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Tém tit. Trong bai bao nay, cac tac gia tong hop va phan tich nhirng cong trinh nghién ctru trén thé gisi
tmg dung 1y thuyét thiét ké tién d& (ADT), ca vé pham vi ap dung va nhimg vu nhuoc diém. Sau khi
nhiing loi ich ma ADT c6 thé mang lai cho viéc thiét ké néi riéng va nghién ctru khoa hoc noéi chung duoc
hiéu 13, ly thuyét ADT dugc chuyén ngit, bién dich tir sach gbc cua tac gia. Theo do, thiét ké theo tién dé
1a xem xét thiét ké mot cach khoa hoc, dé tir d6 cung cap mot khung nén co ban dé hiéu cac hoat dong
thiét ké. Thiét ké tién dé bao gdm mot s6 khai niém co ban - mién va anh xa, phan cép, dich dic, doc lap
va théng tin. Nhiém vu thiét ké co thé dugc biéu dién dudi dang anh xa gitra cac mién. Cac nha thiét ké
1ap ban do tir cac yéu ciu cta nhing gi ho mubn ban thiét ké co thé thuc hién duoc t6i cac giai phap vé
céch ban thiét ké s& dat dugc nhiing dleu d6. Khi thyc hién thiét ké, cac yéu cau & cép cao va rong duoc
chia nho hodc phén tach thanh cac yéu cau phu nho hon, sau d6 dugc thoa min béi cac giai phap phy. Khi
céc nha thiét ké chon giai phap, ho su dung hai tién dé thiét ke dé danh gia chat luong cia cac giai phap.
Do d6, thiét ké tién dé cung cap hudng dan vé cach dua ra quyét dinh tdt, hira hen s& 1a mot cong cu manh
cho cong tac thiét ké trong nudc. Sau ciing, dé nim viing Iy thuyét, ADT duoc van dung vao thiét ké mot
thiét bi nhiét dinh hinh. Tuy nhién, trong tinh hudng hoc thuét (casestudy) nay, chi tién de 1, tién dé Ve
duy tri tinh doc 1ap cua cac yéu cau chtre nang duoc tmg dung; do d6, huéng nghién ctru tiép theo s€ la t6i
vu hoa két cdu chirc nidng ciia mot hodc vai linh kién trong thiét bi, tng dung tién dé 2, tién dé vé giam
thiéu cac ndi dung thong tin.

Tir khoa. Ly thuyét thiét ké tién d&, Mién thiét ké, Anh xa, Dich déc, Tién dé doc 1ap, Nhiét dinh hinh.

APPLICATION OF AXIOMATIC DESIGN THEORY IN THERMOFORMING
APPARATUS DESIGN AND FABRICATION

Abstract. In this article, the authors synthesized and analyzed research papers that utilized axiomatic
design theory (ADT), both in scope of applications and pros and cons. After the benefits of ADT for
design in particular and scientific research in general were carefully investigated, ADT was studied and
translated from the author's original book. Accordingly, the axiomatic design is to consider the design in a
scientific way, thereby providing a basic framework to understand design activities. ADT includes some
basic concepts - domain and mapping, hierarchy, zigzagging, the independence axiom and the
information axiom. Design tasks can be represented as mappings between domains. Designers map from
the requirements of what they want to achieve to posible solutions. As the design progresses, broad, high
level requirements are decomposed into smaller sub-requirements, which are then fulfilled by sub-
solutions. When designers choose solutions, they utilize two design axioms to evaluate the quality of
these solutions. Therefore, the axiomatic design provides guidance on how to make good decisions,
promising to be a powerful tool for design activities in Vietnam. Finally, to master the theory, ADT is
applied to the design of a thermoforming device. However, in this casestudy, only axiom 1, axiom of
maintaining the independence of functional requirements was utilized; therefore, the next research will be
to optimize the functional structures of the device, using the axiom 2, the axiom of minimizing
information content.

Keywords. Axiomatic design theory, Design domain, Mapping, Zigzagging, Independence axiom,
Thermoforming.
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1 GIOI THIEU

