniel Syafiq Baharol Maji va cong su [4] da tim hiéu anh
huong cua canh gio phia sau di vai luc can khi dong hoc va do on dinh cua 6 to bang ANSYS. Muhammad Pirdaus Ismail va
céc cong su [5] da tién hanh nghién cau bo tao xody (VG) doi véi khi dong hoc cua dong sedan bang ANSYS. Muhammad
Zaid Nawam va cong su [6] da nghién ctu anh huong cua canh gié phla sau véi 4 thiét ké khac nhau bang ANSYS, ho két luan
rang khi gén canh luét gi6 hé sb can cua xe sé tang 1én, lyc nang ha xudng mirc &m quan trong hon vi tinh én dinh cia xe quan
trong hon. Tamer Nabil va cong su [7] da nghién ciru dic tinh khi dong hoc ciia 6 md hinh vo xe khac nhau bang ANSYS, da
két luan rang yéu té quan trong dé giam hé sé can chinh Ia giam ving can cia vo xe. A. Sarkar va cong su [8] két luan réng
mudn giam hé sé can khi dong hoc mot cach dang ké caa xe thi viéc thay dbi hinh dang vo xe bén ngoai la rat quan trong.
P.Chakravarthi va cong su [9] da phén tich Iyc can trén Sedan bang ANSYS, kiém tra tinh khi dong hoc bang cach so sanh mau
xe dugc gén thém canh luét gié vao va miu xe thong thuong. Deepak B.Kushwaha va cong sy [10] da nghién ctu cac lec khi
dong hoc trén xe bang ANSY'S dé tinh toan hé sb &p suat, 4p suat tinh, dong ning hdn loan va van tdc xoan. Rubel Chandra Das
va Mahmud Riyad [11] da thuc hién nghién ctu khi sir dung phan mém SOLIDWORKS dé thiét ké va dua vao ANSYS dé
phan tich cac goc dat canh ludt gié ¢ phia sau xe, didu ndy gilp xe on dinh hon khi di chuyén & tc do cao. Ganesh Kumar va
cong su [12] da sir dung ANSYS dé phan tich anh huong cua viéc thay doi cau trdc than vo caa mot chiéc Sedan, ma sy thay
d6i & day 1a & goc can trudc va ban kinh mui xe. Devang S. Nath va cong su [13] da sir dung ANSYS va tién hanh nghién ctu
khi sir dung céc thiét bi khi dong hoc trén 1 chiéc xe dua. Kamel Belhadj va cong su [14] da nghién ctru V& viéc téi wu héa goc
kinh chin gi6 va goc khuéch tan phia sau bang phan mém ANSYS. Vikas Shridhar va cong su [15] da sir dung ANSYS dé
nghién ciru va phan tich goc kinh chan gié va goc nghiéng mui xe dé tim ra thiét ké téi vu nhat. Muhammad Nabil Farhan
Kamal va cong su [16] da nghién ctru va phan tich su anh huéng caa khi dong hoc dén cac hinh dang khéc nhau cua 6 to thdng
qua k¥ thuat phan tich CFD trén ANSYS. Mustafar Cakir va cong su [17] di nghién ciru s khac biét hé sé can giita md hinh
khong gin dudi gié va mé hinh gin dudi gié phia sau bing ANSYS. Teddy Hobeika va cong su [18] da nghién ctru vé anh
huong cua hinh dang 16p xe dén khi dong hoc 6 t6.

Trong nghién ctu nay, tap trung nghién cuu vé anh huong caa géc nghiéng mui xe, goc nghiéng kinh chan gi6 phia sau va sy
thay doi van toc bang phuong phap phan tir hiru han trong ANSY'S va ap dung thuét toan toi wu hoa phan tich quan h¢ xam dé
giam thiéu anh huong cua bién thiét ké ¢én hé s6 can Cq va hé so nang C,.

II. THIET KE, PHAN TIiCH VA TOI UU HOA
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A. Thiét ké md hinh bang Solidworks

M® hinh xe sedan trong nghién ctru nay dwoc thiét ké bang phan mém Solidworks dugc trinh bay trong hinh 1. Kinh thuéc tong
quan dugc str dung cho xe sedan dwa trén mau cac mau sedan hién nay la 4620x1775x1460 mm.

Hinh 1. M6 hinh 3D

hood angle back windshield angle

Hinh 2. Vi tri thay di g6c nghién
B. M6 hinh phan tiz hizu han

Trong nghién ciru nay, mo hinh 3D thiét ké bang Solidworks dugc thiét 1ap phan tir hitu han trong ANSYS. Xéc dinh viing
khong gian md phong dugc mo ta trong Hinh 2, ¢6 kich thuéc 37,112 m x 5,328 m x 4,356m. Trong qua trinh thiét lap cung
khong gian mé phong, vi tri dau vao, dau ra, tudng ciling duge xac dinh.

0 5e+003 1e+004 {mm)
2.5e+003 7.5e+003

Hinh 3. Khéng gian mé phong
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Tiép theo 1a chia ludi, day 1a budc quan trong nhét trong md phong. Viée chia ludi cang min thi két qua mé phong cang chinh
xéc, Hinh 3 md ta hinh dang chia luéi.

L:
7

Thiét lap bo giai cho md phong, nghién ciru ndy str dung mé hinh k-g Realizable. Day 1a mo hinh k- phd bién nhét khi st dung
trong CFD dé md phong cac dac tinh dong chay trung binh trong didu kién dong chay réi. Van téc dau vao lan luot 12 20, 25,
30 m/s mic van toc du I6n dé nghién ciru tinh khi dong hoc, &p suét dau ra 0 pascal, tuong khong truot, loai chat long 1a khong
khi co mat do la 1,225kg/m?®, do nhét dong hoc la 1,7894.10°° (kg.m/s™).

0 S5e+003 Te+004 {mm)
I .|

2.5e+003 7.5e+003

Hinh 4. Chia lugi cho m6 hinh

C. Tinh todn hé sé can va hé sé nang

Hai dai lugng dic trung cho khi dong hoc 12 lyc can va luc nang. Cong thire thudng duoc sir dung dé xac dinh hai luc nay la:

D

Cd = %pVZA (1)
L

Cl = %pVZA (2)

D. Phuwong phdp phdn tich quan hé xam
Quy trinh tdi wu dwoc sir dung bang phan mém Minitab 20 dé tao mang truc giao, cac dic tinh dau ra tdi vu dat dwoc nhu md
hinh Iy thuyét phai chi ra truée, sau d6 méi &p dung cic phuwong phap tdi wu. Cac budc téi wu bang phan tich GREY dya vao
[19-28] dé téi wu hoa cac dic tinh dau ra nay.
Budc 1: Chon céc tham s6 két hop téi uu hoa cho cac dic tinh dau ra.
Budc 2: Thiét ké céc yéu t kiém soat va mirc do cua ching.
Budc 3: B tri mang truc giao L27.
Budc 4: Tién hanh mé phong va thu thap dir liéu md phong.
Budc 5: Phan tich quan hé xam (GRA) 1a phuong phap so sanh nhimg thay doi caa mot hé thong dang phan tich dé udc tinh
tam quan trong cua bién thiét ké. GRA 1a mot phuong phap dwoc &p dung dé tach céc trinh tw. GRA dugc thyuc hién nhu sau:
Chuan héa: Viét lai tirng chudi tir 0 dén 1 nhu sau.
Cong thirc “Cang 16n cang tot”:

o __ D) -minDP(K) .

" max D (k) —min D (k)

Cong thirc “Cang nhé cang tot™:
o maxD®(k)-D! (k)
" max D (k) —min D (k)

He s6 xam (GRC) thé hign khoang cach giira gia trj chuan dang xét va gié tr ly twéng. Xac dinh GRC 12 bt budc trudc khi xéc
dinh cap quan hé xam (GRG). Cdng thuc tinh do 1éch:

(4)
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A = D5 6) - DK)| ©

Apin = maxmin | D; (k) - Dj (k)| ©
A = Max max | D (k) — Dj (k)| 0

Cong thic tinh hé s quan hé xam (GRC):
k _ min + gAmax
7:(K) = X X @
Oi + é: max
Trong d6, Ao 12 & gia tri tuyét dbi cua sai léch giita gia tri chuan dang xét va gia tri Iy twong. & e [0,1] thuong lay bang 0,5.
Tinh todn d6 xam (GRG).
Xac dinh trong so:

a%00=xe““%+a—xmx—1 (9)

Trong do:
we(x) 1a ham anh xa trong phép do entropy. Ham nay nhan gia trilén nhat khi x = 0,5 va e%° — 1 = 0,6487 [23] va anh xa trong
doan [0,1], dugc Vviét nhu sau:

W=—7—F——-) (X (10)
(e05 1) Z ( )
€={]/i (1), ]/i (2),...,]/i (n)} Trong do,i=1, 2,..., n.
Xac dinh tbng GRC:
m "
E_Zlyi(J), 1=12,..,n (11)
1=
Uc tinh hé sé chuan hoa:
K = 1 _ 1
(€95 —1)xm 0.6487xm (12)
Xac dinh Entropy:
7,(J)
€= =k Z ( ), 1=12,.. (13)
i=1 J

Trong do, we dugce xac dinh trong cong thic (7).
Tinh tong Entropy:

E=Xe (14)

Xéc dinh trong sb:

o =——. J , here, j=1,2,...,n
Zﬁ-[l_ej]

-1
GRG (i) la gia tri trung binh ciia GRC va duoc Viét nhu sau:

. = Zn: 7. (K) (16)
k=1

(15)

—

Trong d6, n 1a s lan thi nghiém.
I11. KET QUA VA THAO LUAN
A. Thiét ké va mé phong
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Bang 1 trinh bay cac bién thiét ké va cac mirc do cua ching trong nghién ctu nay, gom 2 bién A, B, C. Dau tién, bién A (goc
nghiéng mui xe) trong tng voi cac mic 5, 10, 15 don vi do. Thir hai, bien B (goc nghiéng kinh chan gi6 phia sau) twong (ng
véi 3 muc 20, 25, 30 don vi do. Cuoi cung la bién C (su thay doi van tdc) twong tng vai 3 muc 20, 25, 30 don vi m/s.

Bang 1 CAc bién thiét ké va mite do

Céac muc do
Bién thiét ké Pon vi
1 2 3
GAc nghiéng mui xe A Do 5 10 15
Goéc nghiéng kinh chiin gié phia sau B Do 20 25 30
Van téc [¢ m/s 20 25 30

Phan mém Minitab 20 dugc sir dung cting véi céc sé ligu vé bién thiét ké trong Bang 1, bang cac thuc hién nghién ctru 27 truong
hop duogc md phong hoan toan khac nhau. Tat ca duoc trinh bay trong Bang 2, két qua mé phong hé so can Cq va hé sb6 nang Ci

Bang 2 Mang tryc giao L27 va két qua md phong

Két qua md phong
M®é phong A B C
Ci Cyq

1 5 20 20 -0.03521 0.24109
2 5 20 25 -0.03606 0.23762

5 20 30 -0.02844 0.23682
4 5 25 20 -0.01969 0.24217
5 5 25 25 -0.02965 0.24351
6 5 25 30 -0.02995 0.24236
7 5 30 20 -0,00847 0.24724
8 5 30 25 -0.00834 0.24583
9 5 30 30 -0.00869 0.24551
10 10 20 20 -0.05180 0.24113
11 10 20 25 -0.05721 0.23224
12 10 20 30 -0.05846 0.23175
13 10 25 20 -0.04222 0.24597
1 10 25 25 -0.04238 0.24320
15 10 25 30 -0.04839 0.24391
16 10 30 20 -0.02986 0.24781
17 10 30 25 -0.03147 0.24235
18 10 30 30 -0.02680 0.24232
19 15 20 20 -0.03216 0.23611
20 15 20 25 -0.02925 0.23549
n 15 20 30 -0.02651 0.23812
22 15 25 20 -0.02133 0.23849
23 15 25 25 -0.02335 0.23792
24 15 25 30 -0.02355 0.23467
25 15 30 20 -0.02504 0.24479
% 15 30 25 -0.02712 0.24313
27 15 30 30 -0.02817 0.24571

Theo Bing 2, ta ¢6 thé nhan thy ring: Vigc thay doi cac géc nghiéng mui xe, goc nghiéng kinh chan gi6 phia sau va su
thay doi van toc gay ra su thay doi dang ke cta hé s6 nang C; va hé sé can Cq. Viéc thay doi goc nghleng mui xe (A) va van toc
(C) c6 anh huorng dén hé s6 can Cq va hé s6 nang C nhung khong dang ké. Tuy nhién, viéc thay d6i goc nghiéng kinh chan gié
phia sau (B) c6 anh huong I6n hon dén hé s6 can Cq va hé sb nang Ci.
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B. Phan tich quan hé xam

Bang 3, trinh bay két qua cua cac gié tri dung dé phan tich quan hé xam. Trong do, cot Tria No. la s6 mé phong da thuc
hién dé giai bai toan (mang truc giao L27). Cot Di*(Ci) 1a ham muc tiéu cua hé sé nang C; véi tidu chi (vé do I6n) cang Ién cang
tét, dugc xéac dinh theo cong thic (3). Cot Di*(Cq) 1a ham muc tiéu ciia hé s6 can Cq véi tiéu chi cang nho cang tét, duoc xac
dinh theo cong thirc (4). Cot Aci(C1) va Aoi(Cd) lan luot 12 gié tri do sai léch cua hé s6 nang Ci va hé sb can Cq, dugc xac dinh
theo cong thic (5). Cot vi(Ci) va yi(Ca) 12 gid tri GRC (hé s6 xam) cuia hé s6 nang Cy va hé sb can Cq, duge xéac dinh theo cong
thirc (8). Cot i duoc tinh theo cong thirc (16) va dugc xép hang trong cot Rank.

Gid tri 16n nhat ctia Aqi 12 1 va gid tri nho nhat cia A 12 0.
Bang 3. Ham muc tiéu, do léch, GRC, GRG, hang cua GRG va gia tri S/N

Tria No. Di"(Cy) Di"(Cq) Adi(Cy) Aci(Ca) Yi(Cy) ¥i(Ca) Vi Rank
1 0.5358 0.4187 0.4642 0.5813 0.5186 0.4624 0.4905 13
2 0.513 0.6347 0.487 0.3653 0.5066 0.5778 0.5422 8
3 0.4009 0.6845 0.5991 0.3155 0.4549 0.6131 0.5341 9
4 0.2263 0.3515 0.7737 0.6485 0.3926 0.4354 0.414 21
5 0.425 0.2687 0.575 07313 0.4651 0.4061 0.4356 19
6 0.431 0.3397 0.569 0.6603 0.4677 0.4309 0.4493 17
7 0.0025 0.036 0.9975 0.964 0.3339 0.3415 0.3377 27
8 0 0.1237 1 0.8763 0.3333 0.3633 0.3483 26
9 0.0068 0.1436 0.9932 0.8564 0.3349 0.3686 0.3518 25
10 0.8671 0.4162 0.1329 0.5838 0.79 0.4613 0.6255 3
11 0.975 0.9695 0.025 0.0305 0.9524 0.9425 0.9474 2
12 1 1 0 0 1 1 1 1
13 0.6758 0.115 0.3242 0.885 0.6066 0.361 0.4837 14
14 0.6791 0.287 0.3209 0.713 0.6091 0.4122 0.5106 10
15 0.7991 0.2427 0.2009 0.7573 0.7134 0.3977 0.5554 7
16 0.4293 0 0.5707 1 0.467 0.3333 0.4001 24
17 0.4614 0.3401 0.5386 0.6599 0.4814 0.4311 0.4562 16
18 0.3683 0.342 0.6317 0.658 0.4418 0.4318 0.4368 18
19 0.4751 0.7287 0.5249 0.2713 0.4879 0.6483 0.5682 5
20 0.4171 0.7672 0.5829 0.2328 0.4617 0.6823 0.5721 4
21 0.3622 0.6036 0.6378 0.3964 0.4394 0.5578 0.4986 11
22 0.259 0.5805 0.741 0.4195 0.4029 0.5438 0.4734 15
23 0.2993 0.616 0.7007 0.384 0.4164 0.5656 0.4911 12
24 0.2435 0.8183 0.7565 0.1817 0.3979 0.7335 0.5658 6
25 0.3323 0.1884 0.6677 0.8116 0.4282 0.3812 0.4047 23
26 0.3722 0.2918 0.6278 0.7082 0.4433 0.4138 0.4285 20
27 0.3921 0.1312 0.6079 0.8688 0.4513 0.3653 0.4083 22

Truong hop s6 12 1a lya chon t6i wu nhat. Trong d6, hé sé can Cq dat & mirc thip nhit trong sé 27 trudng hop c6 gié tri 1a
0.23175 va hé s6 nang C; dat gia tri 16n nhat 1a -0.05846. Dé dat duoc hé s6 can Cq nho nhat va h¢ s6 nang Ci I6n nhat, cac sira
daoi trong nghién ciru nay 1a géc nghiéng mui xe 10 dg, goc nghiéng kinh chin gi6 phia sau 20 d6 va dat van téc 30m/s. Két qua
hé s can Cq va hé s6 nang C; ctia nghién ctru ndy t6t hon cac nghién ctu [2, 3, 7, 8, 12].

IV. KET LUAN

Nghién ctru nay da sir dung phan mém ANSYS Fluent dé md phong tinh khi dong hoc cho mé hinh 6 t6 du lich dwoc thiét ké
dua trén mau xe Toyota Corolla bang phan mém Solidworks, cac thay doi thiét ké bén ngoai phan vo xe la géc nghiéng mui xe
véi 3 goc nghiéng 1a 5 d6, 10 d6, 15 d6 va g6c nghiéng kinh chin gi6 phia sau véi 3 goc nghiéng 1a 20 do, 25 do, 30 do. Cac
md hinh dwgc md phong & cac van tbe 1a 20 m/s, 25 m/s, 30 m/s. Qua qua trinh phan tich mé phong cé thé thay dugc su anh
huéng cua viée thay doi goc nghiéng mui xe, géc nghiéng kinh chan gio phia sau déu gay anh huong truc tiép dén hé sé can va
hé s6 nang. Két qua thu duoc Ia tai mdi géc nghiéng va & mdi van téc khac nhau thi hé s can va hé sb nang 1a hoan toan khac
nhau. Trong d6, viéc thay ddi géc nghiéng kinh chin gié phia sau c6 anh hudng l6n nhét vi d6 1a yéu té chinh lam thay déi cac
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ludng khi thoat ra phia sau xe. Két qua toi wu dat duoc trong nghién ciru nay 1a m hinh véi goc nghiéng mui xe 10 do, goc
nghiéng kinh chan gi6 phia sau 20 d¢ tai van toc 30 m/s c6 h¢ so can Cq = 0.23175 va hé s6 nang C, = -0.05846. Bang cach st
dung cac thuat toan tdi vu nhu phan tich GRA
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Pieu khién vi tri co cau chap hanh mém ding active reject disturnabces
véi cac on-off van toc dé cao
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TOM TAT

Céc robot mém dang ngay cang thu hat sw quan tam cia cac nha nghién cieu do kha niing thao tac linh hoat ciia nd
so véi cac lién két robot cing truyén théng. Cac co cau chip hanh mém nay ngay cang dwoc sir dung réng rai trong cac
finh vyc y hoc va cong nghiép nhur trong phﬁu thuat hodc ndi soi, cac bé kep mém. Tuy nhién, van dé diéu khién céc
robot mém con kha nhiéu thach thirc do cac trér ngai vé van dé mo hinh hoa va giai thut diéu khién. Bai bdo nay tap
trung trinh bay m@t nghién ciru vé diéu khién vi tri cia co cAu mém van hanh bang khi nén. Trong bai bao nay, mé hinh
toan ciia co' cAu chap hanh dwoc thlet lap, phwong phap diéu khién 4p suat khi nén thong qua active reject disturbances
dwoc sir dung dé loai bo cac thong sé chwra xac dinh ciia m6 hinh do sw gidn né ciia cac budng khi nén trong co ciu chap
hanh mém. P twong thich cao giira két qua md phéng va thwc nghiém cho thay tiém niing ciia phwong phap diéu khién
nay.

T khod :Aluminium, Finite Element Model, Li-lon Battery, Ultrasonic Welding.
I. GIOI THIEU

Trong nhiing nim gan day, cac bo truyén dong mém duoc ché tao bang vat liéu dan hdi da tré nén phd bién va duoc sir dung
rong rai trong cac linh vuc cdng nghiép robot nho nhimg dic tinh uu viét nhur chi phi san xuat thap, kha nang thich ung cao véi
mai trudng 1am viéc va thich hop véi cac hanh vi t nhién. So véi co ciu chap hanh cing, co cau chap hanh mém c6 thé dugc
dinh hinh lai hinh dang dé thich (g véi méi truong phi cau tric nén dé dang tuong thich véi nhiéu hinh dang khéc nhau cia doi
twong can cam nam, ndm bét va xir Iy ma khong can cé thong tin chinh xéac vé dbi tuong do. Véi su phét trién caa céac vat liéu
méi, nhiéu loai b truyén dong mém da dugc phat trién véi cac kha ning da dang va chung dugc ché tao dé van hanh bing cac
phuong phép kich hoat khac nhau nhu khi nén [1-10], b truyén dong chat dan hoi long [11], chat dan hdi dién méi [12, 13], PZT
[14, 15], SMA [16, 17], IPMC [18, 19].

Trong s6 céc bo truyén dong mém, bo truyén dong mém khi nén 1 bo truyén dong phé bién vi chiing cung cap cong suat cao
trong mot co cu co trong luong nhe [12, 13, 20]. Chung cling dé dang duoc ché tao bang cong nghe duc khudn hogc in 3D [20,
21]. B6 truyén dong khi nén mém c6 thé nam bit cac ddi twong rat nhe nhang. Do do, cac bo truyén dong mém khi nén nay dugc
su dung rong rai trong robot cong nghiép [22] cting nhur ngon tay gia [23 bo kep mém [24]. Cac nha nghién ciru ciing da ché tao
va phat trién tay robot khi nén [25], tay gap sinh hoc khi nén [26], robot mém sao bién [27] va nhiéu tng dung khac. Bo truyen
dong khi nén mém hoat dong nho &p suat khi nén dugc cung cap vao cac budng chira khi. Budng khi nén c6 thé duoc thiét ké
dudi dang budng lién tuc [26] hoic bao gdm nhiéu budng roi rac cach nhau mot khoang nhat dinh [28]. Cac budng duoc thiét ké
sao cho ching chi ¢ thé mo rong theo huéng doc trong khi hau nhu khong bi bién dang theo cac hudng khéc, cho phép cu tric
linh hoat ubn cong nhu mot chum véi mot dau ¢ dinh va mot dau ty do.

Noi chung, vat ligu duoc sir dung dé ché tao bo truyén dong mém khi nén 1a chét dan hoi va cao su silicon. Céc vat ligu pho
bién nhat duoc liét ké trong tai liéu tham khao 1a polydimethylsiloxane (PDMS), Ecoflex, Elastosil [21], polyme [1-3], hydrogel
[4] va dragon skill [28]. C4c tinh chit co hoc ciia cAc bo truyén dong khi nén mém nay la d6 gian dai, khd ndng tuong thich voi
mai trudng va phan tng nhanh. Chirc ning thich hop cua cac b truyén dong khi nén mém nay 1 chup céc vat thé c6 hinh dang
khéc nhau ma khdng c6 thdng tin chinh xéac vé hinh dang vat Iy cua chung. Nguoc lai véi chuyén dong cia co cau chap hanh
cting ¢6 thé dugc mo ta véi mot s6 bac tu do han ché, sb bac tu do cua co cau chép hanh mém Ia khdng gisi han. Chuyén dong
cta bo truyén dong khi nén mém khong chi gidi han ¢ chuyen dong phang ma c6 thé uén cong, x0én hoac kéo dai. Nhiing chuyén
dong khong mong mudn nay co thé anh huong tiéu cuc dén viéc kiém soat cac co ché mém nay. Hon nita, cac bo truyén dong
khi nén 1am tir vat liéu mém van chwa c6 cac mé hinh dugc hiéu rd.

Bai bdo nay tap trung xem xét diéu khién &p suat cho cac co cau chap hanh mém van hanh dung khi nén. Nhin chung, cac
loai co cdu chap hanh mém van hanh khi nén c6 dic diém 1a &p suat khi nén vao cac budng lam viéc cua co cdu s& xac dinh
chuyén vi clia dau cudi. dé diéu khién vi trj chinh xac thi cc 4p suat nén can on dinh. Tuy nhién, do dac tinh mém cua vat ligu
ché tao cac co ciu mem ¢ tinh gian n& cao nén thé tich cac bu0ng khi s& thay d6i theo &p suét nén. Bai bao nay trinh bay giai
phap diéu khlen &p suat khi nén ¢ thé van dung cho cac co cdu c6 tinh mém nay dé dat duoc do chinh xé4c cao cia chuyén vi dau
CUOI cua co CaU

II. THIET KE VA CHE TAO
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Mb hinh dong hoc duoc thiét 1ap dé mé ta bién dang hinh dang va vi tri dau cudi cua co ciu. So dd nguyén Iy cua co ciu
nghién ciru trong bai bao dugc trinh bay nhu trong hinh 1. Khi 4p suét khi nén tac dong vao 4 khoang thi co cdu bién dang dai va
udn cong. Dé diéu khién vi tri dau cudi cia co cau thi can phai xac dinh mdi lién quan giira cac thong s6 dau vao cia co cau chap
hanh. Phép tinh gan dung d¢ cong khong ddi da dugc &p dung thanh cong cho nhiéu rd bt lién tuc. Néu mot momen khong doi
duogc &p dung doc theo mot dam, dam Bernoulli — Euler co hoc du doan két qua do cong khong d6i. Twong tw nhu vay, cc co
cau chap hanh dudi tac dong ctia 4p suat khi nén cé thé dugc coi 1a @6 cong khong ddi nhur trong nghién ciru [6]. Nhiéu robot lién
tuc khac ciing da dwoc quan sat va biéu hién do cong khong ddi gan ding [11].

Goily, I, Isvals la Chiéu dai tai thoi diém dang xét ciia 4 khoang 1, 2, 3 va 4 tuong tmg. Céc dai lugng ry, Iz, I3 va r4 la ban
kinh cong cua cac cac buong khi nén. Tam cua cac khoang khi nén cach tam cua co cau khoang cach la r. Chicu dai dat dugc cua
co cau chap hanh la I, goc uon 1a o va goc xoay la g. Gia thiét rang céc buong khi nén c6 géc uon giong nhau du ching c6 d6 dai
khac nhau.

Hinh 1. Bong hoc robot mém

V6i goc udn 1a a, cac rang budce déng hoc dugc xac dinh nhu sau: l; = ar,i =1,2,3,4. Cac goc udn tai cac budng duoc xac
dinh theo timg budng nhu sau: B, == —f, Bo=m— B ,Bs == — B, B = 2 — B . Tir cAc mbi quan hé trén chiéu dai va
ban kinh cong cua budng thtr i dat duqc l&:r, =r—dcosp;, I; = rla l=ra.Suyrarangl = [; + acosf;. Cac chiéu dai cia
cac buoéng la:

L l — adsinf
L, l —adcosp

I3 i+ adsinf 1)
ly l + adcosp
_ Li+l+13+l,
| = At )

Hinh 2 trinh bay két qua m6 phong 2D hoat dong ciia co cau chap hanh mém trong mét phang Oxz véi xuong song bicu dién
bdi mau do va hai buong bén phai s 3 va bén trai s6 1 voi cac goc goc quay a lan luot 1a 0, 45° va 90° khi géc xoan 3 = 90°
Chiéu dai cta cac buong khi 14 60 mm, tdm ctia cac buong trong mo phong nay gia dinh 1a 12 mm.

2D bending Soft Actuator
6

2D bending Soft Actuator s 2D bending Soft Actuator a=90°
3
o=0° a=45° f=90°
_ =9Qo
s p=90° B
4
4 4
— = 5,
& 5 ~
N
2
2 2
1 1 1
0 0 o t 3
6 4 2 ‘ 0 ’ 2 -4 % 8 4 2 ' 0 i 2 -4 E & 4 2 o 2 -4 L]
x (cm) x (cm) x (cm)

Hinh 2 M6 phong hoat dong ctia co cau mém trong mit phang Oxz

Két qua md phong 3D cua co cau mém trong mat phang Oxyz vai cung cac goc nhu trong hinh 2 dugc tr|nh bay trong hinh
3. Puong xuong sdng cia co cau mém dugc biéu dién bang mau dé. G6c a = 0 khi khdng c6 budng nao dugc cap khi nén.
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3D Bending Soft Actuator 3D Bending Soft Actuator
3D Bending Soft Actuator

6

a=0° a=90°
a=45°
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0 0 0
5 = 5 ~~_ o

. P
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z-axis

Hinh 3 M6 phong hoat dong cta co cau mém trong mat phang Oxyz
A. Design parameters

Co cAu chdp hanh duogc diéu khién sau khi géc quay ciia B dugc chon twong &ng véi cac gia tri la ™/, m 37T/Z hoic 2m
dé co cAu mém chi hoat dong trong cac mat phang vudng géc. Sau khi géc  dwoc chon thi goc quay a dwoc diéu khién phu
thudc vao d6 gidn dai cia cac budng va khoang céch d. Gia sir khi g6c quay B = m thi chiéu dai I3 duoc diéu khién kéo dai ra dé
dat dugc gbc a mong mudn khi cac chiéu dai cac budng I, va |4 khong thay d6i nhwng chiéu dai caa | gidm nhw dwoc trinh
bay trong hinh 2 va hinh 3. Twong tw, chiéu dai cac buong I, I; hodc I s& dwgc diéu khién dé€ dat dwoc géc quay @ mong
muén khi géc B dwgc chonlam/2 , 3n/2 hoac 2 twong (tng. Khéng mét tinh tong quat, truong hop goc B = m dugc xem xét
phan tich dé xac dinh khoang céch tam d cuia cac budng khi nén. Theo cong thirc (1) thi chiéu dai budng thir 3 phai dugc kéo gidn
dén ly =1+ ad. Vay goc a = (la- 1)/d. C6 thé thiy ring do 16n cua goc « ti 1& nghich véi khoang cach d. Cac chiéu dai ban dau
clia co cau mém duoc thiét ké I; = 60 mm (i =1, 2, 3, 4). Bé xét anh hudng cua cac chuyén vi dai cua co cdu dén goc udn a, bai
bao thyc hign m6 phong véi chuyén vi Al; ciia budng thir 3 lan luot 1a 1 mm dén 7 mm voi buéc 1a 1 mm . Khoing céch d thay
d6i tir 3 mm den 12 mm. Két qua md phong duoc trinh bay nhu trong hinh 4. Két gua md phong cho thdy khoang céch d cang
I6n thi g6c udn cang kho dat dugc 16n. Nhu vay, tly thudc vao viéc lya chon goc udn can dat ma khoang cach d duoc lya chon
sao cho phu hop.

450

Rotation angle a (%)

Distances of 4 (mm)

Hinh 4 Anh huéng cua khoang céach d dén goc ubn
B. Nhdn dang hé thong

Thuc nghiém duoc thuc hién dé nhan dang méi quan hé gitra ap suit va chiéu dai bién dang. M hinh nhan dang dugc trinh
bay nhu trong cong thuc (17):

{Al = 4.18p% + 18.2p if p>0.8bar 3)
Al=0 if p<0.8bar
Bién dang dai Al (mm) ctia budng khi nén dugc xéc dinh theo &p suét khi nén p (bar) nhu phuong trinh trén. Khi 4p sudt nén
vao buong nho hon gia tri pmin = 0.8 bar thi co cau chap hanh khéng bi bién dang dai do chwa vuet qua dugc ngudng bién dang
co hoc cua vat liéu.
1. PIEU KHIEN

_ Dé dat duoc chiéu dai bién dang mong muén thi can diéu khién ap suét trong buong khi nén ciia co cap chap hanh. Giai thuat
dieu khien la tir chicu dai bien dang can dat de noi suy gia tri ap suat mong muon. He thong s& dieu khién ap suat mong muon
nh‘(‘y cac van khi nén ON-OFF. M¢t h¢ thong khi nén sir dung cac van ON/OFF dugc dé nghi dé diéu khién co cau chap hanh
mém. So d6 hé thong khi nén co buong thir i dugc trinh bay nhu hinh 5.
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Hinh 5. So d6 khi nén diéu khién co ciu chip hanh mém

Hg thdng khi nén nay sir dung 2 van khi nén ON/OFF dé diéu ap suét khi nén trong budng. Giai phap sir dung cac van ON/OFF
téc d6 cao 1am cho gla thanh cua hé thdng giam so véi giai phap str dung cac van phan phdi khi nén ti 1&. Van 1 dugc két ndi véi
&p suit cung cap dé tao &p suat duong, van 2 duoc két néi véi ap suat khi quyén dé xa khéng khi ra khoi buong Mdi van c6 hai
trang thai, hoac bat va cho phép khong khi nén di qua van, hoac tat va chan dong khi nén. Chiéu dai ciia budng khi thir i dugc ky
hiéu 1a li. Mot cam bién ap suat duoc lip dat dé cam nhan ap suat khi nén trong budng khi. Tin higu tir cam bién ap suét nay duoc
cung cap vé bo diéu khién. Mot s6 cong trinh ¢ mé ta phuong trinh dong hoc budng chira khi nén bang céch gia dinh rang viéc
nap va xa khi déu 12 qua trinh doan nhiét. Trong tai liéu nay, tac gia suy ra phuong trinh dong luc hoc &p suat theo cach giai thich
cho ring cac dac tinh nhiét khac nhau cua cac qua trinh nap va xd cua cac budng xi lanh. M6 hinh chung nhat cho mét thé tich
khi bao gom ba phuong trinh: mot phuong trinh trang thai khi 1y twong, dinh luat bao toan khéi lugng va phuong trinh ning
luong.

