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T6i wu hoa thiét ké cac hé thong co dién tur
si dung ky thuat mau ao

Lé Ngoc Tran

Tém tit — Theo phwong phap thiét ké truyén
thong, dé ché tao mot hé thong co dién tir, tir y
twong ban dau, nguoi thiét ké s& thiét ké h¢
thong béi phin mém CAD (Computer-Aided-
Design) sau d6 sé di ché tao phan cimng, cudi
cung hé thong sé dwoc kiém tra dya trén su hoat
dong. Néu h¢ th(")ng hoat dong khong ding, thiét
ké sé phai thay d6i va phan cu'ng phai gia cong
lai. Phwong phap nay gy tén nhiéu thoi glan va
chi ph1 cho viéc sira chira va gia cong phan cirng
nhiéu lan. DE tiét kiém thoi gian thiét ké va glam
chi phi gia cong phan cirng ciing nhw giup tdi wu
héa qua trinh thiét ké cac hé théng co dién tir,
bai bao nay giéi thiéu mot moé hinh ky thuat
miu 4o trén may tinh cho phép thue hién va toi
wu héa cac thiét ké truée khi trién khai ché tao
phédn ciéng. Dya trén khai niém hoat dong, hé
thong co dién tir sé dwoc thiét ké trén
SOLIDWORKS va sau d6 xuat sang mdi truwdng
ADAMS (Automated Dynamic Analysis of
Mechanical System), nhirng phin tir mém déo
ciing dwgc mé hinh héa va phén tich trong méi
treong ANSYS sau d6 xuit sang phin mém
ADAMS. Qua trinh mé phéng trong méi truwong
ADAMS s€ kham pha hanh vi dong luc hoc cia
hé thong va thiét ké sé duge hiéu chinh. Mé hinh
miu do sau d6 sé dwoc xuit sang méi truong
MATLAB/Simulink dé ap dung chién lwgc diéu
khién. Két qua mé phéng tich hop trong nhiéu
ngir cinh s& danh gia tinh hi¢u qua cia h¢ théng
dé xuit truéc khi ché tao phin cirng.

Tir khéa—K§ thuit miu do, h¢ thong co di¢n
tir, diéu khién thong minh, toi wu hoa thiet ke.

1 GIOI THIEU

gdy nay sy phat trién manh mé& cua cac
nganh cong nghiép nhu sin xuit xe hoi,
dong tau, va cac nha may san xuét cac thiét bi phu
trg cho cac nganh cong nghiép nay,...doi hdi tang
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hiéu sudt san xuét, giam thoi gian clia qua trinh gia
cong lap rap, giam chi phi san xuat, nhan cong, san
pham khuyét tit ciing nhu chi phi bao dudng va
bao tri. Pé dap tng nhitng nhu ciu cip thiét do,
viée thiét ké, ché tao cac hé théng co dién ti,
nhitng canh tay robot phai dwogc ti wu rut ngin thoi
gian va giam chi phi. Theo phuong phap thiét ké va
ché tao mot hé thdng co dién tir truyén thong, tir ¥
tuong hé thdng ban dau nguoi thiét ké s& thiét ké he
thdng boi phan mém CAD sau d6 s& di gia cong va
ché tao phan cing, cudi cung ho kiém tra hoat dong
clia hé thong. Néu hé thong hoat dong khong ding,
thiét ké s& phai thay d6i va phan cig phai gia cong
lai, cubi cung hé théng phai dugc kiém tra va chay
thir. Phuong phép nay gy ton nhiéu thoi gian va
chi phi cho viéc sira chita va gia cong phan cling
nhiéu lan. Dé tiét kiém thoi gian va tdi wu héa qua
trinh thiét ké chung toi dé xuét k¥ thuat miu 4o cho
thiét ké va toi wu cac hé théng co dién tir

Hinh 1. So sanh phuong phap truyen thdng va k¥ thudt miu do
trong thiét ké h¢ théng robot

bé tdi wu cac hé théng co dién tur, trudc tién dic
tinh, hanh vi, va cac thong s ciia hé théng co khi
phai dugc kham pha dua trén md phdéng ao trén
may tinh trong diéu kién nhu trong ngit canh that.
K§ thuat nay 1a mot giai phap tich hgp phin mém
thuc hién cac nhiém vu nhu: mé hinh héa cac hé
thong co khi, md phong va quan sat hanh vi dong
luc hoc cua hé théng trén moéi trudng 3D dudi diéu
kién hoat dong nhu trong nglr canh that, tinh chinh
va toi uu thiét ké dua trén cac thir nghiém lap di lap
lai [1]. Uu diém cua k¥ thuat nay 13 tao ra mot mo
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hinh chi tiét dwoc sir dung trong thi nghiém o trén
may tinh cach thuc twong ty nhu trong nglt canh
that. Trong k¥ thuat nay cho phép thuc hién do bét
ky thong s6 nao ciia bat ky chi tiét nao ciia mo hinh
co khi mot cach thuén tién nhd cdc cam bién do
trong phan mém. Hinh 2 gidi thiéu mot mau o cho
nghién ctru hé thong can cau di dong trén cang [2]
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Hinh 2. Xay dung miu 4o cho nghién ctru hé théng cin ciu
di dong [2]

