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Tom tiit: Trong dao tao nganh khuén mdu va céng nghé ché tao, viéc xdy dung cdac mé hinh thiét bi thuc nghiém cé kha
ndng mé phong nhiéu qua trmh cong nghe khac nhau dong vai tro quan trong trong viéc ndng cao hiéu quad giang day va
nghién ciru. Bai bao nay dé xudt mot hé thong truyen dong két hop giita co cau co khi truc khuyu va hé thong thity lc diéu
khién nham phat trién mo hinh may dap da nang tiét kiém nang hm’ng phuc vu dao tao tai Truong Pai hoc Su"pham Ky
thudt Vinh. Hé thong truyén dong dweoc thiét ké theo hiéng diéu khién linh hoat hanh trinh chay dép va giam ton that ning
lmmg trong chu trinh lam viéc. M6 hinh déng lwc hoc ciia hé thong dwoc xdy dwng va mo phong trén moi tru"ang AMESim
nham danh gza kha nang diéu khién ciing nhiwr hiéu qua sit dung nang hmng Két qua mé phéng cho thdy hé thong truyen
dong dé xudt c6 thé diéu khién chinh xdc vi tri chay ddp véi sai s6 nhé va tiét kiém khoang 50% néng hrong so véi hé thong
ddp thity liec truyén thong. Nghién civu nay gép phan dinh hiedng phdt trién cdc thiét bi dao tao hién dai trong linh viee cong
nghé khuon mau tai cdc co sé gido duc ky thuqt.

Tir khéa: Méy ddp da nang; Hé thong truyén dong; Tiét kiém nang lwong; Pao tao khuén mau; M6 phong AMESim.

RESEARCH ON AN ENERGY-EFFICIENT DRIVE SYSTEM FOR A
MULTIFUNCTIONAL PRESS MACHINE SERVING MOLD MANUFACTURING
TRAINING AT VINH UNIVERSITY OF TECHNOLOGY EDUCATION

Abstract: In mold manufacturing and manufacturing technology education, the development of experimental equipment
models capable of simulating various technological processes plays an important role in improving teaching and research
effectiveness. This paper proposes a drive system that integrates a crank—slider mechanical mechanism with a controlled
hydraulic system in order to develop an energy-efficient multifunctional press machine model for training at Vinh
University of Technology Education. The proposed drive system is designed to provide flexible control of the ram stroke
while minimizing energy losses during the operating cycle. A dynamic model of the system is developed and simulated in
the AMESim environment to evaluate its controllability and energy efficiency. Simulation results indicate that the proposed
drive system can accurately control the ram position with a small tracking error and achieve approximately 50% energy
savings compared with conventional hydraulic press systems. The findings of this study contribute to the development of
modern training equipment in mold manufacturing technology for technical education institutions.

Keywords: Multifunctional press machine; Drive system; Energy saving; Mold manufacturing training; AMESim simulation.
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I. DAT VAN PE

Trong linh vuc ché tao khudn va gia cong ap
luc kim loai, may dap la mot trong nhiing thiét bi
co ban dugc st dung rong réi trong cac qua trinh
tao hinh nhu dap cat, dap vudt va ép dinh hinh.
Ddi véi cac co sd dao tao ky thuat, viéc trang bi
cac hé thong may déap phuc vu thuc hanh giup sinh
vién hiéu rd nguyén 1y cong nghé va nang cao ky
nang van hanh thiét bi.

Céc may dap hién nay thuong dugc phan thanh
banhom chinh gdm: may dép co khi, may dap thuy
luc va may dap servo. Mdi loai may cé nhiing uu
diém va han ché nhét dinh. May dap co khi c¢6 uu
diém vé nang sut va két ciu don gian nhung khé
diéu khién chinh xac hanh trinh chay dap. Trong
khi d6, may dap thuy luc cho phép diéu khién Iyc
va vi tri tot hon nhung hiéu suat ning lugng chua
cao do ton thét trong hé thong van thay lyc. Gan
day, cac hé thdng may dap servo dugc nghién
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ctru nham tang kha niang diéu khién linh hoat, tuy
nhién chi phi ché tao va yéu cau cong nghé tuong
dbi 16m.

Trong bdi canh dao tao k¥ thuat tai Viét Nam,
dic biét d6i v6i nganh khudén mau, viée xdy dung
mot mo hinh may dap c6 kha ning thyc hién nhiéu
ché do 1am vigc khac nhau, dong thoi tiét kigm
nang lugng va co két cau phu hop voi diéu kién
ché tao trong nudc 1a yéu cau can thiét. Vi vay,
nghién ctru nay tap trung dé xuat mot hé thong
truyén dong méi cho méay dap da ning dwa trén su
két hop gitta truyén dong co khi va thuy luc, nham
phuc vu hiéu qua cho hoat dong dao tao va nghién
ctu tai Truong Pai hoc Su pham K¥ thuat Vinh.

