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Téom tat Bai bao trinh bay viéc tinh toan goc nghiéng can thiét ciia mot mit phang nghiéng dé dap ung yéu
cau vé thoi gian lan (c6 trugt va khong trugt) cua vat hinh tru va img dung trong viée thiét ké bo phan cap
— thoat ph6i ciia may in lya ban tu dong kiéu méi. Nhitng cong thirc tim dugc chi dung voi gia thiét cac vat
lan 14 dong chat va hinh dang try. Con vdi cac vat lan c6 hinh dang phuce tap voi nhiéu thanh phan vat liéu
khac nhau (nap chai, than chai), tac gia da s dung phan mém Recurdyn dé mé phong va tim ra goc nghiéng
can thiét. Két qua md phong di cho thay, sai s6 gilta cong thirc ¢ trudng hop 1y tudng va phan mém mb
phong & khoang trén — dudi 10%, tir d6 co thé thiét ké duoc cac bd phan cip — thoat phodi cia may in lua
trong diéu kién thuc té. Cy thé 1a mang cap phoi co goc nghiéng la khoang tir 0.14+2.3°, mang thoat phoi
cin ¢ goc nghiéng tir 7+10° dé dam bao yéu cau vé ning suét in. Bai bao 1a mot vi du dién hinh trong viéc
g dung mé phong vao viéce thiét ké cac hé thong co khi va may moc & Viét Nam.

Tir khoa. In lua, cép phoi ty dong, ma sat trugt, ma sat 1an, mé phong dong luc hoc, Recurdyn.

CALCULATION AND SIMULATION OF SLIDING FRICTION WITH ROLLING
OBJECT APPLIED IN THE DESIGN OF THE WORKPIECE FEED-EXIT SYSTEM OF
THE NEW SEMI-AUTOMATIC SILK SCREEN PRINTER

Abstract. The paper presents the calculation of the required inclination angle of an inclined plane to meet
the rolling time requirements (with slip and no-slip) of a cylindrical object and its application in the design
of the workpiece feed-escape parts of new semi-automatic silk screen printing machine. The formulas found
are only true assuming the rolling bodies are homogeneous and cylindrical. As for the roller with complex
shapes with many different material components (bottle cap, bottle body), Recurdyn software was used to
numerically investigate the necessary angle of inclination. The simulation results show that the error
between the formula in the ideal case and the simulation software is around 10%, thus it is possible to
design the feed - escape module of the screen printing machine in the actual event. Specifically, the inclined
chute for the workpiece feeding has an angle about 0.14 + 2.3° of inclination, and the workpiece draining
needs to have an angle of 7 + 10° to ensure printing productivity requirements. The paper is a typical
example of the application of simulation to the design of mechanical systems and machines in Vietnam.
Keywords. Screen printing, automatic loading, sliding friction, roller friction, dynamic simulation,
Recurdyn.

1 GIOI THIEU

Xa hoi ngay cang phat trién thi nhu cau in lya trong doi séng hién dai 14 rat 16n. Vi du nhu dé quang ba vé
thuong hi€u va tao danh tiéng cho mot cong ty, tdp doan, co sd kinh doanh hodc mot td chirc nao dé s& can
in hinh anh logo, khau hiéu thwong mai hodc thong tin lién hé ctia minh trén cac san phdm nhu quan 4o, bt
viét, day deo thé, cdc nhya hodc thuy tinh, v.v... Vi nhiing nhu cau d6, nim 1962 Edels va Kensington da
ché tao may in lua v6i co cdu dung bang tai dé lam day chuyén van chuyén chi tiét in thanh mét quy trinh
khép kin, co buéng s?iy nhiét dé muc kho nhanh sau khi in tranh tinh trang myc bi nhoe [1]. Cung khoang
thoi gian nay Louis Giuhert Dubult dd phat minh mét chiéc may in lua v6i dang chi tiét in dang hinh céon
[2].