A. M6 hinh déng hoc

Goi thé tich khoi khi 1a V, &p suat ciia khoi khi 1a p, khoi luong riéng cua khi 1a p, khoi lugng cua khoi khi 1a m, 4p suét 1a P
va nhiét d6 1a T, dinh luat chat khi 1y tuéng cé thé dugc viét duéi dang:

) , p = pRT 4
Ap dung phuong trinh khoi luong lién tuc:
. _d
=2 (pv) (5)

Hoic c6 thé trinh bay dudi dang:
M = Mgy = PV + pV (6)
Trong d6 1i;,, VA 1i1,y, 12 luu lwong khdi khi vao va ra budng khi nén. Phuong trinh ning luong cua dong khi nén dwoc mo
ta nhu sau:
din — Gout + kC (mm in moutTout) W U (7)
Trong dé, Qin VA Qout 1a céc dai luong truyen nhiét, k Ia ti sb truyén nhiét, C, a hang s6 nhiét, Tin 12 nhiét do cua dong khi dau
vao, W 1a tc @6 thay ddi cong sinh ra, U 1a tbc d6 thay dbi nang lwong. Mat khéc, téc do thay ddi nang lwong dugc xac dinh
theo:

2 (c,mT) ®)
Trong truong hgp khi 1y tuong thi:
C=15 ©)
Do vay: .
‘ U= - c,mn) =¢, T (m) = (k 1) (10)
Suy ra rang:
= (v -pV)
Ma
W =pV (11)
Nén phuong trinh sau dat dugc:
Gin = Qout + 15 o (MinTin = ToueToue) = g PV = 27 VD (12)

Gia dinh rang nhiét 6 caa dong khi nén dat dat t6i nhiét 6 cua khdi khi trong budng chaa khi nén, T = Tin =Tow, phuong
trinh trén tro thanh:

23



k 1,. . . vV .
E (qin - qout) + ;(min - mout) -V = Ep (13)
Néu qua trinh nén khi 13 qua trinh doan nhiét, gin =qou, phuong trinh 4p suét khi nén trong budng chira khi nén 1a:

b=k (i = 1ioue) =k V (14)
Nén
= k= (i = titgue) — K2V (15)
Gia thiét buong khi nén hoan toan k|n khit, vay mou =0, phurong trinh ap suat trén c6 thé viét nhu sau:
. RT . D
p=k7min—k;V (16)

Thé tich V cua budng khi nén dugc tinh V = A. (I + Al;) V6i Ly, 1a chiéu dai ban dau cia buong khi nén va Al; 1a bién dang
dai cua buong khi khi bi &p suat nén. Phuong trinh ap suat khi nén viét lai nhu sau:

. RT e — PA (i
p—kA—(leer) n—k (Al) (17

Tir phuong trinh trén c6 thé suy ra rang doi véi mot buong khi nén, ap suét 1a dau ra phu thudc vao dau vao 1a luu luong khéi
caa dong khi nén.

B. M6 hinh van khi nén

Van khi nén dugc dung trong nghién ciru nay la loai van hodc dong hoan toan hoac me hoan toan. Luu lugng khdi cua dong
khi nén va ap suat khi nén dat dwoc khi dicu khién thoi gian dong mé cua céc van khi nén. Luu lwong khoi tinh cua dong khi nén
khi van mo hoan toan duoc tinh theo tiéu chuan ISO 6358 nhu sau:

PupCoNTo /T, if Ber<b
min(pup’ pdown) = (pdgwn b)z (18)
UoupCP\/ToT s et

Trong do, pupVa Paown 1a p Suit vao va ra cua dong khi nén, tuong tng. Nhitng thong s6 p va To biéu thi mat 6 va nhiét do
& trang thai tham chiéu theo ISO 6358, Ty la nhiét do d()pg khi, b ty 1¢ 4p suat toi han xac dinh dieu ki¢n dong chay bi nghet va
C 1a @6 dan am. Ca hai tham s6, b va C déu duoc cung cap bai nha san xuat van.

C. The presurre control loop by using ADRC
Tir phuong trinh trang thai (29), dit cac tham sé méi nhu sau:

KRT Afni .
b= — yu= mm:f()__kp?(All):y:P (19)

Véi cac tham s6 mai nay, phuong trinh trang thai khi nén dugc viét lai nhu sau:
y=bu+f() (20)

Tin hiéu diéu khién tir bo diéu khién 1a luu luong khéi cua dong khi nén m;,. Chung ta c6 thé thay rang neu van ap suat
duong K; dang bat, thi tdc d6 dong khéi 1a dwong. Néu van xa Kz dang bat, thi luu luong khéi 12 4m. Cubi cing, néu ca hai van
déu tat dbi voi budng khi, thi luu lwong khdi dong khi bang khong. Do d6, huéng cua toc do dong khdi lwong khi ¢6 lién quan
truc tiép dén sy dong mé roi rac ciia cac van.

Dai luong f(.) duge xem la dai luong nhiéu. Nhiéu nghién ctru m6 phong, cdc thir nghiém trong phong thi nghiém va cac
nghién ciru dién hinh trong cong nghiép chi ra mot thuc té& don gian rang f (- ) c6 thé dugc coi 1a mot bién trang thai va dugc udc
tinh trong thoi gian thuc bang cach sir dung trinh quan sat trang thai nhu 13 £ (.). Theo d6 no6 bi huy bo trong thdi gian thyc véi
b6 diéu khién nhu sau:

‘ w=(~f () +up)/b (21)
Dicu nay giam phuong trinh h¢ thong (32) vé dang:
y=—f () +up+£() = up 7 (22)
Nhu vay gia tri f (.) 1a dai lugng khéng do Iudong va né sé dugc udce luong. BE thuc hién viéc udce luong gia tri f (1), cac bién
trang thai mai duge dét nhu sau:
{x1 = p (23)
) x, = f() )
trong dé x, = f (.) 1a bién trang thai mé rong. T phuong trinh hé thong (32) nhan dugc:
561 = xz + bu

voi h = f () va gia thiét rang dao ham bac nhit nay ton tai. Voi gia tri nhidu f () duoc xem xét nhur 1a mot bién trang thai
trong hé théng né c¢6 thé dugc wéc lugng trong thoi gian thue nho bd diéu khién wdc lugng trang thai.
Phuong trinh trang thai mé réng thu duoc la:
{X = AX+Bu+Eh (25)
Y = Eh
Trong do:

_[* [0 1 _[b _ [0 _
) X_[xz]’A_ 0 0]’3_[0]'15_[1]'6_[1 0] )
Dit cac bién mai 1a z1 va 22 1a céc gia tri wde uwgng cho X1 va xo. Cac phuong trinh trang thai (37) duge viét lai nhu sau:
{Zl = Zz + bu + ll(y - Zl)

Z; = 1 (y - 21)
Vi véy, bo didu khién uéc lwong duge dé xuit dé ude lugng dai luong nhidu f () 1a:

(26)
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ZI _ 0 171124 b ll] _ 5
N Z1
’ =11 o]
Phuong trinh trang thai trén duogc viét lai nhu sau:
{Z‘ = AZ+Bu+L(y-3%)
y = (Z
trong d6 vector cua bo quan sét 1a Z = [z, z,]" v6i z; = y va z, = f(.), va vecto do loi cia b quan satla L = [1; [,]".
i Cho rang dai lugng nhi@u f (. 1a hoan toén udc luong duoc bdi bien trang thai zo. Véi toan bo nhicu dugc udc luong, luat
dicu khién dugc xac dinh dé van hanh hé thong nhu theo (33) la:
u = =[-2, + 1] (29)
Trong d6 Uo 1a tin hiéu diéu khién. Tin hiéu diéu khién uo dugc chon trong nghién ctru nay 1a by diéu khién Proportional-
Derivative (PD) nhu sau:

(28)

Uy = kc,(pr‘ - Zl).) . A i (30)
Vi pr la tinh hi¢u tham khéo, va K 1a hé s6 dicu khién. Goi w, 1a bandwitdh cta b dieu khién va la hé so duong, theo []
thi hé s0 ke co thé dugc chon thoéa (s + k) = (s + w,), suy rarang k. = w,.

pr— PD Controller
bt

Hinh 6. So d6 diéu khién 4p suét khi nén

Dé diéu khién 4p suét tai budng khi nén ciia co cdu mém, bai bao d& nghi so dd diéu khién nhu hinh 6. B6 diéu khién nay bao
gom mot bd didu khién phan hdi PD va mot bd quan sat trang thai mé rong (Extended State Observer-ESO). ESO udc tinh va bu
dap cac nhidu dong bén trong va bén ngoai ma khong can mé hinh toan hoc chinh xac. Mot nhiéu tong quat dugc dinh nghia 1a
su két hop cua cac dong luc hé thong chua biét, ciing nhu cac nhidu bén ngoai, va dugc bu bang bo diéu khién phan hdi. So do
khéi cho ciu tric bo diéu khién ap suat budng khi nén dwoc mé ta nhu trong hinh 3. ESO u6c tinh cac trang thai va nhiéu ctia hé
thong Mot trang thai mo rong trong ESO dugc st dung dé u6c tinh nhidu loan chung cta toan hé thong Viéc stt dung ESO dé
loai bo cac nhidu phi tuyén cho phép str dung diu khién PD don gian.

Theo [ ], cac gid tri cia vector L dugc xac dinh la:

=[G

Brwi

trong d6 w, 1a hé s6 dwong. Céc gia tri By, 8, duoc lya chon sao cho biéu thiic (s? + B;s + B,) la Hurwitz. Hay n6i cach
khéc nghiém cua biéu thic (s? + ;s + B,) phai nam & nira trai mat phang 4o. Céc gia tri nghiém cua cua biéu thirc trén c6 thé
chon 1a -wy, vay: (s? + s + Bz) = (s + wo)?, tir d6 co thé chon B, = 2,vap, = 1. Bandwitdth cua bo diéu khién quan sat
wg trg thanh thong s6 duy nhét @ hiéu chinh bo didu khién. Bang cach didu chinh chi can mét tham sé wy, ¢6 thé nhanh chéng
tim thay sy thay doi phi hop gitra toc d6 bo quan sat theo ddi cac trang thai va mic do nhay cam cta né véi nhidu

Nhu véy, hai théng sb w, va w, 1a hai théng sé dung dé hiéu chinh bo didu khién. Bo diéu khién khong can mot mé hinh
chinh xac cua hé thdng. N6 sir dung ESO dé wac tinh cac nhiéu va do khdng chéc chin dé hé thong cé thé duoc diéu khién boi
mot bo diéu khién ty 16 nhu trong (39). Strc manh trong giai phap kiém soét nay 1a mé hinh va thong sb chinh xac khéng can phai
duoc tim thiy cho hé thong dugc kiém soat chinh xac. Tinh phi tuyén cua luong khong khi va do khong dam bao trong céc gia
tri sb chinh xac cua cac phuong trinh nhiét dong lrc hoc do d6 ¢6 thé dwoc bu dip bang cach tiép can kiém soat ADRC.

D. B¢ diéu khien ADRC-Fuzzy

Trong ESO truyén thong, bang thong w, dugc ¢b dinh va khdng ddi. Tuy nhién, néu w, dugc chon qua thap, s& co mot sai s6
uéc luong lén ddi. Néu wo dwoc chon qua cao, nhiéu do s& duoc khuéch dai va phan xa tryc tiép trén nhiéu uéc tinh. Nhu vay
nhidu uéc tinh s& duoc bu cho bg diéu khién, hiéu suat cua bo diéu khién sé& bj anh huorng boi sy lya chon cua bang thong quan
sat. Dé cai thién diéu do, mot he thong logic mo duge dé xuat dé dieu chinh w, theo gia tri tuyét ddi cua sai s6 wdc lugng dau ra.

Trong phan nay, mot bo e lugng trang thai ma rong tuyén tinh thich tng mo dugc thiét ké dé udc tinh cua ca hai trang thai
hé théng va nhidu. Muc dich cua viéc ing dung hé logic mo trong qué trinh du doan trang thai mé rong 1a dé giir sy can bang
gita do chinh xac cac gia tri wdc tinh va giam nhiu. D6i v6i nhiéu thay doi nhanh, bing thong cua b quan sat du kién s& cao
hon, nhung d6i véi thay doi nhiéu cham, bang thong bd quan st thap phii hgp hon dé tranh nhiéu khuéch dai. Logic mo I
phuong phép lam cho didu nay c6 thé thanh hién thyc. Mot lya chon don gian cho dau vao hé logic mo tryc tlep c6 thé 1a sai s6
wde lwong dau ra. Tuy nhién, vi sai s6 udc lwong dau ra chtra nhidu do ludng, st dung tryuc tiép gid tri tuyét dbi cua sai sb woc
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lwong dau ra lam dau vao cua quy tic logic mo c6 thé dan dén bang thong khong mong mudn. Dé giai quyét van d& nay, mot bo
loc théng thap bac nhat duogc st dung trudc khi vao vang mo hé thong logic, duoc xay dung dudi dang:

(e, +é,=e, (32)
e_y(o) = ey(o) (33)

Trong d6, e, =y — 9 va &, 1a sai s6 udc tinh cua bg loc. Gid tri tuyét doi cua &, sau d6 dwoc xur ly nhu 1a dau vao cua hé
thong logic mo. Hé théng logic md duoc thiét ké nhu sau. S6 lwong céc tap con md va cac luat mo can dugc chon dung cach dé
can bang hiéu suat woc tinh va sé luot tinh toan. Trong thiét ké nay, cac bién dau vao va dau ra 1a dugc chia thanh ndm tap con
mo, cu thé 1a VS (rat nho), S (nho), N (binh thuong), L (I6n) va VL (rat 16n). Luat md duoc dinh nghia nhu sau:

Quy tac 1: Néu la &, VS, thiw, 1a VS.
Quy tac 2: Néu &, 1a S, thiw, 13 S.
Quy tic 3: Néu &, 1a N, thi w 2 N.
Quy tac 4: Néu g la L, thiw, la L.
Quy tac 5: Néu &,1a VL, rdi w, 1a VL

Céc chtre nang thanh vién (MF) cho VS va VL nén dugc chon dé bao phu tdi da gia tri tbi thiéu cuia pham vi dau vao va dau
ra. Ngoai ra, mic do ciia cac MFs twong g Véi gia tri dau vao/dau ra tdi da va tdi thiéu phai 1a 1. Trén thuc té, pham vi cua sai
s6 dau ra wdc tinh va pham vi biang théng ctia bo quan sét ¢6 thé duoc tim thiy thong qua mot sb thir nghiém duoc thuce hién boi
ESO véi bang théng quan sat ¢b dinh. Néu sai s6 wéc tinh ban dau qué I6n, Cac chirc nang bio hoa c6 thé duoc st dung dé gigi
han pham vi. Cac gia tri giita t6i thiéu va t6i da dwoc chia thanh nim khoang bang nhau cho mdi MF. Béi voi dau ra hé thing,
phuong phép khir mo centroid duoc 4p dung dé chuyén déi ngdn ngir mo vao bang thong cta bo quan sat [42], duoc xay dyng
duéi dang:

Joomin

fwo,max
Wo_min

WoKoutdwo
Wy = (34)

Koutdwo

Trong x,,, 1a gia tri caa ham chire nang thanh vién dau ra cua w,

VS S N L VL
o
=
w
@
o)
IS
5]
IS
y—
(=}
8
2
o
€min |§| €max

Hinh 7. Ham dang cta dau vao hé me

VS S N L VL
o
=
2]
5}
=)
£
<5
1S
kS
8
g
[a]
®o_min ®o ®0o_max

Hinh 8. ham dang cta dau ra hé mo
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Hinh 9. B0 diéu khién Fuzzy -Extended states observer

Bo diéu khién mo két hop véi ESO dwoc trinh bay nhw trong hinh 9.
E. B¢ diéu khién vj tri

Bién dang chiéu dai ciia co ciu chap hanh Ia ham sb theo ap suit Al = £ (p), v6i don vi cua chuyén vi dai Al 1a mm va don vi
ctia &p sut p 1a bar. So @6 diéu khién chuyén vi ctia co cau chap hanh nhu dugc trinh bay trong hinh 10. Bo diéu khién Impedance
dugc ding dé tra vé ap suat can thiét pr dé duy tri chuyén vi Alg cta co cau chap hanh. Ap suat can thiét pr 1a dau vao cua bo diéu
khién &p suat. Gia tri pr chinh la gia tri 4p suat tham chiéu dé co cau chap hanh dat duoc bién dang dai mong muén.

+ | Impedance b

Pressure control

- o > ke =+
e control ¢ 2] u Displacement (I)
= b —»{ Chambers »{ Actuator >
2, J
Extended States
4] Observer Pressure

Hinh 10. Bo diéu khién chuyén vi co ciu chip hanh mém

Chuyén vi dai cia cia co cdu chap hanh dugc nhan dang thong qua cac thong s6 thue nghiém nhu duoc trinh bay trong cong
thirc (17). D& phan trinh bay dugc tong quét, chuyén vi dai cua co cau chap hanh Al dugc biéu didn nhu 1a ham sb da thic bac 2
theo &p suit p nhu dugc trinh bay trong phuong trinh sau:

Al = Ap? + Bp, D > Pmin (35)
Tr cong thic (35) dat duoc rang:
Aly = Ap.* + Bp, (36)
T cbng thue (35) va (36) dat duoc:
Al, — Al = A(p,* —p*) + B(p, — p) (37)
Tur cong thire (37) nhan dugc:
Ap,> +Bp, +C =0 (38)

Trong d6 C = —Ap? — Bp — (Al; — AD)
Gia tri tra vé caa bo diéu khién impedance s& la:

—B++yB2-4AC
py = — (37)

r 24

Giatri prira vé tir bo diéu khlen Impedance la dau vao cua bo diéu khién ap suat B¢ diéu khién &p suat s& diéu khién ap suat
mong mudn trong budng ctia co cau chap hanh dé dat dugc chuyén vi mong mudn.

IV. KET QUA MO PHONG

Trong phan md phong nay, chuyén vi dai cia co cau chap hanh mém nhan duoc tir bo didu khién dugc d& xuit s& duoc xem
xét vé d6 vot 16 va thoi gian xac lap.

A. Céc thong sé ciza md hinh

Chiéu dai ban dau ciia budng khi 12 lo =60 mm, ban kinh buong khi la r =3 mm. Céc thong s6 cua bo diéu khién dugc xéc
dinh la ke = 25e+6, b =2.7853e+10. The tich ban dau cua khoan khi nén la Vo = lo.A = 4.2412e-06 (md). Tuy nhién, thé tich thuc
t€ cua khoan khi s& 16n hon do sai s6 khi ché tao co cau chap hanh. D9 thé tich sai léch cua khoa khi duge xac dinh la Vinac= 0.6e-
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6 (m3). Hé s6 k =1.4 vi qua trinh nén khi 14 qua trinh déng nhiét, hang s6 khi Iy twéng R = 287 (J/mol/K) va nhiét do khi la T =
297 (K). Hé sb b dugc tinh theo b = k;i Céc gi tri md phong va cac théng s caa mé hinh dugc trinh bay nhu trong bang 1.

Céc thong s6 md hinh va mé phén
Théng s6 Gia tri Pon vi
lo 60 mm
Kc 25e+06 Khéng thtr nguyén
b 2.7853e+10 J/imol/m3
W, 5e+04 Khéng thir nguyén
Wy max 3.53+5 Khong thi nguyén
Wo min 2.5e+05 Khéng tha nguyén
A 2.8274e-05 m?
Vo 1.6965e-06 m®
Vinac 046-06 m3
k 1.4 Khéng thir nguyén
R 287 J/mol/K
T 287 K
5 B ( 7
4 — -
€
E
w3r 7
b=
@
=
3
© 2
o
i
O
1 | -
0 = -
1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.5
Time (s)
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Hinh 12 Pap tng p sut ciia co ciu chap hanh mém
1 _
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Hinh 13 Trang thai cua van #1
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Hinh 14 Trang thai cua van #2

B. KET QUA THUC NGHIEM

M® hinh thuc nghiém dugc trinh bay nhu trong hinh 15, bao gdm: may tinh diéu khién, card PCI thu nhan dir liéu, cam bién
&p suat, hé van khi nén va co cau cha6alp hanh mém.

May tinh

Co cau chap
hanh

Van
ON/OFF

Hinh 15. Mé hinh thyc nghiém

Chuong trinh Mallab Simulink dwoc xay dyng va duoc thuc thi béi méy tinh. Tin hiéu ap suat tir co cdu chap hanh mém duoc
cam bien ap suat tra ve bo dieu khién nho card thu nha dit liéu. Tin hi¢u nay dugc may tinh xur 1y va sau d6 cung cap tin hi¢u
diéu khién déng mé cac van khi nén.

Két qua thuc nghiém diéu khién co cdu chap hanh udn cong & cac goc dit 14 5, 70 va 30 d¢ duoc trinh bay nhur trong hinh 16.
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Hinh 16. Két qua thuc nghiém véi cac goc dat khéc nhau

K&t qua thyc nghiém cho thy ring sai léch gitta goc diéu khién va goc dat la kha nho. Sai s6 nay xuét hign co thé Ia do sai
s0 tir mé hinh nhan dang cuaa co cau chap hanh mém.

V. KET LUAN

Bai bao nay trinh bay phwong phap mé hinh hoa va thuat toan diéu khién co cu chip hanh mém. Dé diéu khién dugc goc
udn, bai béo nhan dang mé hinh toan biéu dién mdi quan hé giira chiéu dai bién dang va ap suit cung cap. Ap suit suit khi nén
nay duoc diéu khién nho bdiéu khién P1 két hop voi hé mo. Két qua thuc nghiém va mé phong di ching to rang bo diéu khién
duogc dé xuét 1a hiéu qua va c6 thé duoc dung dé didu khién cac co ciu chap hanh mém.
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TOM TAT

Bai bao nay trinh bay vé két qua nghién ciru ché tao may sy bang khi néng cong suat 5kg/mé, thai gian siy 1 mé 6
gio. Cac thong sé may say dwgc thiét ké co thong so ky thuat: budng Say kich thudgc (dai X rgng x cao) 500mm x 686mm
X 995mm, c6ng suit dién tré 3kW. Hé thong phan phéi gié duoc kiém tra thong qua phan mém mé phéng s6 ANSYS.
Két qua nghién ciru thuc nghiém xoai sy déo trén may say tai nhiét d9 50°C, téc d9 gié 1.5m/s c6 dién ning tiéu thu
8.15 [KW.h/kg] khi d§ 4m ciia san pham sau siy 9%.

Tir khéa: Xoai sdy, khi néng, dién tré, ANSYS
I. GIOI THIEU

Qua xoai rat giau carbohydrate, vitamin B1, B2 va C va cung cap nhiéu vitamin A va nd chita mot lwong 16n beta-carotene,
mot chat chong oxy hc}a rat c6 lgi cho con nguoi. Trénqtoan thé giai, n6 la mat loai trai cay nhiét déi, dugc tiéu thu & dang tuoi
cling nhu dang ché bién. Xoai Ia loai trai cdy chia d6 am cao. Vi vay thoi han st dung ngan, giam chat uvgng va hu hong.

Sy kho da tro nén rat pho bién trong viéc bao quan xoai. B¢ dép tng nhu ciu vé sdy, nhiéu cong nghé siy nhu sy khi
néng, say bom nhiét (BN), say hong ngoai (IR).... da duoc ap dung thanh cong cho cac san pham khac nhau. Mbi phuong phéap
Say déu c6 nhing wu diém va nhugc diém riéng. Sdy khd bang khong khi nong la phuong phép say kho dugc str dung phé bién
nhét hién nay va né duoc sir dung rong rai. N6 khong doi hoi céng nghé thiét bi cao, d& van hanh va chi phi thap. Quy trinh san
xuat cd thé kiém soét dugc va dé cdng nghiép héa [1]. Sy kho bang khong khi nong van 1a phuong phap xir 1y duoc sir dung
phd bién nhat trong céc nha may. Xoai c6 thé dung nhleu phuong phap dé siy [2] nhu k¥ thuat sdy dong lanh, vi song (120 va
350 W) va khong kh| noéng (60, 70 va 80 °C). Qua trinh Say, téc d6 say kho anh huong boi toc do khong khi va phan phéi khong
khl trong buong say theo [3], [4]. Tuy nhién dé giam thiéu chi phi nang lugng va dé dat dugc tdc do Say t5t hon bén trong buong
Say [5] d4 sir dung phuong phap CFD dé md phong su chuyen dong cua khong khi bén trong may say khi kiéu khay. Két luan
rang nguyen nhan chinh cua sy thay doi trong qua trinh sdy khd 1a sy thiéu ddng nhat vé van téc khong khi trong khéng gian
ciia may say va sy hién dién cua cac khu vuc tuan hoan giup tang cuong tdc do truyén nhiét va khdi. [6] di xac nhan kha nang
cua cac phuong phap CFD trong viéc du doan cac dac diém dong khi bén trong may say khay va trong viéc cai thién thiét ké
cua nhitng may say. Cac tac gia da thuc hién mo phong rong rai cua ludng khdng khi bén trong may say cong nghiép quy mo
day du va da néu rang cong viéc caa ho cung cdp mot sy hiéu biét tét hon vé mé hinh dong chay bén trong may say khay va do
d6 c6 thé dan dén mot cai thién dang ké chat luong cua kho san phdm ciing véi viéc giam dang ké ning luong sy tiéu thy. Nhiét
d6 va van tc khong khi Ia hai yéu té phai duoc xem xét vi chiing rit kho do do sé lugng I16n cam bién dat trong budng. Két qua
qua trinh sdy khd phu thugc vao vi tri caa vat liéu trong may sdy vi tbe do sdy phu thudc vao ludng khéng khi trong budng say.
[7] sir dung mot md phong may tinh caa md hinh toan hoc s& cho phép kiém soat dong hoc cia qué trinh siy. Diéu ndy sé toi
wu héa hiéu suit caa may say vé mit tiéu thu nang luong, hiéu qua va chat luong san pham. Cac phuong phép sb ciing c6 1oi
trong viéc tiét kiém ca thoi gian va tién bac [8-10].

Diém méi trong nghlen cuu nay 1a c6 sir dung mo phong s6 ANSYS trong viéc kiém tra thiét ké. Tur két qua md phong hiéu
chinh lai céc 16 phan phdi khi ¢é dam bao dong chay van chuyén tt nhat dé toc do giam am dong déu o cac khay say.

1II. POI TU()'NG VA PHUONG PHAP NGHIEN CUU
A. Péi turong

Ddi tugng nghién ctu a thiét ké, ché tao méy say khi nong. Nghién ctru md phong dong khi van chuyén trong may say biang
phan mém ANSYS. Thong qua thi nghiém khao sat danh gia anh huong téc do gi6, nhiét do dé danh gia muc do tiéu thy nang
lwong va chit lugng cua san pham théng qua mau sic. Bbi tuong sdy & day la xoai voi dd 4m ban du cua xoai 14 64.7% chuan
bi cho qua trinh sdy khi néng cho ra san phim xoai kho c6 do 4m 13 9%.

B. Phuong phap nghién cuu

Phuong phap tinh toan va xay dung md hinh thi nghiém

Tham khio tir cac mau may sy c6 trén thi truong, cAc tai ligu trong va ngodi nudc, tir d6 lya chon, tinh todn va thiét ké mo
hinh méy say phu hop. Dya vao cdc co so ly thuyet vé phan phdi gid, ky thuat diéu hoa khong khi, ky thuat tiét kiém ning lwong
dé tinh toan cac théng s can thiét cho mé hinh may say.

Phuong phap m6 phong ) . ) ) )

Str dung phan meém ANSYS m6 phong vén toc va dong chuyén dong cua luu chat trong may say. Quan sat ket qua mo phong
tir @6 hiéu chinh cac 16 phéan phoi gi6 sao cho dong khi nong dugc phén phoi déu
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Phuong phap thyc nghiém khao sat

Muc dich khao sat danh gia dua ra duoc co sé khoa hoc vé dinh lugng anh hudng cua tée do dong co, ¢ am, nhiét do, luu
luong TNS... dén chit lugng caa thanh pham sau khi say.

- Thiét bi sir dung: M& hinh may say vira ché tao

- Chay 5 khay 1 lan vai trong lugng 1kg/khay

- Piéu kién thi nghiém: Xoai da dwoc cat lat

Théng ké s6 liu: mdi thi nghiém duoc cap nhap sau 1 1an sdy, dong thai tinh tong thai gian 1 1an siy, nhiét do budng siy...
Thoi gian duge do bang ddng hd bam thai gian vai don vi do 1a gidy, nhiét d6 duge do bang cam bién nhiét d6. Kiém tra thanh
pham sau khi sdy: d6 4m

‘111, KET QUA VA THAO LUAN
A. Luwa chon phiong dn thiét ké
Sau khi tham khao mot s6 may sy trong va ngoai nudc, trén co s¢ Muc dich cua d?: tai phuong 4n thiét ké dwoc chon nhu
sau: Phuong thirc say theo mé, bo ph@n~ch1’ra nhuyén liéu dang buong (say tinh), san pham duoc dat trén khay c6 dot IS, vat liéu
chinh ché tao buong say, khay, kénh dan dung vat liéu inox SUS304 la thép hop kim chuyén dung trong ché tao thiét bi thuc

pham. B$ gia nhiét bang dién tré. Qua nghién ctru tong quan, tim hiéu cac so dd nguyén Iy higu qua hién nay, nhom nghién dua
ra dugc 3 phuong an so d6 nguyén li nhu sau:
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(@) (b) (c)
Hinh 1. Cac phuong an thiét ké budng sdy
Trong d6: 1. Quat gi6; 2. Bién trg; 3. Budng siy; 4. Gia d&; 5. Gi6 thai; 6. Gi6 cip; 7. Khay

Phuong 4n (a): dUng quat huéng truc dé phan phéi gi6 di tir trén xudng, luu luogng gio6 téi cac khay say 16n nhat. Tuy
do gio di tir trén Xuong lam cho cac vat liéu bdc hoi. Cac khay trén s& kh6 nhanh hon céc khay duéi, do am vat liéu giira cac
khay khong ddng déu, nhém nghién ciru huéng téi muc tiéu do 4m cua cac khay tuong déi ddng déu ma khong can phai khay
trong qua trinh say.

Phuong 4n (b): Khong khi duge dua qua kénh dan phan phdi, trén kénh phan phdi khoét 16 1am cac miéng gid thoi ra
tudng tng véi vi tri khay say. Vi tri quat dugc dua xudng dé dam bao tuan hoan gié. Tuy nhién voi phuong an nay kich thudc
clia may phai ting thém d6 cao lam may tré nén cong kénh.

Phuong 4n (c): Dé giam d¢ cao cua may nhom nghién ctru thay doi vi tri dat quat 1&n trén va str dung quat li tam dé dap
g tré luc cta hé thong ciing 1a phuong an dugc lya chon dé thiét ké ché tao

B. Ung dung md phong sé bang ANSYS

Phan mém mo phong s6 duoc (ing dung dé mo phong dong khi chuyén dong trong buong sdy ¢ phuong én c. Tir két
qua quan sat duoc tién hanh hiéu chinh thiét ké sao cho sy phan phoi khi la tot nhat.
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Hinh 2 Van téc dang dong chay (2D) Hinh 3 Van toc dang dong chay (3D)
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Hinh 4 Van téc dang vector (3D) Hinh 5 Van tc dang vector (2D)

£

Hinh 6 Vang nhiét do (2D) Hinh 7 VVung nhiét do (3D)

Tir nhitng 1an md phong s6 cé thé biét duoc thiét ké cin thay aol cal uen uet alen 1o pnan pnol gio cno ra mot san pham
hoan thién dé chuan bi cho gia cong.

C. Mb hinh sau khi ché tao
Bang 1 Thong s6 ky thuat may siy da ning da ché tao

STT Tén bd phin Théng sb

1 Vit lidu ché tao Inox 304

2 Kich thusc may sdy (RxDXC) 600 x 1150 x 1800 mm
3 Kich thudc budng siy (RxDxC) 500 x 686 x 995 mm
4 Kich thuéc khay siy (RxDxC) 450 x 480 x 30 mm
5 S6 lwong khay 5 khay

6 Cong suat may nén 1HP

7 Cong sut dong co quat: 350W

8 Nhiat d¢: 40-80°C

9 Po am: 15-20%

10 Tbc do: 03+20m/s

11 bién 4p su dung 220/50Hz
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(@) Man hinh diéu khién may sy (b) Vi tri 13p quat gi6  (c) Tu dién diéu khién
(d) Budng sy va khay say () Phan ky thuat ciia may
Hinh 8 M6 hinh may siy sau khi ché tao
D. Thuc nghiém sdy xoai

Qua trinh thuc nghiém sdy xoai keo qua so ché Cat thanh 14t mong 5mm, chan qua nuéc nong, ‘ngam qua dich duong roi
duoc dua vao may siy da ndng vira ché tao thyc hién say & nhiét d6 55 °C, téc do TNS vao budng siy w= 1,5m/s, Téng khdi
lwong trén 5 khay 1a 1371g, dwoc sip xép vao 5 khay, khay 1 = 248g, khay 2 = 273g, khay 3=276g, khay 4= 274g, khay 5=
300g.