Cong viéc thiét ké 1a mot khau rit quan trong trong chudi tao hinh noi riéng va hoan thién san phim no6i
chung. Hién nay c6 rat nhiéu phin mémdung dé phan tich phan tir hitu han ca trong viéc phan tich luc,
tinh toan bén 14n t6i wu hoa. Trong khi d6, viéc thiét ké cac hé thdng may, du di c6 mot sé cong cu hd trg
nhu cdy ¥ tudng, ma tran lya chon, thiét ké cho san xudt (DFM — design for manufacturing), thiét ké cho
lap rap (DFA — design for assembly), phuong phap ngdi nha chat luong (phuong phéap trién khai chirc
ning chat lugng — Quality Function Deployment — QFD), ..., nhung van chua thanh hé thong, chu yéu vin
dya trén phuong phap thir va sai, tao mau - thir nghiém — chinh stra, (...), cho dén cic phuong an dya trén
nhitng dénh gia cht quan, quan 1y chua chat ché cac thong tin thiét ké [1], ... Tur d6, viéc nghién ciru,
phat trién cac 1y thuyét thiét ké méi 1a mot doi hoi cip thiét. Xuat phat tir nhu cau do, giao su Nam Pyo
Suh tir MIT, Hoa Ky, thiét 1ap mot 1y thuyét thiét ké ky thuat theo cac quy luat nhat dinh, cung cip mot
co s& khoa hoc va co tinh hé théng dé dua ra quyét dinh thiét ké [2]. Thiét ké theo tién dé 1a xem xét thiét
ké mot cach khoa hoc, tir d6 cung cép mot khung nén co ban dé hiéu céac hoat dong thiét ké [3, 4].

Ly thuyét thiét ké theo tién dé (Axiomatic Design Thery — ADT) ngay sau khi duoc gido suw Nam Pyo Suh
phat trién va giéi thidu nam 2001 [2] da duoc (mg dung rong rai. Ngay trong nam 2001, Kwangduk D.
Lee va cic cong su tir My di ung dung thanh cong ADT dé phat trién mot may mai CMP (Chemlcal—
Mechanica Polishing) ¢ quy mo cong nghiép. May sau d6 hoat dong ma khong gip phai 16i nao dang ké,
va duge xem 1a mot vi du vé ap dung ADT cho giang day [5]. Beom-Seon Jang va cac cong su dén tir
Han Qudc ciing dung ly thuyét nay dé thiét ké canh quat tau thity. Sau thanh c6ng budc dau nay, ho s& ap
dung ADT vao thiét ké tau thuy [6]. I. Ferrer va cic cong su tir Tdy Ban Nha thi két hgp DFM va ADT
nham khic phyc nhimg nhugc diém ciia DFM, lugng héa cac quyét dinh thiét ké, loai bo nhiing danh gia
— cho diém cam tinh, trong ché tao mot thanh truyén trong dong co [1]. Trong cung nam 2009, R.J.
Urbanic va cac cong su tir Canada, ciing ap dung ADT d¢ phat trién mot loai thanh truyén trong dong co,
trong d6 c6 rat nhiéu khong gian cho céc cai tién tiép theo theo yéu cau thi truong [7] Trong luc do, tai
Trung Quoc Dunbing Tang va cac cong su [4] dung ADT dé g1a1 quyét diém han ché cia phuong phép
thiét ké dung ma tran (Design Structural Matrix — DSM) d6 1a rat khé dua ra ma tran thiét ké dbi voi cac
san phim méi, chua duoc thiét ké 1an nao. Pugc xuét ban trén tap chi hang dau vé ché tao may va ky
thudt san xuat 1a The International Journal of Advanced Manufacturing Technology, Feng -Tsai Weng &
Shien-Ming Jenq tir Pai Loan [8] di 4p dung thanh céng ADT vao san xudt cip tdc (Agile
Manufacturlng) mot hinh thirc phat trién cao ctia san xuat tinh gon (Lean Manufacturmg) Ngoal linh vuc
san xuat, ADT con dugc ap dung thanh cong vao nghién ctru luu chat, vi ciu hdn hop nude - dau [9], hay
thiét ké va ché tao robot vé sinh duong dng [3]. Ngoai cac nudc ké trén, ADT con duge cac nha nghién
clru & rat nhidu noi khac trén thé gidi str dung. O Tho Nhi Ky, Osman Kulak va cac cong sy [10] nghién
clru 63 bai bao ISI ¢6 sir dung ADT (tinh dén nam 2010) va dua ra két luan ring ADT 1a mét cong cu
thiét ké manh mg, ca khi ding doc 1ap 1an khi két hop voi cac phuong phap thiét ké khac. Mot dién hinh
cho viéc sir dung ADT dé khic phuc nhitng han ché cua cac phuong phap thiét ké c6 sin 12 Jose” Antonio
Carnevalli va cic cong su dén tir Brazil [11] dung ADT dé khic phuc 3 yéu diém chinh ciia phuong phap
ngdi nha chit lugng (phuong phap trién khai chtic ning chat luong — Quality Function Deployment —
QFD) bao gém (1) khé dién dat nhu cau cta khach hang, (2) kho xéc dinh va dinh thtr tu vu tién cac dac
tinh chat luong va (3) kho xur ly nhfrng ma tran co kich thudc 16n. Trong khi d6, Anténio M. Gongalves-
Coelho va cac cong s [12] dén tir B6 Pao Nha thi ding ADT dé g1a1 quyét nhimg kho khin trong viéc
thiét ké mot can truc cdu hang. Con Hadl Kandjanl va cac cong sy dén tir Iran [13] thi im cach mo rong
ADT dé sir dung cho viéc phat trién phdn mém. Gan day, twong ty nhu [8], Erik Puik va Dareks
Ceglarek tir Ha Lan [14] két hop thanh c6ng phuong phap san xuit cap toc (Agile Development Method —
ADM) va ADT. Hay Panday H. va Bhattacharya B. Pén tir An Do [15] két hop thanh cong ADT va
TRIZ. Vi con nhiéu, nhiéu nita nhitng nha nghién ctru trén thé gidi van dung thanh cong ADT vao thiét
ké, nghién ctru 1y thuyét ciing nhur thyc té san xuat.