Niam 1965 Fiegel trong luan vin [3] ciia minh d4 nghién ctru sy hinh thanh va phat trién ctua nganh in lua,
sau d6 miéu td mot quy trinh in lya hoan toan don gian. Ba nim sau d6 (1968), trong sang ché ciia minh,
Peter Zimmer d3 tao ra mot chiéc may in lua hoan toan méi [4] v6i khung in c6 dang hinh try, ring cua
ngoai vi, 6 truc doc, ... Mic du nhirng thanh thanh twu nghién ctru trong linh vuc ché tao may in lua ngay
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nay 1a twong d6i 16n, nhung di kém vai nhitng uu diém ciia ching 12 mot loat céc van dé ton tai van chua
duoc khic phuc triét dé. Pién hinh nhu & dang may in lya cho co so san xuét vira va nho hién nay thi thiét
ké nho gon 1a mot yéu cau quan trong clia méay, giup tiét kiém khong gian. Dic biét 1a & nudc ta hién nay,
hau hét cac xudng in lua van con dang 14 cac co s san Xuét vira va nho. Thong qua khao sat thuc té tai mot
sO xuong in lya véi quy md vira va nho trén dia ban Tp.HCM, tac gia nhan thdy cong tc in lya hién nay
van dugc thuc hién mot cach thu cong 1a chi yéu [5, 8], qua trinh in 4n phu thudc vao tay nghé cua nguoi
tho, cac loai may in lua thuong 13 nhitng loai may co don gian véi nang suét thap [5-9], cudng d6 cong viée
nang nhoc. Con trén thi trudng, cac loai may in lya ty dong ctia nudc ngoai thuong co6 gia thanh khé cao va
chi thich hop véi qua trinh san xuat cong nghiép, san xuat hang loat, in an chi véi mot loai san pham 1a chii
yéu [10-13]. Xuét phat tir nhitng vin dé nhu trén, nhom sinh vién Pai hoc Cong Nghiép TP.HCM [5] da
dua ra y tudng va thiét ké, ché tao thir nghiém mot may in lua ban tu dong kiéu méi (Hinh 1) v6i nang suat
cao, ¢6 thé in dugc da dang céc loai san phérn dang tron xoay. Cong tac hi€u chinh dugc don gian hoa dé
mdt ngudi cong nhan khong lanh nghé van c6 thé dé dang diéu chinh khung in hay ga dit san pham. Ngoai
ra viéc ché tao don gian s& lam giam gia thanh ciia may dé phu hop hon véi kha ning tai chinh cia cac
xuodng in lya vira va nho tai Viét Nam.

Dbi v6i may in lua duoc dé cép & trén, thi vin dé cip va thoat phoi 1a mot bai toan quan trong. Viéc sir
dung cac day chuyén cap va thoat phoi ty dong doi hoi can c6 thém cac thiét bi nhu dong co, bang chuyén,
céc thiét bi diéu khién. Do dic thu vat in 13 cc chi tiét hinh tru, nén viéc cap — thoat phéi co thé tmg dung
nguyén 1y vat ty lan trén mit phang nghiéng. Nguyén 1y nay dya trén hién tuong lin c6 ma sat ciia vat
phang va chuyén dong song phing cta vat rin [14-18].

Yéu cau dat ra trong viéc thiét ké bd phan cép — thoat phoi dua trén hién twong nay 1a can thiét ké goc
nghiéng ctia bé mit lan, ciing nhu d6 dai cta bé mit nghiéng dé thoi gian lan cta phoi tir vi tri cp dén vi
tri cho in, ciing nhu tir vi tri in (khi in xong) dén vi tri chd ldy hang d4p tmg yéu cau vé mit ning suat, khdp
v6i thoi gian thao tac in ciia may [19]. Néu nhu goc nghiéng cang 16n thi thoi gian vat lin cang nhanh, tuy
nhién néu vuot qua mot ngudng nao dé thi vat s& chuyén sang trang thai vira lan vira truot, diéu nay s& gay
nén xay xat bé mat vat in, hay hoac tdc do nhanh qua s€ lam cac vat bi va cham manh vao nhau, khién cho
vat bi bap bénh, mat 6n dinh khi roi vao vi tri cho.