+ Do am ban dau 64.7% , sdy xudng am do 9%. Két qua thu dugc thé hién ¢ Hinh 9 véi cac thuc nhiém.

80.00
e khay 1
70.00
a——khay 2
60.00
£ 50.00 =——khay 3
S 40.00 khay4
<O
@ 3000 akhay 5
20.00
10.00
0.00

0 30 60 90 120 150 180 210 240 270
Thoi gian

Hinh 9. Téc d6 giam 4m trén cac khay

Hinh 10. Xoai sau khi sdy bang khi néng
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Nhan xét:

Ché d6 nay may hoat dong 6n dinh, Téc d6 giam am cham, thoi gian sdy dai, nhiét d6 tac nhan siy khong dao dong
nhiéu sai léch 1°C, Nhiét do sau budng sdy chénh léch véi nhiét do truée budng sdy khoang 2 t6i 3 6, San pham sau siy dat
yéu cau vé do am, giir dugc mau sic, mui vi ban dau. Toc d6 giam am gitra cac khay trong d6i dong déu tuy hé thdng siy tinh.
Diéu d6 chung to rang dong khéng khi van chuyén t6i cac khay dong déu.

IV. KET LUAN

Méy sdy khi nong da dugc ché tao voi ning suat Skg/mé duge diéu khién bang man hinh HMI, céc thong s6 nhiét do
cua qua trinh say duoc hién thi va gidm sat trén man hinh. D6 4m cua san pham trén cac khay say tuong doi dong deu sai léch
9,4%. Nhiét do tac nhan say cd thé dieu chinh trong khoang 30 °C t¢i 80 °C, Toc do tac nhan sau buong say diéu chinh dwgc tir
0,5 t6i 1.75m/s.
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TOM TAT

Piic miu chay 12 mjt quy trinh ddc ddo, linh hoat dé ché tao cac chi tiét c6 dd phirc tap cao va do dé né phi hop
mot cach ly twéng voi cac thiét ké dé giam s6 lwgng chi tiét — mot trong nhirng muc tiéu chinh caa thiét ké dam bao kha
ning ché tao va lip rap (Design for Manufacture and Assembly — DFMA). Muc tiéu gan hinh dang thyc dugc xem,
khong chi l1a phu’o’ng tién cung cap cho k¥ s mot 1§ trinh truc tlep, hiéu qua va tiét kiém dé san xuit chi tiét hoan thlen,
ma con gop phan vao viéc bao ton cac vat lleu va nang luwgng ngay cang khan hiém. Bai bao glo'l thiéu cac yéu cau co
ban cia viéc thiét ké ddi voi cac chi tiét dic miu chdy va dua ra mot s0 quy tic hu’(rng din thiét ké chung. Nhlrng quy
tic nay nhiam gitp nha thiét ke, nguoi sir dung ciing nhw nha san xuat va khong nhét thlet 1a bit budc; c6 thé ap dung
gilp ning cao ning sudt, cai tién va nang cao chét lwgng san pham, tiét kiém vat liéu va tiét kiém chi phi.

T khéa: Quy tic thiét ké, ddc miu chay, vat dic, thiét ké vat dic, khudn, miu.
I. GIOI THIEU

Qué trinh dac mau chay, con duoc goi la qué trinh mét sap, 1an dau tién duoc sir dung trong khoang thoi gian tir 4000
dén 3000 trudc Cong nguyén. Cac chi tiét dién hinh dugc ché tao 1a cac chi tiét cho thiét bi van phong, cling nhu céc chi tiét co
khi nhu banh ring, cam, van va banh coc. Céc chi tiét c6 duong kinh 1én t6i 1,5 m va nang toi 1140 kg da dugc duc thanh cong
bang qua trinh nay [1].

La mét qua trinh tao hinh gan voi hinh dang thuc co thé san xuat cac chi tiét kim loai chét luong theo cac tiéu chuan ki
thudt va tiéu chuin kinh té khét khe nhit, diic mau chay khong chi thich nghi tét ma con c6 tiém nang st dung rong réi [2]. Qua
trinh duc mau chay c6 kha nang tao ra cac vat dic phirc tap voi dung sai chat che, bé mat hoan thién cao va c6 thé dap tmg cac
tiéu chuan tng dung cao nhét, ching han nhu trong cac Umg dung dong co phan lyc may bay. Cac uu diém khac cua qua trinh
nay bao gdm kha nang dtc cac vat liéu khong thé rén, khé gia cong va tao ra cac nguyén mau thong qua viée gia cong truc tiép
cac mau sap [3].

Loi thé 16n nhat ciia diic miu chay 1a muc d6 tu do cho phép trong thiét ké. Cac hinh dang phirc tap qua tén kém dbi véi
may moc c6 thé duoc san xuat mot cach nhanh chong va tiét kiém nhu cac vat duc mau chay. Trong nhidu truong hop, hai hodc
nhiéu chi tiét riéng biét co thé dugc thiét ké bang mot vat dac lién, loai bo cac hoat dong lap rap. Qué trinh nay ciing cho phép
céc nha thiét ké luva chon tir nhiéu loai hop kim. Do vay, thoi diém dé quyét dinh xem mét chi tiét c6 duoc thuc hién bai qua
trinh dac mau chay hay khong 13 khi n6 & trén ban vé&. Ngoai ra, khi thiét ké dé dic mau chay, nha thiét ké ciing nén tham khao
¥ kién cac chuyén gia nhur ngudi ché tao dung cu va tho diic mau chay dé c6 thé san xuét ra nhimg chi tiét t6t nhat.

II. QUA TRINH PUC MAU CHAY

buc m?}u chay la mot phuong phép dic tién tién, dang nhu tén goi cua no la lam cho mAu bang sap hay nhya chay long
ra nhu mdt chat 10ng va thoat ra khoi khuén. Mau chay thoat ra khéi khuon va dé lai mét khoang khudn c6 hinh dang twong tu
nhu hinh dang vat duc. Sau do, kim loai long dugc rot vao khudn, dong dic lai va tao thanh vat duc [4].

C6 hai loai quy trinh dac mau chay: duc mau chay khuén rin va duc mau chay khuén vé gbm. Hai quy trinh nay khac
nhau co ban & cach hinh thanh khuén. Trong quy trinh lam khuon “rin”, mau sap hodc nhya duoc dat vao mdt khudn ép, va vat
lidu 1am khuén duge d6 xung quanh mau, dong dic lai tao thanh mot khoi ran. Trong quy trinh “vo gdm”, mau duoc nhiing vao
vt liéu khuon, dé lai mot 16p phu c6 do day dong nhét. Lép phu duoe dé kho va qua trinh nhing dugc 1ap lai. Nhiéu 16p phi
tao thanh mot khuén vo gdm cling.

M ta don gian vé quy trinh dtic mau chay khuén vo gbm dugc thé hién trong Hinh 1. Quy trinh nay bat dau voi viée
ché tao mau bang sap hodc nhya. Mau ¢ cung hinh dang véi chi tiét duc, nhung c6 kich thude cho phép phu hop véi su co
ngot xay ra trong qua trinh dac. Thong thuong, mot s6 mau sau d6 duge tap hop thanh mot cum (chiim). Cum bao gom hé thong
rét va duong dan can thiét dé cung cép dong chay kim loai cho timg mau trong cum. Cum hoan thanh dugc nhing vao hdn hop
huyen phu (gom vat liéu chiu lra va chat két dinh), sau d6 dugc phu bang vat liéu hat vita min va siy kho. Qué trinh nhing
huyén phu, phu cat va sdy kho dugc lap lai nhiéu 1an (5 t6i 15 lan) Viéc nhiing huyén phu va phu hat vira tao nén mot 16p vo
xung quanh cym méu. Khi khuén vé gém da khé hoan toan, miu s& duoc ndu chay ra dé lai cac khoang khudn co hinh dang
ctia chi tiét. Khuon dugc nung dé dat dén do bén cudi cung va trong khi khuén van con nong, kim loai nong chay duoc rot vao
trong khoang va dé dong dic. Vat liéu 1am khuén sau d6 dwoc tach ra khoi vat dac va cac chi tiét duoc tach ra [3], [5].
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Thuat ngtr mau chay bét nguon tir thye t& 14 mo hinh duogce tan chay (bao quanh) bang vat liéu chiu ltra. Cac mau sap doi
hoi phai dugce xur ly can than vi ching khong du cimg dé chiu dwoc cac luc gdp phai trong qua trinh tao khuon; tuy nhién, khong
glong nhu cac mau nhua, sap c6 thé duoc phuc hdi va tai sit dung [1].

Khudn tao mau

- ,.
| L ¢
Mau sap

1. Phun mau sap 2.Paymaura 3. Lap rap mau (cum) 4. Phi huyén phi 5. Phdi vi¥a min
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6. Khudn hoan thién 7. Mau tan chay 8. Rot 9. Phé khuén Mau

Hinh 1. Quy trinh dac mau chay khudn vo gém don gian [1].
III. CO SO THIET KE

Nguyén tic co ban cia viéc thiét ké bat ky chi tiét k¥ thuat nao 1a phai san xuit voi chi phi ti thiu vé vat lidu va ché
tao; dong thoi, chi tiét phai thye hién tot chirc nang ctia nd. Céc vat liéu va qua trinh san xuat khac nhau can dugc danh gia va
so sanh doi vdi chi tiet mong mudn, do trong lugng, do cac dic tinh k¥ thuét va chi phi san xuat theo hinh dang va so luong yéu
cau.

Céc qua trinh tao hinh khac nhau mang lai loi thé cho cac loai chi tiét khac nhau. Phuong phap tiép can duc, rén va luyén
kim bot déu co thé canh tranh dbi véi cac chi tiét c6 thibt ke don gian, nhung khi thiét ké tré nén phuce tap hon thi loi the cua
duc c¢6 xu huéng ting 1én. Dic 12 16 trinh chuyén ddi truc tiép va didu nay mang lai cho né tiém ning san xuét rat kinh té.

Néu qua trinh duc duge chon 1a cach tiép can ti wu, thi can phai xem xét chi tiét cac yéu cu ki thuat va tac dong chi
phi cua quyét dinh nay. Cac can nhac k¥ thuat bao gom hinh dang, kich thudc va diac diém bé mat, va cac dac tinh luyén kim
cua hop kim duc.

Puc miu chay ngay cang trd nén hap dan khi mirc 6 phtc tap cua chi tiét thiét ké ting 1én; n6 ciing duoc uu tién hon
s0 v6i rén ¢ khia canh hop kim duoc chon 1am chi tiét khé gia cong hodc yéu cau phai sir dung may moc. Vé chi phi, duc mau
chay c6 thé khong phai 1a ré nhat trong sb cac Iya chon diic, nhung do giam luong gia cong tiép theo, nén n6 thuong ré nhat vé
gi4 thanh ctia san pham hoan thién. Piéu quan trong can nhin manh 1a su can thiét phai thiét ké cac diém manh cua qué trinh
va déng thoi, tranh cac dac diém k¥ thuat bét loi — s& lam tang thém chi phi ché tao [2].

IV. THIET LAP CAC QUY TAC THIET KE PAM BAO KHA NANG PUC MAU CHAY

Céc dic diém thiét ké wu tién

Muc dich cua duc mau chay noi chung 1a phai b6 tri sao cho kim loai hodc hop kim néng chay két tinh dan tir cac chd xa
nhét vé  phia cong vao hodc h¢ thdng rét noi co dau ngot; trong nhimg truong hop nay phai c6 du kim loai nong chay trong qua
trinh két tinh dé cung cip cho vt duc, qua do han ché bit ky sy co ngot nao dbi voi hé thong cap ligu. Dleu nay doi hoi hé
thong dudng dan phai dugc thiét ké dé dam bao rang cac mat cit day phai dugc cung cap roi dén cic mat cat mong hon va
ngugc lai. Trong vi du duoc thé hién trong Hinh 2a, cac mat cit mong s€ két tinh trude va vi thé s& cach ly bé mat voi kim loai
dugc cap, nén tinh khong dong déu s& phat trién trong ca kim loai duc va kim loai cap. Néu qua trinh duc ngugc lai, nhu trong
H:Inh 2b, mit cat mong s& lai két tinh truée nhung qua trinh két tinh s& tién vé phia phan 16i, ban than n6 c6 thé dugc cap lidu
day du.

Viéc thiét ké tt dua vao k¥ nang va chuyén mén cia ngudi tho dic — duoc hd trg boi viée sir dung ngay cang nhiéu cac
du doan mo phong may tinh dé€ thiét ké vat dtic va cau hinh cap liu.
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R co khi cap liéu

Mat cit mong

RS co khi diic dong ddc trudc tién

va cép liéu

(a) (b)

Hinh 2. Céc cach b tri cap lidu dugc dé xuat [2].

Céc vat diic mau chay phai duoc thiét ké sao cho duy tri d¢ day thanh 6ng déu dan va ddng déu nhat c6 thé, khong thay
601 dot ngot tir phan day sang mong. Thiét ké thé hién trong Hinh 3a cho thiy cac mat cit khac nhau co thé tao diéu kién cho
cép lidu va tao ra cac 1 co; thay doi thiét ké don gian & Hinh 3b s& khic phuc dugc nhiing van dé nay.

(a) (b)
Hinh 3. Thiét k& wu tién cho cac thay d6i mat cat [2].

Céc goc nghiéng (goc dbc) thuong khong dugc yéu cau, nhung nén tranh cic ranh khong rat dugc - dung cu. Khi yéu cau
céc hinh dang bén trong phirc tap, c6 thé sir dung cac miéng chén co thé thao roi trong dung cu, nhung néu khong thé thyc hién
dugc thi c6 thé sir dung 161 sap hoa tan hodc 161 gdm tao san, mic du chung c¢6 thé lam ting chi phi duc.

J‘“L Tam I5i \u
+ | ] { ] Mt cat giao nhau
U U J_l@ dugc ditsole
(c)

(a) (b)

Hinh 4. Thiét k& mit ct giao nhau: (a) Khong t6t; (b) TSt hon; (¢) Tt [1], [6].

Do yéu cau c6 duge do day thanh ddng nhit, cach ma cac mit cat giao nhau la rat quan trong trong thiét ké tét. Cac vi du
vé thiét ké tot va khong t6t dugc so sanh trong Hinh 4. O day, thuong bao gom gia c¢b gan trén cac vat duc doi hoi do ben hodc
d6 phang cao va tot hon 1a nén b tri gn dé tao ra cac mat cat dong déu nhat c6 thé thay vi st dung hinh dang mit cit giao
nhau thong thuong, c¢6 thé din dén sy khong chic chin. Cac goc sic nhon ciing ¢6 thé dan dén tinh trang tap trung ing suat va
chc dic diém két ciu kém, do d6 nén sir dung bo goc va ban kinh dé khic phuc cac khu vuc nay (Hinh 5).

Vung co ngot Ban kinh qua Ién
= Diém noéng

2SR

(a)

Luu y str dung géc lugn dé pha v cac canh sic

(b)

Hinh 5. Vi du vé thiét k& ban kinh luon khong tét (a) va tdt (b) [2].
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Do day ctia mit ct phai ddng déu dé tranh cac khoang co ngét. Cac mit cit day hon tao ra cic diém nong trong qua trinh
duc, boi vi khoi lugng 16n hon doi héi nhicu thoi gian hon dé dong dac va 1am ngudi. Pay 1a nhiing vi tri cé kha nang bi 10 co.
Hinh 6 minh hoa van dé ndy va dua ra mét so giai phap kha thi.

C6 khad nang -

co ngét khoang

(a) (b)

Hinh 6. (a) Mt cit day tai noi giao nhau c6 thé tao ra khoang co ngot.
Céc bién phap khac phuc bao gom (b) Thiét ke lai dé giam d6 day va (c) St dung 161 [7].

Luong du gia cong thuong nam trong khoang 0,5-2,5 mm, phu thudc vao kich thudc vat dic.
Cac ky tu, chir cai va $6, v.v., co thé duoc tao ra dudi dang ndi hodc in chim.

] Khuyén nghi vat dic nén dugc do kich thudc tir géc la cac duong tam, thay vi tr mot déu, dé tranh tich tu dung sai ¢ cac
diém dau cua vét duc.

Diic mau chay thuong dugc coi 1 qua trinh chi dé san xuét cac chi tiét rit nho; tuy nhién, hién nay dic mau chay con dugc
sir dung dé san xuat cac vat dic c6 kich thudce 16n hon Im x Im x Im. Vi du 1a vé cac cau kién 16n, thép dac co6 trong luong
vuot qua 250 kg dugce san xuat cong nghiép.

Kich thuéc va dung sai

Cic khia canh chung. Yéu cau vé d¢ chinh xac kich thudc trong mot chi tiét ky thuat néi chung c6 tam quan trong va
thuong duge danh gia cao hon, vi né ¢6 xu huéng xac dinh xem liu gia cong cuc bd hodc tong thé c6 duge yéu cau nhu mot
hoat dong hoan thién hay khéng va cé thé 1a yeu td xur Iy trude dé lwa chon cach tao hinh.

Kich thudc ctia bat ky chi tiét nao s& ludn khéc véi gia tri danh nghia, & mirc d6 16n hon hodc nhé hon, do nhiing thay dbi
trong diéu kién xtr Iy va cac yeu to lién quan. Trong thuc te, cac thay doi kich thudc nhu vay dugc xem xét qua khai niém dung
sai.

Sai s6 (hodc sai s6 so v6i gia tri danh nghia) trong qua trinh dtic gdm hai loai chinh — théng ké va hé théng. Nguyén nhan
dau phat sinh tir nhiing sai 1éch nho khong thé tranh khoi trong cac bién qua trinh gy ra su lan truyén két qua, néi chung vadi
phan bo tan suat chuan xung quanh gia tri trung binh.

Sai s6 hé thdng cho gié tri dinh duoc dich chuyén tir gia tri danh nghia sang gi tri cao hon hodc thap hon. Cac thay déi
nay ¢6 xu hudng phat sinh tir cac yéu t6 nhu sy thay ddi cua mau, nhung chu yéu chung 1a két qua cta sy thay déi két hop véi
cac mirc cho phép dugc dua ra dé chdng lai su co lai khi duc. Sy thay doi nay 1a hé qua thuc té nhu cac thay d6i tinh chat kim
loai xuat phat tir thude tinh ty do va khong tinh dén cac han ché cuc b, ching han nhu bién dang déo dé chdng lai su co. Néi
chung, loai sai sO nay tao ra sy khac biét 16n nhét so véi kich thude danh nghia va s lugng sai s6 ting 1én theo kich thudc chi
tiét.

Hai loai sai s6 kich thuéc c6 thé duoc biéu dién bﬁng mot cong thirc nhu sau [2]:
T = +(aD + b) (8]

trong d6: T — dung sai duc;
D — thtt nguyén,;
avab — hing sb.

S6 hang aD trong Cong thirc (1) mé ta sy thay di do co ngét, va véi cac kich thude 16n, nd duoc xem 1a phén chinh cua
dai dung sai. S6 hang b mo ta kha ‘nang tai lap cua cdc thir nguyén va la khong d6i d6i v6i mot qué trinh cy thé; trén thyc té,
diu nay xac dinh do chinh x4c cudi ciing ciia qué trinh.

Dbi véi dac mau chay, cong thirc duoc dua ra dudi dang [2]:

T=%4013 +—= >D (mm) )
1000

C6 bdn nguyén nhan chinh gy ra sy mat chinh xac trong qua trinh dic mau chay [2]:

1 Vi tri tuong quan clia cdc mit cit mau, chi tiét khuon va 16i khong chinh xac. Tuy nhién, vi no khong dwa vao mau
tach, nén diic mau chay bi anh hudng rat it tr yeu to nay.

2 Thay dbi hinh dang khuén trong qué trinh ché tao. Pic mau chay, vi khuén dwa vao vé gém, kha ning bién dang va
khéng chinh xac 1a rd rang do nhirng thay d6i vé kich thudc va dac tinh ctia vo, ca trude va trong qua trinh dac.

42



3 Thay doi hinh dang khi déc, do d6 gdy ra bién dang. Thong thudng, nhitng diéu nay c6 thé Ia do sy phong 1én dudi ap
sugit tinh cua kim loai va dp Sur co ngy(')t khong “déu, mt’rc‘ do thay in kich thudc bi anh hudng bai cac bién s6 xur ly. Su
bién dang nhu vay (d6 phong) co thé dugce kiém soat bang thiét ke thich hop.

4 Tinh trang bé mit. Trong truong hop nay, kich thude c6 thé bi anh huong boi d9 nham cua hinh dang dic va do nhimng
thay doi gay ra boi qua trinh tay can va lam sach khu6n. Vé mat nay, vét dic mau chay vdi tinh trang be mat tuyét voi
ctia chiing s& giam thiéu cac sai s tiém an nay, nhung phai cén than véi bat ky qua trinh xtr 1y nhiét can thiét nao (ddc
biét 1a vai vat dic hop kim nhom) dé tranh tao ra ing sut du bt 1gi.

No6i mét cach cu thé, diic mau chay cung cip quy trinh dang tin ciy voi su thay doi tdi thiéu nhung c6 mot s ngudn co

thé gay ra 15i kich thudc va chung phai dugc kiém soat chit ché dé san xuat chat lugng; Chiing bao gdm:

e Sy thay doi nhiét do sap mau;
e Nhiét d6 khuon;

e Ap suit phun sap;

e Nhiét d6 nung khuodn;

e Thanh phan khuén;

e Tbc do lam ngudi kim loai.

Dung sai tuyen tinh. Trudc day, thong 16 phd bién 1a chi dinh dung sai tuyén tinh khoang + 0, 127 mm trén 25 mm Cho
tat ca cac chi tiét. Hién nay, con s6 ndy da giam di dang ké cho dén khi, v6i kinh nghiém trong san Xuét, nguoi ta nhan ra ra ng
dung sai chat ch€ nhu vay, mic du co thé vé mat k¥ thuat, nhung lai bi anh hudng bai tinh kinh té cua qua trinh va trong nhiéu
truong hop, vé mit chirc ning 1a khong can thiét. Sau d6, né tro thanh 16 thuong dé quy dinh dung sai rong hon.

Triét Iy hién dai trong nganh thuc té hon nhiéu va c6 xu huéng tach dung sai thanh céc cap do thong thuong (hodc binh
thuong) va quan trong (hodc cao cap). Pdi vai cac chi tiét thong thuong ciia mot bd phan, dung sai tuyén tinh khoang + 0,15-
0,25 mm n6i chung duoc khuyén nghi dén ¢ 25 mm. Ddi véi cac kich thude duoce coi 1a quan trong, dung sai c6 thé duoc gitr
& mirc it nhat 1a 40-50% cAc con s trén, nhung diéu nay c¢6 thé lam ting chi phi san xuét khi qua trinh dién ra vai sy kiém soat
chat ché.

Céc dung sai nhu vy nén dugc coi 14 tiéu biéu thay vi tuyét ddi, vi kha ning cudi cling bi anh huong béi nhiéu yéu td, vi
du: loai hop kim, thiét ké chi ti€t va viéc chuyén moén hoa dtc.

Viée xur Iy dung sai thuc té c6 thé duoc tiép can theo nhidu cach khac nhau. C6 thé dua ra dung sai thong thuong va dung
sai quan trong, lién quan dén kich thudc chi tiét (Bang 1), trong d6 cac mire dung sai thong thudng va quan trong dugc liét ké.

Bdng 1. Dung sai tuyén tinh dién hinh dwoc khuyén nghi (tinh bang cm) [2].

Kich thuéce Thong thwong Quan trong
dén 1 +0,017 + 0,006
dén2,5 +0,025 +0,012
déns + 0,037 +0,020
dén 8 +0,052 +0,026
dén 10 + 0,062 +0,030
dén 13 +0,077 +0,036
dén 15 + 0,087 +0,038
dén 18 +0,102 +0,041
dén 20 +0,113 +0,043
dén 23 +0,128 +0,046
dén 25 +0,138 +0,048

thay d6i max
+0,152

Mot cach tiép can téty khac, tir hudng dan thiét ké duoc thé hién trong Hinh 7. Trong biéu dd, ba ché d6 dung sai khac nhau
dp‘qc the hién — nhirng ché d6 cé thé dé dang dat duoc, nhitng dung sai chat ch€ hon ma binh thuong c6 thé dat dugc mot cach
can than va nhiing ché d¢ dung sai cling chét ché nhung can tham khao cua cac chuyén gia xudng duc.

Nhing cai tién dang ké ddi voi cac mirc dung sai dugc trich dan thuong co thé dat dugc bang cach phat trién khudn trong
qua trinh lay mau ban dau va cach tiép can nay dugc st dung dé dam bao dung sai chat ché nhat ma khong phai tra thém chi
phi.
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Hinh 7. Cac ché d dung sai tuyén tinh [2].

by phing, do othfmg va dg song song. Mot dac diém quan trong ctia nhiéu dung sai dic mau chay 1a duy tri d¢ phang va
d6 thang, hai dac diém co lién quan nhung khong giong nhau.

Co thé giam thiéu sai léch d6 phang va do thfmg néu cac gan va khung duoc két hop trong chi tiéNt. Do co ngét mau, co
ng6t mau chay va co ngoét kim loai trong qua trinh ket tinh, nén luén c¢6 xu hudng chi tiét duge duc mau chay c6 dang “dia”
(phat trién cac bé mat 1om ¢ noi ¢ cac bé mat phang). Di€u nay dicn ra ¢ nhing khu vuc co tiet dién day. Nhu minh hoa trong
Hinh 8, c6 thé giam thiéu viéc nay bang cach thiét ké cac chi tiét cé thanh mong dong nhat.

. Dung sai cho ca do phing va d6 thang thuong duoc cho 1 + 0,15 mm trén 25 mm, véi kha ning cai thién 1én dén 50-60%
bang k¥ thuéat thu cong hodc co khi. Tuy nhién, céc’ mirc dung sai,nhu vay nén dugc xem xét mot cach than trong, vi chiing bi
anh huong dang ke bdi hop kim duge st dung va cau hinh thict ké.

s o o

(a) (b)

(c)

Hinh 8. Giir cho céc thanh méng dong déu dé tranh c6 dang “dia”: (a) Khong tdt; (b) Tt hon; (c) THt [8].

Céc mit cat song song c6 thé dugc phan thanh hai loai hinh hoc co ban: (1) nia va (2) vong kep. MGdi loai déu c6 nhiing
thach thirc khac nhau cho thg dac. O Hinh 9, T 1a d6 day, L 1a chleu dai ctia nhanh nia va W 1a chiéu rong bén trong cua nia.
Khi chiéu day T tang, chiéu rong ciia 16 md W ciing phai ting dé gbm dac lap day ranh.

L T

Chiéu day T (mm)

W tdi thiéu (mm)

15 15
6 2,4
10 3
13 5
25 6

Hinh 9. Nia c6 chiéu rong ranh thyc té ti thiéu [8].

Déi voi vong kep, nhu minh hoa trong Hinh 10, chiéu rong ranh t6i thiéu W déi voi kim loai den 1a 1,5 mm va déi voi

kim loai mau 1a 1,0 mm.
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Hinh 10. Chiéu rong ranh t6i thicu W doi vi vong kep 1a 1,5 mm doi véi kim loai den
va 1,0 mm d6i véi kim loai mau [8], [9].

Dung sai goc. Dung sai goc phu thudc vao cau hinh tao thanh géc, nhung dung sai goc t6i thiéu tiéu biéu cho qué trinh
trong khoang + 1/2°.

Ban kinh géc lwgn. Dung sai chung co thé dat duoc ¢ ban kinh nho 14 + 0,4 mm; véi ban kinh 16n hon, dung sai chung 13
+ 0,4 mm thudng duoc quy dinh cho mdi 50 mm ban kinh twong mg. Dung sai nhu vy 4p dung cho ca ban kinh bén trong va
bén ngoai.

Nén sir dung ban kinh géc lugn, ban kinh t6i wu hop 1y twong dwong véi gia tri trung binh cia kich thudc chiéu day cua
hai thanh 1ién ké. Uu tién chi dinh ban kinh téi da cho phép va dua vao kinh nghiém ngudi thg dé tim mure téi wu trong gidi han
nay. Trong mét sO truong hop, cic goc nhon co thé duge chap nhan, nhung can phai thao luan voi xuong duc.

Mic du c6 thé dat dugc cac goc nhon, nhung ban kinh 16n dugc uu tién bat ctr khi nao c6 thé. Ban kinh luon va ban kinh
16m tao didu kién thuan loi cho viée dién déy khuén cho khuon mau, ciling nhu dién dﬁy khuén cho chi tiét dac va nhu vay xu
hudng san xuét cac chi tiét chat luong tét hon, chinh xac hon. Mic du ¢6 thé duc cac goc sic nhon, nhung ban kinh goc lugn
t61 thiéu 1a 0,75 mm nén duoc chi dinh va tham chi 1,5 dén 3,0 mm la tot hon (Hinh 11).

'Y
== 5
(a) (b)

Hinh 11. Str dung goc lugn va ban kinh 16n: (a) Khong t6t (goc sac nhon); (b) Tt (goc luon 16n) [8].

Do tron va do df‘)ng tam. Do “khong tron” dugc dinh nghia 1a hi¢u sb ban kinh gitta mét hinh tron thuc va mét chu vi
nhat dinh. Hi¢u (g vong ngoai thuong tang tuong ing vdi duong kinh nhung dung sai thuong nam trong pham vi doi voi dung
sai tuyén tinh. Ong thuong c6 thé dugc gitt & dung sai cao hon thanh vi cé thé ap dung cac phuong phéap nan thang co khi sau
duc.

BAt ky hai bé mat hinh tru nao ¢6 chung mot diém hodc mot truc 1am tdm cla chung déng tam thi bat ky su khac biét vé
chiéu nao ¢ vi tri cia tdm nay véi tam khac 1a pham vi cta do 1éch tam.

bo dé)ng tam dat duoc & didu kién dac hodc kich thude co hoc phu thude rat nhiéu vao kich thuée vat dac; noi chung,
duong kinh cang 16n thi d6 dong tim sau khi xir Iy co hoc cang gan. Viéc xir Iy nhu vay chi gidi han ddi vai cac vat dic c¢6
chiéu day thanh du dé cho phép bién dang déo ciia thanh. Trong trudng hop chiéu dai ctia thanh hodc dng khong vuot qué hai
lan dudng kinh thanh phan cta nd, dudng kinh thanh phan c6 thé dugc giir dong tim trong khoang 0,05 mm trén mm [8], [9].

L&. Khi xem xét cac 1 duc, can can than dé phan biét giira 16 sudt va 13 kin. Céc 16 c6 thé duoc két hop vao cac vat duc
mau chay khi dugc yéu cau. Tuy nhién, s& khong thuc té khi dic cac 16 ¢6 duong kinh nhé hon 1,5 mm ddi voi hop kim mau
hodc nho hon 2,2 mm ddi voi hop kim den.

Céc 15 kin thuong khong dwoc khuyén khich khi duc mau chay, vi trong nhiéu truong hop, néu ngudi van hanh khong can
than trong viéc phu hat vira va mau chay, cac tii khi cé thé tao ra cac manh kim loai trong 156. Tuy nhién, néu can c6 13 kin thi
dd dai cua chiéu sau khong dugc vuot qua duong kinh.

Trong hau hét cac truong hop, 16 subt c6 thé duoc duc kinh té hon so véi viée tao ra bang cach khoan sau khi duc. Ngoai
ra, trong nhiéu truong hop, bang cach két hop 15 trong khuén duc, ¢6 thé giam thiéu cac vét 16m hodc khe ho, vi do day cua
thanh dong déu hon. Dung sai twong tu ap dung cho cac 16 su6t nhu cho cac 16 kin. C6 mét ty 1¢ xac dinh giira dudng kinh 15
D va chiéu dai cua 16 sudt L. Ty 1é L/D nay khong dugc 1on hon 4: 1 dbi v6i kim loai den hodc 5: 1 ddi voi dong va hop kim
nhém [8].

Ren. C6 thé duc ren trir khi hop kim duge chon khé gia cong, khi d6 viéc gia cong ren sau khi duc c6 s& kinh té hon.