II. NOI DUNG NGHIEN CUU

2.1. Co s& thiét ké

May dép c6 vai tro quan trong trong nganh Ché
tao may va du rit da dang vé ching loai nhung
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cac may dap dugc chia thanh ba nhém: Co khi,
thuy lyc va servo. May dép co khi: Dung banh da,
ly hop va thiang tir va co ciu chuyen do6i chuyén
dong quay cua banh da thanh chuyén dong tinh
tién ciia chay dap. May dap co khi co nhiéu uu
diém nhung han ché 16n nhat 14 khong diéu khién
dugc profile chay dap nén phu hgp cho mot hoat
dong nhat dinh. May dap thuy luc 1a loai pho bién
thir 2, han ché 16n nhat cia may nay la tiéu tén
nang luong 16n, do hé thong truyén dong van thity
luc hiéu suat khong cao. Uu diém cua may dap
loai nay 1a diéu khién chinh xac duoc profile chay
dap nén rat linh hoat cho nhiéu hoat dong khac
nhau trén mot may. May dap gan day duoc phat
trién nhiéu 1a may dip servo, may nay co cac uu
khuyét diém khac nhau dya vao cac két cAu khac
nhau, c¢6 thé tom tat nhu sau:

Két cau dung dong co truc tiép, van tdc thap
mo men 16n nham néng cao do chinh xac va dap
tmg. Han ché 16n nhat cua may nay la viéc diéu
khién luc dap van chua duoc nhu may dap thuy
luc, diéu khién profile cling bi han ché va dung
dong co duoc ché tao chuyén bi¢t gia thanh cao.

Kiéu truc vit, chuyén dong cua chay dap duoc diéu
khién bang bo truyén tryc vit dai éc. Két cdu nay, dam
bao diéu khién profile linh hoat, lyc dap diéu khién
t6t. Han ché 16n nhat ctia két cdu nay 13 ning sut
khong cao, luc dap khong qua 16n, phu hop cho cac
tng dung forming hon 1a dap cit. Ngoai ra, két cau
phurc tap cua vit me nén do bén gid thanh va cong
nghé ché tao la nhiing dlem can quan tim hon.

Mot s6 nghién ciru vé& may dap servo két hop
v6i hé thong thiy lyc 1a dung dong co servo diéu
khién xy lanh thay lyc. Uu diém cta két cau nay
1a diéu khién chinh xéac va da dang profile, luc lon.
Han ché chinh la nang suit may thap

Nghién ciru nham ting ning suét va ting pham
vi lyc 16n 1a dung két hop may servo va co khi két
hop voi thuy luc duoc m6 ta. Han ché 16n nhat 13
két cau, ché tao va dleu khién phtrc tap, loai nay
phit hop cho may ép rat 1on thyuc hién nhiém vu ép
dinh hinh cac chi tiét 1on.

Tir cac phan tich trén c6 thé nhan thay: May
dap twong lai thudc vé thé hé may dap servo véi
cac tinh nang ndi trdi nhu da trinh bay. Tuy nhién,
hién nay ly thuyet va két cdu cua cac may nay
dang duogc t1ep tuc nghién ctru va hoan thién nham
loai bo van dé co hitu dang con vudéng trén tat
ca cac kiéu két cau may déap servo trén nhu sau.
Néu két cau dya vao servo co khi thi ning suét
cao nhung han ché 1a lyc chi 16n nhat xung quanh
diém gifta cta hanh trinh mic du c6 nhimg giai
phép da dwa ra nhung hiéu qua co ban van khong
cao vi day la ban chat ctia bo truyén co khi. Loai

mdy nay phu hgp nhét cho céc hoat dong dép cit.
Néu két cu dua vao servo thuy luc thi dé diéu
khién luc va téc d6 nhung ning suét thap. Do do,
nghién ctru nay dé xuat mot hé théng truyén dong
thuyy Iuc cho may dap co khi, nham phat huy wu
diém cua hai loai may nay mot cach sang tao. Hé
thdng truyén dong nay khi ap dung 1én may dap
6 cac dac diém sau:

- Luc va van tc c6 thé diéu khién gan nhu may
thiry luc nhung tiét kiém ning lugng hon cac may
thuy luc;

- C6 thé ap dung cac phuong phap diéu khién
thong minh giup may da nang (kha nang cong
nghé cao): Hiéu qua kinh té cao, dau tu mot may
c6 thé thyc hién nhiéu hoat dong khac nhau, phu
hop cho cac doanh nghiép Viét Nam c6 sb luong
san pham trén don hang nho nhung nhiéu ching
loai khac nhau;

- Két cau don gian do dya trén nén cua may
dap co khi, dé ché tao phu hop trinh do ché tao
trong nudce hién tai, cac thiét bi tiéu chuan d& dang
tim trén thi trudng trong nudc;

- Gia thanh chap nhan duoc.