Hinh 1: Thiét k& may in lua kiéu méi

Pong co

Xylanh dinh vi chi tiét in
Cum co ciu nang phoi

Mang cap phdi

Cum co cau dao in/phu myc
Xylanh dan huéng khung lua
Xylanh néng ha khung in
Méng thoét phoi

NG~ LNE
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Viéc tinh todn va mé phong vat lin trén mat phang nghiéng vé ly thuyét khong phai 1a mot bai toan méi
[14-15, 20-21]. Tuy nhién hién tugng nay chia ra lam 2 truong hop: Lan khong trugt va lan co truot. Khi
goc nghiéng nho (méng cap phoi) thi vat cd xu thé lan khong truot [17-18, 21]. Nguoc lai ¢ mang thoéat
phéi, do nhu cau thoat phdi nhanh nén goc nghiéng c6 thé 16n, khi d6 can xét ca hién tuong vat vira lan vira
trugt [16]. Pa s6 cac cong bd vé co hoc ¢6 dién [14-15, 20-21] chi xét dén hién tugng lan khong truot. Chi
c6 sb it tai liu [16-18] xét vé hién tugng vira lin vira truot. Tuy nhién viéc xay dung mét cong thirc tong
hop, noi 1én sy chuyén doi trang théi giira hai hién twong khi goc nghiéng thay doi thi chua tim dwoc ¢ cac
cong trinh nay. Vi vay trong bai bao nay tac gia da xay dung cbng thire cho ca hai hién teong. Mac du vay,
trong diéu kién 1am viéc thyc té, cac vat pham cin in co cac do cung khéc nhau, vat liéu kh&c nhau, hinh
dang da dang, didu nay anh huong dén hién tuong tiép xdc giira bé mat vat pham va mang. Trén thuc té khi
quan sat cac vat tru lan ta thudng thay vat c6 mot do nay nhat dinh. Dicu nay 1a do d6 ctng cua vat liéu va
d6 nham bé mat. Nhitng yéu té nay chua dugc xét ti trong cac hé thuc giai tich. Do dé can md phong trén
cac phan mém da vat ly. Tuy nhién, hién nay & nudc ta, viéc thiét ké cac may moc va hé thong co khi
thuong duoc thyuc hién dya trén kinh nghiém va phuong phap thir - sai. Viéc tinh toan va phan tich cac hi¢n
tugng vat Iy phuc tap xay ra trong cac may moc can thiét ké thuong duoc thuc hién mot cach rat han ché
do da s6 cac ky su chua ndm dugc cac quy trinh tinh toan va mé phong mot cach chuyén nghiép. Trong khi
d6 viéc mod phong lai co thé gitp cho céc nha thiét ké c6 cai nhin rd nét dé danh gia mot cach gan duang,
tinh kha thi trong cac phuong an thiét ké, tir d6 tranh dugc céc qua trinh thuc nghiém thir - sai, tiét kiém
duogc nhiéu chi phi vé mat thoi gian va tinh kinh té [22]. Cac cong b vé hién tugng ma sét cua vat lan 1a
rat han ché. Phan nhiéu 1a nghién ctru cac hién twong ma sat truot [24-25]. Trén thuc té hién twong ma sat
ctia vat lan phirc tap hon ma sat truot nhidu & cac yéu té nhu sy chuyén tiép gitra truot va lan, sy bién dang,
vat liéu gitra cac bé mat, v.v... Viéc lra chon cac thong sé md phong hop ly dé khao sét hién twong ma sét
cuia vat lan va dwa ra cac thiét ké may méc phu hop hién nay chua duoc nghién ciru mét cach déy du.

Vi vay, trong bai bao nay cac tac gia s&€ nghién ciu mo phong hién twong nay trén phan mém Recurdyn
[22-23]. Qua trinh md phong duoc thuc hién dua trén nguyén tac bo sung ting yéu té dé danh gia mirc do
anh hudng cua cac thdng so hién tuong. Pau tien la md phong trong tinh trang Iy tuong la vat cung tuyét
dbi dé so sanh vai cong thte giai tich. Néu sai 30 gitra két qua md phong va cong thie tinh toan gidi tich
Ién hon 10%, thi ldc nay can bd sung thém cac yéu t nhu do cang, hé s6 giam chan, ngudng van toc tinh
va ngudng van téc dong vao trong phan mém Recurdyn dé ting do chinh xac khi méd phong. Tir d6 xac dinh
duogc bo tham sé md phong pha hop vai thuc té.