Ren vit, ca bén trong va bén ngoai, cd thé duoc duc m?lu chay. Tuy nhién, trong hau hét cac truong hop, viée ché tao
chung s€ de dang hon la dtc chung. Nhitng 1y do chinh cho dicu nay 1a [7]:

e Ren duc thuong yéu ciu mot hoat dong cét ren thir cap sau khi duc dé tinh chinh bé mat va kich thudc.

e Cac phan c6 ren trong mau sap hodc nhya 1a mot yéu té phirc tap trong qué trinh tao mau. Néu ren trong dugc duc,
16 ren phai 1a 16 suot dé cho phép loai bo vat li€éu mau chay ra khdi vat duac.
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Then va ranh then. Khi cin co then va rinh then, ty 1& chiéu rong va chiéu siu mong mudn dé dé duc 1a 1,0 hodc hon
(Hinh 12). Chiéu rong then duc toi thiéu 1a 2,3 mm do6i véi kim loai den va 1,5 mm d6i voi hop kim mau.

Do bong bé mit. Do bong bé mat dat dwoc trén cac vat duc mau chay tot hon so véi cac quy trinh dac duge st dung rong
rai khac, ngoai trir phuong phap ép phun. Trong thuc t&, duc mau chay co the dat dugc do bong 3,2 micromet.

w w

1]

Hinh 12. Then va ranh then phai c6 ty 1¢ chiéu rong va chiéu sdu la 1: 1 tro 1én.
Céc then khong dugc hep hon 2,3 mm do6i vai kim loai den va 1,5 mm d6i voi kim loai mau [8].

N6i chung, cac vat duc mau chay dugc cung cip ¢ trang thai da hoan thanh. Mot sé ki thuat khac dé cai thién bé mat hoan
thién ciling c6 san, phuong phap duoc st dung va yéu cau do hoan thién phai dugc thoa thuan giita nguoi dung va xudng duc.

Po dbc. Do dbc nho 1a can thiét dé c6 thé thao cac mau sap khoi khudn duc, 14 dén 1/8° 1a du (Hinh 13).

Khong 1/4-1/2°

] nghiéng \

Lo Lo

(a) (b)

Hinh 13. Do dbc nho 1a can thiét dé thao cac mau khoi khuén dac [8], [9].

D0 day thanh. Do day t6i thiu ctia thanh dic dugc xac dinh chu yéu béi tinh luu dong cua kim loai duge dac. Mot yéu
t6 khac 1a d6 dai cua chi tiét lién quan. Néu chi tiét dai, c6 the yéu cau thém thanh. Bang 2 cung cap d6 day thanh t6i thiéu dugc
khuyén nghi cho céac kim loai dGic mau chay khéc nhau.

Bang 2 Do day thanh t6i thiéu dwoc dé xudt cho nhiéu loai kim loai duc mau chay [8].

Kim loai Do day thanh t6i thiéu (mm)

Kim loai den

Thép cacbon thap 18

Thép cachon cao 15

Thép hop kim thap 1,5

Thép khong gi, dong 300 1,0

Thép khong gi, dong 400 15
Kim loai mau

Nhém 1,0

Dong beryli 0,75

Déng thau 1,0

Déng thanh 15

Céac thong tin ¢ trén nham muc dich dua ra quy tac va khuyeén nghi vé kha nang cia qua trinh dic mau chay, nhung can
nhan manh rang viéc tham van véi xuong dlc ¢ giai doan sém nhat c6 thé s€ cho phép xac dinh cau hinh tot nhat dé dat dugc
dung sai toi vu va hoan thién viéc duc.

V.KET LUAN

Duc mau chay mang lai sy ty do trong thiét ké hon bat ky hoat dong tao hinh kim loai nao khéc va kha nang ung dung vai
pham vi rong nhat cua cac hop kim thuong mai. Cac vat dic chinh xac va phtrc tap c6 thé dugc lam tur hgp kim nong chay o
nhiét d§ cao. Cac chi tiét c6 thé dugce duc voi dung sai gan dén mire it hodc khong can gia cong.

Nhirng loi thé nay rat hap dan, nhung tyu chung lai ching 14 1y do manh mé& nhat dé bat ky nha thiét ké nao ciing nén can
nhic qua trinh ché tao san pham. Tuy nhién, bt chap nhiing lgi thé vdn c6, tiém ning day du clia qué trinh chi c6 thé dugc thuc
hién néu viéc thiét ké chi tiét duoc xem xét ding muc ¢ giai doan ban dau; tit nhién n6 phai dugc thiét ké dé dap tng cac nhu
cAu chtrc nang hoac dich vy nhung ciing phai dugc thiét ké dé khai thac cac diém manh cia qua trinh san xuét da chon. bé viéc
thiét ké tSt nhat, sy hop tac chit ché giita nguoi sir dung va nha san xuat 13 diéu can thiét ngay tir giai doan dau tién. Day khong
chi 12 cAu hoi vé cach tot nhat dé tao ra mot thiét ké nhit dinh nhu dic mau chay ma 14 sy hop tac chuyén sau giita nguoi tho
duc va nha thiét ké, dé nguoi tho sau ¢6 thé tan dung t6i da cac dic tinh ciia quy trinh.
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Phan tich bién dang va @ng suit cia dia ly hop ma sat bang phwong phap
phan tir hitu han
Ping Vin Hai, Nguyén Viin Thanh
Khoa Cong nghé Co khi
Pai hoc Cong nghiép Thue pham Tp.HCM
140 Lé Trong Tan, Phwong Tay Thanh, Qudn Tan Pha, TP. Hé Chi Minh 700000, Viét Nam
Email: haidv@hufi.edu.vn
Ngay nhdn bai: 29/4/2023 ; Ngay chdp nhdn dding: 04/5/2023, ngay xudt ban: 08/05/2023
TOM TAT

Vigc truyén mé-men xoan tir dong co dén hop so théng thwong dwoc thuc hién béi dia ly hop. Do dé, dia ly hop
chiu tac dgng tir 4p suit ciia né va banh da ciia dong co. Viéc lwa chon vat li¢u cho dia ly hop la rit quan trong dé dam
bao yéu cau lam viéc. Trong nghién ciru ndy, Bién dang va wing suit cia dia ly hgp dwgc phan tich bing phwong phap
phan tir hitu han trong ANSYS. Mb hinh ly hgp dwgc thiét ké béi SolidWorks. Mé hinh phan tir hitu han dé phan tich
véi cac vt ligu khac nhau dwec thuc hién bing phan tich cdu tric tinh. Két qua phan tich nguyén té cho thay cac loai
vat liéu khac nhau ¢é tac dong manh dén bién dang va rng suit caa dia ly hop. Vat ligu tot dé ché tao dia ly hop la thép
30Cr13 véi dd bién dang va &ng suat thu dwoc lan lwot 1a 0,043 mm va 104,5 MPa. P day cia dia ly hop 1a 3 mm,
dwong kinh rinh dia ma sat 1a 0,25 mm va dwong kinh 18 dinh tan 12 2,75 mm.

Tir khoa: Pia ly hop ma sat, bién dang va ing suit, Phan tich phan tir hitu han, ANSYS
I. GIOI THIEU

Dia ly hop trén 6 t6 c6 ciu tao gom moayo ¢ banh ring then hoa dn khép véi truc so cap va mot dia kim loai tron bang
vt liéu ma sat duoc ghép véi nhau bang dinh tan. Ranh then dugc an khép va quay doc theo truc chinh va gitp dia di chuyén
doc theo tryc khi ngat ly hop. Dia ma sat duoc lam tir sgi amiang chiu nhiét cao két hop véi soi carbon va dong gidp hé sé ma
sat cao va 6n dinh khi lam viéc. Lo xo trén dia ma sat c6 tac dung giam chan. Khi dong ly hop, dia ép ép dia ma sat vao banh
da dang quay va 16 xo giam chin khi dia ma sat quay cung banh da. Giira hai bé mat cua dia ma sat con ¢ 10 xo dém c¢6 dang
lwon séng hoic dang 1ong mang udn cong. Lo xo nay yéu di khi ly hop déng lai va cho phép dia ma sat uén cong vao trong gidp
ly hop dong ém. Dia ly hop c6 wu diém 1a d6 bén cao khi lam viéc khdng anh huong dén tinh chat ma sat. Chiu dwoc lyc ly tm
I6n. Chiu dwoc tai trong nén tdm cao ap. Tuy nhién, dia ly hop c6 nhugc diém 14 do hoat dong trong diéu kién ap suat va nhiét
d6 cao nén dia ly hop d& bi mai mon va hu hong, bén canh do6 viéc lya chon vat liéu dé ché tao dia ly hop gap nhidu kho khan.
Vira dap tng yéu cau ky thuat, vira dam bao cac yéu té van hanh, do bén khéi Iwgng la mot bai toan khd. Vi vay, dé hd trg cho
viéc lya chon thiét ké dia ly hop, bai viét phan tich téi vu thiét ké co cdu dia ly hop trén 6 t6 du lich. Phan tir hitu han ANSYS
chi ra rang vat liéu kevlar 49 it bién dang hon gang x4m nén kevlar 49 c¢6 nhiéu wu diém hon trong viéc ché tao ly hop [1]. Bién
dang va @ng suat cia md hinh ly hop dia don [2] thu dugc bang phan tich tinh trong ANSYS. Thiét ké dia ly hop don bang
phuong phap tinh toan 1y thuyét sir dung ban vé 2D [3]. Vat liéu phi hop dé thuc hién phan tich va so sanh 1a gang, thép hop
kim va déng. Qua trinh phan tich dugc sir dung trén SolidWorks dé phan tich ¢mg suat, bién dang va chuyén vi caa ly hop. Két
qua 1a gang c6 tng suat thdp hon. Vi vy gang la thich hop nhit dé ché tao dia ly hop. Phan tich bién dang va ung suét cua ly
hop [4] d4 dugc xac dinh bai ANSYS, véi gang xam, sét thiéu két, kevlar va nhom Metal Matrix Composite vat liéu dé tim vat
lieu phu hop. Vat liéu san xuét truyén théng thay thé 1a gang va hop kim nhém. Két qua phan tich cho thiy Metal Matrix
Composite it bién dang hon gang va c6 ty 1& cuong do trén vat liéu cao hon gang nén Metal Matrix Composite tét hon cac vat
liéu khac. Dé chon vat liéu ma sét tot nhét cho thiét ké ly hop [5]. Cac mé hinh dwoc khao sat trén amidng, thay tinh epoxy, st,
kevalr, gang. Bién dang va g suit duoc wdc tinh bai ANSYS. Két qua thu dugc cho thay st 1a vat liéu pha hop nhat. Ung
suit va bién dang caa mau ly hop dia don cua Tata Sumo dugc phan tich trén ANSY'S dé tim ra vat ligu tét nhat cho ly hop [6].
Phan tich khao sat trén 6 vat liéu thep, thép khong gi, gém kevlar, hop kim nhém va gang xam. Két qua phén tich xac dinh
gbm it bi bién dang. Vi vay, gom phtt hop hon cho thiét ké Iy hop. Anh huéng cua ban kinh trén dia ly hop do ANSYS thiét ké
va phan tich de tim ra ng suét cuc dai trong ving bién dang bang phan tich va tinh toan ly thuyét [7]. Két qua phan tich thu
dugc, ing sudt va bién dang bi 1am cham lai ¢ ban kinh 2,5 mm. Cubi cung, ban kinh 2,5mm cta dia ddn dong phu hop véi
thiét ké ly hop va tang tudi tho cua ly hop. Dia ly hop don sir dung vét liéu thép muc dich giam chi phi vat liéu dia ly hop ma
khong anh huéng dén tudi tho va hidu qua cua dia ly hop duogc thiét ké [8]. Nghién ciru phén tich ing suét va bién dang ciia mo
hinh dia ly hop 3D. Két qua dia ly hop méi tao ra it luc hon so v6i dia ly hop gang cho thiy thiét ké nay t6i uvu hon. Pia ly hop
duoc thiét ké s dung vat liéu (thép En — Gjs-400 - -15) thay thé cho vat liéu truyén thdng 1a gang xam [9]. Qua phan tich so sanh
két qua phan tich md hinh 3D trén ANSYS rut ra két ludn vét liéu thep (En - Gjs-400 - -15steel) giam ung suét clia dia ma sat so
v6i vt liéu gang xam. Két qua phan tich trong bai viét [10] cho thdy mé hinh 3D dé xuét cua dia ly hop cua dia ly hop duoc
xay dung tir SOLIDWORKS tuong ng véi trong lugng thay doi tir 205 g thanh 225,1 g va 204,8 g thanh 312,9 g gidp giam
(g suat toi da thong qua phan tich bang phan mém ANSYS/WORKBENCH khi diéu tra ing sut, cang thang va rung dong &
trang thai on dinh. Nghién ctiu [11] xac dinh I6p 16t cua dia ly hop st dung vat liéu hitu co co nhiét do thap hon khoang 30%
S0 Vi vat ligu v6 co khi phéan tich bang ANSYS, tac gia da sir dung SOLIDWORKS dé xay dyng mo hinh. dia ly hop véi cac
hinh dang rénh tan nhiét khac nhau dé mé phong nhiét. Dé xac dinh nhiét lugng toa ra trong qua trinh trugt ly hop, tac gia [12]
so sanh phuong phéap phan tir hitu han va phuong phap s6 trén mo hinh ly hop ma sat 3D. Tich phan tir hitu han sai khac khong
qua 1% so véi phuong phap s va phuong phap sé chinh xac cao. Ngoai viéc xac dinh nhiét o cua dia ly hop trong qua trinh
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van hanh, tai liéu [13] ciing sir dung phuong phap phan tich phan tir hitu han cua dia ly hop dua trén ly thuyét truyén nhiét va
&p suét déu, dong thoi tac gia ciing thu thap dit liéu tir céc thi nghiém dé so sanh két qua, tir d6 cho thiy mé hinh d& xuit c6 do
chinh xé&c cao. Khong chi vay, cac tac gia trong nghién ctiu [14] ciing xac dinh dwoc rang cac yéu té vat ligu, &p suat va toc do
trugt ciing anh hudng dén dic tinh nhiét caa ly hgp ma sat thong qua viéc tong hop cac bai toan lién quan dén dic tinh nhiét
cua ly hop ma sét. trong bai viét [15] dé cap dén viéc st dung céc vat liéu lam 16t dia ly hop ma sat kho nhu amiang, soi thay
tinh S2, composite carbon-carbon, composite ma tran nhém kim loai dé tang d6 bén, xuyén sudt qué trinh. Phan tich phan tu
hitu han cua ANSYS cho thdy vat liéu composite ma tran kim loai nhém c6 nhiét @ mai mon thap hon so véi céc vat liéu duoc
nghién ctru. Bé qué trinh van hanh han ché mai mon va ting d6 bén cua dia ly hop, nhom tac gia [16] ciing st dung cac phép
do dic tinh cua 16p 16t dia ly hop kho va dinh luat bao toan nang luong. lugng dé phan tich nhiét sinh ra va truyén di, két qua
cho thay dé giam truot, ton that nang lugng va nhiét sinh ra trén bé mat thi vat ligu 16t méi ¢ hé sé ma sat cao 1a dat yéu cau.
CAD [17] duoc sir dung dé xdy dung Hino MB mé hinh dia ly hop dé md phong tng suat cua ching trong qua trinh hoat dong
bang phan tich phan tir hitu han, mé hinh dé xuét c6 chiéu dai ranh 35mm va ung suat 12,1MPa 1a mé hinh dia ly hop tbt nhat.
Bén canh d0, cac tac gia trong nghién ctu [18] da sir dung may thir XTM500 cho dia ly hop ma sat c6 duwong kinh ngoai 38
mm, duong kinh trong 30 mm, d6 day 3,5 mm trong cac diéu kién van hanh bao gém tai trong tac dung, toc do quay, nhiét do
mai truong, két qua cho thay tai trong tic dung anh hudng dén luc ma séat va hé s ma sét, con hé sb ma sat bi anh huong boi
nhiét d6 moi truong. trong tai lidu [19], Nguoi ta da dé cap rang hu hong cua dia ly hop trong qua trinh van hanh do nhiét gay
ra da dugc giam thiéu bang céch phan tich phan tir hiru han sir dung hinh hoc ANSY'S va SOLID90 cua dia ly hop dé tong hop
dir liéu tir thoi gian md phong, két qua cho thiy viéc ting dién tich tiép xuc s& lam giam hu hong.

Diém méi trong nghién ciru ndy 1a phan tich anh huong cua céc bién s thiét ké bao gom anh hwong cua chiéu day dia ly
hop ma sét, anh huéng cia duong kinh 16 rinh dia ma sat, anh huong ciia dudng kinh 16 dinh tan dia ma sat, dnh hudng cua vat
liéu 16t dia ma sat dé wdc lwong céc gia tri cia bién dang va tng suat dya trén phan tich phan tir hitu han trong ANSYS. B¢ lya
chon dia ly hop dam bao kha nang lam viéc tot nhat thi d¢ bién dang va tng suat caa mé hinh phai nho nhat. Phan con lai coa
cong trinh nay bao gém phuong phap thiét ké mé hinh ly hop nhu di trinh bay trong phan 2. Phan 3 1a md hinh phan tir hitu
han trong ANSYS, phan 4 la két qua va thao luan va phan cubi cing la tai liéu tham khao.

II. PHUONG PHAP THIET KE MO HINH LY HQP
A. Tinh toan cac thong s¢ thiét ké

Mb hinh 3D dwoc dung dua trén bo ly hop dia ctia xe du lich FORD va bai viét vai cac thdng s nhu sau:
Momen xo4n (T) = 330 N.m tai 4100 vong/phut

S6 bé mit tiép xdc (n) = 2

Dbuong kinh ngoai ly hop (Do) =260 mm

Theo 4p suét dong déu, dudng kinh trong cua ly hop duoc xac dinh nhu sau [8]

D, 1
X=—=0.48
DO
Theo do mon déu, dudng kinh trong cua ly hop dwoc xac dinh nhu sau
D, )
X =—=0.557
D

o]
Buong kinh bén trong cua ly hop thu dugc tir biéu thirc. (1) va phuong trinh. (2) 1an luot 1a Di = 124,8 mm, Di = 150 mm
M35 hinh dia ly hop sau khi thiét ké 3D dé mo phong trén ANSYS lap vat ligu 16t duwgc mo ta trong Bang 1

Table 1. Vat liéu va thudc tinh cua vat liéu

Z. X Mo dun . £
Vit ligu Hesémasat | Khoiluong | Heso danhdi | Ungsut
rieng poisson Yuong bén kéo
3
[kg/m?] [GPa] [MPa]

Steel (30Cr13) [20] 0.3 7700 0.303 200 550
Aluminum alloy 6061 [6] 0.23 2700 0.33 70 275
Grey Cast Iron [6] 0.28 7150 0.28 100 720
Copper [20] 0.28 8300 0.35 135 510
Sintered Iron [21] 0.25 6200 0.34 275.79 500
Structural Steel [22] 0.28 7692 0.3 200 420

Ap suat va tong luc tac dung 1én dia [8]:

Theo 4p suat thong nhat:

Dy =260 mm (r, = 130 mm), D; = 124.8 mm (r; = 62.4 mm), T = 330 N.m

Ban kinh ma sat duogc xac dinh nhu sau:
2 r 3 _ r3_ (3)
= % =100.15mm
3(I’0 - )
Luc tong hop tac dung 1én dia:
T
W=——— )
LFN*R
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Ap suat tac dung 1én dia

p - ®)
- 5
2 2
T -(ro -r)
Theo 0 mon déu:
D0 =260 mm (r, = 130 mm), Di = 150 mm (r;= 75 mm), T =330 N.m
Bén kinh cta dia ly hop ma sat duge xac dinh nhu sau:
r+r,
R=-""1-102.5mm (6)
Luc tac dong 1én dia:
-1 (1)
H*2*R
Ap suat tac dong 1én dai:
p= W 8
- * *
7*D *(D, - D)
Béng 2. Tong luec tc dung Ién dia Iy hop c6 vt ligu 16t
. Mon dong déu Ap suiit dong déu
Material Tong ”KN';’C ang Ap S‘j\‘,ﬁ ® Téng lwe tic dgng (W) | AP Suat “’3\,
Aluminum alloy 6061 6998 0.135 7163 0.175
Grey Cast Iron 5794 0.111 5884 0.144
Steel (30Cr13) 5365 0.103 5491 0.134
Copper 5794 0.111 5884 0.144
Sintered Iron 6439 0.121 6590 0.161
Structural Steel 5794 0.111 5884 0.144

a) MO0 hinh théo roi b) M0 hinh Idp rap

Hinh 1. M6 hinh dia ly hop ma sat

Két qua tinh toan duoc m0 ta trong bang 2, trong do ta thiy &p suat tac dung lén dia ly hop khi st dung l6t Iam bang
nhom Ién hon nhieu so véi 16t lam bang vat liéu khac. Sau khi tinh toan ta thay luc ép 1én dia ly hop 6 16t thép (30Cr13) nho
hon so véi cac vat liéu con lai nén c6 thé thay (ing suat va bién dang tac dung 1én dia s& nho hon so véi truong. truong hop

con laiB. Design modeling of the clutch

M0 hinh dia ly hgp dugc sir dung trong nghién ciru nay duoc tao bang SolidWorks va dugc hién thi trong Hinh 1. Trong
d6 (6) miéng dém, (4) moayo, (3) dia moayo, (8) dia dan hoi, (7) tam ma sat, (5)1oxo X04n, (2) Iong giam xdc, (1) vong chan,
(9) dinh tan (10) chot Trong nghién ciu ndy, cac bién dau vao anh huong dén ting suat va bién dang cua dia ly hop s& dugc

nghién cuu, tir 6 t6i wu hoa thiét ké dia Iy hop.

Céc 16t ma sat cua ly hop bi ma sat manh, do d6 sinh nhiét trong thoi gian twong déi ngén. Do d6, vat ligu nén doi hoi sy két
hop cuia cac dic tinh sau dé chiu dugc cac diéu Kién van hanh nhu hé s6 ma sat twong d6i cao trong toan bo dieu kién van hanh,
Duy tri cac ddc tinh ma séat trong suot thoi gian 1am viéc, Kha nang hap thu nang lwong twong doi cao trong thoi gian ngan,
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Chiu dugc tai trong nén tim &p suét cao, Chiu dwoc tac dong 16n cua luc ly tm trong qué trinh chuyén sé, Bu luc cit cho mo-
men xo0én dong co truyén mo, Do bén cao khi van hanh theo chu ky ma khong anh hudng dén ma sat, Kha ning chéng nhiém
ban bé mat cao ma khong anh hudng dén ma sat va tinh chat bam ciia n6. Khi thiét ké ly hop ma sat, trong d6 nén chon vat liéu
thich hop tao thanh bé mat tiép xdc, cac bo phan chuyen dong cua ly hop phai co trong luong thap dé glam thiéu tai trong quan
tinh, dac biét l1a & téc do cao, ly hop khong dugc yéu cau bat ky ngoai luc nao dé duy tri tlep xUc cua cac bé mat ma sat, Phai
tinh dén sy mai mon cua cac bé mit tiép xdc, khép ly hop phai dwoc didu chinh dé tao diéu kién thuan loi cho viéc stra chira,
khép ly hop phai ¢ kha nang truyén nhiét sinh ra & cac bé mat tiép xdc va cac bo phan nho ra caa ly hop phai dugc bao vé.

C. Mb hinh phan tir hizu hgn

o

Hinh 2. Chia lu6i cho md hinh

M0 hinh phan tir hitu han dia ly hop dugc thiét lap trong ANSYS. Str dung phuong phéap chia ludi tw dong nhu trong Hinh
2. M@ hinh phan tir hitu han cua dia ly hop dugc thiét 1ap trong Ansys dugc mé ta trong Hinh 2. Céac dic tinh vt liéu cua dia ly
hop duoc chon dé phan tich nhu liét ké trong Bang 2. M6 hinh dugc chia ludi ty dong véi 110516 phan tir tam giac va 215822
nat. Dau tién mo hinh dugc tao thanh tir mot dia dan hoi (8) vai 16ng giam xoc (2), tiép theo & phan ndi giira 1ong giam xoc (2)
va dia trung tam (3). Lién két dia tam véi 16ng giam xdc (2), 1ong giam x6c (2) véi vong chan (1), 1ong giam xoc lién két vai
dém (6), lién két dém (6) va dia giira (3), dém (6) ndi véi dia dan hoi (8), 10 xo chéng xoan (5) ndi vai dia tam (3), chét (10)
ndi véi dém (6). Pia ma st (7) ndi véi dia dan hdi (8), dinh tan (9) ndi vai dia dan hoi (8) va dia ma st (1), dinh tan (9) ndi
v6i dia ma sat ( 7). Dat didu Kién ban dau cho mé phong 1a ap suét tac dung 1&n tim ma sat va sy gén ¢ dinh 1én bé mat bén
trong cuia tim ma sat. Phan tich md phong bao gdm bién dang va ting suét twong dwong trong tim ma sat. M hinh phan tir hitu
han cua dia ly hop ma sat dwoc trinh bay trén Hinh 3 bao gom ba budc. Bude dau tao ving tiép xuc. Budc thi hai chia ludi va
nhép diéu kién ban dau va budc cudi cung xac dinh giai phép.

P ContactRegion 78 ~
~ B, Contact Region 80
-~ B, Contact Region 81
/¥, Contact Region 82
¥, Contact Region 83 [B] Pressure: 0,134 MPa
~ . ContactRegon 84— Create [B] Fixed Support
W, Contact Region 85 contact
B, Contact Region 86
B, Contact Region 87
P, Contact Region 88
“— W, ContactRegion83
....... v @p Mesh
=-[i1 Static Structural (A5) —
- Analysis Settings el e
= *’? Bresoure " .| Initial Condition
o ti Fixed Suppurt
By E So AB)
‘,E Solution I.nfum\ahm L_
/8 Total Deformation
/%3 Equivalent Stress

The simulation results

e L")
Hinh 3. Thiét lap diéu kién bién cho mé hinh
I11. KET QUA VA THAO LUAN
A. Anh huong cia bé day
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Figure 4. The deformation of clutch with different thickness
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AeStatcStructural Ao StaticSructurs

Equivalent Stress Equivalent Stress

Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa

Time: 1 Time: 1

6/11/2022 12:28 AM 6/11/2022 12:25 AM

82.311 Max 71.674 Max

1.32e-7 Min

. 0.00 100.00 (mm) 4
0.00 100.00 {mrm) —— /\
[ 50.00 o %y
50.00 e Ny

P TH . B) Bé day cua dia ly hgp ma sat 3.3mm
A) B¢ day cua dia ly hop ma sat 3mm ) Y y hop
A: Static Structural A: Static Structural
Equivalent Stress Equivalent Stress
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa
Tirne: 1 Time: 1
6/11/2022 12:21 AM 6/11/2022 12:12 AM

68.621 Max 65.065 Max

0.00 100.00 (mm) A 0.00 100.00 (mm) Z/\
[ =] [ S|
50.00 ® Ny 50.00 ® %

C) B& day cua dia ly hop ma sat 3.5mm D) Bé day cua dia ly hop ma sat 3.7mm
Hinh 5. Ung suét cua dia ly hop ma sat v6i bé day cua dia khac nhau

Trong md phong nay, 6 day cua dia ly hop duoc thiét ké vai 4 mac 3 mm, 3,3 mm, 3,5 mm va 3,7 mm. két cau thép duoc sir
dung cho tat ca cac phan cua dia ly hop. Thép két cau véi mé dun thanh nién 1a 200 MPa da duoc chon cho tat ca cac bo phan
cua ly hop va duong kinh rénh cua tim ma sat 1a 0,25 mm, va dudng kinh 18 dinh tan ctia tim ma st 1a 3,25 mm. Két qua mo
phong cho thay khi chiéu day thay doi tir 3 mm dén 3,7 mm thi bién dang giam déng ké tir 0,04416 mm xudng 0,031768 mm
nhu Hinh 4. Két qua md phong cho 4 truong hop chiéu day thay doi tir 3 mm dén 3,7 mm nhu Hinh 4 5. Ung suat giam dang
ké tir 82.311 MPa xubng 65.065 MPa. Bién dang va (rng sut tai bé day 1a 3,5mm thu duoc lan luot 14 65,065 MPa va 0,0317mm.
Két qua nay thap hon so véi két qua trong nghién ciu [8].

B. Anh hurong cia dwong kinh 16 ranh dia ma sat

Trong phan tich nay, dudng kinh ranh tim ma sat dwoc chon véi 4 mic 0,25 mm, 0,5 mm, 0,75 mm va 1 mm. Pdng c6 md
dun non 128 MPa dugc chon cho tit ca cac bo phan cua ly hop, d6 day cua dia ly hop 1a 3,5 mm va C 1a dwong kinh 13 dinh tan
tam ma st 1a 3 mm. Két qua moé phong cho 4 truong hop c6 duong kinh ranh tim ma sat thay doi tir 0,25 mm dén 1 mm nhu
trong Hinh 6. Do bién dang trong 4 trudng hop tang tir 0,05 mm dén 0,055 mm khi dwong kinh rdnh tim ma sat ting tir 0,25
mm dén 1 mm. Ung suit trong 4 trudng hop tang tir 80,845 MPa 1én 83,63 MPa khi dudng kinh rénh tim ma sat tang tir 0,25
mm 1én 1 mm. Két qua dau ra nho hon két qua trong tai liéu tham khao [9] véi tng suat va bién dang lan luot 12 181,033 MPa
va 0,087 mm.
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0.033538
0.027%49
0.022359
0.016769
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0.0055897
0 Min
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X
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0.036791
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0.0061318
0 Min

0.0059398
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[ [
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¢) buong kinh ranh dia ma sat 0.75mm d) Buong kinh ranh dia ma sat lmm
Hinh 6. Sy bién dang cua ly hop véi duong kinh ranh dia ma sat khac nhau
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A: Static Structural A: Static Structural
Equivalent Stress Equivalent Stress

Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa

Time: 1 Time: 1
6/11/2022 1:09 AM 6/11/2022 4:02 &AM

80.845 Max 81.925 Max

71.862 72,622
|| 62,08 | &m0
|| 53.807 || 54616
Ll 24 [ sista
. 35.931 . 36411
| 26048 | 27308
g 17.966 s 18.205

8.9828 01027

8.502e-8 Min 3.1699e-8 Min

0.00 100.00 {rm) /\ 0.00 100,00 (mim) /\
[ S| | |
50.00 ® X 50.00 Gl X
a) Buong kinh ranh dia ma sat ctia 0.25mm ¢) Puong kinh ranh dia ma sat ctia 0.
A: Static Structural A: Static Structural
Equivalent Stress Equivalent Stress
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa
Time: 1

Time: 1
6/11/2022 12:32 AM 6/11/2022 1:52 AM

82.913 Max 83.63 Max

737 74338
|| 62488 U 65045
|| 55,275 || 55753
|| 26063 L 2661
I 3685 T 37.160
U 27,638 L 27677
L] 15425 18,584
o 02125 o 0.2022
6.247e-8 Min
0.00 100.00 ) /\ 0.0 100,00 () X
[ | : g
|
50.00 QR 50,00 t'/"\‘ X
c) Duong kinh ranh dia ma sat ctia 0.75mm d) Pudng kinh ranh dia ma sat cia Imm

Hinh 7. Ung suét ly hop véi dudng kinh ranh tim ma sét khac nhau
C. Anh hurong ciia dwong kinh 16 dinh tén dia ma sat

Trong phan tich, duong kinh 15 dinh tan tAm ma sat dugc chon lan Iuot 14 2,5 mm, 2,75 mm, 3 mm, 3,25 mm. Két ciu thép
v6i mo dun tré 13 200 GPa. Do day cua dia ly hop 1a 3 mm. Duong kinh I8 ranh tim ma sat 12 0,25 mm. Két qua md phong cho
4 trudng hop khi duong kinh 15 dinh tan tim ma sat thay dbi tir 2,5 mm dén 3 mm nhu trong Hinh 8. D6 bién dang tang tir 0,050
mm 1én 0,047 khi dudng kinh I3 dinh tan tim ma sat ting tir 2,5 mm 1én 3,25 mm. Hién twong twong tu ciing xay ra doi véi tng
suit khi duong kinh 18 dinh tan cta tim ma sat ting tir 2,5 mm Ién 3,25 mm thi (ng suat s& giam tir 94,56 MPa xudng 82,31
MPa nhu minh hoa trong Hinh 9. Két qua thu dwoc nhé hon so véi két qua cua nghién ciu trong tai liéu tham khao [22] 1an
luot 12 194,211 MPa (ing suat va 0,821 mm bién dang.
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 A: Static Structural
Total Deformation
Type: Tatal Deformation
Unit: mm

Time: 1
6/11/2022 459 PM

0.050758 Max
0.045118
0.03%478
0.033838
0.028199
0.022559
0.016919
| 0.011279
0.0056397
0 Min

0.00 100,00 (i)
[ —]
50.00 z/:\ X

A) Puong kinh caa 1 dinh tan 2.5mm

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

6/11/2022 4:21 PM

A |
e 2 A7
’ (W
0.047462 Max
0.042188

g 0.0052735
0 Min

0.00 100.00 (mm) /\
L S
50.00 ® X

C) Duong kinh cia 16 dinh tan 3mm

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
6/11/2022 3:54 PM

 &: Static Structural
Total Deformation
Type: Total Defarmation
Unit: mm

Time: 1
6/11/2022 5:34 PM

0.049439 Max
0.043%46
0.038453
0.03296
0.027466
0.021973
0.01648

- 0.010987
0.0054933
0 Min

0.00 100,00 (rmrm)
[ —
5000 z/:\‘ X

B) Puong kinh cua |5 dinh tan 2.75mm
ic S al

0.044166 Max
0.039258
0.034351
0.029444
0.024537
0.019629
0.014722

- 0.0098146
0.0049073
0 Min

= Ay
I

0.00 100.00 (rmm) /\
[ —
50.00 * 4,

D) Puong kinh cua 16 dinh tan 3.25mm

Hinh 8. Bién dang cua dia ly hop vai duong kinh cac 1 dinh tan khac nhau

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Tire: 1

6/11/2022 459 PM

94.597 Max

0.00 100.00 (ram)
50.00

A) DPuong kinh ctia 16 dinh tan 2.5 mm
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Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: MPa

Tirne: 1
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L 61426

= 51,189
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A: Static Structural - * A: Static Structural

Equivalent Stress Equivalent Stress

Type: Equivalent {von-Mises) Stress £ Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa

Time: 1 Time: 1

6/11/2022 4:22 PM 6/11/2022 3:54 PM

88.454 Max

0.00 100.00 {mm) 4 0.00 100.00 {mm) X
[ S [ S|
50.00 2/6\ X 50.00 ,_/:\ X
C) Duong kinh cua 16 dinh tan 3mm D) Duong kinh cua 16 dinh tin 3.25mm

Hinh 9. Ung suét ly hop véi duong kinh I8 dinh tan khac nhau

D. Tac dung cua vt liéu 16t tam ma sat

Trong qua trinh phén tich, vat liéu dwoc chon dé 16t tim ma sét va tat ca cac bo phan cua bo ly hop 1a hop kim nhém 6061 voi
moé dun ctia thanh non 1a 70 MPa, mé dun cua thanh non bang gang xam 1a 100 GPa, Pdng c6 mé dun cua thanh 12 135 MPa,
Két cu thép va thép 30Cr13 c6 md dun tré 12 200 GPa, gang thiéu két co mo dun tré 1a 275,79 GPa twong tng. D¢ day cua dia
ly hop 1a 3mm, dudng kinh ranh dia ma sat 1a 0,25mm va duong kinh I8 dinh tan 1a 2,75mm. Két qua mé phong cho thiy bién
dang va (ing suat cua dia ma sat giam dang ké khi modun dan hoi cua vat ligu 16t dia ma sat ting tir 70 GPa lén 210 GPa, cu thé
bién dang va tng suat giam tir 0,158 mm xudng 0,0433 mm va 131,53 MPa dén 104,5 MPa nhu duoc trinh bay trong Hinh 10
va Hinh 11. 6 loai vat liéu khac nhau di duoc sir dung trong nghién ciru ndy. Thép 30Cr13 cho két qua bién dang va wng suét
thip nhat. Bién dang va wng sut thu duoc 1an luot 1a 0,043 mm va 104,5 MPa. Két qua nho hon két qua nhu da phan tich trong
tai liéu tham khao [8-10].