ADT, ly thuyét thiét ké theo tién d&, da dugc ung dung rong rii trén thé giéi gan 20 nim nay, rat nhiéu
nhitng nha nghién ctru trén thé gi¢i van dung thanh cong ADT vao thiét ké, nghién ciru 1y thuyét ciing
nhu thye té san xuat. ADT c6 thé dugc ding doc 1ap hodc két hop véi cac 1y thuyét thiét ké khac dé bo trg
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cho nhau, tily truong hop cu thé. Thé nhung, ADT van chua dugc biét t6i tai nudc ta. Tir nhitng 1y do néu
trén, viéc tim hiéu va budc dau van dung ADT vao cong tac thiét ké tai Viét Nam 1a mot viée cfip thiét.
Tiép theo d6, dwa vao két qua nghién ciru 1y thuyét ciing nhu tinh toan, thiét ké, van dung 1y thuyét méi
nay, dua ra dugc nhirng két luan va khuyén nghi vé viéc nghién ctru sau hon 1y thuyét thiét ké moi nay
ciing nhu van dung n6 vao hoc thuat 1an cong nghiép.

Nhu d3 moé ta, phuong phap thiét ké theo tién dé 1a 1 budc ngoit trong co so thiét ké gitp giam thiéu thoi
gian thiét ké tinh toan cac thong sd din dén s 1an lap sai — thir giam di dang ké. Ly thuyét nay da thuc
hién thanh c6ng va dugc ap dung & nhiéu cong trinh trén thé giéi cho hau hét cic nganh nghé k¥ thuat va
sinh hoc, néu dugc nghlen clru, tim hiéu va tng dung thanh cong htra hen s& c6 mot cong cu manh cho
viéc thiét ké cac hé théng may, ca khi dung doc 1ap hodc dung nhu mot cong cu b tro cho cac phuong
phap thiét ké hién nay.

2 PHUONG PHAP
2.1  Phuwong phap thiét ké tién dé - ADT
Dau tién, qua trinh thiét ké, di tir nhu cau ciia khach hang dén san phim / qua trinh hoan chinh. Thiét ké
bao gdm mot sy twong tac gifra ‘nhitng gi chung ta mudn dat dugc” va “cach (nhirng gi) chiing ta chon dé
théa mén nhu cau”. Dé hé thong héa qua trinh tu duy lién quan dén sy twong tic nay, khéi niém vé cac
mién tao ra ranh g10'1 giita bon loai hoat dong thiét ké khac nhau, tir 6 tao ra mot nén tang quan trong cho
thiét ké theo tién de.
Viée thiét ké duogc tao thanh tir bdn mién: mién khach hang, mién chirc ning, mién vét ly va mién qua
trinh. Céu tric mién duoc minh hoa béng so d6 trong hinh 1. Mién bén trai dai dién cho "nhiing gi chiing
ta mu6n dat duoc", co lién quan dén mién bén phal dai dién cho giai phép thiét ké, "cach ching ta dé xuat
dé dap tng cac yéu cau duogc chi dinh trong mién bén trai"".

Bitu hién Tinh chit Can trie Qua trinh

Mien Mien Mien Mien

khaich luing clhure nang vat Iv quy trinkh

Hinh 1. Bén mién ciia thiét ké [2].