2 COSOLY THUYET
B6 phén cap va thoat phoi cia may in luya ki€éu méi lam viéc dya trén nguyén 1y vat tru tron lan trén mat
phing nghiéng. Vi cac san pham dang xét phéi c6 dang hinh tru (Hinh 2):

Hinh 2:Cac vét tru tron can in lua (a)-Chai, (b)-Cdc
Bai toan dit ra phai thiét ké duoc goc nghiéng ctia mang trugt dé sao cho cac san pham lin thoa man dugc

yéu cau vé mat thoi gian, nang suat. Dé lam duoc bai toan nay thi ta xét vat lan trén mat phing nghiéng vai
cac yéu to nhu Hinh 3.
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Trong do:

-s: Hé s6 ma sat tinh

-t Hé s6 ma sat dong

- Fa: Luc can vat truot

- Na: Phan lyc tai diém A

- R: Bén kinh cua chai

- g: Gia tdc trong truong

- m: Khéi lugng cua vat

- acx: Gia toccua vat theo truc X
- a: Goc nghiéng ctia mit phang

Hinh 3: Xét vat trén mat phiang nghiéng
Hé phuong trinh dong luc hoc mé phong chuyén déng cua vat [21] co dang:
D Fy=m-a,, < —F,+mgsing=m-ag,
D> Fy=m-ag, < N,-mgcosa =0 1)
dDMg=lg, -6, < F,-R=lg, ¢

V6i: acx: Gia tdc tai diém G xét theo truc X; acy: Gia tdc tai diém G xét theo truc y;
I, : Moment quén tinh tai diém G theo tryc z; ¢, : Gia toc goc

z

Dua vao hé phuong trinh (1) va cac hé thirc dong hoc chung ta xay dung dugc cac hé thuc xac dinh thoi
gian lan cta vat nhu sau:
Thoi gian vét di chuyén dén chan doc:

2
ZS(mR2 + IGZ) a< arctan((1+ rTR jusJ

mgR? -sina £ G
= ncu

2
- 43 a>arctan| [ 1+ MR Hs
g(2sina —2u, cosa) le,

Déi v6i vat lan co dang 1a 6ng try tron méng (twong tmg voi cac dang chai, lo can in) thi ta co I, = mR?,

)

tu do ta co:
4_S a <arctan (2 )
gsina
= neu 3
s 7S ®)
_ a > arctan (2 )
g(2sina — 24, cosa)

Cong thirc (3) cho thiy dbi voi truong hop vat co dang 6ng tru thanh moéng 1y tuéng lin khong truot thi
thoi gian di chuyén cua vat s& chi phu thudc vao goc nghiéng va quing dudng di chuyén, tirc 12 khong phu
thudc vao vat liéu ctia vat lan. Con trong truong hop vat vira 1an vira truot thi thoi gian di chuyén ctia vat
s& con phu thudc thém vao hé sé ma sat dong, tic 14 c6 phu thudc vao vat liéu cta vat lan. Cong thic (3)
cho phép xéac dinh duoc gbc nghiéng a dira vao thoi gian ts cn thiét.

3 QUY TRINH THIET KE VOI PHAN MEM MO PHONG RECURDYN

Trong thuc té, dé thuc hién cac thi nghiém nghién ctru thi can rat nhiéu cac trang thiét bi kém theo, do d6
chi phi cho mdi van d& nghién ctru s& rat tén kém. Dé khic phuc van dé nay, cic nha nghién ctru di lam ra
nhiéu phdn mém vai chirc ning hd tro mod phong cac thi nghiém khac nhau, dién hinh trong s6 d6 1 phan
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mém Recurdyn [23]. Vi cac tinh nang moé phong dong luc hoc manh mé, kém theo sy chinh xac cao,
Recurdyn d tré thanh mot trong nhitng phan mém dang dé sir dung cho viéc mo phong ciing nhur phan tich
cac bai toan nghién curu [22].

D¢ kiém nghi¢m dugc d6 chinh xéc cling nhur tiét kiém dugc thoi gian thiét ké md hinh thuc nghiém, tac
g1a da sir dung phan mém Recurdyn dé mo phong cac chuyen dong trong bd phéan cip — thoét phoi cho may
in lua béan ty dong kiéu méi. Ngoai ra phan mém con giup cho tac gia kiém nghiém lai sy chuin xac cta
céc cong thirc da dugc xay dung & trén. Dé c6 thé thyc hién dugc bai todn ndy, tac gia da tuan theo quy

trinh thuc hién nhu sau (Hinh 4):

Thiét ké mo hinh
mo phong

!

Thiét lap cac thong sb md phong:
- Hé s6 ma sat tinh/dong

- Ngudng vén toc tinh/dong

- H¢ sb giam chan, v.v...

!