 A: Static Structural  A: Static Structural
Total Deformation g Total Deformation

Type: Total Deformation Type: Total Defarmation
Unit: mm Unit: mm

Time: 1 Time: 1

6/10/2022 9:24 PM 6/10/2022 10:14 PM
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014047
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[ e ‘/\ 0.00 100.00 (mm) :
50.00 * e\, —— z/\
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a) Al- 6061

A: Static Structural . - Az Static Structural
Total Deformation Total Deformation
Type: Total Deformation : Type: Total Deformation
Unit: mm Unit: mm

b) Gray cast iron

Time: 1 Time: 1
6/10/2022 10:55 PM 6/12/2022 3:32 AM
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o mE
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L1 0036721 | Q025520
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d) Steel Structural
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Hinh 10. Su bién dang cua ly hop véi cac vat liéu 16t khac nhau
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A: Static Structural

A: Static Structural
Equivalent Stress Equivalent Stress .
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress

Unit: MPa Unit: MPa

Time: 1 Time: 1
6/10/2022 9:24 PM 6/12/2022 12:16 PM.
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d) Steel Structural

c) Sintered Iron

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

A: Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
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Figure 11. Ung suit ly hop véi céc vat liéu 16t khac nhau
IV. KET LUAN

Bién dang va tng suit cua mé hinh dia ly hop dugc phén tich bang phuong phéap phan tir hitu han trong ANSYS. Két
qua mo phong cho thiy kich thudc thiét ké va loai vat lidu khac nhau da anh hudéng dang ké dén bién dang va (ng suét cua dia
ly hop ma sét. Bién dang va ung suat giam dang ké khi d¢ day thay di tir 3 mm dén 3,7 mm. Bién dang va &ng suat tai bé day
1a 3,5 mm thu dwoc lan luot 1a 65,065 MPa va 0,0317 mm. D6 bién dang trong 4 trudng hop tang tir 0,05 mm Ién 0,055 mm
khi duong kinh ranh tim ma sat tang tir 0,25 mm I&n 1 mm. Ung suét trong 4 trudng hop ting tir 80,845 MPa Ién 83,63 MPa
khi duong kinh ranh tim ma sat tang tir 0,25 mm lén 1 mm. D bién dang ting tir 0,050 mm 1én 0,047 khi duong kinh 15 dinh
tan tim ma sat tang tir 2,5 mm Ién 3,25 mm. Hién tugng twong ty ciing xay ra dbi véi ung suat khi duong kinh cia 16 dinh tan
tAm ma sat ting tir 2,5 mm Ién 3,25 mm thi ing suat s& giam twong ung tir 94,56 MPa xudng 82,31 MPa. Két qua md phong
cho thay bién dang va ting suat ciia dia ma sat giam dang ké khi modun dan hoi cua vat ligu 16t dia ma sat tang tir 70 GPa Ién
210 GPa, cy thé bién dang va ting suat giam tir 0,158 mm xudng 0,0433 mm va 131,53 MPa dén 104,5 MPa, tuong ng.

TAI LIEU THAM KHAO

[1] S. Gouse seema begum and A. Balaraju, "Design and Analysis of Friction Clutch Plate using Ansys," International Journal of Advanced Engineering
Research and Science, vol. 2, pp. 1-5, 2015.

[2] B.Sreevani and M. M. Mohan, "Static and Dynamic Analysis of Single Plate Clutch," International Journal of Innovative Research in Science,
Engineering and Technology, vol. 4, pp. 8408-8418, 2015.

59



3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Mr. Vishal J. Deshbhratar and M. N. U. Kakde, "Design and Structural Analysis of Single Plate Friction Clutch," International Journal of Engineering
Research & Technology, vol. 2, pp. 3726-3732, 2013.

Mahendra Sahu and A.K.Jain, "Finite Element Analysis of Single Plate Clutch by using Ansys," International Journal for Research in Applied Science
& Engineering Technology, vol. 6, pp. 1337-1346, 2018.

K. Virmani, T. Madhogaria, and P. Baskar, "Design optimization of friction lining of a clutch plate," Materials Today: Proceedings, vol. 46, pp. 8009-
8024, 2021.

Kedar Kishor Patil, Vinit Randive, Sahil Mulla, Rajkumar Parit, Sagar Mane, and S. Kadam, "Design and analysis of single plate clutch by mathematical
modelling and simulation,"” vol. 8, pp. 248-252, 2020.

Syambabu Nutalapati, Dr. D. Azad, and D. G. S. Naidu, "Structural analysis of friction clutch plate by changing fillet radius," International Journal Of
Engineering Research & Technology, vol. 5, pp. 79-86, 2017.

S. Narayan, 1. Gruji¢, N. Stojanovi¢, K. Muhammad Usman, A. Shitu, and F. Mahroogi, "Design and Analysis of an Automotive Single Plate Clutch,"
Mobility and Vehicle Mechanics, vol. 44, pp. 13-28, 2018.

B. Nivas. M.E, M. Nithiyanandam. M.E , S. Tharaknath. M Tech, and A. A. M. Tech, "Design and Analysis of Clutch Plate Using Steel Material [En —
Gjs-400 -15steel]," IOSR Journal of Dental and Medical Sciences, vol. 13, pp. 76-78, 2014.

Oday |. Abdullah, Josef Schlattmann, and E. Pireci, "Optimization of shape and design parameters of the rigid clutch disc using FEM," FME Transactions,
vol. 41, pp. 317-324, 2013.

M. Rohan Ramesh, K. Atharva Ravindra, B. Ashok, and C. Kannan, "Optimizing thermal performance of a dry rigid clutch by varying groove pattern
and friction material," Materials Today: Proceedings, vol. 46, pp. 7459-7467, 2021.

L. A. Sabri, K. Topczewska, M. J. Jweeg, O. |. Abdullah, and A. M. Abed, "Analytical and Numerical Solutions for the Thermal Problem in a Friction
Clutch System," Computation, vol. 9, p. 122, 2021.

F. Meng and J. Xi, "Numerical and Experimental Investigation of Temperature Distribution for Dry-Clutches," Machines, vol. 9, p. 185, 2021.

N. A. Jabbar, I. Y. Hussain, and O. I. Abdullah, "Thermal and thermoelastic problems in dry friction clutch: A comprehensive review," Heat Transfer,
vol. 50, pp. 7855-7878, 2021.

M. Figueira, A. Ali, L. Ali, S. R. Shah, M. Khan, S. H. Imran, et al., "Dry Friction Clutch Disc of an Automobile under Transient Thermal Load: A
Comparison of Friction Lining Materials," MATEC Web of Conferences, vol. 124, p. 07003, 2017.

T. Gkinis, R. Rahmani, H. Rahnejat, and M. O’Mahony, "Heat generation and transfer in automotive dry clutch engagement," Journal of Zhejiang
University-SCIENCE A, vol. 19, pp. 175-188, 2018.

N. Jonoadji, Sutrisno, I. H. Siahaan, M. E. Simanjuntak, M. B. Hamonangan Sitorus, and M. Suryajaya, "Dimensional optimization of clutch disc with
simulation of stress analysis (Study cases : clutch disc Hino FM 260Ti)," 10P Conference Series: Materials Science and Engineering, vol. 1034, p.
012005, 2021.

Salah Al-Zubaidi and O. I. Abdullah, "Investigation of thermal influence on the frictional characteristics of friction materials,” Journal of the Balkan
Tribological Association, vol. 29, pp. 14-29, 2020.

O. I. Abdullah, L. A. Sabri, and W. S. Abd Al-Sahb, "Finite Element Analysis of the Thermal Behaviour of Single-Disc Clutches during Repeated
Engagements,"” Tribologia, vol. 266, pp. 9-24, 2016.

Anil Jadhav, Gauri Salvi, Santosh Ukamnal, and P.Baskar, "static structural analysis of multiplate clutch with different friction materials," International
Journal of Engineering Research & Technology, vol. 2, pp. 3173-3178, 2013.

Vijay Kumar Patel, Gopal Sahu, and P. K. Sen, "Review on selection criteria for different types of clutch material,” International journal of advanced
research in science and engineering, vol. 5, pp. 327-331, 2016.

Vishal J. Deshbhratar and N. U. Kakde, "Design and structural analysis of single plate friction clutch,” International Journal of Engineering Research &
Technology, vol. 2, pp. 3726-3732, 2013.

60



Thiét ké, md phéng ngon tay cia robot vat liéu mém
Nguyén Tan Ken
Khoa Cong nghé Co khi
Pai hoc Cong nghiép Thire phiam Tp.HCM
140 Lé Trong Tdn, Phwong Tay Thanh, Qudn Tan Pha, TP. Hé Chi Minh 700000, Viét Nam
Email: kennt@hufi.edu.vn
Phan Truwong Hai Phi, Phung Quang Minh, Tran Thanh Duy, Nguyén Phwéc Dinh Phuc
SV I6p 11DHCDT1
Email: Phantruonghaiphi@gmail.com
Ngay nhdn bai: 29/4/2023 ; Ngay chdp nhdn dang: 04/5/2023, ngay xudt ban: 08/05/2023
TOM TAT

Robot vt li¢u mém (Soft Robotics) la mot dang tay gip véi vét liéu chi yéu tir silicon, Soft Robotics sir dung
nguyen ly dit biét dé c6 thé kiém soat chinh xac cac trang thai “gap” va “tha”. Bén canh do6 voi tinh chit ciia vat ligu
meém no6 mang nhleu wu diém hon so véi dang tay gap truyen thong nhu: P§ dan héi tét, bén bi, dé thay thé, khong lam
bién dang vat gap Soft Robotics ngay cang pho blen ngay ca trong cong nghlep hay cac nganh dan dung vi tinh méi cia
san pham. Trong hé thong Robot vit liéu mém gdm hai phan la hé thong cap khi va co cau chip hanh. Bai bao nay moé
ta nguyén ly ciing nhu phwong phap dé xay dung nghién ctru vé phan co ciu chip hanh ciia Robot vit liéu mém

Tir khoa: Robot mém, Silicon, Phén tich phan tir hitu han
I. GIOI THIEU

Linh vuc Robot dang trong giai doan ting truong manh ciia qua trinh phét trién cong nghé, ching chiém vai trd khéng nho
trong cdc linh vyc dat thu. Tir nhiing ndm 1956 sau phat minh dong co Servo, Robot da khong ngung dinh vi vai tro va phat
trién khoa hoc [3]. V6i cudng do cong viéc ngay cang tang, con ngudi yéu cau nhiéu tinh nang hon ¢ linh vyc Robot. Trong
nhitng niam gan day, cc nha san xuit da phat trién nhiéu bo diéu khién c6 cai thién dang ke bang cach dua vao nhidu yéu t6
nhu dong co, cac khop lién két, 10 xo va banh rang. Song diéu d6 1am ting do phirc tap cia cu triic, mic du cac ban tay Robot
truyén thdng c6 d6 chinh x4c va phan tmg nhanh, nhung chiing c6 thé gay ra nhitng thuc trang chung khong thé khic phuc, don
cur nhu khong thé tiép xtc hodc ndm chit cac vat d& v, can do chinh xac cuc ky cao tranh tinh trang qué lyc hodc qua cir [4].
Do d6, Robot vat liéu mém 14 giai phap dé nang cao kha ning ctia Robot cong nghiép noi riéng va linh vic Robot néi chung,
do ¢6 chét liéu mém mai nén Robot ban tay mém c6 vu diém vé d6 déo dai va dan hoi tdt, dn dinh nhiét do, khang méi trudng,
¢6 thé didu ché d':m dién hodc cach dién. Khong chi co thé cam nam ma con co thé giir duogc do bén ciia dd vat trong qua trinh
cong tac[2]. Mot sO bai bao ciing cho thay ring, viée thiét ké Robot vai hinh dang ngon tay glong con ngudi va st dung Robot
vét liéu mém & cac phan chi dem lai cam giac gidng ngudi that hon 1a mot thiét bi v6i nhimg ciu trac may moc[5].

Hinh 1: Hinh dnh co cau chap hanh[2]

Nhu Hinh 2, phan vach ngan dugc thiét ké sau, ngan cach cac nang chira khi nhim tao do cong cho ngon tay sau khi bom
khi vao.

Il. NGUYEN LY

Robot vét liéu mém véan hanh dya trén nguyén tic diéu khién cac van khi nén nham cap va hut khi nén cho tay gép vat liéu
mém, tay gép vat lidu mém duoc kich hoat do sy chénh 1éch mat do cia 2 bé mit. Vat liéu mém c6 hinh dang chung 1a mot mat
¢6 cac khoang chira rSng cach déu nhau, thanh mong. Mat con lai c6 cAu tao day dac hon hoac cé thé tao tur vat liéu khac dé dat
su chénh 1éch cao hon [6].

Trong diéu kién binh thuong cac ngén cua tay gip dugc dudi thang khi duoc cap khi nén céc khoang chura s€ cang ra, tuy
vao s6 lugng khoang chua ma céc chi c6 thé cong theo mong mudn cia ngudi thiét ké

Du6i ddy 12 hinh anh cét 16p ctia ngon tay :
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Hinh 2: Anh cdt 16p ngon tay
111. MO PHONG NGON TAY

A. M6 phong hoat dong cua thiét ké
e Tao thiét ké va thém vao mé phéng

Dau tién ta cin xay dung ¥ tuong va hinh dang ngén cua tay gap, c6 thé sir dung phan mém Inventor hodc Solidwords dé
thiét ké hinh dang mong mubn, kich thudc tham khao ctia nhom V01 ngon tay co chiéu rong 20mm, dai 97mm, cao Smm, voi
kich thudc nay nhom da nghién ciru dé tro Iy cho ban tay ngudi can phuc hdi chirc nang, tuy nhién van phai thoa didu kién
ctia phan nguyén 1y di néu ¢ phan trudc dé.

Ta thém thiét ké vao chuong trinh bé‘mg cach vao Parts va chon file da vé trude d6 va chon “Ok”, dé add thém mat dudi ta
click phai chudt vao Parts va chon import va chon file nhu budc ban dau.

e Tao thong sb vat liéu

Sau qud trinh thém thlet ké vao mo phong, nghién ciru tiép tuc di dén cong doan thir nghiém luc va do cong clia ngén tay.
VOi sy gilp st cua phan mém Abagqus, phin mém cho phép ta xay dung dat tinh ctia vat liéu va dat luc vao thiét ké. Trudc hét
ta can xay dung thong sé cho vat lidu silicon, sau khi mé file v& trén Abaqus ta chon phan edit material, dat tén 1a Elastosil,
ph::in General chon Density két qua Material Bethaviors s€ xuét hién muc Density, sau do6 dé tré chudt vao Mechanical chon
Elasticity cudi ciing chon Hyperelastic sau qué trinh nay bang Material Bethaviors s& xuat hién thém dong Hyperelastic lic nay
tiép tuc khai bao muc stain energy potential 1a Yeoh, ¢ thé hiéu day ta sir dung mé hinh Yeoh bac hai cho vat liéu siéu dan hoi.
Sau thong s6 cua elastosil, dé tang do chénh 1éch gilra hai mat vt liéu ta tao thém thong sb cua giz?iy, mot 1an nita vao phén edit
material, dat 1én 1a paper, vao phﬁn General dé dién trong lugng riéng 1a 750e-12, sau d6 vao muc Mechianical chon Elasticity
cudi cung chon Elastic,tai day nhap dit liéu cho Young’s modulus va Poison’t, Kkét qua ta c6 6 myuc Material Behaviors sé& Xuét
hién Density va Elastic.

Bang 1. Thong 56 vt liéu

Name: Elastosil
General: Density
Data: Mass Density: 1130e-12

stain energy potential: Yeoh
Data:
C10: 0.11 C20: 0.02

Théng s6 tao vat liu Elastosil.

Mechanical => Elasticity => Hyperelastic

Théng s6 tao vat lidu Paper
Name: paper

General: Density

Data Mass Density: 750e-12
Mechanical => Elasticity => Elastic
Data:

Young’s Modulus: 65000

Poison’s: 0.2

Sau qua trinh tao thong s6 ta tién hanh tao section, vao muc sections, create section dat tén cho section 1a Sec-Elastosil, muc

Category chon Solid, muc Type chon Homogeneous.

e Lién két cac bd phan

Ta vao timg phan ciia mo hinh va nhan diip vao Section Asignments, quét chon toan mé hinh, gén phan Elastosil.

e Liprap

Ta rap cac bd phén lai vi nhau. Vao cay m6 hinh tim Instances trong Assembly va chon tat ca 3 phan. Instance type phai
duogc dit 1a “Dependent”. Bay gid cac bd phan phai duoc dat ding vi tri twong dbi véi nhau. Dé lam dugc diéu nay can tong

Hinh 3: Anh mé phong ngén tay mém
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cong 2 rang budc: 2 DOF tinh tién cho mdi phan, lién quan dén mét s6 phan ¢ dinh. Sir dung cong cu face-to-face dé tao cac
khuon mat “mate” chon Create Constaraint.

Sau khi chon dugc rang budc mong muén nhin Ok dé hoan tat. Tim nut Merge/Cut instances chon céc thong tin lan luot 1a
Merge => Geometry, Original Instances => Supress, Geometry => Retain, sau cung bam ti€p tuc roi chon toan b lap rap va
nhén “Done”.

o Datap luc
Tién hanh chon bé mat dé dit ap luc vao mé hinh, Trong phan Merged chon Surfaces dit tén thanh “Surf-Incavity”.

Tim Tools => View cut => Manager => chon mit Z-Plane. Chon mit dit luc nhu hinh bén dudi va nhin “Done”

Hinh 4: Anh mé phong cdt 16p
e  Chia lwoi vat liéu

Dé thuc hién bude nay ta double click vao Mesh tao cac thong sé lan luot 1a Approximate global size: 4.9, chon Curvature
control, Maximum deviation factor (0.0 <h/L < 1.0): 0.1, Muc Minimum size control chon By fraction of global size (0.0 <
min < 1.0): 0.1, Muc By absolute value (0.0 < min < global size): 0.49.

Sau budc trén chon vao Assign Mesh Controls 1ol quét toan bo thiét ké, chon “Tet” => “Use default algorithm” => “Use
mapped tri meshing on bounding faces where appropriate” va chon “Ok”.

Hinh 5: Anh m6 phong chia heéi

Chon Mesh part & phan cong cu va bdm **Yes*. Ta dwoc hinh dang chia lui. Chon tiép Assign Element Type, quét toan
bo bé mit ta c6 duoc bang Element Type, chon Hybrid formulation bam Ok va Done

e Tao phan Step

— Tim Steps m¢ Step-Gravity “Continue” => & muc “Nigeom” click chon “ON” r0i “Ok”. Tiép dén ngay phan Loads
tao Load-Gravity ¢ bang Types for Selected Step bam chon “Gravity” ¢ dudi roi click “Continue”. Sau do tai
Distribution: Uniform, Component 2: -9810, Amplitude: (Ramp):

— Tim BCs m¢ Create Boundary Condition dat tén l1a Fixed, ¢ cAc muc dat thong tin nhu sau: Step: “Step-Gravity”,
Category Machanical, Types for Selected Step: Symmetry / Antisymmetry / Encastre, cudi cung chon tiép tuc va Done.
Chon vao ENCASTRE dé xem két qua

e Tao phin Step-Pressure
— Vo lai Step-Gravity, & muc “Insert new step after” chon “Step-Gravity” roi bAm Continue => “OK”

—  Phan “Load” cta Step-Pressure tao thém Load-Pressure, d6i “Gravity” thanh “Pressure” => “Continue” tim “Surface”
& goc phai va chon vao, chon “Merged-1” => “Surf-incavity” roi bam “Continue”. Cudi cung dén bang Edit load dién
théng so6 theo cac vi tri sau:

— Distribution: Uniform, Magnitude: 0.03, Amplitude: (Ramp) => “Ok”
Tao Job chay thir mé phéng
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O cay md hinh bén trdi ma Analysis chon Jobs, dit tén NewPenu va chon Model-1, sau d6 chon cbng cu Job Manager =>
“Submit” dgi Running => “Monitor” va hién két qua

4[5 BCs (1) 4 NewPenu Monitor = o X
L5 Predefined Fields
[% Load Cases Job: NewPen: Status: Completed
# % Field Output Requests ( £ X
S ER History Output Request | Step  Increment  Att Dicon e | e | Timartroq | Tmars e
[+ Time Points Iter 2 it .
Bo ALE AdaptiveMesh Cot | 2 6 1 0 2 2 1.22168 0.22168 00791016
E Interactions 2 ) j 1 0 3 1.34033 0.340332 0.118652
E Interaction Properties 2 8 1 0 4 - 1.51831 0518311 0.177979
#§ Contact Controls 2 9 1 0 4 B 1.78528 0.785278 0.266968
1? Contact Initializations 2 10 1 0 4 4 2 1 0.214722

j(I’ Contact Stabilizations
ﬂ] Constraints
E Connector Sections Submitted: Tue Apr 18 10:41:34 2023

Log Errors !Warnings Output DataFile MessageFile Status File

© F Fields . -

Py Amplitudes Started: Analysis Input File Processor
# [ Loads (2) Completed: Analysis Input File Processor
# [ BCs (1)

[ Predefined Fields Started: Abaqus/Standard

E& Remeshing Rules
X Optimization Tasks
I, Sketches Completed: Tue Apr 18 10:43:01 2023

Annotations

Completed: Abaqus/Standard

| Analysis
Search Text

Text to find: [ Matchcase fI Next @ Previous

B8 Co-executions Dismiss
#X Optimization Processes | ——

Hinh 6: Man hinh théng sé chay mé phong

e Chay thir mé phong

Trén thanh cong cu , click vao phan Job Manager - > bAm Result s& chay mé phong.

S, Pressure
(Avg: 75%)

+1.021e-01
- +8.005e-02
+5.800e-02
+3.595e-02
- +1.390e-02

- -1.625e-01

Hinh 7: Két qud chay mé phong
B. Lya chon vit liéu

O qué trinh thiét ké, ta phai xac dinh dugc do cimg mong myén ctia silicon, Nghién ciru nay di tién hanh tim hiéu thang do
do cling cta vét liéu silicon va két qua cho thay rang, tiéu chuan thang do khuyén dung la thang do Shore A, duéi day 1a ndi
dung tham khéo vé bang so sanh giita cac thang do.

Bang 2: So sanh giita hai thang do shore A va shore B [4]

Shore A | 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

ShoreD | 6 7 8 10 12 14 16 19 22 25 29 33 39 46 58

Dua vao Bang 2 ta c6 thé thdy do ctng shore A silicon trai dai tir 40 shore A dén 95 shore A, tuy nhién ta cé thé diéu chinh
shore cua silcon theo cach ta mong muon, Nhom tim thay 2 loai silicon c6 d§ cung la 40 shore A va loai silone Ecoflex 00-30
twong duong véi 00 shore A.

Tur 2 loai silicon trén ta c6 thé tao ra d§ ciing mong muén cua silicon & 30 Shore A véi ti 1€ pha 1a 25% Ecoflex 00-30 va
75% silicon 40 Shore A.
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Thoi gian bit dau dong cung silicon tir 30-45 phut, thoi gian san pham thanh hinh 1a 8 dén 12 tiéng.

C. Thiét ké khuén mau

A B
Hinh 8: A khu6n cai; B khudn duc

Cubi cung sau khi két qua mo phong dat mong mudn, ta tién hanh thiét ké phan khudn mau, ta st dung phan mém Inventor,
thiét ké 1ay phan bu cia mau thiét ké ta c6 dugc hinh dang ctia khuon, st dung may in 3d d¢é tao ra khudn nhya ho trg cho viéce
tai st dung khuon.

Do ciu tao ciia ngon tay la dang rong dé c6 thé cép khi, ddng thoi vat lidu ciia ngén tay duge lam tir silicon 16ng tac dung
véi chat xuc tac dé dong dac nén phuong phap diac khuon 1a phuong phap toi wu cho qua trinh thiét ké.

Qua trinh d6 khuon can luu y cac ndi dung nhu sau:

(1]

[2]
(3]
[4]

[5]
(6]

[7]

Can xem k¥ trudc cac thong tin cua silicon
Trong qua trinh cho silicon thanh phiam khong duoc di chuyén khuén,
Nén dé khuén tiép xitic véi gio
Tranh anh sang truc tiép tir mat troi
TAI LIEU THAM KHAO
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T6i wu hoa thiét ké co cau khuéch dai kiéu cau sir dung khép mém
Ngoc Thai Huynh, Hoang Tran Trong Huy
Khoa Coéng nghé Co khi
Trueong Bai hoc Cong Nghiép Thic Pham Thanh Phé Hé Chi Minh
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TOM TAT

Ty 18 khuéch dai chuyén vi cao, &rng suat thap va tan sé cao 1a mét thach thire ddi véi co cAu mém dé hoat dong véi
khong gian 1am vigc lén. Do dé, ban I& udn trong co ciu by khuéch dai kiéu cau trong nghién ciu nay dwec thiét ké boi
SolidWorks. Chuyén vi va @ng suit chinh I6n nhat cia mé hinh nghién ciéu dwgc phan tich bang phan tich phan tir hiru
han trong ANSYS. Phan tich quan h¢ mau xam véi trong sé dwec xac dinh bang phwong phip MEREC dwgc sir dung
dé toi da héa chuyén vi va giam ng suit chinh. Két qua phan tich phan tir hiru han cho thay cac bién thiét ké da anh
hwéng dang ké dén chuyén vi va ing suat. Két qua téi wu ciia chuyén vi va wng suét thu dwoc lan lwot 1& 0,63287 mm
va 59,668 MPa. Nhirng két qua nay ciing da dwgc X4c minh bing cic phwong phap TOPSIS. P khuéch dai chuyén vi
dat dwgc hon 63,252 1an.

Tir khéa: Co cdu khuéeh dai kiéu cau, Phan tich quan h¢ xam, TOPSIS method. Phwong phap phan tir hitu han

I. GIOI THIEU

Do dich chuyén caa co co ciu mém sir dung ban 1& udn yéu cau cang In thi cang tét. Boi vi do dich chuyén cao gitp co
mém c6 khong gian Iam viéc lon. Tuy nhién, (ing suét ciia hé co doi hoi phai thap. Do d6, khép khép ban 18 uon duoc thict ké
cho co cdu khuéch dai kiéu cau [1]. M®d hinh phan tich phan tir hitu han (FEA) trong ANSYS duogc st dung dé phan tich chuyen
vi va tng suét. Viéc t6i wu hoa cdu trac lién két da duoc ap dung de chon cac khép uén ¢6 chuyén vi cao va cau trdc ¢ng suat
thap. Ty I¢ khuéch dai dich chuyén cao thuan loi ciia co cau kiéu cau [2]. Ly thuyét truc vit da duoc xac nhan bang phan tich
va thir nghiém phan tir hitu han cho co cau mém kiéu cau ba chiéu véi khop ndi dan hoi hinh chir V va ban 18 uén dang 1a. Ty
Ié khuéch dai thu duoc 1 41 1an va ty 1¢ khuéch dai twong d6i 1a 0,93. Phan tich phan tir hiru han trong ANSY'S va thir nghiém
da duogc sir dung dé xac nhan do dich chuyén cao va tan s6 dau tién cao duoc xac dinh bang mé hinh dong hoc Iy thuyét cho co
cau dan dong 4p dién tudn theo hai dau ra [3]. Phuong phap mé hinh co thé gia cirg (PRBM) va phuong phap ma tran [4] dwoc
sir dung dé phan tich d6 gidn ng 16n va dot quy I6n; két qua phan tich nay thu dugc khdng gian lam viéc 14,4 mrad x 16,6 mrad
va dugc x4c minh bang phan tich phan tir hitu han trong ANSYS va thir nghiém. Ban 1 udn giam chan giup co ché tuan tha
giam rung nho thiét ké cai tién cua ban 18 tron véi ciu tric phu gidng nhu com [5]. A loss factor mathematical model for the
flexible joint was developed based on the pseudo-rigid body model. The experiment and simulation verified this mathematical
model and confirmed the damping joint's effectiveness. The new mathematic model established based on assuming the member
of the mechanical amplification system was fully compliant [6]. M6 hinh nay cling da so sanh v&i nghién ctu trude do va duoc
kiém chung bang phan tich va thuc nghiém phan tir hiru han. Phuong phap cau trdc lién két duoc sir dung dé t6i da hoa ty Ié
khuéch dai dich chuyén caa co ché khuéch dai cau dua trén hinh dang thay d6i va do cing cua vat liéu [7]. Ban 1& udn dang 14,
ban I& udn tron bén phai va ban 1& uén hinh chit V dugc st dung cho co cau khuéch dai kiéu cau dé téi da hoa ty 1¢ khuéch dai
dich chuyén [8, 9]. Dam d& va dam ngang ciing duoc sir dung dé ting kha ning lam viéc cua céc hé théng co khi. M6 hinh
dong-tinh dya trén phuong phép ma trén tuan thu va mo hinh dong dya trén phuong phap Lagrangian da dugc xac nhan bang
phan tich phan tir hiru han trong ANSYS va thu nghiém. M0 hinh toan hoc dugc ap dung dé xdc dinh d6 cung va tan sé cong
huéng cia co ché dao dong véi ban 1& udn [10]. FEA va thi nghiém da xac nhan rang cac két cau vi mé duoc 1ap md hinh toén
hoc nay dwoc tao ra trén cac bé mat hinh tru pht hop. Dé tang su dich chuyén caa giai doan chuyén dong vi md XY. Cong trinh
nghién ciru 4p dung mo hinh tuyén tinh va phi tuyén don gian hoa [11]. M6 hinh nay dugc thuc hién trong MATLAB trong
vong 140 gidy. FEA va thir nghiém da xac minh két qua. Phuong phap Taguchi va phén tich quan hé x4m dwa trén FEA d3
duoc sir dung dé thu duoc ty 1¢ khuéch dai dich chuyén cao [12]. Cac két qua ciing dugc xac nhan bang phan tich phuong sai
phan tich caa hdi quy. Vi co cau kep sir dung bo khuéch dai kiéu cau va co cau hinh binh hanh duogc thiét ké va san xuat dé thir
nghiém nhdm xac minh két qua phén tich phan tir hitu han cia ANSYS [13]. So d6 b¢ dinh vi micro-nano 6 bc tu do dugc
thiét ké va ché tao cho thuc nghiém nham khang dinh mé hinh ly thuyét phan tich lyc, mé hinh khuach dai chuyén vi [14]. Két
qua FEA va két qua thuc nghiém ciing duoc so sanh vai nghién ciru truge. Dam linh hoat va ban I udn duogc cai tién cau trdc
cho co cau véi DOF xoay [15].