Mién khach hang duoc dic trung boi cac thude tinh (Customer Attributes - CAs) ma khach hang dang tim
kiém trong san pham hodc quy trinh hoac hé thdng hodc vat li¢u. Trong mién chirc ning, nhu cau cta
khach hang dugc chuyén thanh cc yéu cdu chirc ning (Funtional Requirements - FRs) va cac rang budc
(Constrains - Cs). Dé dap ng céac FRs cu thé, chl'lng ta cAn phai xac dinh dugc cac tham sb thiét ké
(Design Parameters - DPs) trong mién vat ly. Cudi cung, dé san xuat san pham dwoc chi dinh theo DPs,
ching ta can pha1 phat trién mot quy trinh dugc dic trung boi cac bién quy trinh (Process Variables -
PVs) trong mién quy trinh.

Cac yeu cau chuc nang FRs va cic tham s6 thiét ké DPs phai du’oc phan tach / phan ra (zigzagging) dén
mtrc cudi cling cho dén khi ching tao thanh mot hé thong phan cap. bé phan rd cac FRs va DPs, chung ta
phai 4nh xa (mapping) gitra cdc mién. D6 13, chiing ta bat dau trong mién “cai gi — what”, di dén mién
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“nhu thé nao — how”. Phan nay duoc minh hoa trong hinh 2.

FRy, l FR 2 l DPy, lDPl_ |
[ { ] [ I
FRiz) | | FRi22 l I:Rt.‘.‘l DP3 | | DPi22 I Dpi2‘|
I—% |_I_|_
FR 23 FR232 DPj23, DPja32

\ Mién chire ning / \ Mién vit Iy /

Hinh 2. Anh xa dé phén tach FRs va DPs [2].
Ly thuyét ADT dugc gido su Nam Pyo Suh [2] phat trién dua trén cac tién dé. Tién dé la nhitng nén ting
co ban cho cac dinh 1y, dinh luat, trong 1y thuyét ADT nay, viéc thiét ké duya trén hai tién dé. Tién dé thiét
ké dau tién duoc goi 1a tién dé doc 1ap (the Independent Axiom) va tién dé thtr hai duoc goi 1a tién dé
thong tin (the Information Axiom). Chung dugc phét biéu nhu sau [2, 10]:
Tién dé 1. Tién dé doc lap: Duy tri tinh ddc lap cia céc yéu cau chirc ning.
Tién dé 2. Tién dé thong tin: Giam thiéu cac ndi dung thong tin.

*Tién dé 1. Tién d& doc 1ap: Duy tri tinh doc 1ap cta céc yéu cau chirc ning.
Tién d& doc lap khang dinh phai luén duy tri sy doc ldp ciia cac yéu cau chirc ning (Functional
Requlrements FRs), trong d6 FRs dugc dinh nghia la tap hop t6i thiéu cac yéu cau doc 1ap dic trung cho
muc tiéu thiét ké. Vé mat toan hoc, mdi quan hé giita FRs va DPs dugc thé hién qua cong thirc:

{FR} = |A|{DP} @)
Trong do:
{FR} 12 vecto yéu cau chirc ning;
{DP} 1a vecto tham s6 thiét ké;
|A| 12 ma tran dic trung cua thiét ké.
Téng quat lai, mdi phan tir a; cua ma tran A két ndi FR thir i véi DP thr /.
Céu tric ma tran |A| xac dinh loai thiét ké dang xem xét. Dé dap tg tién dé doc lap, ma tran |A| can phai
tach roi (uncoupled) — noi cach khac 1a ma tran chéo hodc khir ghép (decoupled) dé dugc ma tran chéo.
*Tién dé 2. Tién dé thong tin: Giam thiéu cac nodi dung thong tin.
Tién d& thong tin ndi rang, trong sd nhitng thiét ké thoa man tién dé doc lap, thiét ké c6 ndi dung thong tin
nho nhat 13 thiét ké t6t nhat. Thong tin duoc dinh nghia 1a ndi dung thong tin, Ij, 1a dang don gian nhat ctia
xac suit dap ung cac FRs di cho. Noi dung thong tin I; cho mét FR; d cho dwoc xac dinh nhu sau:

I =log, (=) ©)
Véi p; 1a xac suat dat dugc yéu cau chirc ning FR; va log 1a logarit bac 2 (v6i don vi bits).
Trong bét ky thiét ké nao, kha ning thanh c6ng cua thiét k& phu thudc vao nhimng gi nha thiét ké mudn dat
dugc — biéu thi boi dung sai (pham vi thiét ké) va nhiing gi hé thong c6 kha ning cung cap (pham vi hé
thong).
Nhu dugc trinh bay trong hinh 3, khoang giao nhau giita “pham vi thiét k&” va “pham vi hé thong” 14 khu
vue ton tai giai phap chap nhan dugc. Do d6, ham phéan phdi xéc sudt ddng nhat p; c6 thé duoc viét la:

_ ( pha vichung)
Pi (phamvi hé théng (3)
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Hinh 3. Pham vi thiét ké, pham vi hé thong, pham vi chung va ham mdt @6 xdc sudt PDF ciia mét FR [2, 10].