Thiét lap goc nghiéng
ciia mat phang
Xuét biéu d6 va két
qua md phong

Khoéng dat

i Kiém tra két qua

Pat

End
Hinh 4: Quy trinh mo phong véi phan mém Recurdyn

Congthiic |« Mo phong

a TLTK
Juk & Ju:

Hinh tru ly fwong

Thue nghiém
¥  detim

KQ tinh toan: KQ mo phong:
Thoi gian lan Thoi gian 1an

Hinh 5: Bai toan xudi: Xac dinh cac thong s6 mé phong
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Trong do:
Us: Hé s6 ma sat tinh; p;,: Hé s6 ma sat dong; vs: Ngudng vén tde tinh; v,: Ngudng van toc dong
8: Hé sb giam chin; E: Do climg cua vat;
Vong tron mau xanh 14 cay: Cac gia tri ldy tir tai liéu tham khao
Vong tron mau do: Cac gia tri dua vao thuc nghiém dé xac dinh
Mo hinh m6 phong ¢6 thé duge thiét ké truc tiép trén phan mém Recurdyn véi cac vat thé don gian hodc
c4c phan mém 3D thong dung nhu Solidworks, NX, v.v... rdi chuyén tiép vao phan mém Recurdyn.
Voi phﬁn mém mé phdéng Recurdyn thi c6 rat nhiéu hé sb lién quan dén cac hién twong ma sat cua vat lan
ma chung ta chua c6 thong tin tir ban dau. Nhitng hé s6 nay lién quan dén nhiéu huong tugng vat 1y phirc
tap hon, xoay quanh bai todn ma sat chinh. Dé thiét ké cac bo phan may in lya thi nhitng hién tuong nay
khong nhét thiét can xét téi. Tuy nhién, gia tri ctia nhitng hé sd nay can phai dugc xac dinh dé sao cho két
qua cta viéc mo phong la dang tin cdy. Phuong phap xac dinh nhu sau: Bang viéc khao sat hién tuong lin
clia mot vat hinh try mong don gian, dong chét v6i nhiéu goc alpha cho trude, va mot vai dang vat liéu cho
truée (nhya va nhom). Dya vao tai liéu tham khao (TLTK) [17-18, 22-23] chiing ta xac dinh hé s6 ma sat
tinh va dong (us, pg: trong vong tron hinh Xanh l4 cAy cua Hinh 5) va ap dung cho ca cong thirc va phan
mém moé phong. Sau d6 didu chinh cac hé so mé phong con lai (v, vy, 6, E: trong vong tron mau do) sao
cho két qua thoi gian 1an cua vat tir phan mém mod phong va cong thire tinh toan 1a bing nhau.

Béng 1: Thong s6 mé phong tim dugc

Static Threshold Velocity (Ngudng ma sat tinh) 1.0

Dynamic Threshold Velocity (Ngudng ma sat dong) 1.5

Static Friction Coefficient (H¢ s0 ma sat tinh) 0.28 + 0.35

Dynamic Friction Coefficient (H¢ sO ma sat dong) 0.33 + 0.37

Hg so giam chan 2+5

Do ciing cua vat 24000 -+ 25000
Thoi gian 1an M6 phong

can thiét

Thiét ké va ché
tao mang nghiéng

Hinh 6: Bai toan nguoc: Xac dinh goc nghiéng can phai thiét ké dbi v6i vat lan c6 hinh dang phirc tap,
khong dong chat

Trén co so cac hé sb (us, ., vs, Vg, 8, E ) da dugc xdc dinh ¢ bude trén (Bang 1), ta gidi quyét bai todn
thiét ké nguoc. Xuat phat tir thoi gian 1an can thiét cua vat in lua, ta xac dinh goc nghiéng alpha can thiét
ciia mang nghiéng. Luc nay thi vat lan la mét vat c6 hinh dang phue tap va khong dong chat tuy nhién
thanh phan cta chang chi 1a nhya va nhom da dugce xem xét ¢ budce trén khi tim ra cac hé s6 md phong
(Bang 1). Tir d6 ta thiét ké duoc mang nghiéng cho b phan cap va thoat phoi (Hinh 6).