2.2. Pé xuét hé thong truyén dong cho may dap

2.2.1. Nguyén ly cau tric h¢ thong

Hé thong truyén dong duoc thiét ké trén nén
tang ctia may dép truc khuyu truyén thong, trong
d6 chuyén dong quay cua truc khuyu duoc tao ra
bdi mot he théng bom — dong co thuy luc két hop
v6i bo truyén banh ring. Cau triic nay cho phép
tan dung uu diém cua may dap co khi vé ning
suat, dong thoi bd sung kha ning diéu khién linh
hoat ctia hé thdng thuy luec.

Trong hé thong dé xuét, truc khuyu duoc dan
dong thong qua bom/dong co thiy luc va bo truyén
banh rang. Tc d6 quay cua truc khuyu c6 thé dugc
diéu chinh thong qua viéc thay ddi thé tich riéng
cua bom thuy lyc. Nho do, van tdc va vi tri cta
chay dap duoc diéu khién mot cach chinh xéac.

Hinh 1. Nguyén ly lam viéc cua may
Hinh 1, mé ta nguyén Iy truyén dong cta may
dap, truc khuyu dugc dan dong béng bom/dong
co thuy Iyc PM2 va cip banh ring Z1, Z2. Vé
cin ban, may dap nay dua trén nén tang ctia may
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dap co khi truc khuyu don gian, nén phan két cau
khong trinh bay trong bai bao nay. Diém khac biét
chinh Ia h¢ thong truyén dong cho may dap dugc
thiét ke moi nham dap ung ha1 yéu céu co ban:
Dép cit khong yéu cau cao vé diéu khién vi tri
chay dap va co thé dap vudt yéu cau cao vé vj tri
chay dap.

2.2.2. Cdc ché do lam viéc cia may

Dic diém ndi bat cta may la chay duoc 2 ché do:

- Dap 16: Bom/dong co thiy luc PM2 duoc didu
khién hoat dong don gian thong qua binh tich ap.

- Dap vubt: Yéu cau cao vé vi tri dau dap, goc
lam viéc 16n. Truc khuyu dugc dan dong thong
qua bo truyén thuy tinh. Bom dugc diéu khién tdc
do truc khuyu, dong co AC servo diéu khién chinh
xac vi tri chay dap.

Mot dic diém quan trong cua h¢ thong 1a khong
st dung co che tiét luu bang van trong qua trinh
didu chinh tdc do, nho vay han ché dang ké ton
that ning lugng thuong gap trong cac hé théng
thuy luc truyén thong.

Mo ta nguyén 1y hoat dong cua bd truyén dong
& ché do dap vubt. Bang cach diéu khién thé tich
riéng cua bom/dong co PM1, van tdc cta chay
dap duogc diéu khién chinh x4c, m6 men tac dong
1én truc dong co AC servo ciing thay d6i, do d6
coO kha nang tang luc 1én chay dap ¢ cac goc lam
viéc ma may dap co khong thuc hién dugc. Banh
da trong hinh mo ta cho quan tinh céc vat quay
trong may dap.

Hinh 2. Nguyén 1y lam viéc ciia bg truyén
khi muén diéu khién vi tri- ding khi ddp vuot.

2.2.3. Khad nang thu héi ning hrong

Mot vu diém noi bat ciia hé thong truyén dong
duoc dé xuat [a kha nang thu hdi ning luong trong
qua trinh giam téc cia chay dap. Khi hé thong
giam toc hodc dung lai tai mot vi tri xac dinh,
dong ning cia cac bo phan chuyén dong sé duoc
chuyén doi thanh ning lwong thiy luc va tich trix
trong binh tich ap.

Nguon ning luong nay sau d6 ¢6 thé duoc tai
su dung trong glal doan tang tc cta chu trinh 1am
viéc tiép theo, gitp giam dang ké nang luong dién
tiéu thu ctia hé thong.
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Hinh 3. Nguyén ly {dm viée ciia bé truyén
khi thu hoi nang lwong

Hinh 3, m6 ta kha ning thu hdi ning lugng ciia
may dap trong trudng hop giam toc chay dap vé
0 nham duy tri vi tri ddu dép trong truong hop
vubt. Sau do, st dung lai nham ting tdc chay dap
gilip ting ning suat may. Trong hinh, khi giam tdc
quéan tinh cua chay kéo PM2 hoat dong nhu bom,
lam ap suat duong vé tang 1én, lac nay diéu khién
PM1 hoat dong nhu bom, bom dau ra tir PM2 vao
binh tich a4p. Nhu vay, dong nang cuia hé chay dap,
banh ring, truc khuyu trong qué trinh giam toc
dugc chuyén héa thanh thé ning chira trong binh
tich ap.