Do d6, ndi dung thong tin duoc tinh bang:

I; =log, (

pham vi

pham vi hé th6ng)

chung

“)

Néu FR; 1a bién ngau nhién lién tuc, xac suat dat duoc FR; trong pham vi thiét ké c6 thé dugc biéu thi nhu

sau:

d u
pi= [y ps(Fry)

. dFR;

©)

Trong d6 ps(Fr;) 1a PDF (ham mat d6 xac suat) ciia hé théng cho FR;. Phuong trinh (5) cho ta xac suit
thanh cong bang cach lay tich phan PDF cua hé thong trén toan bo pham vi thiét ké (tirc 1a tir gii han
dudi ctia pham vi thiét ké, dr', d&én giéi han trén cta pham vi thiét ké, dr'. Trong hinh 4, dién tich cua
phan chung A, bang véi xac suat thanh cong p;.

Do d6, ndi dung thong tin bang:

1
I=1o (—)
g2 Acr
0.4 . - . - »
L] L] ¥ L] L]
L] L] i L] L]
MR.,-” ittt ittt b ettty ittty i A e i s Lot -
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L] i L]
i : H
0.1 pre==eeeeee== A== o - = = e fmrmmrrrmem= e Lt "L
L] 1 L]
i ' i
0,08 premmmee=m- o - - - - - - e fremmmem e BT
i " 1]
i L] [ ]
o ' - !
-3 -2 e} [ 1 2 =E
2 PHAM VI CHUNG PHAM VI HE THONG -

(6)

Hinh 4. Pham vi thiét ké, pham vi hé thong, pham vi chung va ham mdt @ xdc sudt PDF ciia mét FR [2, 10].

22 Phwong phap nhiét dinh hinh

Ep phun (injection molding) va nhiét dinh hinh (thermoforming) 12 hai tru cdt ctia nganh nhya [16]. Trong
d6, nhiét dinh hinh cé quy trinh va thiét bi don gian hon, hoat dong tai nhiét d6 thap hon nén dugc chon
cho ap dung ADT trong nghién ctru nay. Ly thuyét ADT da dugc nghién ctru tim hiéu va van dung vao
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phan tich két cAu mot thiét bi nhiét dinh hinh. Nguyén 1y duoc lya chon 1 nhiét dinh hinh ding tao hinh
chéan khong co ban, hinh 5. Tao hinh chan khong co ban 12 mét phuong phap tao hinh chan khéng don
gian nhat ma trong d6 chi c6 chan khong duoc st dung dé ép chat déo nong ap vao bé mat khudn [16].
Trong ky thuat gia cong nay, vat li€u duoc kep chit vao trong mot khung, c6 tac dung gilr vat liéu xung
quanh chu vi ctia n6. Sau d6 vat liéu dugc dbt noéng va dat dén trang thai déo thi n6 duoc di chuyén dén vi
tri ma no bit kin khuon.

Trong phuong phap gia cong nay, khudn 1a mot khudén am hay khudn khoang. Khi tim chat déo da bit kin
khuén, thong qua ong huat, chan khong ngay lap tuc dugc ap dung & phia sau khuon, qua khoang trong
giita khuén va tAm chat déo (con dang néng). Chéan khong ni véi khoang khuon qua nhu’ng 16 thong nho
da dugc khoan qua thanh khu6n. Khi chan khong dugc dwa vao hoat dong thi vat ligu chat déo duoc kéo
xudng ap sat vao thanh khoang khuén tao thanh chi tiét in hinh ctia 1ong khuon.

Béng gia nhigt

Ei ERRR 15“;4”

g l Di chuyén

’
.
’
-
rr—
»~
»

ad bitkin
vao khudn

T*— Khodng tréng

N
L8 thang
Chan khéng

Hinh 5. Tao hinh bang chdn khéng co ban [16]

3 KET QUA VA THAO LUAN

3.1  Dung ADT phin tich két ciu thiét bi nhiét dinh hinh

Tu nguyen 1y hoat dong nhur trén, thiét bi nhiét dinh hinh dwgc phén tach thanh cac yéu cau chuc nang va
céc chi tiét vat 1y dé thyc hién chung nhu minh hoa trong hinh 6. Xuét phat diém cia yéu cau chirc nang
FR 12 “ché tao duogc san phdm nhiét dinh hinh miu”. Tuong ng v4i yéu cu chirc ning nay la thuc thé
trong mién vét 1y DP “thiét bi nhiét dinh hinh”, hay néi cach khéc, 4nh xa cta yéu cu chirc ning FR “ché
tao duoc san pham nhiét dinh hinh mau” qua mién vt Iy 1a DP “thiét bi nhiét dinh hinh”.