Ap dung cac quy trinh trén vao viéc thiét ké may in lya. Thong qua phan mém Solidworks thiét ké mau
chai (Hinh 7) va phan mém Recurdyn mé phong, tac gia di xay dung dugc do thi (Hinh 8) xéc dinh thoi
gian di chuyén cua vat phu thudc vao goc nghiéng a.
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D89 —L160; D89 —-L175; D60—-L175;
Hinh 7: M6 hinh cic mau chai 3D sir dung cho mé phong

*Cha thich:

D: Puong kinh

L: Chiéu dai chai

CT: Cong thirc— Két qua dugc dua theo s lidu tinh toan cua cong thirc s6 (3), bao gdbm cac dai
lwong nhu quing dudng, gia tde trong trudng va goc nghiéng.

1.4
1.2
= 1 =@—D89L175_CT
T:; 0.8 «=@==D89L175_Recurdyn
:uso 0.6 =@-—D89L160_CT
= 0.4 D89L160_Recurdyn
0.2 =@=—D60L175_CT
0 ==@==D60L175_Recurdyn

1.5 2 2.5 3 35 4 45 5 5.5 6 6.5 7
Goc xoay alpha (do)

i Hinh 8: Biéu d0 thé hién thoi gian phy thudc goc alpha
Kiém nghiém md phong vei san pham 3D:
Bang 2: Sai s6 so sanh giira cac dang mé phong

STT Cach mo phong — Loai lién ket st ¥ nghia Sai s6 (%)
dung
1 Geo Surface - Surface(Shell, PatchSet), Tao moi lién két va cham gitra 2 vat thé 1.49-10.47
Surface(Shell, PatchSet) dua trén bién dang va bé mat tiép xdc ' '
5 Geo Surface - Solid(Shell, PatchSet), Tao méi lién két va cham giira 2 vat thé 157-12.16
Solid(Shell, PatchSet) dya trén d6 cung cia ching ' '

Sai s ¢ day chinh 1a su chénh léch gitra két qua mé phong va két qua tinh theo cong thuc ly thuyét. Trong
mdi truong mo phong Recurdyn, phan mém tinh toan dya trén nhiéu tham s6 khac nhau, nhu d¢ cimg, do
giam chan hay khbi lu:cmg cta cac thanh phan, ngoai ra con co su tac dong cua ngudng van tc tinh va
ngudng van téc dong, con trong cong thic (3) thi van chua xét dén céc yéu té do. Do d6 vai cac goc co do
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nghiéng cang thap, thi su anh huong bai cac tham sé cang nhiéu, nén s& dan dén viéc sai s cang 16n, va
nguoc lai khi d nghiéng mat phang cang I6n thi sai s6 sé cang it di.

4 THIET KE VA CHE TAO THU'C NGHIEM
Tt cong thuc (3) cing nhu mo phong s€ chon duoc goc nghiéng hop ly dé cho thoi gian lan cua vat kip
véi toe do chuyen phoi, dap ing duge voi yéu ciu nang suét.
Cac thong so k¥ thuat yéu cau [5,7]:
Puong kinh chai 3 loai: 60mm = 0.06m, 89 mm = 0.089 m.
Chiéu dai chai 2 loai: 160mm = 0.16m, 175mm = 0.175m.
Khdi lwong chai 3 loai: 259, 229, 199
Quing dudng cap phdi: S = 2xR = 100mm = 0.1m
Quéng duong thoat phoi: S = 1m
Hé s6 ma sat tinh: 0.35
Hé s ma sat dong: 0.3
Véi nhitng thong sé nhu trén, ta thu dugc thoi gian dé hoan thanh 1 san pham la t = 4.2 giay (Hinh 9).

5

Thoi gian ¢_(s)

b T 3n b Sm 3n n T
0.002 512 256 512 128 512 256 512 64

Goc nghiéng o. (rad)
Hinh 9: Biéu d6 th(n gian vt lan phu thudc géc nghiéng

4.1 Thlet ké goc nghiéng cho bd phén cAp phoi

Yéu cau bai toan dit ra cho ning suat cia mdy 1a can in 850 san pham trong vong 1 gid [5, 7]. Tu thiét
ké co cau chuyen phoi c6 dang hinh binh hanh cua may (Hinh 11) ta tinh dugc thoi gian dé chai tir vi tri
hang cho t6i vi tri chd chuyén chai phai thip hon thoi gian hoan thanh 1 san pham, tirc 1 ts < 4.2 gidy va
dé dap tmg duogc chuyén do thi a; > 0.002 rad. Gia sir ts = 1 gidy:
Theo cong thie (3) thi ta s& thu dugc a; = 2.3° (Hinh 10). Nhu vy goc nghiéng a; da thoa méan yéu cau
vé nang suét cua bai toan.