Cac nghién ctru trude ddy da s dung cac ly thuyét, phuong phéap phan tich, FEA va thtr nghiém dé thu duoc ty 16 khuéch
dai dich chuyén mong muén. Tuy nhién, két qua cua cac phuong phap nay dat ty sb khuech dai khong cao. Khac véi cac nghién
ctru trudc, phan tich quan hé mau xam da dugc ap dung dé xac dinh ty 1¢ khuéch dai ti wu ctia co cau khuéch dai kiéu ciu dya
trén FEA trong ANSYS. Va ket qua t6i uu cling da dugc khéng dinh bing phuong phap TOPSIS. Phan con lai cua bai bao dugc
trinh bay nhu sau: thiét ké co ciu mém kiéu cau méi va mé hinh phan tir hitu han dugc trinh bay trong phan 2, cac phuong phép
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toi wu dugc phan tich trong phén 3, két qua va thao luan dugc phan tich va so sanh trong phén 4, va két luan da dugc mo ta
trong phan 5.

II. THIET KE MO HINH VA PHAN TiCH PHAN TU HUU HAN
A. Thiét ké mé hinh co cau khuéch dai kiéu cau

M© hinh ba chiéu cia mot co cau kiéu cau duoc thiét ké bai SolidWorks, nhu dugc trinh bay trong Hinh 1. Téng kich thuéc
cia mé hinh nghién ctru duge xac dinh trong Hinh 2. Trong hinh nay, d6 day cua ban 1& uén 1a 0.3 mm. Nhu da chi ra trong
Hinh 2, kich thudc cua céc bién thiét ké bao gom bién x la chiéu dai theo truc hoanh. Bién y 1a khoang cach gitra hai tam cua
hai ban I& udn theo truc tung. Bién zva bién t, twong tu bién y la khoang cach gilra hai ban 1& udn theo truc tung. Bién w 1
khoang cach giira lién két cing va uén theo truc tung. Bé xac dinh cac gia tri chuyen vi va tng suat chinh 16n nhat caa md hinh
nghién ciru, bén canh mo hinh nghién ctru dugc phan tich bang phuwong phéap phan tir hitu han trong ANSYS. M6 hinh phan tir
hitu han va diéu kién bién duoc thiét lap trong muc 2.2.

Figure 1. Three-direction modeling of bridge type amplifier mechanism
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Figure 2. The projection of the bridge-type amplifier mechanism
B. Phan tich phan tir hizu han
M® hinh phan tir hitu han duoc thiét 1ap trong ANSYS nhu sau:

Trudc hét, vat ligu nhom Al 6061-T6 dugc chon dé phan tich voi mé dun dan hoi Young 1a 69 GPa va ty 1é Poisson 1a 0,33;
bén canh viéc m hinh hoa dugc chia ludi bang phuong phap tu dong véi kich thudc phan tir 1a 0,5mm, 408384 phan tir tir giac
va 11402140 nat. Va két qua chia luéi dwoc minh hoa trén hinh 3a. Didu kién bién cho mé hinh nhu sau: trudc hét, gia d& b
dinh duoc thiét 1ap trén bé mat A tai vi tri nhu duoc chi ra trong Hinh 3a va Hinh 3b. Tiép theo, chuyén vi dau vao véi 0.01 mm
duogc dit vao vi tri tai bé mat B va C, nhu trong Hinh 3b. Va cudi cling, chon cong cu solve dé phén tich. Két qua trong phén
tich nay la chuyén vi va g suit chinh 16n nhét. Céng viéc nay dwoc thyc hién cho 27 truong hop. De chon ra mot truong hop
t6i wu, cac phuong phép t6i vu da muc tiéu di duoc &p dung nhu da trinh bay & phan 3 va két qua tbi wu duoc trinh bay & phan
4,
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Figure 3. Divided mesh and input boundary condition for the displacement amplifier mechanism

C. Xdc dinh trong sé bang phwong phip MEREC

Trong s ctia muc tiéu téi wu duge xac dinh bang phuong phap MEREC [16-19] nhu sau:
Budc 1: Xac dinh tiéu chuan cia muc tiéu

minu; e e
i = néu muc tiéu cang Ién la cang tot (1)
ij
U . N s e
i = —___ néu muc tiéu cang nho cang t6t (2)
max u;

Trong d6 u; 1a nhitng gia tri bién dang va Gng suat x4c dinh dwoc tir phan tich phan tir hiru han
Budc 2: Xac dinh hiéu suét téng cua tiéu chuin

1n
S, = In{1+(ﬁz|ln(hij)|)} (3)
j
Budc 3: Xac dinh hiéu suat cua tiéu chuan
. 1 n
s, =In [1+ € > _||n(hij)|)} (4)
K#]
Budc 4: Xac dinh sai léch
Ej= |Sij ‘Si| ®
Budc 5: Tinh trong s6 cho mdi tiéu chuan
E;
T STE, “

III. PHUONG PHAP TOI UU
A. Phan tich quan hé xam (GRA)

Ly thuyét phan tich quan hé xam duoc ap dung rong réi cho hé théng ma mé hinh khong chic chin hoic thong tin khong
day du. N6 cung cap mot giai phap hiéu qua cho van de€ khong chdc chan, nhi€u dau vao roi rac. GRA mét phan cua ly thuyet
hé thong mau xam phu hop dé giai quyét nhiéu yéu t6 [20-28], nhu sau:

Step 1: Xac dinh gia tri ctia ham muc tiéu
D" — Di(o) (k) —min Di0 (k)
" max D (k) —min D (k)

néu muc tiéu cang Ion cang tét (7)
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L D (k) - D/ (k)
' max D (k) —min D (k)

néu muc tiéu cang nho cang tot (8)

Trong d6 D{” (k) 12 nhitng gia tri bién dang va tng suét dat dugc tir ANSYS.
Buéc 2: Xac dinh sai léch:

Ag =05 (k)= D} (K)] o)
Apip = maxmin |25 (k) — D (k)| (10)
A = Max max||D (k) — D} () 1)
Budéc 3: Xac dinh hé sé xam (GRC) (7) nhu sau:
_ Amin +(§Amax
yi(k) = A TEA (12)

o day, & €[01] 1a hé s phan phdi, thuong ding 14 0.5.
Buoc 4: Tinh GRG (l//i) nhu sau:

V.= i w7, (k) (13)
k=1

Trong d6 n 14 s6 thi nghiém, W, 1a trong s6 ctia mdi tidu chi va dugc xac dinh bang phuong phap MEREC.

Buéc 5: Xac dinh hang cua gia tri GRG dé khang dinh gia tri toi wu theo nguyén tac gia tri GRG 16n nhét 1a gia tri t5i wu.

B. Phuong phap TOPSIS

Phuong phap TOPSIS [29-32] duoc sir dung dé xac nhan két qua ti wu cua cua chuyén vi va tng suat cia co cdu khuéch dai
kiéu cau nhu sau:

Bude 1: Xde dinh gia tri chudn héa cua tiéu chi

T (14)

Trong d6 u; 1a nhitng gia tri bién dang va ung suét xéc dinh duoc tir phan tich phan tir hitu han
Burée 2: Xde dinh gid tri chudn hoa c6 trong sé cua tiéu chi

V =W, n.] trong d6 Wi 1a trong s& cia mdi tiéu chi va duwoc xac dinh béi MEREC. (15)
Buo’c 3: Xdc dinh gia tri 16n nhdt va nhé nhdt theo ham muc tiéu

T=(v,V,,.V) (16)

Vo= (V,V,,.V) (17)

Bude 4: Xae dinh giatri S va S, cua tiéu chi téi vu

- Sy 19
]J=
4 -\2

= _Zl(vij—vj) (19)
j=

Bucce 5: Xac dinh gid tri CC,
S,
CC=—i — (20)
S’ +S,

Buéc 6: Xép hang CCi dé xac nhan gia tri t6i uu theo nguyén tic gia tri CCi cuc dai 1a gié tri toi wu.
IV. NHUNG KET QUA VA THAO LUAN

A. Thiét Igp md phéng

Bang 1. Bién thiét ké va cac mic
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Bién Ky hiéu Don vi Mrrc 1 Murc 2 Mirc 3
Chiéu dai caa ban I¢ udn dang la X mm 3 4 5
Khoan cach cua hai ban 1& uon ther 1 y mm 0.5 1 15
Khoan cach cua hai ban 12 UOn thir 2 z mm 15 2 2.5
Khoan cach cia hai ban 1& uén thi 3 t mm 2 25 3
Khoan cach tir khau ctng tuyét déi téi ban 18 udn w mm 25 3 35

Céc bién duoc lya chon nhur sau: Thir nhat, chidu dai caa ban 1¢ uén 12 bién x theo phuong ngang véi ba muc lan luot 12 3 mm,
4 mm va 5 mm. Khi d6, bién y, nhu duoc trinh bay trén Hinh 2 va liét ké trong Bang 1, 1a khoang cach giira hai tam cua hai ban
1€ udn theo truc tung véi ba mac lan luot 12 0,5 mm, 1 mm va 1,5 mm. Bién z, nhu dugc trinh bay trén Hinh 2 va dugc ligt ké
trong Bang 1, 1a khoang cach giira hai tam cuia hai ban 18 uon theo truc thang diing voi ba muc Ian luot 12 0,5 mm, 1 mmva 1,5
mm. Bién t, nhu duoc trinh bay trong Hinh 2 va duoc liét ké trong Bang 1, 1a khOang cach gitra hai tam cuaa hai ban I& uén theo
truc thang dng voi ba mirc lan Iuot 12 0,5 mm, 1 mm va 1,5 mm. Va cu0| cuing, bién w, nhu duoc trinh bay trong Hinh 2 va
duoc liét ké trong Bang 1, 1a khoang cach tir lién két cing dén ban 18 uén theo truc thiang ding véi ba muc: 2,5 mm, 3 mm va
3,5 mm. 27 truong hop duoc thiét ké boi Minitab. 27 mé hinh dugc thiét ké bang phan mém SolidWorks. Va sau dé, 27 truong
hop da dugc nhap vao md-dun céu trac tinh trong ANSYS dé phan tich chuyén vi va ang suat. M6 hinh phan tir hitu han cia
mo-dun nay di duogc thiét lap nhu da trinh bay trong phan 2.2. két qua md phong trong ANSYS dugc liét ké trong Bang 2.

Table 2. L27 orthogonal array and simulation results

Thit tw thi nghiém X vy z t W Di St
1 3 05 15 25 06325 59.6670
2 3 05 2 25 3 05790 68.3140
3 3 05 25 3 35 05350 79.9870
4 3 1 15 25 35 05330  77.0280
5 3 1 2 3 25 04590 62.1470
6 3 1 25 2 3 05390 68.7810
7 3 15 15 3 3 04150  55.0530
8 3 15 2 2 35 05460  75.1630
9 3 15 25 25 25 04400 66.9720
10 4 05 15 2 25 0.6300 71.5560
11 4 05 2 25 3 05740 74.6320
12 4 05 25 3 35 05290  80.0570
13 4 1 15 25 35 05390  75.8450
14 4 1 2 3 25 04620 73.1460
15 4 1 25 2 3 05390  81.2750
16 4 15 15 3 3 04250 78.3470
17 4 15 2 2 35 05490  78.8970
18 4 15 25 25 25 04430 62.8520
19 5 05 15 2 25 0.6280 81.1920
20 5 05 2 25 3 05690 827960
21 5 05 25 3 35 05230 83.9400
22 5 1 15 25 35 05440 78.5560
23 5 1 2 3 25 04710 72.9750
24 5 1 25 2 3 05390  80.7790
25 5 15 15 3 3 04360 62.5030
26 5 15 2 2 35 05510 89.5540
27 5 15 25 25 25 04460 72.7030

B. Két qua xdc dinh trong sé bang phwong phap MEREC

D¢ ap dung phuong phép t6i wu da myc tiéu cho di ligu md phong, trudc hét trong s6 cho mai tiéu chi can xac dinh truong hop
t6i wu dé lya chon. Trong cong trinh nay, phuong phap MEREC duoc &p dung dé xac dinh khéi lugng. Phuong phap MEREC,
nhu dugc trinh bay trong phan 31, va két qua cua cac phuong trinh. (1-5) dugc liét ké trong bang 3. Va két qua trong s cua
hai chi tiéu chuyén vi va tng suat thu dwoc lan luot 13 0,5261 va 0,4739. Table 3. Két qua xéc dinh trong sé cua phuong phap MEREC

This tu thi

- hij Si Sij’ Ej
nghi¢m Di St Di St Di St
1 0.6556 0.6593 0.3503 0.1916 0.1892 0.1587 0.0023
2 0.7170 0.7628 0.2637 0.1539 0.1270 0.1098 0.0269
3 0.7758 0.8932 0.1684 0.1195 0.0550 0.0489 0.0645
4 0.7786 0.8601 0.1827 0.1179 0.0726 0.0648 0.0453
5 0.9043 0.6940 0.2094 0.0491 0.1678 01604  0.1187
6 0.7699 0.7680 0.2333 0.1229 0.1239 01104  0.0011
7 1.0000 0.6147 0.2177 0.0000 0.2177 0.2177 0.2177
8 0.7595 0.8393 0.2031 0.1289 0.0840 0.0742 0.0449
9 0.9430 0.7478 0.1610 0.0289 0.1357 0.1320 0.1067
10 0.6584 0.7990 0.2785 0.1898 0.1063 0.0887 0.0835
11 0.7227 0.8334 0.2260 0.1505 0.0872 0.0755 0.0633
12 0.7843 0.8940 0.1634 0.1146 0.0545 0.0488 0.0601
13 0.7703 0.8469 0.1935 0.1226 0.0798 0.0709 0.0428
14 0.8926 0.8168 0.1467 0.0552 0.0964 00914  0.0412
15 0.7693 0.9076 0.1652 0.1232 0.0474 0.0420 0.0758
16 0.9755 0.8749 0.0762 0.0123 0.0647 0.0639 0.0524
17 0.7556 0.8810 0.1852 0.1311 0.0614 0.0541 0.0697
18 0.9361 0.7018 0.1906 0.0325 0.1630 0.1582 0.1305
19 0.6611 0.9066 0.2279 0.1881 0.0478 0.0398 0.1402

70



20 0.7292 0.9245 0.1799 0.1466 0.0385 0.0333 0.1081

21 0.7938 0.9373 0.1379 0.1093 0.0319 0.0286 0.0774
22 0.7623 0.8772 0.1834 0.1273 0.0635 0.0561 0.0638
23 0.8811 0.8149 0.1533 0.0614 0.0975 0.0919 0.0361
24 0.7696 0.9020 0.1676 0.1230 0.0503 0.0446 0.0728
25 0.9510 0.6979 0.1864 0.0248 0.1654 0.1616 0.1405
26 0.7524 1.0000 0.1330 0.1330 0.0000 0.0000 0.1330
27 0.9303 0.7002 0.1942 0.0355 0.1640 0.1587 0.1285

C. Két qud ciia phirong phdp phén tich quan hé xam

Két qua ciia cac phucmg trinh. (7-9), phuong trinh. (12) va phuong trinh. (13), nhu duoc trinh bay trong Bang 4, thu dugc bang
cach thay thé céc gia tri Chuyen vi va tng suit thu duoc tir Bang 4. Trong d6 Di*(1) va Di*(2), cac gia tri cua ham muc tiéu cua
chuyén vi, cang 16n, thi tot hon, trong khi (ng suat cang nho thi cang tot. Aoi(1) va Aoi(2) la gid tri do léch cua hai tiéu chi.
yi(1) va yi(2) 14 hé s quan hé xam cua hai tiéu chi. Va cudi cing, i 1a gié tri Cap d6 quan h¢ xam (GRG). Thu hang cua cac
gia tri GRG thu dugc truong hop t6i wu theo tiéu chi gia tri GRG 16n nhit 12 tot nhat. Qua do, truong hop thir nhat 1a truong
hop toi uwu

Bang 4. Két qua phan tich quan hé xam

Thur tyr thi nghiém Di'(1) Di'(2) Adi(2) Aci(2) (1) 7i(2) Vi Hang
1 1.0000 0.8840 0.0000 0.1160 1.0000 08117 0.9108 1
2 0.7510 0.6160 0.2490 0.3840 0.6676 0.5656 0.6193 5
3 0.5500 0.2770 0.4500 0.7230 0.5263 0.4088 0.4706 20
4 05410 0.3630 0.4590 0.6370 0.5214 0.4398 0.4827 17
5 0.2010 0.7940 0.7990 0.2060 0.3849 0.7082 0.5381 8
6 0.5690 0.6020 04310 0.3980 0.5371 0.5568 0.5464 7
7 0.0000 1.0000 1.0000 0.0000 0.3333 1.0000 0.6492 4
8 0.6030 0.4170 0.3970 0.5830 0.5574 0.4617 05121 13
9 0.1150 0.6550 0.8850 0.3450 0.3610 05917 0.4703 21
10 0.9880 0.5220 0.0120 0.4780 0.9766 05112 0.7561 2
1 0.7300 0.4330 0.2700 0.5670 0.6494 0.4686 0.5637 6
12 05230 0.2750 04770 0.7250 05118 0.4082 0.4627 22
13 05670 0.3970 0.4330 0.6030 0.5359 0.4533 0.4968 14
14 0.2290 0.4760 0.7710 0.5240 0.3934 0.4883 0.4384 26
15 05710 0.2400 0.4290 0.7600 0.5382 0.3968 04712 19
16 0.0480 0.3250 0.9520 0.6750 0.3444 0.4255 0.3828 27
17 0.6160 0.3090 0.3840 0.6910 0.5656 0.4198 0.4965 15
18 0.1300 0.7740 0.8700 0.2260 0.3650 0.6887 0.5184 1
19 0.9760 0.2420 0.0240 0.7580 0.9542 03975 0.6904 3
20 0.7070 0.1960 0.2930 0.8040 0.6305 0.3834 05134 12
21 0.4940 0.1630 0.5060 0.8370 0.4970 0.3740 0.4387 25
22 05940 0.3190 0.4060 0.6810 0.5519 0.4234 0.4910 16
23 0.2570 0.4810 0.7430 0.5190 0.4023 0.4907 0.4442 24
24 0.5700 0.2540 0.4300 0.7460 0.5376 0.4013 0.4730 18
25 0.0980 0.7840 0.9020 0.2160 0.3566 0.6983 0.5185 10
26 0.6260 0.0000 0.3740 1.0000 05721 0.3333 0.4589 23
27 0.1430 0.7780 0.8570 0.2220 0.3685 0.6925 0.5220 9

D. Két qua ciia phirong phdp TOPSIS

D¢ dam bao truong hop déu tién 1 truong hop téi wu, TOPSIS da dugc sir dung dé xéc nhan. Céc két qua cia phuong trinh tir
Eg. (14-20) dugc trinh bay trong Bang 6. Cac gia tri CCi* duoc xep hang theo muc t6i da la gid tri tot nhat. Trong truong hop
dau tién thu dugc CCi* 14 0,9199 Ia gié tri téi da. Nhu vay truong hop dau tién 1a treong hop t6i vu.

Table 6. Results of the TOPSIS method

Thu ty thi n;; vy Ki Ki con Rank
nghi¢m Di St Di St " ! ' an
1 0.2319 0.1536 0.1220 0.0728 0.0049 0.0564 0.9199 1
2 0.2121 0.1777 0.1116 0.0842 0.0194 0.0410 0.6789 3
3 0.1960 0.2081 0.1031 0.0986 0.0361 0.0260 0.4183 19
4 0.1953 0.2004 0.1028 0.0950 0.0333 0.0275 0.4526 17
5 0.1681 0.1617 0.0885 0.0766 0.0347 0.0348 0.5010 9
6 0.1975 0.1789 0.1039 0.0848 0.0248 0.0350 0.5856 4
7 0.1521 0.1432 0.0800 0.0679 0.0420 0.0425 0.5029 8
8 0.2002 0.1956 0.1053 0.0927 0.0299 0.0309 0.5085 7
9 0.1612 0.1742 0.0848 0.0826 0.0400 0.0283 0.4140 20
10 0.2310 0.1862 0.1215 0.0882 0.0204 0.0471 0.6981 2
11 0.2104 0.1942 0.1107 0.0920 0.0267 0.0358 0.5730 5
12 0.1939 0.2083 0.1020 0.0987 0.0368 0.0249 0.4040 22
13 0.1974 0.1973 0.1039 0.0935 0.0314 0.0292 0.4819 10
14 0.1703 0.1903 0.0896 0.0902 0.0393 0.0224 0.3628 25
15 0.1976 0.2115 0.1040 0.1002 0.0370 0.0261 0.4132 21
16 0.1559 0.2038 0.0820 0.0966 0.0493 0.0140 0.2208 27
17 0.2012 0.2053 0.1059 0.0973 0.0335 0.0290 0.4639 13
18 0.1624 0.1635 0.0855 0.0775 0.0378 0.0334 0.4687 12
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19 0.2300 0.2112 0.1210 0.1001 0.0322 0.0423 0.5674 6

20 0.2085 0.2154 0.1097 0.1021 0.0364 0.0309 0.4591 15
21 0.1916 0.2184 0.1008 0.1035 0.0415 0.0219 0.3457 26
22 0.1995 0.2044 0.1050 0.0968 0.0336 0.0284 0.4578 16
23 0.1726 0.1899 0.0908 0.0900 0.0383 0.0231 0.3766 23
24 0.1976 0.2102 0.1039 0.0996 0.0365 0.0263 0.4185 18
25 0.1599 0.1626 0.0841 0.0771 0.0390 0.0336 0.4628 14
26 0.2021 0.2330 0.1063 0.1104 0.0453 0.0263 0.3673 24
27 0.1634 0.1631 0.0860 0.0773 0.0373 0.0336 0.4745 11

Két qua phan tich 2 phuong php t6i vu da muc tiéu cho thay truong hop thi nhat 1a truong hop t6i wru vai t6 hop cac bién
thiét ké & muc 1 1a x1y1z1tiwl. Két qua téi wu cua chuyen vi va tng suét chinh 16n nhat lan luot 12 0,63252 mm va 59,667
MPa, nhu duoc trinh bay trong Hinh 6 va Hinh 7. Ty sé khuéch dai dich chuyén thu duoc 12 63,252 lan. Ty 1 khuéch dai dich
chuyén cao hon nghién ctru truéce [2, 6, 8, 9, 14], trong khi chi ¢ 59.667 MPa.

30.00 (mm) 6 i
[ |
15.00 7

30.00 (mm) {b
||
z

Figure 7. The optimal result of maximum principal stress
IV. KET LUAN

Nghién ctru nay c6 thé két luan nhu sau: thir nhat, 27 mé hinh duoc thiét ké boi SolidWorks dua trén mot thir nghiém duoc thiét
ké boi Minitab. Sau d6, 27 mo hinh duoc phan tich bang mé hinh phan tir hitu han dé xac dinh chuyén vi va ang suat chinh lon
nhét cho 27 truong hop. Viéc xac dinh truong hop tdi uu dugc thuc hién bang phuong phap t6i wu hoa myc tiéu dot bién cua
phan tich quan hé xam dya trén phuong phadp MEREC trong s6. Cudi cung, truedong hop t6i wu thu dugc tir truong hop dau tién
biang phan tich quan hé xam. Va phuong phéap t6i wu hoa da myc tiéu TOPSIS &p dung dé xac nhan truong hop dau tién. Nhu
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vay 2 phuong phép t6i uu da myc tiéu déu thu duoc truong hop dau tién 14 truong hop toi wu véi bién thiét ké t6 hop & muc 1
la x1ylzItlwl. Céac gia tri toi uu cua chuyén Vi va tng suat c’hinh lon phét‘thu duoc lan luot la 0,63252 mm va 59,677 MPa.
Ty 1é khuéch dai dich chuyén ciia ban I€ uén cong co ché khuéch dai kiéu cau méi thu dugc 63,252 lan.
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TINH TOAN VA MO PHONG PONG LUC HQC BQ TRUYEN PONG BANH RANG
BANG PHAN MEM INVENTOR

Huynh Vian Nam
Khoa Cong ngh¢ Co Khi
Trwong Pai hoc Cong nghiép Thuec phdm Thanh phé Hé Chi Minh
140 Lé Trong Tdn, Phuong Tay Thanh, Qudn Tan Pha, TP. Hé Chi Minh 700000, Viét Nam
Email: namhv@hufi.edu.vn
Ngay nhdn bai: 29/4/2023 ; Ngay chdp nhdn ddng: 04/5/2023, ngay xudt ban: 08/05/2023

TOM TAT

Bai viét giéi thiéu viéc tinh toan va md phéng dong luc hoc b truyén dong banh ring bang phan mém Inventor. Qua
trinh tinh toan dwoc thuc hién nhanh chéng, chinh xac, giam thai gian va céng sirc so véi tinh toan thia cong. M6 phéng
trén phan mém Inventor cho phép biét truweée dwoc két qua thiét ké bang mo hinh 4o trén may tinh, tir d6 cé thé hiéu
chinh truéc khi ché tao, nham giam chi phi san xuét va ha gia thanh san pham. Vigc tinh toan va mé phéng déng luec
hoc b truyén ddng banh ring bang Inventor con c6 thé ding trong viéc nghién ciu, giang day va hoc tap.

Tir khoa: B truyén dong banh ring; phan mém Inventor, thiét ké co khi.
I. DAT VAN BE

Hién nay, bo truyén dong banh réng dung rat phd bién va duoc tinh toan theo 3 phuong phap: Phuong phap thu cong, truyén
thong; Phuong phép tinh bang cac chuong trinh do nha thiet ké xay dung va Phuong phap dung cdc phan mém co khi thong
dung. Méi phuong phap nay déu c6 nhitng wu, nhuge diém riéng, tuy timg truong hgp ma ngudi thiét ké st dung phuong phap
nao.

Inventor 1a phan mém co khi chuyén dung duoc dung rat phé bién hién nay. Phan mém nay cho phép tinh toan cac bo truyén
co khi théng dung nhu bo truyén dong dai, bo truyén dong banh rang, truc vit... Dong thoi, cho phép mo phéng qua trinh thao
Ip, md phong chuyén dong, mo phong dong hoc va dong luc hoc c4c san pham co khi. Viéc dung Inventor dé tinh toan va md
phong dong luc hoc cac bo truyén co khi, cho phep thuc hién tinh toan nhanh chéng, chinh xéc, tranh dugc sai s6t nham 1an,
dong thoi xem trude duoc hoat dong caa cac bo truyén bang md hinh 4o, tir d6 c6 thé hiéu chinh thiét ké, truéc khi ché tao thuc,
nham tiét kiém chi phi san xuat va ha gia thanh san pham.

Bai bdo nay trinh bay phuong phép tinh todn va mé phong dong luc hoc bo truyén dong banh ring tru rang thang bang phan
mém Inventor. Phuong phap nay cé thé sir dung trong thuc tién san xuat, cting nhu trong cong tic nghién cuu, giang day va hoc
tap.

1. CO SO LY THUYET TINH TOAN VA MO PHONG PONG LUC HOC BO TRUYEN BANH RANG TRU RANG
THANG BANG PHAN MEM INVENTOR

A. Tinh toan bg truyén bdnh rdng tru rdng thang

Dé thiét ke bo truyén banh rang try rang thang can xé4c dinh trude cac thong sé dau vao: Cong suat P(kW) hoic mdmen xoan T
(N.m), sé vong quay n(vg/phut), ty s truyén u.

Khai dong Inventor vao méi truong Iap ghép Assembly.

Kich chon Iénh Design \Spur Gear hinh 1

E‘E’g I:[::i Iﬁ Change F= Trim To Frame *@* fELE y; @ Bearing @ Disc Cam ~ %l g’ Extension
O || ; 3
I Miter  oE Trim/Extend n [0 v-Belts ~ [T\ Parallel Splines ~ <= Belleville
Bolted Clevis | Insert ng Frame | Shaft | Spur i - Compression
Connection Pin | Frame [B] Notch & Lengthen/Shorten | Analysis Gear ~ Key H O-Ring ¢ Torsion
Fasten | Frame = | ; Power Transmission ¥ Spring

Hinh 1 Cdc médun tinh todn, thiét ké va phan tich trong linh vuc ki thudt
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| Design Accelerator Iﬁl

| You must save the assembly document before creating a Design
y' Accelerator component,
Do you want to save the assembly?

[ QK ] | Cancel

Hinh 2 Dong nhdc luu File trurdc khi thiét ké

Ban chon Ok, sau d6 chon thu muc luu, dt tén File thiét ké, vi du ban dit tén: Bo truyen banh rang, xong nhén Save>Yes dé
bit dAu thiét k&, khi d6 s& xuét hién hop thoai nhu hinh 3

Spur Gears Component Generator @

¢ Design | f Calculation == ) B
Common *
Design Guide Pressure Angle Helx Angle
[Center Distance "l 20.0000 deg » 0.0000 deg r
Desired Gear Ratio Unit Corrections Guide
3ul ~ [|Internal [User --l
Module Center Distance Total Unit Correction
4 mm ~  240.670 mm - 0.1692ul » | Ppreview.. |
Gearl Gear2

Component ] Cylindrical Face Eomponent z) Cylindrical Face

Mumber of Teeth — Mumber of Teeth —

30 ul ' A1 Start plane 90 ul ’ A~ Start plane
Facewidth Unit Correction Facewidth Unit Correction

20,000 mm b 0.0000 ul ¥ 20.000 mm F 0.1692 ul k

[ Calculate ][ 0K ][ Cancel ]

Hinh 3 Hép thogi thiét ké bé truyén banh rang

Y nghia cuia c&c tly chon trén hop thoai hinh 3:

B. Thé Design Guide: hudng dan thiét k&, gdm céc tiy chon

— Module and Number of Teeth (m & z): tinh mé dun va s ring dwa vao cac thong s dau vao.
— Number of Teeth (z): tinh s6 ring

— Center Distance (aw): tinh khoang cach truc

— Total Unit Correction: tinh hé sé dich chinh

— Module (m): tinh mé dun.

* Design Gear Ratio: nhap ty so truyén banh rang thiét ké

* Internal: bo truyén in khép trong

* Pressure Angle (aw): goc an khop, ¢6 gié tri tiéu chuan: 14.5°, 20°, 25°, 30°, théng thudng hay st dung géc 20°
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* Helix Angle (B): goc nghiéng réng, theo tai liéu Inventor goc B: 0+55 °. Theo tai liéu co s¢ th!ét ké méy: bo truyén banh rang
nghiéng B nén chon khoang 8°+20° va trong bo truyén chir V cd thé chon B dén 40°. Néu mudn d6i hudng nghiéng ban nhan
nat dao huéng bén canh

* Total Unit Correction (2x): hé s6 dich chinh

* Preview: hién thi hop thoai ¢6 hinh anh cho ching ta xem cac théng s thiét ké

cua cip banh rang va mod phong chuyén dong in khop cia chiing. Tuy chon nay

dugc chon sau khi ban da tinh toan xong.

* Gear 1, Gear 2: chi ra kiéu thiét ké banh ring, ban nén chon mic dinh la Component

— Component: thanh phan cia bo truyén

— Feature: dang hinh hoc

— No model: chi tinh toan céc thdng s, khong xuét hién hinh anh banh rang khi thiét ké xong.
* Cylindrical Face: chon vi tri dat banh rang la mat cua truc (Iip banh rang 1én truc di c6)

* Start plant: chon vi tri dat banh rang 1a mat phang cua cia méi truong thiét ké (YZ, XZ, Y) hay mat phang lam viéc
* Number of Teeth: sé ring

* Facewidth (b): bé rong ctia banh ring

* P& xem cac thdng sb cua b truyén ban kich vao nat more

C. Thé Calculation: tinh toan

Spur Gears Component Generator e
#F Design| Jo Calculation = @@
Method of Strength Calculation Results «
| o 3990:1988 v IR 1044.159 N
= e 380.014 N
030s
Gear 1 Gear 2 Fa 0.000 N
Power P Skw P 4.900 kw Fn 1114.271 N
Speed n 760 pm ' 25333mm v 4.775 mps
6947.
Torque T 62824Nm ' 184703Nm Ner BON7: 204 58
0 Gear 1
Efficency n 0.980u S 2.156 ul
Materal Values Sg 4.653 ul
Gear 1 7] [DIN Ck 45 ) |Skst 1.690 ul
Gear 2 7] [DIN Ck 45 o) | Sest 10.020 ul
Gear 2
Bending Fatigue Limit Oy [316.0MPa° D | | 316.0.WPa 5 2.255 ul
255 ul
" 1140.0MPa  *  1140.0 MPa 3
Contact Falu;ue Limit Ohim 5 4008 ul
Modulus of Esticity E 206000 MPa 206000 MPa St 1.767 ul
Poisson’s Ratio w0300 ul * 0.300ul Sex 10.368 ul
Heat Treatment 2ul ro2u
Required Life Ly 10000 hr ’
Factors Accuracy «
¥ ¥
2 [ cllubte | [ ok ][ cancel |[>>

Hinh 4 Céc tuy chon thé tinh toan
Y nghia cua cac tly trong thé Calculation hinh 4

* Method of Strength Calculation: chon phuong phép tinh bén. Inventor cung cép cho ban nhiéu lya chon tinh toan theo cac
tiéu chuan nhu: ANSI, ISO, DIN va CSN. O Viét Nam thudng chon theo tiéu chuan 1SO.