Sau d6, yéu cau chirc ning FR dugc phan ra thanh cac yéu cau chirc nang thir cap:

FR;: TAm cé kich thudc A5

FR,: Tam plastic dugc kep chat

FR;: Tam plastic dugc gia nhiét

FR,: Tam plastic di chuyén tiép xuc véi khudn

FRs: TAm plastic dugc tao hinh

FR¢: San phim duoc l4y ra d& dang
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Mot cach twong mg, thuc thé trong mién vat Iy DP “thiét bi nhiét dinh hinh” ciing dugc phéan ra dé dap
ung cac yéu cau chirc nang trén:
DP;: Céc tam kep c6 kich thude A5

DP,: Co céu kep

DP;: B gia nhiét

DP,: Co céu truot

DPs: B6 hat chan khong

DP¢: Thanh khuon c6 géc nghiéng

Méi twong quan giita cac FR va DP cap 1 duoc biéu dién duéi dang phuong trinh (1) nhu sau:

FR,
FR,
FR,

FR,
FR,

FR,

X

oS O O O

0

0

S O O X

0

0

S O O X O

0
0
0
x
0

0

0
0
0
0
X

0

DP,
DP,
DP,

DP,
DP,

«||DP,

S O O o O

@)

O day, x 1a gi4 tri khac 0, thé hién sy phu thudc ctia FR vao DP. Ta c6 thé thay ma tran [A] trong phuong
trinh (7) 12 ma tran tach roi (uncoupled), hay ma trén chéo, do do, qué trinh phan tach va anh xa cap 1

trong quy trinh thiét ké dap img duoc tién dé 1, tién dé vé tinh doc lap.

[ |

L i N A e i e ] .'.'.':'__-_-_-‘-}- |
FR, FRy FR; FRy FR; DP; DPy Ps DP;
[ [ ] [ ] ] [ N ECE N [ oes | [ 0% |
—E HE HE HE HE F
S RN 3 He 1E s
=] H B
& . |
L[5 e L [g
] w iz
Yéu cdu clutc ning o " : Théng sé thidtleé — — )

Hinh 6. Anh xa dé phan tach FRs va DPs cho thiét bj nhiét dinh hinh.
Qua trinh phén rd va anh xa dugc tiép tuc cho dén khi cac yéu cau chirc ning khong thé phéan rd xudng
cAp do nho hon va mdi yéu cau chirc ning duoc thuc hién boi mot va chi mot thuc thé (chi tiét) vat 1y.
Trong trudng hop mot yéu cau chirc nang dugc thuc hién boi tir hai thuc thé (chi tiét) vat 1y trd 1én thi ta
goi d6 1a mot thiét ké ghép (a coupled design), khong théa min tién dé 1. Truong hop nay ta phai cai tién
thiét ké, con goi 1a qua trinh khtr (decoupled).

Céc yéu ciu chirc ning va cac chi tiét vat 1y cu thé nhu trong bang 1:

© 2019 Trudong Pai hoc Cong nghiép Thanh phé HO Chi Minh



UNG DUNG LY THUYET THIET KE TIEN DE VAO THIET KE VA CHE TAO
MOT THIET BI NHIET DINH HINH

Bdng 1: Chi tiét ciia qud trinh phén tach va dnh xa

77

Cap Yéu cau chirc nang Tham s thiét ké
0 FR: Ché tao miu DP: Thiét bj nhiét dinh hinh
FR: Ché tao miu DP: Thiét bi nhiét dinh hinh
FR;: Tam c6 kich thudc A5 DP,: Cac tdm kep c6 kich thudc A5
FR,: Tim plastic duogc kep chat DP,: Co cdu kep
1 FR3: T'?Zlm plastic dugc girfl nhi’ét DP;: Bo gi{l nhiét
FR,: Tam plastic di chuyén ti€p xuc voi DP4: Co cau truot
khudn
FRs: TAm plastic dugc tao hinh DPs: B6 hat chan khong
FR¢: San phim duoc iy ra d& dang DPg: Thanh khudn c6 géc nghiéng
FR,: Tam plastic dwoc kep chdt DP;,: Co ciu kep
FR,;: Pinh vi DP,,: Hai tim kep
FR,,: Nhanh chéng DP,,: Ban 18
FR,;: Luc kep da 16n DP,;: Snaplock
FR;: Tim Plastic dwoc gia nhiét DP;: Bj gia nhi¢t
FR3;: Nguon nhiét DP;;: Nhiét dién tré gom
FR3,: Han ché that thoat nhiét DPs,: TAm inox
FR33: Do duoc nhiét do nguén nhiét DP;;: Cam bién nhiét
2 | FRy,: Diéu chinh duoc nhiét do DP;,: Bo kiém soét nhiét do
FR3s: Nguf”)n nhiét dugc treo ¢ dinh DP;5: Khung may
C;;: Nhiét do 1am viée (~150° C) vi vat liéu 1a nhua PET (Polyethylene terephthalate
FR: Tam plastic di chuyén tiép xiic véi | DP;: Co ciu truot
khuon
FR4;: Tinh tién 1én xuéng DP,;: Thanh truot va bac truot
FR4,: Co cau kep ddt o vi tri song song DP4y: SO bo thanh va bac trugt 13 4
v6i ngudn nhiét
FR.3: Gilt ¢ vi tri cAn gia nhiét DP4;: B9 gilt co cAu kep
FRs: Tam plastic dwoc tao hinh DPs: By hut chan khong
FRs;: Ap suit tac dong 1én tim plastic DPs,: Budng chan khong
FRs,: Vi tri khuén ¢ dinh theo phuwong ap | DPs,: Bé mit budng hut gb
suét tac dong
FRs;: Thoi gian hat chan khong ngén DPs;: Bom hut chan khong
(trudce khi tAm nhua bi ctrng lai)
DPs,: Dudi cim éng
DPss: Ong hut khi
Cs;: Thoi gian hut chan khong khoang 2 s, l4y tir thong s6 cac may hut chan khong thuong
mai hién hanh
FR ;: Giit 6 vi tri can gia nhigt DP,;: Bj giir co ciu kep
3 FR,3;: Vin thu cong DP4;;: Oc siét
FRy3;: Luc gitt da 16n DP43,: Ren trén tim kep

Tir bang 1, cic ma trén clia cac cap FR va DP déu 12 ma trén chéo, trir truong hop sau:

FR

51

FR,, =

52

FR

53

DP,
x 0 0 0 O|lDP,
0 x 0 0 ORDP,
0 0 x x x||DP,

DP,

@®)
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Bay 12 mot thiét ké thira (redundant design). Dé khir ghep (decoupled) truong hop nay, ta cé the thay ddi
thiét k& hodc chon 1 DP chu chdt (key). Dua vao 1y thuyét ADT, cin cir vao rang budc Cs; ve th01 gian
hat chan khong, DPs;: Bom hut chan khong dugc chon 1a DP chu chdt. T d6, cac DPs,: Pudi cdm ong va
DPss: Ong khi 1a cdc DP phu thudc, duoc lya chon dua trén cong dau ra (port outlet) ctia DPs;. Két qua 1a
phuong trinh (8) trd thanh mét thiét ke tot, nhu duge minh hoa trong phuong trinh (9).

FR,, x 0 O||DF,

FR,+=|0 x O[DF, Q)

FR., 0 0 x||DP;

Dua vao bang cac chi tiét vat Iy cu thé (bang 1), thiét bi nhiét dinh hinh sau khi dugc thiét ké thanh cong
bang phan mém SolidWorks dugc minh hoa trong hinh 7.

Hinh 7. M6 hinh 3D ciia thiét bi nhiét dinh hinh.

Dura vao ban thiét ké trén, cling nhu méi twong quan vé chirc ning giita cac chi tiét nhu di duoc trinh bay
trong hinh 6, thiét bi nhiét dinh hinh dugc ché tao va lap rap nhu trong hinh 8.
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10 9

Hinh 8. Thiét bi nhiét dinh hinh duoc ché tao thuc té

1-Bo diéu khién nhiét do, 2-Thanh truot, 3-TAm kep, 4-Khuon kim loai, 5-Bu6ng hat, 6-Tay cAm, 7-T4m nhya PET,
8-Nhiét dién tré gom, 9-Tam phip, 10-Cong tac

3.2 Thir nghi¢m thiét bi nhiét dinh hinh
Thiét bi duoc thr ngiém v6i tAim nhya PET c6 do day 0.25 mm. Qua khao nghiém, théng s6 van hanh
may duoc chon nhu trong bang 2.

Bang 2: Céc théng s6 van hanh thiét bi.