S: Khoang cach giira 2 tam vét

o, =2.3°

Hinh 10: Goc nghiéng b phan cap phoi
Dé cho vat co thé ldn cham thi nguoi thiét ké can phai chon goc nghiéng that bé, nhung trong thyc té thi
khong thé nhu vay dugc. Vi dé c6 thé lap rap va can chinh chinh xac véi goc nghiéng rat nho thi s& rat kho,
tén nhiéu thoi gian va khong thuc su can thiét d6i voi nhu ciu cua nguoi st dung. Ngoai ra, khi chon goc
nghiéng qua cao thi van tdc vat 13n s& 16n, diéu nay s& dan dén hién tuwong vat bi vang ra ngoai hodc bi sai
1éch vi tri in ngay khi tiép xtic véi khdi d& chir V (Hinh 11).
Nguyén 1y hoat dong ctia co ché chuyén phéi: Chi tiét in (2) tir mang trugt dugc day vao vi tri 1, sau d6
co cau bon khau ban 18 (3) chuyén dong quay déu dé nang chi tiét in dén vi tri 2, ciing lic nay chi tiét tiép
theo tir mang truot s& dugc ddy vao vi tri 1. Co cdu bdn khau ban 1& (3) chuyén dong vong tiép theo va
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nang chi tiét & vi tri 1, vi trf 2 sang vi tri 2, vi tri 3, lac ndy khung in lya (1) s€ ha xuéng thuc hién qua
trinh in. Qua trinh nay dugc ldp di 1ap lai va tao thanh mot quy trinh khép kin.

Huéng chuyén dong
cua ban in T l

Huéng cp phoi =4
&V”ﬂl V1tr12

Khéi gia d&
chir V

Hinh 11: Goc nghiéng b phan thoat phoi
Dua vao yéu t6 trén, tac gia di chon goc nghleng a; dao dong tr 0.14° — 2.3° tirc thoi gian cham nhét

1a 4.1 giay va nhanh nhat la 1gidy. Nhu vay vat c6 thé lan hét quang duong trong qua trinh cap phoi vi nd
da thoa man dugc cac yéu cAu dit ra nhu:

o t ,<4.2giay

o (6 thé d& dang lip rap va can chinh

o Van tdc van lan khéng qua nhanh
4.2 Thiét ké géc nghiéng cho bd phan thoat phoi
Yéu ciu bai toan dit ra cho thung thoat phoi:
- Pam bao cho bé mit chai sau khi in khong tiép xuc truc tiép v6i mit phing nghiéng cua thung thoat
phoi.
- Thoi gian thoat phoi nhanh, khong bi va cham véi phoi tiép theo (t <4.2 giay).

S: Khoang cach gitra 2 tdm vét

Hinh 12: Goc nghiéng b phéan thoat phoi

Do d06, tic gia d tinh toan va dwa ra goc nghiéng pht hop véi yéu cau dit ra 1a goc nghiéng a, dao dong
trong khoang 7° — 10° (Hinh 12), vi véi goc nghiéng nhu vy phdi s& dam bao duoc tde do thoat phoi
nhanh va khong bi niy hay va cham lam Iéch quy dao di chuyén, dam bao dap tmg dugc yéu cau thoi gian
t<42 giay. Véi goc nghleng nay thi vn chua xdy ra hién tugng vua lan vira trugt. Tuy nhién, néu nhu
yéu cau dat v& mat thoi glan c6 su thay dbi, vi du can nhanh hon nita (t < 0.5 gidy), thi goc nghiéng s€ c6
gia tri 16n hon (a2 > 35°) va c6 thé dan dén hién tuong vura lan vua truot. pé dap tmg dugc yéu cau dat ra
clia bai toan, thung thoat phoi da dugc thiét ké phén tang, thanh 2 tang khac nhau va trén tam din huéng
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cho phéi s& ¢6 cac g ndi & 2 bén, muyc dich khong cho bé mit in trén chai tiép xtic v6i mat phing cia tim
dan hudng, tir 46 s& dam bao viéc muc in trén chai khong bi nhoe hay lem. Ngoai ra, viéc thiét ké thung
thoat phoi thanh 2 tang khac nhau va c¢6 dé phia dudi con nhim muyc dich dé ngudi cong nhan khong phai
luén quan sat chai rot ra mdi khi chai in xong. Viéc thiét ké thung thoat phéi da tang s& giam thiéu duoc
tinh trang lem muc trén chai sau khi in cling nhu tiét kiém dugce dién tich thung chira phoi.