* Loads: tai 6 ndy ban nhap céc thong sé tinh toan nhu: cong suat P, sé vong quay n, hiéu suit n
* Material Values: ban chon vt lidu cho ting loai banh rang theo chuén SI.
B. M6 phong dong luc hoc bg truyen dong banh rang

Dé mo phong dong huc hoc bo truyén dong banh ring, co thé st dung mo dun Dynamic Simulation. M6 dun nay c6 thé truy cap
trong moi truong Assembly environment cia Inventor.

Moi trudng Dynamic Simulation dugc trinh bay trén hinh 5
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Hinh 5 Méi truong Dynamig Simuylation: 1 - trinh duyét md phong d@éng luc hoc; 2 — cira s6 do hoa md phong dong luc hoc; 3
— ddi thuc don; 4 — bdng diéu khién mé phong dong luc

S'muﬁiion%la r ] / V4 |
o =i l@@] @

=% 5,000 s v+-

- b h S

0o O

Hinh 6 Bdng dieu khién mé phong dong luc

0.00s 0% 00:00:08 |

1- Construction Mode (Ché do chinh sira) - Sau khi két thic qua trinh md phéng, ché do chinh sira phai dugc lya chon dé higu
chinh céac théng s6 mé phong.

2 — Final Time (Thoi gian md phong) — Xéac dinh thoi gian chay mé phong.
3 — Simulation time (Budc thoi gian m6 phong) — Budc thoi gian md phong (Gid tri chi doc dugc, khéng chinh sira dugc).

4 — Percentage of Realized Simulation (Phan trim da chay mé phong) — Gia tri chi doc, khdng chinh sira duoc, cho biét phan
tram mo phdng da hoan thanh.

5 — Real Time — Gia tri chi doc, khdng chinh stra dugc, cho biét thoi gian thyc da tréi qua khi mo phong.

6 — Filter (Bo loc) — Thudng dugc dit gia tri 1. CO thé thay ddi gia tri khac 1; néu dat gié tri 10 thi trinh md phong sé bo qua tat
ca cac khung hinh gitra 1 va 10 trong qua trinh mé phong phat lai.

7 - Continuous Playback of simulation — Phat lai lién tuc khi mé phong.
8 - Advances to end of simulation — Két thiic ngay qua trinh md phong.

9 — Deactivate screen refresh at each time step (Huy kich hoat lam twoi man hinh tai mai budc thoi gian) — Ngin chan viéc lam
twoi man hinh tai mdi bugc thoi gian, hd tro viée tang tc md phong.

10 - Play simulation — Chay md phong.

11 - Stop simulation — Dirng m6 phong.

12 - Rewind simulation to beginning — Tua lai m6 phong tir dau.

13 - Images — Thudng con sb ndy cang cao thi md phong cang muot, nhung thoi gian khoi dong mé phong sé 1au hon.

1. Vi DU TINH TOAN VA MO PHONG BPONG LUC HOC BO TRUYEN BANH RANG TRU RANG THANG BANG
PHAM MEM INVENTOR
Tinh toan va thiét ké bo truyén banh rang tru ring thang trong hop giam toc ciia hé thong truyén dong cho bang tai nhu hinh 7.
Céc so liéu cho ¢ bangl. Tudi tho L=8000h, gia st tai trong thay doi theo bac véi T1=T; T2=0,6T; T3=0,4T va t1=0,3tck ;
t2=0,3 tck ; t4=0,4tck
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Hinh 7 Hé théng truyén déng cho bang tdi: 1- Péng co; 2- B truyén dai; 3- Hop giam toc; - Bé truyén xich; 5- Bang tdi

Bang 1 Thong s6 ky thuat cua hé thong

) i bong co | ] 1
Thong so6
Cong suat P (kW) 6,02 5,66 5,43 5
Ti sb truyén u 3,25 | 25 [ 25
Momen xoan T (N.mm) 59391 181385 434855,4 1001048,2
S6 vong quay n (vg/ph) 968 298 119,2 47,7
A. Nhdp cac thong so thiét ké cho truréc
— Cong suét: P=5,66kW
— S6 vong quay: n=298 (vg/ph)
— Ty sb truyén: u =2,5 trong Inventor ti s truyén duoc ky hiéu 1a i
Spur Gears Component Generator n 7SPUT Gears GDmponent Gener
[ & Design Fo Calculation = A
Method of Strength Calculation Results h !f DESign f'f;- Calculaﬁgn
IS0 6336:1996 ~ F 3109.856 N |
F 1224.912 N Comman
roscs Gear 1 Gear 2 = oo Design Guide
F, 3342.210 N
Power P [5:66 kw > |[ 5547 kw ||y 1.802 mps [Center Distance
speed n [ 208 rpm > |[120.35 rpm | g 10200.010 rpm - )
Torque + [1813730m |[#0.531 1 m | gears Desired Gear Ratio
" i oz 25 ¥
Hinh 8 Nhdp cac thong so thiét ké
B. Chon vat liéu banh rang
Ban c6 thé chon vat liéu banh ring theo nhiéu tiéu chuan khac nhau trong thu vién.
Material Values
Gear 1 Carbon cast steel
Gear 2 Carbon cast steel
Bending Fatigue Limit S | 316.0 MPa || 316.0 MPa |
Contact Fatigue Limit G | 1140.0 MPa || 1140.0 MPa |
Modulus of Elasticity E | 206000 MPa || 206000 MPa |
Poisson's Ratio m | 0.300 ul || 0.300 ul |
Heat Treatment | 2ul | | 2 ul |
Required Life L, | 10000 hr > |
Factors Accuracy
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Hinh 9 Chon vt ligu bdanh rang
C. Nhdp céc thong sé thé Design

a. Khoang céch truc: khoang cach truc so bo theo [1]

a, = 50(u + 1) ._TI.'K_Hﬁ_
u\l’u["ff}z“

Theo bang 6.15/231[1] do banh rang nam ddi ximg & cac 6 truc nén Wha = 0,3+0,5, chon Wba =0,4 theo tiéu chuén, khi d6 Wbd
dugc tinh theo cong thurc

~ Yo+ 1) _
2

Duya vao Whd tra bang 6.4 chon KHB = 1.02 (chd y nén chon trong khoang giita). Trong do6 u 14 ti s6 truyén dé bai cho: u =2,5

L] 0,7

Chon [oH] = 420MPa. Khoang cach b truyén banh ring dugc xac dinh

=50(2.5+1) 181375+ 102 _ 177,79
Gw = S04 0.4+4202x25 7
b. Chiéu rong vanh rang [1]

- Banh bj dan: b,= ¥ba a=0.4.200=80mm
- Banh dan: by=b,+5=85mm
¢. Goc an khép Pressure Angle (aw): ¢6 gia tri tiéu chuan: 14.5°, 20°, 25°, 30°, thong thuong hay sir dung géc 20° [1]

Chon aw,=200mm

Spur Gears Component Generator

& Design fg Calculation = = e
Commaon
Design Guide Pressure Angle Helix Angle
Center Distance v| | 20.0000 deg ~ | | 0.0000 deg > ||
Desired Gear Ratio Unit Corrections Guide
| 2.5 w | [ |internal User v
Module Center Distance Total Unit Correction
| 5.500 mm v || 202.751 mm | |03770 0 > Preview...
Gearl Gear2
Component vk Cylindrical Face Component vk Cylindrical Face

Number of Teeth

2 A1 Start plane

Number of Teeth

| b L start plane

21l > ||l — |52l
Facewidth Unit Correction Facewidth Unit Correction
[80 > || 0.0000 ui >| |ss >| 03770 ul

Hinh 10 Nhdp bé réng vanh ring

D. Nhdp céc thong sé the Calculation

E. Nhdp hiéu sudt bé truyén ciia banh rang: Ban nhdp n = 0.98

F. Xong nhdn Caculate d@é tinh toan, phan mém Inventor sé tu dong tinh toan va béo

két qua.

G. Kich vao Preview dé xem triréc cac thong sé cua cdp banh rang, kiém tra géc an

khop ...
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Dimensions Teeth mesh Pinion and rack mesh Gear and rack mesh

i Dimensions Results Dimensions Teeth mesh  pinion and rack mesh Gear and rack mesh
[ e o e D
F p 17.278 mm
[]] 10.000 mm
[ Py 17.279 mm
b a 200.750 mm
oy 20.0000 deg
o, 21.4998 deg
9 21.4098 deg
d 115.500 mm
dy 108.534 mm
d 101.750 mm
d, 126354 mm
i w 42.209 mm|
n z, 3.000 ul SR RN SRR
i M 129.994 mm
] .
7] t 7.628 mm
i Jearance ¢ |o2s00ul || 0.2500 ul
a. 4.039 mm

Hinh 11 Céc thong sé va hinh mé phang cép banh ring dn khop
H. Xudt két qua

Sau khi thyc hi¢n tinh toan, phan mém sg& cho két qua va mo hinh 3D cua b truyén dong banh ring, twong tng Vi s6 ligu cua
ket qua tinh todn. Mo hinh 3D dugc trinh bay trén hinh 12, con ket qua c6 the truy xuat bang cach nhan vao bieu tuong quyén
sach “Results” nam trén goc phai man hinh caa trang Calculation.

* Spur Gears Component Generator n
#F Design f5 calculation H = B4
Common 2
Design Guide Pressure Angle Helix Angle
Center Distance «| [ 20.0000 deg ~ | [0.0000 deg > |4

Desired Gear Ratio Unit Corrections Guide

Module Center Distance Total Unit Correction

| 5.500 mm | [202.751 mm | [oa770u 3] Preview...
Gearl Gear2

ST sl Cylindrical Face ST i Cylindrical Face

Number of Teeth

Number of Teeth

2| s e

Facewidth

8] e

Unit Correction Facewidth Unit Correction

[80 mm >|[0.0000 >| [esmm > | [03770 ul

Hinh 12 M6 hinh 3D bé truyén banh rang va “Results” két qua
IV. KET LUAN
Bai bao da giai quyét cac van dé sau:

1. Trinh bay phwong phép tinh toan va mé phong dong luc hoc bo truyén dong banh ring tru riang thang bang phan mém
Inventor.

2. Trinh bay vi du tinh toan bo truyén dong banh rang try rang thang vai nhiing sé liéu cu thé. Viéc tinh toan dugc thuc hién
nhanh chong, chinh xac, truc quan. Ket qua tinh toan gom: Cac thdng so cua banh dan, banh bi dan, cac thong so ve kiem
nghiém do6 bén va md hinh 3D cuta b truyén dong banh ring tru rang thang, twong (tng véi két qua tinh toan.

3. Trinh bay vi du md phong dong luc hoc bo truyén dong banh ring try réng thang, dua trén két qua tinh toan ¢ trén. Két qua
md phong cho phép hinh dung truc quan chuyén dong cua bo truyén déng banh rang, cung vai cic théng s6 dong luc hoc cua
no.

3. Phuong phép tinh todn va m6 phong dong luc hoc bo truyén dong banh ring trinh bay trong bai bao nay c6 thé sur dung trén
thuc tién san xuat, cling nhu trong cong tac nghién citu, giang day va hoc tap.

TAI LIEU THAM KHAO
[1]. Trinh Chét, Lé Van Uyén (2008), Tinh toan thiét ké hé dan dong co khi, tap 1 va 2, Nha xuit ban Gio duc, Ha Noi.

[2]. Nguyén Hitu Loc (2007), M6 hinh héa san phdam co khi véi Autodesk Inventor, Nha xuét ban Khoa hoc va Ki Thuat, Tp.
H Chi Minh.

[3]. Nguyén Hitu Loc (2006), Thiét Ké San Pham Vi Autodesk Inventor, Nha xuat ban Tong Hop TP. HO Chi Minh, Tp. Hb
Chi Minh.
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PHU LUC
Project Info
= Guide
Design Guide - Center Distance
Unit Corrections Guide - User
Type of Load Calculation - Torque calculation for the specified power and speed
Type of Strength Calculation - Check Calculation
Method of Strength Calculation - 1SO 6336:1996

Bl Common Parameters

Gear i 2.4762

Ratio ul

Desired | |5 5000

Gear lin ul

Ratio

Module |m 220
mm

Helix 8 0.0000

Angle deg

Pressure 20.0000

Angle e deg

Center 202.751
Distance |“" [mm
Product 200.750
Center a mm
Distance

Total Unit 0.3770

Correction 2 ul
Circular 17.279
Pitch P mm
Base 16.237
Circular  |pw mm
Pitch

Operating | |59 499g
Pressure |ow deg
Angle

Contact 1.5900
Ratio &l
Limit . 0.0140
Deviation mm
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of  Axis

Parallelity
Limit
Deviation f 0.0070
of Axis|” |mm
Parallelity
B Gears
Gear 1 Gear 2
Type of model Component|Component
¥:g?hber of 21 ul 52 ul
Unit Correction|x [0.0000 ul {0.3770 ul
Pitch Diameter |d L0l 20
mm mm
Outside d 126.354 301.002
Diameter % Imm mm
B B |l 101.750 276.397
mm mm
Base Circle q 108.534 268.752
Diameter ® 'mm mm
Work Pitch d 116.651 288.851
Diameter " 'mm mm
Facewidth b (80.000 mm |85.000 mm
Eg‘t:ie;"”dth b |0.6926 ul |0.2797 ul
Addendum a* |1.0000 ul |1.0000 ul
Clearance c*|0.2500 ul |0.2500 ul
Root Fillet r#*10.3500 ul  {0.3500 ul
E’?Ctﬁness s |8.639 mm |10.149 mm
Tangential
Tooth st (8.639 mm [10.149 mm
Thickness
%‘(’:rlf:éss t. |7.629mm |8.962 mm
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Chordal

- ac (4.039 mm |5.870 mm
Chordal_ W 142,209 mm 110.963
Dimension mm
Chordal
Dimension Zw |3.000 ul 7.000 ul
Teeth
Dimension
Over M 129.994 304.600
(Between) mm mm
Wires
Wire Diameter |dy|10.000 mm {10.000 mm
Limit
Deviation  of|Fg (0.0140 mm |{0.0180 mm
Helix Angle
Limit
Circumferential |F; {0.0220 mm |0.0380 mm
Run-out
Limit
Deviation  of |fy [{0.0090 mm [0.0110 mm
Axial Pitch
Limit
Deviation  of|fy [0.0085 mm [0.0100 mm
Basic Pitch
Virtual Number
of Teeth Zy |21.000 ul |52.000 ul
Virtual  Pitch q 115.500 286.000
Diameter " mm mm
Virtual Outside 126.354 301.002
Diameter G mm mm
Virual - Base| )00 59, 968,752
Circle don

. mm mm
Diameter
Unit Correction
without X, 10.4263 ul [-0.5234 ul
Tapering
Unit Correction
without Xp |-0.2086 ul |-2.0217 ul

Undercut
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Unit Correction
Allowed X4 |-0.3785ul [-2.1917 ul
Undercut
Addendum 1y 16 0135 41 {0.0132 ul
Truncation
Unit  Outside
Tooth Sa 10.7157 ul  |0.7200 ul
Thickness
Tip  Pressure " 30.7990 26.7653
Angle ¢ |deg deg
B db .
I | |
| | I
- dr .
) d lan
- da -
B Loads
Gear 1 Gear 2
5.547
Power P |5.660 kW KW
298.00 120.35
Speed n
rpm rpm
Torque T 181.373 N (440.131
m Nm
Efficiency n 10.980 ul
Radial Force |Fr |1224.912 N
Tangential | 1519 656 N
Force
Axial Force F. 10.000 N
Normal Force |F, |3342.210 N
Circumferential
Speed v [1.802 mps
Resonance n 10200.010
Speed 5 rpm
B Material
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Gear 1 Gear 2
Carbon Carbon
cast steel |cast steel
Ultimate
Tensile |S, 590 MPa |590 MPa
Strength
Yield
Strength Sy |300 MPa |300 MPa
(';"f"d“'“s = 1206000 206000
Elasticity e e
EO'?SO”S 0.300ul  |0.300 ul
atio
Bending
Fatigue |orim |316.0 MPa |316.0 MPa
Limit
g;?ticet 11400 |1140.0
atig OHlim | \pa MPa
Limit
Hardness
in  Tooth|JHV |210 ul 210 ul
Core
Hardness
in  Tooth|VHV|600 ul 600 ul
Side
Base
Number
of Load|NFfim |3000000 ul|3000000 ul
Cycles in
Bending
Base
Number
of  Load|Nuim ﬁ:)OOOOOOO ﬁ:)OOOOOOO
Cycles in
Contact
W?hler
Curve
Exponent |qr (6.0 ul 6.0 ul
for
Bending
W?hler
Curve gu  |10.0ul 10.0 ul
Exponent
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for
Contact

Type of
Treatment

type

2 ul 2 ul

& Strength Calculation
B Factors of Additional Load

Application
Factor

Ka |1.200 ul

Dynamic
Factor

KHv

1.059|1.059
ul ul

Face Load
Factor

Kp

1.911|1.617
ul ul

Transverse
Load Factor

KHa

1.221/1.221
ul ul

One-time

Factor

Overloading|Kas|1.000 ul

B Factors for Contact

Elasticity

Eactor Ze [189.812 ul
Zone

Factor Zn [2.398 ul
Contact

Ratio Z: [0.896 ul
Factor

Single Pair

Tooth 7 1.099(1.000
Contact Blul  ul
Factor

Life 7 1.000{1.033
Factor Nlul o ul
Lubricant

Eactor Z. [0.962 ul
Roughness

Factor Zr [1.000 ul
Speed

Eactor Zy [0.955 ul
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Helix

Angle Zg {1.000 ul

Factor

Size 7 1.000{1.000

Factor Xlul  ul

Work

Hardening |Zw|{1.000 ul

Factor

El Factors for Bending

Form v 2.762(2.122

Factor lul o ul

Stress

Correction |Ysa L8 ek
ul ul

Factor

Teeth with

Grinding v 1.000{1.000

Notches iyl ul

Factor

Helix

Angle Yp [1.000 ul

Factor

Contact

Ratio Y. |0.722 ul

Factor

Alternating

Load YA 1.000/1.000
ul ul

Factor

Production

Technology | Y+ 1.000{1.000
ul ul

Factor

Life Factor |Yn LRy L
ul ul

GIE 1.132|1.157

Sensitivity |Ys |7 .
ul ul

Factor

Size Factor |Yx 1.00011.000
ul ul

Tooth Root

Surface Yr |1.000 ul

Factor

Bl Results
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Factor of

Safety s 1.975 (2.241
from Hlul ul
Pitting

Factor of

ST 6.424 |7.596
from Sk ul ul
Tooth

Breakage

Static

Safety in|Sust ﬁi584 l]].i740
Contact

Static

Safety in|Sre ﬁ;l.lB? 3?.413
Bending

Check L.
Calculation Positive

9:08:34 AM
Design:
Gear 1: The
Unit
Correction
(x) is less
than the
Unit
Correction
without
Tapering
(x2)

9:08:34 AM
Calculation:
Calculation
indicates
design
compliance!

El Summary of Messages
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UNG DUNG PHAN MEM AUTODESK MOLDFLOW INSIGHT TRONG PHAN TiCH
CAE CHO SAN PHAM NHUA EP PHUN

Phan Hoang Phung
Khoa Cong ngh¢ Co Khi
Truong Pai hoc Cong nghiép thyc pham Tp. Ho Chi Minh.
140 Lé Trong Tdn, Phuwong Tay Thanh, Qudn Tan Pha, TP. Hé Chi Minh 700000, Viét Nam
Email: phungph@hufi.edu.vn
Ngay nhdn bai: 29/4/2023 ; Ngay chdp nhdn dding: 04/5/2023, ngay xudt ban: 08/05/2023

Tém tit

Trong qua trinh thiét ké va ché tao khudn cho cac san pham nhya ép phun, c6 rat nhiéu yéu té anh huong dén chit lugng cua
san phém quan trong nhat Ia cac yéu t6 lién quan dén dong chay nhya trong qué trinh dién dy long khudn nhu: nhiét do khdi,
ap suét phun, ty 1¢ co ngét,.... Hién nay c6 rat nhiéu phan mém CAD/CAE (Computer Adied Design/Computer Aided
Engineering) d¢ giai quyét, tdi wu cac van d¢ trén, nhung trong bai bao nay tac gia tap trung nghién ctru tng dung phan mém
Autodesk Moldflow Insight trong phan tich CAE cho san pham nhya ép phun. K§ thuat mé phong phan tich dong chay trén
phan mém Autodesk Moldflow Insight (AMI) gitip ta xac dinh duoc cac pham vi théng s6 nhu: nhiét 6 khudn, nhiét d6 nong
chay, toc d6 dong chay va thoi gian lam mat... hgp Iy khi tién hanh ép phun cho chi tiét. Cac két qua md phong da chiing to
duoc thiét ké va phuong phép phan tich 1a hop Iy va c6 kha nang trong tng dyng thuc tidn thiét ké khudn nhya. Phuong phép
mo phong nay cé thé xem 1a quy trinh téng quat dé ap dung vao qué trinh thiét ké khuén ép nhua.

Tur khoa: mé phong dong chay nhua, Autodesk Moldflow Insight, CAE, CAD/CAE
I. GIOI THIEU

Hign nay thiét ké va phat trién san pham chiém v tri rat quan trong trong san xuét co khi, gop phan d6i mai va sang tao, nang
cao nang luc canh tranh cho doanh nghiép. Ung dung cong nghé¢ CAE hd tro qué trinh thiét ké, phan tich ky thuat glup giam
thoi gian dua san pham ra thi truong, hon nira giam thiéu céc rui ro vé kg thuat va chi phi cho qua trinh san xuat che tao. Cac
nganh cong nghi¢p nha, dd gia dung, va phu trg khac.. . dang phat trién manh mé& can ap dung cac ky thuat tao mau t|en tién
nhit dé dap wng nhu cau san xuat cao va hiéu qua kinh té. San pham nhya rét da dang vé kich thuéc, hinh dang, va mau ma
phuc tap dép tmg duoc nhu cau cuia khach hang. CAE c6 kha niang giam su phuc tap qud trinh thiét ké ciing nhu quan ly kich
thudc san pham & nhiéu cap do khac nhau [1].

CAE lamot cong cu rat phd bién dé phan tich dong chay nhya trong qua trinh thiét ké khuon ép nhya bang céch nhap va chinh
stra cac théng s6 dau Vao cua qua trinh €p phun dé du doan két qua cua quatrinh. CAE co thé tro gip nguoi ép phun du doan
va xéc dinh cac thdng sé ép phun c6 anh huong dén chit lugng san pham, tim ra huéng xir ly va t6i wu hoa thong sb ép phun
[2]. Nhiéu nha thiét ké da ap dung cong cu ndy vao qua trinh thiét ké va san xuat dé giam chi ph| san xuat va cac rui ro trong
qua trinh ché tao san pham. Nam 2011, W. Kuang va cong su [3] trién khai cong nghé CAE dé phan tich cho vo may anh ky
thuat sb. Autodesk Moldflow Insight (AIM) la mét trong nhiing phan mém phan tich dong chay nhua tét nhat, duoc nhidu
nha thiét ké tin ding vi c6 do chinh xac cao. G. Singh va cong su [4] hau hét thiy rang phan mém Autodesk Moldflow Insight
d3 cho ra bao cao phan tich mé phong véi két qua tot so vai bat ky phan mém nao khéac. AIM vé co ban dd dy doan chinh xac
céc thong s6: thoi gian dién ddy, &p suét dién day va dua ra két qua mong mudn cho cac nha san xuat.

Qua trinh ép phun thudng dugc biét dén nhu mot qua trinh tao hinh dua vao viéc tao &p suat cao tir hé thdng phun nhya nong
chay vao khoang trong c6 hinh dang cua chi tiét can san xuat, sau d6 1am ngudi nhya dé dinh hinh cho san pham. Phuong
phap nay duoc ap dung rat phd bién trong nganh san xuat nhya do thoi gian san Xuat ngén, c6 thé tao hinh cac chi tiét c6 hinh
dang phuc tap va nang suat cao. [5] Vao nam 2017, nghién ctiu chi ra rang ép phun 1a cac quy trinh tao hinh dang luéi chinh
cho polyme nhiét déo véi hon 30% tét ca cac phan nhya da dwoc sir dung phuong phap nay trong gia cong phan nhya. Bai
bao nay nghién ciru ting dung cua viéc phan tich CAE vao qué trinh ép nhya dé xac dinh dwoc pham vi 4 tham sé chinh anh
huéng dén chat lwong san pham: nhiét d6 khudn, nhiét do néng chay, téc do dong chay va thai gian 1am mat.

[I. THIET KE SAN PHAM, THIET KE LONG KHUON VA HE THONG KENH DAN NHUA
Ung dung phin mém AMI chay mé phong dé xac dinh cac thong sb thiét ké co ban c6 anh hudng dén chét lugng san phim
khi ép phun. Dua trén muc tiéu phén tich, két luan pham vi ti wu cac tham sb thiét ké nhu: nhiét do khudn, nhiét do nong
chay, toc do dong chay va thoi gian 1am mat... Dé dat duoc két qua tot nhét, mot sé yéu 6 phai phai duogc tinh toan va cai dat
vao phén mém nhu hé théng kénh dan, cuéng phun, miéng phun, ...Viéc lya chon vét liéu nhya ciling 1a mot yéu t6 chinh
trong viéc phat trién chat lugng san pham. Nhu da duoc noi boi cic nha nghién ciru trude ddy, chat lugng ctia san pham nhya
phu thudc vao théng s6 qua trinh, tinh nang vat liéu va khuon thiét ké [6].
A. Thiét ké san pham nhya

Dé g dung phan mém Autodesk Moldflow Insight tac gia thiét ké san pham ni ren nhu hinh 1. Chi tiét dugc lam tir nhya
ABS - Acrylonitrin Butadien Styren. Pic tinh ciia nhua ABS dwgc néu trong bang 1.
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A-A (1:1)

+0,039

N

M33x1.5

A 16£0,027

) 60+£0,046

45x0,039

Hinh 1. Ban v& chi tiét ctia san pham

Bang 1. Bic tinh cia nhya ABS

Piac tinh Gia tri
Nhiét 4o néng chay (°C) 210
Nhiét do khudn ép (°C) 40-80
D6 bén kéo (MPa) 2200
Ty 1€ co ngdt (%) 0.4-0.9
Mat dé (kg/m®) 1.165
Modun (MPa) 65
Chi sb dong chay (g/pht) 45

B. Thiét ké long khudn va hé thong kénh dan nhwa

Trong nghién ctru ndy, phan mém  Autodesk Moldflow Insight dugc sir dung dé thiét ké mot khudn hai tim vai 4 1ong khuon.
Hé thdng cong phun nhwa don. San pham dugc chia ludi voi 8316 phan tir tam giac, diém phun chon & phan tir 6550. S6 long
khuon 12 4, duong kinh kénh dan chinh 1a 4.5mm, chiéu dai 1a 100mm, kénh dan phu c6 dudng kinh 3.5mm va chiéu dai mdi
doan kénh dan phu 1a 50mm.
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Hinh 2. B4 tri 1ong khuon, kénh din, cuéng phun cho san pham

Long kKhudn dwec lam tir vat liéu Thép P20, dic tinh dugc néu ¢ bang 2.

Bang 2. bac tinh thép P20

Pic tinh Giatri
Mat @6 khudn (g/m3) 7.8
Nhiét khuon riéng (J/Kgs) 460
Do dan nhiét (w/moC) 29
Modun dan héi (MPa) 2.105
Hé sb gian no nhiét caa khuon 0.33

Thong sé may ép phun dwoc thiét lap mac dinh trong phan mém AMI. Bang 3 thé hién thong sé caa méy ép phun trong quéa

trinh chay md phong.

Bang 3. Thong s6 may ép trong md phong

C. Thiét Idp méy ép phun

Thong s6 Gia tri
Gidi han p suét téi da (MPa) 180
Ty € tdng cuong truc vit 10
Thoi gian phan hdi cia méy 0.01
Luc kep t6i da (tan) 700

Viéc xdc dinh cac tham s6 quy trinh trong nghién ctru nay dugc tham khao qua mot vai 1an mo phong, va dua ra pham
Vi c&c tham so 6n dinh nhat. Bang 4 1a tong hop pham vi caa 4 thdng s6: nhiét do khudn, nhiét d nong chay, toc do dong chay

D. Tham sé quy trinh

va thoi gian 1am méat. Trong pham vi d6 san pham cho ra la it 15i nhat.

Bang 4. Pham vi tham s6 qua trinh

Thong sb Téi thiéu Tdida

Nhiét d6 khudn (°C) 35.86 76.98
Nhiét 4o néng chay (°C) 97.44 230.7
Tbc d6 dong chay (cm¥s) 0.7432 26.39
Thoi gian lam mét (s) 25.1 26.26

Dua vao thong sb cac tham s da dé cap & bang 4, sau khi chay mo phong, két qua thu thap dugc vé nhiét do khéi, thoi gian

I11. KET QUA VA THAO LUAN

dién diy, co ngot thé tich va dwong han duoc trinh bay nhu phan dudi day.

A. Nhiét dg khoi (bulk temperature)
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DJdi voi nghién ctru nay, nhiét do khdi cho 4 mau la tir 60 °C dén 233 °C nhu trong hinh 2. Bt dau véi nhiét do cao hon va
mat 33.10s d€ ngudi xuong 60 °C. Thong qua ket qua nay, nhiét do khoi phdi cao hon nhié¢t do suy giam d€ dam bao san
pham dugc co ngdt dong déu.

Bulk temperature
Time = 33.10[s]
[C]

-135
Autodesk" — s
MOLDFLOWS INSIGHT Scale (200 mm) =30

Hinh 3. Nhiét d6 khéi caa san pham
B. Thoi gian dién day (fill time)

Thoi gian dién day duoc thu thap va két qua cho 4 méu 1a 3.228s. Céc long khudn déu dugc dién day voi khoang thoi gian
nhu nhau, tir hinh 3 ¢6 the thay cac chi tict ¢ tung I16ng khuén cé sy thay d6i mau sic 1a nhu nhau, phan xa miéng phun
mau do voi thoi gian dién day la l1au nhat.

Fill ime
= 3.228]z]

Autodesk: B

MOLDFLOWS INSIGHT scale (200 mm) -30

Hinh 4. Thoi gian dién day
C. Co ngot thé tich (volumetric shrinkage)

DG co rit theo thé tich la sy thay doi thé tich cua vat ligu nhya khi chuyén giai doan tir léng sang ran. Hinh 4 cho thay ty
1€ co rut trong 4 1ong khuon sau khi dugc dién day va lam ngudi ¢ 33.1s vai gia tri 14 8.075%.
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Yolumetric shrinkage
Time = 33.10(s5]
[%]

l8.075

Autodesk: |

MOLD FLOWS INSIGHT =cale 1200 mm] -30

Hinh 5. D6 co ng6t cua san pham
D. BDPuwong han (weld line)

Hinh 6 lqiéu thi dqbng han cua san pham, tai vi tri giao nhau cua dpng nhua khi duogc borm vao long khug“)n, tai do ¢o su
khong dong deu ve nhi¢t do cua nhya nén tao ra duong han, ¢ chi tict nay duong han xuat hién ¢ dudng thang xa vi tri cua
miéng phun véi gia tri tir 0deg dén 135deg.