2.2.4. Cdc thong s6 co ban ciia hé thong truyén dong

a. Théng sé thiét ké

Luc dap: 5000 N.

Hanh trinh 16n nhat: 40 mm.

Tdc do 16n nhat: 30 hanh trinh/pht.

Géc lam viéc 16n nhat: 60 do.

b. Két qua tinh todn

Co céu tay quay con trugt: Do dai thanh truyén
L1: 40 mm; Do dai thanh truyén L2: 400 mm.

B6 truyén banh ring: M6 dun: m =2.5; Banh
rang Z1: 20 rang; Z2: 200 rang.

Céc thiét bi chinh trong hé thong thuy luc:

Thé tich riéng 16n nhat ctia bom P1: 12 cc/rev.

Thé tich riéng ctia bom/dong co PM2: 36 cc/rev.

Binh tich ap: Thé tich: 4 lit; Ap suat khi: 180
bar; Ap suit 16n nhat: 220 bar; Ap sut nho nhat:
190 bar; Thé tich dau lam viée: 1 lit.

Cong suit dong co AC servo: 0.5 kW.

2.3. M6 phéng va danh gia hé thong

2.3.1. Xay dung moé hinh mo phong

Mo hinh hé thong truyén dong véi cac thong sd
trén moi trudng AMESim. Phan tich két qua mé
phong & hai goc do: Kha nang diéu khién va mtrc
do tiét kiém nang luong cho truong hop dap vudt.
Céc thong s6 mo hinh duoc tinh toan dua trén két
qua thiét ké so bo trén.
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Hinh 4. M6 hinh mé phong hé thong truyén dong
cho may dap trén AMESim.

Hinh 4, m6 t4 mo6 hinh dong luc cua dau dap
trén phan mém AMESim. M6 hinh nay duoc
dung dé thiét ké bo diéu khién va mé phong dong
luc hoc dau dap. Két qua so b cua qua trinh mo
phong duoc mo ta trong hinh 5a va 6b. Két qua
thu dugc cho thiy, bo diéu khién dam bao diéu
khién dugc van toc chay dap bang giai thuat don
gian PID. Ché d6 mé phong 1a ché do.

2.3.2. Két qua diéu khién vi tri chay ddp

Két qua md phong cho thdy hé théng diéu khién
PID c6 thé diéu khién chinh xac chuyen dong cua
chay dép trong qua trinh dép Vuot Sai s6 vi tri
16n nhat khoang 6%, chu yéu xuét hién trong giai
doan tang toc va glam toc. Khi chay dép duy tri
& vi tri 6n dinh, sai s6 diéu khién rat nho va nam
trong giéi han chap nhan dugc dbi véi hé théng
dao tao.
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Hinh 5a. Vi tri chay dép trong Hinh 5b. Sai sb vi tri chay
ché do dap vuot dap o ché do dap vuot

2.3.3. Hiéu qua tiét kiém ning heong

Két qua so sanh muc tiéu thu dién nang gilra
ba loai may dap gom may dép co khi, may dap
thity luc va hé thong truyén dong dé xuat cho thay
su khac biét rd rét. Trong qud trinh thyc hién chu
trinh dap vudt, hé thong truyén dong méi c6 kha
ning tiét kiém khoang 50% ning luong so voi
may dap thay lyc truyén thong.

Hi¢u qua nay dat dugc nho hai yéu t6 chinh:

Giam t6n that niang luong do khong sir dung
van tiét luu.

Kha nang thu hdi va tai sir dung ning luong
thong qua binh tich ap.

III. KET LUAN

Nghién ctru dd dé xuat mot hé thdng truyén
dong mai cho may dap da nang dua trén su két
hop giita co cdu co khi truc khuyu va hé théng
thity lyc diéu khién. Giai phap nay cho phep khai
thac wu diém cua ca hai loai truyen dong, dong
thoi nang cao kha ning diéu khién va hiéu qua sir
dung nang luong.

Két qua mo phong cho thiy hé théng co kha
nang diéu khién chinh xac vi tri chay dap véi sai
s6 nho va tiét kiém khoang 50% nang lugng so
v6i may dap thay luc truyén thong. Voi cac dic
diém nhu két cAu twong d6i don gian, chi phi ché
tao hop 1y va kha nang van hanh linh hoat, mo6
hinh méay dap nay phu hop dé trién khai trong
dao tao nganh khuon mau tai Truong Pai hoc Su
pham K¥ thuat Vinh.

Trong tuong lai, nghién ctru c6 thé duoc mo
rong theo hudng ché tao mo hinh thuc nghiém
va tich hop cac thuét toan diéu khién thong minh
nham nang cao hon nira hiéu qua van hanh cia
hé thdng.
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