TT Thong sb Gia tri Pon vi
1 | Nhiétdo 300 ’c
2 Thoi gian gia nhiét 27 s
3 Khoéng cach giita tim nhua v6i bo gia nhiét 40 mm

Trong qua trinh thir nghiém thiét bi nhiét dinh hinh, mét van dé phat sinh 1a khong du luc kep, tim nhya
bi bién dang trong qua trinh nung néng, hinh 9.
Ma trén thiét ké mong muon:

FR,, x 0 0||DPR,

FR,,+=|0 x OKDP, (10)
FRy) 10 DPF,;

Ma tran thtr nghi¢m thyc té:

FR,] [x 0 0 0]|[DP,

FR,, _ 0 x 0 0||DP, (an
FR,, 0 0 x x||DP;

FR,, 0 0 x x||DP,

Trong d6, thuc té 1am phat sinh thém FR,,: Kin khit, khong ro 4p va DP,y: Do phing cia cac tim kep.
Phat sinh nay lam thiét k& tré nén thira, ma tran thiét ké khong con la ma tran chéo.
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Hinh 9. Tém nhua bi bién dang.
Pé khic phuc su ) nay, mot 16p dém cao su mém, xép c6 bang keo duogc gén 1én mat trong thm kep, nho
do6, d6 kin khit khong con phu thudc vao do phiang ctua tam kep va snaplock dugc thay bang cach kep thu
cong. Khi d6, ma tran thiét ké tro thanh:

FR,, x 0 0 0||DP,
R, _ 0 x 0 O0||DP, (12)
FR,, 0 0 x O||DP;
R, 0 0 0 x||DP,
Trong do:
FR,: Pinh vi chinh xac DP,;: Hai tam kep
FRy,: Nhanh choéng DPy,: Trong lyc cua tam kep
FRy;: Lyc kep da 16n DPy;: Kep tha cong
FR,4: Kin khit DP,,4: Cao su x0p

Trong qua trinh thie nghiém do c6 nhiéu kha ning 14 vat s& bién dang nhiéu theo chiéu cao ciia san pham
nén ta can kiém tra d6 day cia tdm nhua bing phuong phép chia ludi dé do trén timg khoang cia san
phim. Viéc chia lu6i nhé giup chung ta d& dang phén tich san phadm trén 1 dién tich nhét dinh, tim ra
dugc nhitng vi tri co sy bién dang cao.

Hinh 10. Sin phdm dwoc chia ludi.
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Hinh 11. D6 thi phén bé dj day.
Hinh 11 trinh bay d thi phan bb d6 day cta san pham miu. Theo do, trong ving tao hinh, d6 day t6i da 1a
0.21 mm, d6 day t6i thiéu 1a 0.08 mm, d6 chénh léch 1én dén 60.9%. Ving c6 do day thip nhat 13 & thanh
cua san pham. Pi€u nay c6 thé quan sat dugc qua do bién dang cua ludi trong hinh 10.

4 KET LUAN VA PE NGHI

Viéc nghién ctru, tim hiéu da khang dinh duoc ring ADT d3 duoc ing dung rong rii trén thé gidi gan 20
nam nay, rat nhiéu nhiing nha nghién ciru trén thé gidi van dung thanh cong ADT vao thiét ké, ca trong
nghién ctru Iy thuyét cling nhu trong thuc t san xuét, noi cach khac, ADT da khing dinh duoc gié tri cua
n6 trén pham vi thé gidi. ADT c6 thé dugc dung doc lap hodc két hop véi cac 1y thuyét thiét ké khac dé
bd tro cho nhau, tuy truong hop cu thé.

Ly thuyét ADT di dugc nghién ciru tim hiéu, tao nén nhiing tai liéu tiéng Viét dau tién cho 1y thuyét nay.
Sau d6, 1y thuyét nay da dugc van dung thanh coéng vao viéc phan tich két cdu va thiét ké mot thiét bi
nhiét dinh hinh ding nguyén 1y tao hinh chan khong co ban. Trong qué trinh chay thtt, vin d& vé luc kep
va sy kin khit xuit hién. Sir dung ADT dé phan tich van dé, thiét bi nhiét dinh hinh da duoc sira chita cai
tién thanh céng. San pham miu sau d6 duoc ché tao tai khoa Cong Nghé Hoa Hoc cua truong.

Tuy nhién, chi méi cé tién dé 1 dugc van dung vao phan tich thiét ké; két qua san phém nhiét dinh hinh
con c6 do chénh Iéch do day 16n. Do do, trong tuong lai, mot hoac vai chi tiét quan trong can dugc phéan
tich va t6i uu hoa, sir dung tién d& thu 2.
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