5 KET QUA CHE TAO VA THAO LUAN

Sau khi tinh toan va kiém nghiém trén phan mém mé phong, tac gia di ché tao thanh cong mang cap va
thoat phdi theo diing v6i thiét ké ban dau (Hinh 13). Két qua kiém nghiém d6i v6i mang cip va thoat phoi
hoan toan théa min yéu cau dit ra ciia bai toan, sai sd do dac giita kiém nghiém thyc té so v6i md phong
dudi 10%, hoan toan c6 thé chip nhan dugc. Vi trong thuc t& moé hinh van con bi anh hudng béi nhiéu yéu
t6 khac nhu gio, rung dong béi méi truong xung quanh.

@ (b)

Hinh 13: Hinh anh may theo thiét ké (a) va may duogc ché tao (b)
Théng qua cac md hinh md phong trén phdn mém Recurdyn va két qua thu dugc luc ché tao thuc nghiém,
tac gid da dua ra dugc nhimng nhan xét nhu sau:
Goc nghiéng ctia thung cap phoi cang 16n thi cang ton khong gian cta thing chira phéi. Tuy nhién vat sé
lan cang nhanh, ma cang nhanh né cang khién cho vat bj bap bénh khi vat va cham vao khéi d& chit V (vi
tri cho dé chuyén phéi V - Hinh 11). Trong bai toan nay goc nghiéng a; cta thing cép phdi phai nam trong
khoang [0.14°;2.3°], dé sao cho vat lan vira kip vao vi tri chd, dong thoi dé giam thiéu t6i da duge luc va
cham vai khéi V (Hinh 11).
Ciing trong bai toan nay goc nghiéng @, cua thung thoat phoi phai ndm trong khoang [7°;10°] dé tc do
thoat phoi dap g dugc thoi gian lam kho muc trén chai. Pé c¢6 thé 1am duoc viée do, thung thoét phoi
can duoc thiét ké phan tang. Tir c6 thé thu gon kich thudc may ciing nhu dép tmg duoc thoi gian yéu cau
cua bai toan.
Quéng dudng vat di cang xa, thi sai s6 cia mé phong so véi cong thire tinh toan 1y thuyét (3) cang 16n. Vi
trong mo phong ciling nhu trong moi truong thuc té, vat di chuyén s& gip nhidu anh huéng dén tir nhiing
yéu t6 khac nhau. Tir d6 quy dao di chuyén cua vét s& khong con 1a mot duong thing nita, ma c6 thé 1a cac
quy dao cong khac nhau (Hinh 14).
Nhu vay két qua mé phong so v6i cong thirc 1y thuyét con nhiéu sai 1éch, do trong méi truong mé phong,
ph?in mém Recurdyn da xét dén cac yéu td khac nhu vat liéu va hinh dang cia nz'ip va chai, d¢ cting, do
giam chan, v.v... ctia timg vt liéu. Tuy nhién két qua mé phong tmg dung vao phan thiét ké va ché tao
méy da cho thay may lam viéc ding nhu yéu cau da dé ra.
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Hinh 14: Quy dao di chuyén cua chai trong méi truong mé phong Recurdyn

6 KET LUAN

Bai bao trinh bay vé viéc tinh toan, thiét ké va mo phong hé thong cap — thoat phdi tu dong trong may in
lua ban ty dong kiéu mai. Céc tac gia da dua ra dugc cong thie tinh toan 1y thuyét vat lan voi ma sat, quy
trinh mo phong hién tuong nay trén phin mém Recurdyn, dya vao d6 dé thiét ké va ché tao thanh cong may
in lua ban ty dong kiéu méi. Phuong phap va quy trinh mé phong vét lan trong Recurdyn nay c6 thé dugc
g dung d& mé phong cac hién twong lan phuc tap khac nhur vét ¢6 hinh dang bét ky hodc vat vira lan vira
bién dang, v.v... Tur d6, nguoi dung cé thé hiéu rd hon vé loi ich cua viée tinh toan va mo phéng trén phén
mém dé c6 thé giam thiéu dugc toi da chi phi thiét ké, ché tao cling nhu rat ngan dugc thoi gian dé tao ra
mot san pham co khi hoan chinh.
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