Weld lines
= 135.0[deq]

[deg]

135.0 W e
. ;f{ =\
'5;’5%

Autodesk: Y

I L ' 30
MOLDFLOWS INSIGHT ocale (200 mm) B

Hinh 6. Buong han san phim

Viée st dung CAE v6i phuong phap CFD dé mé phong dong chay nhua cho khuén ép phun da duge bao céo trong bai nghién
cuu nay. St dung AMI véi 4 tham s6 chinh: nhiét 6 do khuon, nhiét do nong chay, tde do dong chay va thoi gian lam mat da
duoc thiét lap dé dat dugc muc tiéu nghién ctru. Két qua 1a, pham vi cla tirng tham s6 12 35.86°C dén 76.98°C dbi v&i nhiét do
khuén, nhiét d6 nong chay tir 97.44°C dén 230.7°C, tdc dd dong chay 1a tir 0.7432cm?%s dén 26.39 cm®s va thoi gian 1am mat
1a 25.1s dén 26.26s. V&i pham vi tham sb da néu trén thi san phém cho ra dugc han ché 16i nhat. Qua do6, c6 thé théy viéc mo
phéng dong chay nhya v6i phuong phap CFD gilp nguoi thiét ké t6i wu dugc cac 15i thuorng gap trong qua trinh thiét ké khuon
ép nhuya: 16i 1 khi, duong han, hut 4p sudt, ... giam thiéu chi phi trong qua trinh thiét ké, san xuét va nang cao ning sut lam
viéc. Phan tich CAE la mot budc quan trong trong qué trinh thiét ké, ché tao khuon ép nhya.
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IV. KET LUAN

Bai bdo dé nghién cttu ky thuat mo phong phan tlch dong chay nhya trén phan mém Autodesk Moldflow Insight (AMI) glup
ngudi thiét ké xac dinh dugc cac pham vi thong s6 co ban trong qua trinh ép dé dam bao chét lugng san pham nhya. Cac két
qua md phong dé chung to dugc thiét ké va phuong phap phan tich 1a hop Iy va c6 kha nang trong ung dung thuc tién trong
thiét ké khudn mau nhya. Phuong phap mé phong nay c6 thé xem Ia quy trinh téng quat dé ap dung vao qua trinh thiét ké khudn
ép nhua.
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THIET KE CANH TAY ROBOT NAM BAC TU DO
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TOM TAT

Bai bao nay trinh bay chi tiét phuong phap thiét ké, ché tao va lap trinh cia hé th(":mg canh tay robot nim béc ty do.
Toan bg phan cirng va 1ap trinh h¢ thong ciia cénh tay robot dwgc thuc hi¢n trén phan mem mo phéng. D6 1a mt dang
canh tay robot dich vy, n6 c6 thé thuc hi¢n cac chirc ning sau: Viét chir ngh¢ thuat, di chuyén mét vét tir noi nay dén
noi khac mgt cach chinh xac, va c6 the dinh vi chinh xac cac vi tri trong khdng gian. H¢ thong canh tay robot dya trén
co ché niam ddng co servo, va cac thiét bi khac. Phan mém dieu khién dwoc thiét ke gia 1ap trén matlab.
Tir khoa: Hé thong cénh tay robot 5 bac ty do, dong co servo
I. GIOI THIEU

Trudc day, robot cong nghiép da dwoc ing dung rong réi trong san xuat cong nghiép va xéy dung, chang han nhu nganh thép,
0 t0, dién tur va chat ban dan, va la trong tam chinh cua nghién cuu phat trién. Tuy nhién, d¢ cdi thién chat lugng cugc song, cac
to churc nghién clru gan day da bat dau cht y dén viéc thiét ké va san xuat robot dich vu.
Trong nhimg nam gan déy, s6 luong cac cudc thi robot, dy an nghién ctru, bai béo va luan an tién si da tang 1én [1-6]. Phuong
phép dieu khién canh tay robot da chirc nang véi nhicu ngén tay duge de xuat boi R.Wang va cac cong su [1]. C. Kou va cac
cong sy cua ong [2] da de xuat mot canh tay robot giong con ngudi bay bac tu do va gisi thi¢u cac phuong phép dieu khien va
thict ke co khi cua n6. M. Jasour [3] trinh bay di€u khién du bao md hinh phi tuyén (NMPC) cho cac canh tay robot du phong.
G. Hirzinger va cac cong su [4] mo ta nhiing no luc thi€t ke va phat trien gan day trong phong thi nghiém robot DLR nham
huéng téi mot thé hé robot siéu nhe “co dién tir” méi vai cac ban tay cé khap noi.
Trong bai bao ndy, mot canh tay robot dugc dé xuat da trén cac van dé thiét ké theo huong dich vu dé canh tay robot nay c6
thé mé phong mot s6 hanh vi nhu céc chi ctia con nguoi.

Il. MO TA HE THONG

So dd chire nang cua hé théng robot dwoc thé hién trong hinh.1.

Computer System
Action Databases ¥ (Human-Machine » Lsh-to-Can card
Interface)

Robotic arms

Y

Hinh 1. So do chtrc ning cua hé thong robot.

Hé théng mdy tinh: Trung tam diéu khién h¢ thong robot bao gom giao dién, b phan diéu khién canh tay robot va bo phan lién
ket cua hé thong con, duoc gia lap trén Matlab. Theo yéu cau chirc nang dugc chi dinh, hé thong may tinh thuc hién cac chuong
trinh lién quan va lién két dén co s& dit liéu hanh déng, sau d6 tin hiéu diéu khién dugc truyén dén canh tay robot.

Co so dir licu hoat dong: Céc phuong thuc hoat dong va quy trinh di chuyén cua tirng truc caa canh tay robot dwoc 1ap trinh
bang Windows Access theo yéu cau cua cac chirc nang robot dwgc chi dinh.

Thiét ké co khi: Bai bao nay dé xuat mot canh tay robot gidng con nguoi. Canh tay nay dugc thiét ké nhu mot céu trac co hoc
nam bac ty do, bao gdm khung vai, phan vai, phan khuyu tay, phan c6 tay va cudi cung la phan kep. Hinh anh thiét ké CAD
duoc hién thi trong hinh. 2.
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| |
Hinh 2. Anh thiét ké CAD cénh tay robot nam bac ty do

Dic biét, nam truc cua canh tay robot duoc thiét 1ap theo ciu triic truc huéng. Truc caa mdi khép vudng goc voi
cac khap lién ké. Canh tay robot sir dung cau tric ndy giong voi canh tay nguoi va cd thé vuon téi nhiéu diém trong khong
gian.

[1l. PHUONG PHAP THIET KE
Sau ddy, cac phuong phép thiét ké dugc mo ta.
M6 hinh dong hec nghich dao.

Dé md ta vi tri va huong cia mdi cap dong hoc, bai bao nay da sir dung bicu dién Denavit-Hartenberg (DH). Theo quy tac DH,
moi hé toa d6 chung dugc xay dung trong Hinh 3. Do cac dong co truc hudng, cac diém goc cua hé toa do 1 va hé toa do 2, hé

toa do 3 va hé toa do 4 dwoc chong I1&n nhau.
2 k44 x4z, . &
¢ A
A L,
z: ‘rz E z;'

Hinh 3. Hé toa d6 chung

-‘ll

<

Biéu dién DH cua canh tay robot dugc dic trung theo bang DH, nhu trong Bang 1.

cosd, —sind, 0 a,
- sinf cos, cosf cosa, —sina, —dsing, | | 7L TP 1)
T sind sing, cosd sing, cose, d cosg, 0o 1

0 0 0 1

Theo bang DH, ma tran chuyén tiép cua hé toa do lién ké dugc thé hién trong (1).

Bang 1. Thong sé DH cua nam khop

ei d i1 ai al gidi han (°)

1| 8y | 266 ) 0 -67,5~+67,5

2|8y 0 ) —1{/2 -67,5~+67,5

38| 266 0 'r[/'2 -60~+60
4| @y [ o | —m/2 -60~+60
5|8 | 2085 | ¢ 11:/2 -180~+180

=11, biéu dién ma tran chuyén tiép 3x3 cuia hé toa do i so vai hé toa do i-1.

i=1p biéu dién vecto toa do cua diém gbc cua hé toa do i so véi hé toa do i-1. Cac tham s trong Bang 1 thay cho céc
tham s6 trong phuong trinh (1), nhu trong phuong trinh (2).
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costh —sing, 0 0 cosy, —sinf, 0 0 cosd, —sinf, 0 0
sind, cos¢, 0 0 0 0 14, -1 -
op-| S04 o o :lap_ 0 0 -1 -d
0 0 1 d|° |-sinf, —cosfl 0 O sind, cos), 0 0
0 0 01 0 0 01 0 0 0 1
cosf), —sind, 0 0 cof, —sinfk 0 0O (2)
e 0 0 1 d, e .0 0 -1 —d 05T=01T]2T23T34T45T
—sinf, —cosf, 0 0 sinf, cos, 0 O
0 0 0 1 0 0 0 1

Mat khac, dong hoc ngugc duoc &p dung cho diéu khién quy dao canh tay robot nhicu bac tu do. Biéu dién DH duoc st dung
dé xay dung dong hoc thuan. Ma tran dinh hudng va vi tri hiéu tng cuoi da cho duoc hién thi trong (3). Bong hoc nghich dao
cua céanh tay robot nay la tinh géc quay 6; ctia nam khép (i=1, 2, ..., 5), theo nhu phuong trinh (3).

Quatinhtoén 6; (i=1,2, ..., 5), dugc thé hién trong cac phuong trinh (4) téi (9).

h h hs Py

0 0
T =°T- sLo P | o mop (3)
end 5
’ 0 1 i T Ty P
0 0 0 1
4
tang =22 @
) =
P, —dsr;s
0o (p, —dsr5)cos0, +(p, —dsry;)sing; ®)
sind, = -
2 4,
tand. 7y, €086, — 1,816, (6)
and; = =
} (713 cos, + 1,y 510, )cosl, —ry;sind,
g, — (715 €086, +1y;5Ind, ) cosdh, —iy; sind, (7
" [n, cosb, + (15 cosH, +1, sind))sind, |cost,
tand (73, cosfl, —1;, siné] ) cosd, — (1, costl —1;, sinf )sing, cosd, 8)
anf, =— == =
T (1, c088 -1y, sind Ycosd, (1, cosd, —1;, sinf] )sind, cosd,
. _d'ra
ﬂqrctan(u)
P —dirs
- —ds13)cost) +(p, —dsr;)sin
0, arctan(Ze IO+, = )sind,
p.—d, —dg‘?;
153 €0S6, —1;;sindj (9)

6, =arctan{ - -
t’ls cos} +1y, 506} ) cost, —r;; 510,

0, = arctanf (113 costh +r,;sind] ) cost), —r; sind,

[13; €086, +(rj; cos6] +15, sin6})sind), Jcost)
(13, cosd, —r;, sinf)) costh —(r;, cos) —1;, sinf) )sind; cosd),
t-"zz cost] —r;, siné})cost, +(ry, cost] —1;, sind) )sind; cosd),

¢, =arctan

T6m lai, cac goc khép cua 6; (i=1, 2, ..., 5), duoc xac dinh truc tiép theo hudng (vecto) ciia bd tao dau cudi. Luu y rang tat ca
cac vi tri ky di déu dugc tranh va duoc chi dinh trudce trong qua trinh danh gia déng hoc nghich dao.

IV. KET QUA
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Viét chir nghé thuat 1a mot chire nang tiéu biéu cua canh tay robot cua nay. Yéu cau canh tay thé hién téc d6 va do chinh xac
cua chuyén dong. Canh tay robot dugc yéu cau viét cac ky tu tiéng Anh “Italic”. Can mot phut dé hoan thanh hai ky tw c6 kich
thuéc 10*10 cm cho mdi tir nay. Chung t6i ¢ mé phong qué trinh ndy bang matlab va méi quan hé gira géc quay cua nim
dong co va thoi gian dugc hién thi trong Hinh 4. Phuong phéap nay c6 thé duoc ap dung cho canh tay robot dé viét bat ky ky tu
nao (bt ky ngdn ngir nao) va vé hinh anh trén cac ddi tugng 3D dugc liét ké trong mot co so dir ligu.

sl i s

o | i | |
o 1m m ki a0 =5 L4 n

Hinh 4. Ghi géc van dong khi viét chir nghé thuat

T6m lai, cac cong nghé dugc phét trién cho canh tay robot nam bac tu do bao gom thiét ké cau trdc canh tay robot,
thiét ké co khi dan dong cép, xay dung mé hinh dong hoc nghich dao va diéu khién chuyén dong quy dao thoi gian
thuc. Cong viéc trong twong lai s& tap trung vao tdc do cao hon va mirc d6 diéu khién chuyén dong chinh xac cao hon
trong khdng gian. Ngay cang c6 nhiéu chirc ning hitu ich s& dugc phat trién.
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TOM TAT
_ Gidm trong lwgng chi tiét may 1a mgt trong nhitng xu hwéng lén nhat hign nay. Ung sudt va bién deng ciia tém dé dwge xdc dinh

bang phwong phdp phén tich phan ti hiru hgn (FEM). Téi wu héa cau tric (topology) la mgt phwong phdp cé the thu duwgc cac chi tiet
nhe hon trong khi van giit dwgc dg an toan va dj bén ciia cac thanh phan. Bai viet nay de cdp dén vige t6i wu héa cdu tric cia mgt tam
do thuong thay trong nganh co khi ché tgo may. Vigc xac minh tinh phu hep ciia md hinh méi dugc t6i wu héa sé dugc thyc hign trén
co' s¢ mO phéng Cau triic theo bai todn tinh bang Abaqus. Két qud toi wu dat dwec chi tiét co trong lwong nhe hon ma vin dam bdo dp
bén.

Tir khéa: téi wu, céu trac, t6i wu héa, mé phéng, FEM, Abaqus

I. GIOI THIEU

Ti wu hoa cau truc 1a mot trong nhimg phuong phap thiét ké da phat trlen nhanh chong trong nhitng thap ky gan day. Muc
tiéu chinh cua téi wu hoa cau tric 1a tim cach b tri vat liéu téi uu trén mot mién thiét ké cu thé vai cac diéu kién bién cho trudc.
Phuong phap nay thuong dugc st dung dé cai thién cac tinh nang tong thé nhu d6 cing, kha ning bién dang va kha ning chiu
ngoai luc cua chi tiét may [1, 2]. Cac phuong phap ti wu hoa cau triic dugc chia thanh ba loai sau: t6i wu hoa kich thudc, t6i uu
hoa hinh dang va t6i wu hoa ciu tric. Trong ti uu hoa kich thude dién hinh, muc dich 1a tim d6 day t6i wu cua cau tric. Mat
khéc, muc tiéu cua téi wu hoa hinh dang 13 tim ra hinh dang t6i wu cuia két cdu. Tdi wu héa ciu trac 1ién quan dén viéc xac dinh
céc tinh nang nhu hinh dang, vi tri, kich thudc va cac vi tri rdng trong cau trdc [1, 3].

_ Muc tiéu chinh cua t6i wu hoa céu tric 1a tim céch bo tri téi wu cia mot cau tric trong mot khu vue xéc dinh. Cac tham sb
dau vao khi thiét ké la téj trong ,téc dung, khoi lugng két cau va cac rang budc thiét ké nhu vi tri va kich thugc ciaa mét s6 vung
khong dugc phép thay doi khi toi uu [4,5].

Trong bai bao nay, viéc toi wu hoa s& tap trung vao cau tric ciia mot tim d& da dwoc thiét ké bang cac phuong phap thong
thuong. Str dung phan mém md phong Abaqus, thict ke cau tric tam d& méi dya trén cac dieu kign bién nham muc dich giam
trong luong tam do.

I1. MO HINH, VAT LIEU VA PIEU KIEN BIEN
A. M6 hinh

Trong nghién cau, phan mém Abaqus duoc sir dung dé md phong tim d& (Hinh 1) chiu ang suét bi hai luc theo phuong
khéc nhau. Khoi lugng va thé tich cta tam d& duoc tinh toan 1a 5.79e-3 kg va 0.739 cm? trusc khi toi vu.

Hinh 1. M6 hinh tdm d&
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B. Vat liéu va diéu kién bién
~ Gia do duoc lam béng vat liéu thép. Tinh chét co hoc ciia vat ligu dugc trinh bay trong Bang 1. Viéc toi wu hoa cau triic cua
tam d¢& s€ dugc thuc hién trén co s& md phong bai toan tinh véi viéc sit dung phan mém md phong Abaqus. Tai trong tac dung

la hai h,{c ) dérldn Fx = 50N va Fy = 100N dugc thé hién trong Hinh.2. Rang budc 6 bac ty do dwoc &p dung tai cac 16 A va B
nham c6 dinh tam d& trong qud trinh thyc hién mo phong.

Bang. 1 Tinh chit co hoc cua vat liéu

Khéi lugng Ung suat Mbdun dan Hé s6
riéng [kg/cm®] | chay [MPa] hoi [GPa] Poisson
7800 235 207 0.3

Hinh 2. Diéu kién bién caa mé hinh
111. MO PHONG VA TOI UU HOA CAU TRUC

Phuong phap phan tir hitu han (FEM) thudng duoc st dung nhu mot phan cua quy trinh thiét ké hai giai doan cho cac bai

toan tbi wu hoa kich thudce, hinh dang, va cau tric. Trong cac mod phong, phan tir tir dién dugc sir dung véi kich thude 13 0,1 mm
trong viéc chia lwéi m6 hinh (hinh 3a).

Qua trinh t6i wu hoa ciu tric dugc thuc hién véi nhidu chu ky, bit dau véi viée chia ludi cua cu tric cua ddi twong can toi
wu, tién hanh phan tich kha ning lam viéc cua ddi twong dia trén phwong phap phan tir hiru han, thay d6i mat d6 cua cac phan ti
dua trén thuat toan téi wu hoa da xac dinh va lap lai quy trinh bang mot lugi méi dya trén cau tric méi dugc hinh thanh. Khéng
gian thiét ké trong qua trinh TO duoc chia thanh hai viing chinh. Viing dau tién dai dién cho “khong gian thiét ké” cu thé Ia vi tri
c4c phan tir ma mat d¢ cia chiing dugc phép stra doi (thém hay bét) khi t6i wu, trong khi viing thir hai dai dién cho “khéng gian
khong thiét ké”, cu thé 1a viing bao gom céc phan tir khong thé sira di. Hinh 3b cho thay cac bé mit c6 thé dugc téi uu hoa dugc
danh diu mau d6 va nhiing bé mat khéng ap dung ddi vai qué trinh téi uu héa duoe danh dau mau xam. Muc tiéu Ia toi wu hoa
hinh dang va trong lwong cua tim d& bang viéc thém hay bét vat liéu vao cac phan tir trong bé mat téi uu héa nham dat duoc
thiét ké mong muén. Trong do, khdi lugng duoc gitr lai it nhat 50% khéi luong so vai thiét ké ban diu caa mé hinh.
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a) M6 hinh sau khi chia ludi b) Bé mat khong ap dung toi wu (xdm) va toi wu (d6)
Hinh 3. Chia luéi m6 hinh va bé mat ap dung téi vu

Ti wu hoa cau trdc 1a tim ham phén bé vat liéu tdi wu thoa man didu kién rang budc trong toan mién thiét ké. Muc tiéu cua
tdi uu hoa cau tric 1a cuc tiéu nang luong bién dang cua cau tric thiét ké va ham rang bugc 1a mat d6 caa vat ligu (thé tich).
Nhiéu loai két ciu t6 hop c6 thé duwoc xem xét dé ¢ duoc hinh dang két cau t6i wu thoa mén cac muc tiéu va rang budc véi su
trg gilip cua viéc phat trién nhiéu thuat toan t6i wu hoa ciu trac. So db ti wu hoa tién héa 1a mot phuong phap khac dang dwoc
nghién ctru dé dat duoc két qua tdi uu héa ciu tric.

D4i véi mdi chu ky tinh toan, qua trinh tdi wu héa bao gom: (i) tao cac thudc tinh vat ligu va phan tir méi trong qua trinh toi
uu héa cau tric; (ii) stra doi toa do cua cac nlt trong qua trinh toi wu hoa hinh dang nham tao ra mé hinh méi; (iii) phan tich mo
hinh méi duoc tao ra; (iv) va ghi nhan va danh gia két qua phan tich.

Gi4 tri tng suat 16n nhét khi chwa t6i wu 1a 32.6 MPa nhu hinh 4a. Ving ¢6 tng suat mau xanh ¢ tng suat kha nho (<
10MPa), khong dang ké so véi gisi han chay cua vat liéu duoc sir dung. O chu ky tht 5, tng suét I6n nhat ghi nhan duoc 1a
60.5MPa, trong khi dé, thé tich téi wu thu duoc 14 66.6% so véi thé tich ban dau (hinh 5b). O chu ky tha 10 va chu ky thi 14, gia
tri tbi wu vé& thé tich lan luot | 54.2% va 50.8%, va tng suat I6n nhit trong wng 1a 119.6MPa va 138.8MPa (hinh 5¢ va d).

ODB: Opt-Process-Vol50-Job_post.odb  Abaqus/Standard 3DEXPERIEN ODB: Opt-Process-Vol50-Job_post.odb  Abaqus/Standard 3DEXPERIEN

Step: Step-1 imization, Step containing results of optimization desig
tep Opt RS tep. ing Pt

Step: Step-1_Optimization, Step containing results of optimization desid
Optimization Design ‘Design Cycle-5

imization
s Opti

b) Chu kp thit 5, V=66.6%

ODB: Opt-Process-Vol 50-Job_post.odb  Abaqus/Standard 3DEXPERIEN ODB: Opt-Process-Vol 50-Job_post.odb  Abaqus/Standard 3DEXPERIEN|

S Step-1_Optimization, Step containing results of optimization desig p-1_Optimization, Step containing results of optimization desid
Optimization mcych—lo Optimization Design Cycle-14
2 o

¢) Chu ky thir 10, V=54.2% b) Chu ky thit 14, V=50.8%
Hinh 4. Két qua tdi wu cAu tric cua tAm d&

/S0 Vi mo hinh ban déu, c6 thé thay ang suét 16n nhét c6 sy tang 1én rd rét khi thé tich giam xudng. Tuy nhién, gi trj tng
suat I6n nhat van chua vugt qué kha nang chiu tai cho vat liéu.

Mot sb diéu quan trong can xem xét khi thyc hién tbi wu hoa cAu trac:

(1) Chia ludi: Két qua toi uu hoa cau triic khi phan tich phan tir hitu han c6 thé bi anh huéng bsi mat do ludi cua cAu tric. Vi
vay nén xem xét cac dang ludi khac nhau anh hudng nhu thé nao dén két qua phan tihc cia cau trac ma dang duoc thiét ké.
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() Kich thwéc phan tir toi thicu: Téi wu hoa chu tric co thé tao ra do day chu tric rat nho bang viéc chia min lugi khi thiét
ké ma rat kho dé san Xuat trong thuc té. Nhu vay, nén xem xét tinh kha thi vé phuong dién san xuat truge khi thyc hién quyét
dinh d6 min cua ludi khi t6i wu.

(3) Tinh kha thi trong ché tao: Phuong phap ché tao theo tinh ning hinh dang thuong dugc xac dinh trude nhu ép dun, dic
nén xem xét cau trlc toi wu c6 kha thi vé mat ché tao bang cac phwong phap hién co.

IV. KET LUAN

Trong bai bao nay, mot mé hinh tam d& duoc thiét ké dya trén két qua md phong bai toan tinh khi st dung tdi wu héa cau tric
trong phan mém Abaqus. Két qua phan tich t6i uu hoa ciu trdc phy thudc rat nhidu vao diéu kién bién. Khi tién hanh thiét ké ti
uu hoa cau tric, cac diéu kién bién anh huong dén ciu trdc téi wu hoa can phai dugc xem xét va ap dung mot cach chinh xac.
Trong qué trinh thiét ké t6i uu hoa cau trdc, viéc toi vu gitip dat duge do cng cua cau tric va giam trong luogng hop 1y, dap ung
yéu cau cua do tin cay cua cau tric khi thiét ké ti wu hoa. Muc tiéu chinh 1a giam thé tich (trong Iugng) cua tim d& trong khi
van duy tri hoat dong an toan cua nd. M6 hinh tim d& méi duoc tao boi md-dun t6i wu hoa ciu tric cho thay thé tich giam khoang
50% trong khi tng sut 16n nhat van nam trong kha nang chiu tai cua vat liéu.
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TIM HIEU UNG DUNG PHAM MEM SSCNC GIA CONG TREN MAY TIEN CNC

Huynh Van Nam
Khoa Cong nghé Co khi
Trieong Pai hoc COng nghiép Thyec pham Thanh phd Ho Chi Minh
140 Lé Trong Tdn, Phwong Tay Thanh, Qudn Tan Pha, TP. Hé Chi Minh 700000, Viét Nam
Email: namhv@hufi.edu.vn

Ngay nhan bai: 29/4/2023 ; Ngay chdp nhdn dang: 04/5/2023, ngay xudt ban: 08/05/2023

T6m tit:

Phan mém SSCNC mé phong chan thuc dén 90% may tién CNC trong thuc té, han ché ti thiéu cac sai sot, st
dung rat pht hop trong céc phong thuc hanh CNC tai cac truong dao tao nganh co khi. Bai viét gigi thiéu tng dung phan
mém SSCNC phién ban 7.1.1 md phong gia cong co khi trén may tién CNC.

Tur khoa: sscnc, tién cnc, gia cong co khi.
I. DAT VAN DE
Hién nay, viéc gia cong co khi trén cac may CNC rat phd bién, dé gia cong trén cac may CNC can phai co
chuong trinh (Code), chuong trinh ¢ thé duoc thiét Iap tir cAc pham mém cadcam nhu Mastercam, Pro/e Wildfire, ...
hozc c6 thé dugc thiét 1ap truc tiép trén bang diéu khién ciia may CNC. Tuy nhién du 1a chwong trinh dwoc thiét 1ap bang

pham mém hay thuc tiép tir bang diéu khién thi can phai ga dao, ga phdi, thiét lap offset dao, chay kiém tra, v.v. Cong
viéc nay thuc hién trén may CNC thuc té mat rat nhiéu thoi gian va kho qua ly cac sai sot.

Bai b4o nay gigi thiéu phan mém SSCNC méd phong cac qué trinh gé phoi, ga dao, offset dao, v.v. trén may tién
CNC nham rat ngin thoi gian, han ché sai sét, ting hiéu qua sir dung may tién CNC, hon hét Ia giai quyét van dé thiéu
may cbng cu CNC trong céc l6p hoc thuc hanh.

II. HUONG DAN SU DUNG PHAN MEM SSCNC
A. Khgi déng SSCNC

Tir Desktop ta chon biéu twong B850 xu4t hién hop thoai nhu hinh 1 dé chon loai may can sir dung. SSCNC
cung cip ca may tién va phay CNC, ta chon FANUC OiT (maéy tién), FANUC OiM (may phay), sau d6 chon Run.

& swansoft CNC Simu..  — X
.@MH‘*\\SWMSO&'NQ Simulation)

-—

Standalone CNC System

=] e :

(® Softdog Encryption
(" Intemet Authorization

Run

Hinh 1. Chon logi may CNC

Sau khi chon loai may tien FANUC OiT xuét hién hop may tién CNC nhu hinh 2, tir ddy ta thao tac, van hanh
twong may tién CNC.
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& FANUCOIT
File(F) View Display Machine Operation Workpiece Measure Exercise/Test Window(V) Help

aeaangue ol mdoe« s QeacrnTO H-BE |k b8 8

dedeesl

B e e

e

LEHLERREROEEEEE
BEHBGE 0 BEBEEES

Hinh 2 May tién CNC trén SSCNC

B. Khai déng, ga dao, ga phdi may tién CNC
a. Chon NC power\ Emergency Stop nhu hinh 3

r®

4

TTT:

=
=
E
-
-

Hinh 3 May tién CNC da duoc khoi dong

FANUC Series 0/-TC

ACTUAL POSITION(ABS) 00001 NOOO10

X -58.937
2 -31.364

PART COUNT 1
RUN TIME OHOOM  CYCLETIME COHOOMOOS
ACTF OMMMIN § 1

REF »=== === ===

NC power Emergency Stop

b. G& dao: SSCNC trang bi cho nguoi dung mét s6 dung cu cit nhu dao tién ngoai, tién ranh, tién ren, khoan

1, tién 16, v.v. Bang chon dao nhu hinh 4.
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File(F) View Display Machine Operation Work

@ Q Q @ szx'a o Q {1 D E Tool Magazine Management X
.L: FANUCAEX6.CNC Tool Tool Graph

= Hachi, Vi No. Ty Diameter Width Insert B... | Insert T... | Nose ... | Insert Mat... °
v ne View 001 Bxemal.. 160.000 30000 12000 3000 0200 Highspee

CJFull Screen 002  Exemal.. 160000 30000 12000 3000 0200 Highspee..
) Front View 003 Extemal. 160000

20.000 12.000 3.000 - High-spee...
Right View 004  Intemal 160.000 15.000 8.000 3.000 0200 High-spee..
Top View 005 Threading  160.000 30.000 3.000 3.000 B High-spee...

[ R

Reset View 006  Exemal.. 160.000 30000 12000 3000 2000 Highspee

007 Exemal.. 160.000 30000 12000 3000 0200 Highspee..
| ::z;i‘u“n:;el' 008  Diing  160.000  20.000 3 = = ~ Highspee..
L = 009 intemal.. 160.000 = 12.000 3.000 3.000 - High-spee..
=G=n=rﬂl 010  intemal.. 160.000 - 10.000 6.000 3.000 - Highspee..
S Lynx 2206
B SKT21L1
B Lynx220LM
i CENTUR30D .-
=§:'§;§“ a0 Tool M Addtotoolturet | ]

Reset M No. | Tool NO. | Select Tool
01 001 Insert Graph
Add 2 Load Tool Information 75°
03
Delete 04 Mount Tool g
S 05
Edit 06 Remove
SR cos

Hinh 4 Chon dung cu cdt

rynee {epessn

C. Gé phoi: Trén SSCNC ta c6 thé thiét lap duong kinh va chiéu dai caa phoi trong hop thoai nhu hinh 5
Diameter: Nhap duong kinh phoi
Length: Nhap chiéu dai phoi

L& FANUCOI T Workpiece Setup "

File(F) View Display Machine Operation | Workpiece material
BRQAZIR U8B I

= & FANUC\EX6.CNC

=/ §ZMachine View
’ El Full Screen

Workpiece size Load workpiece file

3

3

g

kT

§h

a
Stock Size

Turn Workpiece Around

¥ Replace workpiece ™ Steady Rest

[~ Taistock Tailstock radius [—‘r
_ Concdl_|

Rapid Position
| N S RERSSh. 037, z -
Hinh 5 Thiét ldp kich thiréc phoi

- Adjust Coolant
| 3
L

d. Offset dung cu cét (xac dinh diém khong chi tiét W): trén thuc té c6 nhidu cach dé xac dinh diém W cua chi
tiét, tuy nhién viéc nay mat nhiéu thoi gian, trén SSCNC cho phép ta 1am diéu d6 rat nhanh chéng.
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& FANUCOi T

File(F) View Display Machine Operation

& FANUC\EX6.CNC

&7 Machine View
& Machine Info
[+

£} G Code

Stock Size
Turn Workpiece Around

Hinh 6 Hép thogi offset dung cu cdt (xdc dinh diém W)
I11. Vi DU AP DUNG
Dung phan mém SSCNC mé phong gia cong chi tiét nhu hinh 7.

Chuong frinh nhu sau:

00001
G91G28Z0;
T0101;
) _’| M0351000;
G00G54X65Z2M08;
G71U2R1;
G71P1Q2U0WOF0.1;
N1GOOX16;
G01Z0;
X20Z-2;
Z-20;
20 X25;
X30Z-45;
45 Z-50;
GO2X40Z-55R5;
! 35 GO1X45;
o G03X55Z-60R5;
G01Z-70;
120 N2X65;
G91G28Z0;
MO5M09;
M30;

0
5

265
255
23
23
220

KHOA TRUONG DAL CN THUC PHAM TP. HOM

N OO KH|

INgutsi v& | Huynh V&n Nam Ti & 1:1

ThEt k Vit liéu | POMtring

P.k.thust Ngay & [Sluong | 01/SV

Mon 211 | Tr luting

Hinh 7 Ban vé chi tiét
A. Khai bdo kich thuéc phoi
Diameter: Nhap duong kinh phdi 65
Length: Nhap chiéu dai phdi 120
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Workpiece Setup X

Workpiece material 08F Low carbon steel ~|

Inner Diameter

Workpiece size Load workpiece file

Clamp type

Hinh 8 Khai bao kich thudc phoi
B. Offset dung cu cdt
Pua dung cu cit dén vi tri tam phoi (diém W) sau d6 ta chon:
- Bdi véi truc X: Offset\Geom\X0\Measur
- Bdi véi truc Z: Offset\Geom\Z0\Measur

00001 NO0010
R

Z
-260.000 0.000
G002 0.000 0.000 0.000

G003 0.000 0.000 0.000
G004 0.000 0.000 0.000
G005 0.000 0.000 0.000

G006 0.000 0.000 0.000
G007 0.000 0.000 0.000
G008 0.000 0.000 0.000

W W W e W W W]

ACTUAL POSITION (RELATIVE)
u -260.000 w -389.000

>Ke_

REF **** =%  *=x 09:24:13
[ NOSRH |[MEASUR ][ INPC. ][ <INPUT ][ INPUT ]

Hinh 9 Offset dung cu cat

C. Nhdp chuong trinh vao bg nho
Chon ché do Edit\Prog\O0001\Insert
Chuong trinh nhu sau:

Chuong trinh nhu sau:
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00001

G91G2820;

T0101;

M03S1000;

G00G54X65Z2M08;

G71U2R1;

G71P1Q2UO0WO0FO0.1;
N1GO00X16;
G01Z0;
X20Z-2;
Z-20;
X25;
X30Z-45;
Z-50;
G02X40Z-55R5;
GO01X45;
G03X55Z-60R5;
G01Z-70;
N2X65;

G91G2820;

MO5MO9;

M30;

FANUC Series 0i-TC

00001 NO0000O

200. 000

Hinh 10 Nhdp chwong trinh NC vao bg nho

Chon Auto dé chay chuong trinh, ta duoc két qua.
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Hinh 11 Két qud chi tiét sau khi gia cong

IV. KET LUAN

Bai b4o da trinh bay tong quét vé qué trinh van hinh, lap trinh va gia cong trén méy tién CNC, qua day ta co
mot céi nhin tong quét vé phan mém SSCNC, &p dung vao céc phong day thuc hanh tién CNC tai cac co s& dao tao hién
nay la rat pha hop.
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