Trong k¥ thuat nay qué trinh thiét ké co khi va
thiét ké didu khién dugc thyc hién trong céc giai
doan riéng biét boi cac phan mém khac nhau. Sau
khi thiét ké mdi mé hinh phai dugc kiém tra va diéu
chinh sao cho théa man cac muc tiéu mong mudn,
cudi cung mot mo hinh Kkét hop s€ duoc thuc hién
va dugc kiém tra hoat dong dua trén md phong trén
may tinh, néu c6 bat ky sy cd xuit hién khi hé
thong hoat dong, nguoi thiét ké phai diéu chinh
thiét ké co khi hodc thiét ké diéu khién dé dat duoc
mot hé thdng hoan chinh. Khi sir dung ky thuat
nay, cong doan cudi cung kiém tra trén mau vat ly
don gian hon, giam nguy co rui ro hong hoc thiét b
khi h¢ théng bi xung dot. Phuong phap nay tiét
kiém thoi gian cling nhu chi phi so vdi phuong
phap thiét ké truyén thong trén mau vat 1y.

2 PHUONG PHAP KY THUAT MAU AO
TRONG THIET KE HE THONG CO PIEN TU

K§ thudt mau 4o 1a phuong phap st dung phan
mém tich hop trén may tinh nhdm mé hinh hoa hé
thong co khi, mé phong hanh vi dong lyc hoc dé
kham pha chuyén dong cta cac co cdu co khi, thiét
ké hé thng diéu khién, va kiém tra hoat dong cua
hé thdng dua trén giai thuat diéu khién sao cho hé
théng hoat dong hoan thién nhét. Hinh 3 trinh bay
kién trac phian mém trong ky thuit mau do. Ky
thuat mau 4o tich hgp cac phan mém sau:

« Phan mém thiét k& hé théng co khi CAD
(SOLIDWORKS, CATIA, PROENGINEER): St
dung dé thiét ké hé thong co khi, bao gdm cac chi
tiét cing (khong bién dang) véi hinh dang va kich
thudc cua mau vat ly. Mo hinh co khi nay chia

nhitng thong tin vé khdi lugng va thudc tinh quan
tinh cua nhiing chi tiét cimg nay. Moi truong CAD
ciing co thé thyc hién kiém tra nhitng chuyén dong
don gian vai lyc va mé men. Sau d6, mé hinh hinh
hoc nay duoc chuyén tir méi trudng CAD sang mdi
truong md phong nhiéu thanh phan (MBS-Multi
Body Simulation) st dung dinh dang file nhu 1a
STEP (CATIA) hoac Parasolid.x_t
(SOLIDWORKYS).

« Phan mém mo phong dong luc hoc nhidu thanh
phan MBS: Multi-Body Simulation (ADAMS, SD-
EXACT, PLEXUS): 1a thanh phan trung tim cua
nén ting mau ao. N6 duge sir dung dé phan tich, tdi
uu va mo6 phong hanh vi dong lyc hoc cua hé théng
co khi dudi diéu kién hoat dong that.

« Phian mém phan tich phan tir hitu han FEA:
Finite Element Method (ANSYS, ABAQUS): mo
hinh hoa cac thanh phin mém déo va bién dang.
MBS chuyén tai dén FEA va nhan thong tin phan
hdi tir cac thanh phan mém déo tir FEA. Pic diém
nay cho phép nim bét quan tinh va cac anh hudng
phu hop, va du doan tai véi d6 chinh xac cao, do dé
dat dwoc nhiéu két qua hién thyec.

« Cau lénh va diéu khién (MATLAB) la phan
mém sir dung dé thiét ké hé thong didu khién. Phan
mém nay trao doi théng tin v6i phan mém MBS.
Qua trinh trao ddi tao mot hé théng diéu khién
vong kin trong d6 dau ra tir mo hinh MBS la dau
vao cho hé théng diéu khién va nguoc lai. Dau ra tir
mé hinh MBS 1a cac thong sé do nhiing thong sb
ma can thiét cho diéu khién, va dau ra tir hé thong
diéu khién anh huong trén mo phong MBS.

Phén mém nay trao déi théng tin
vong kin trong d6 dau ra tr mé h
mé hinh MBS la cac théng sb do
didu khién anh hudng trén ma ph

Hinh 3. Kién tric phan mém cia k¥ thuat mau ao

3 UNG DUNG KY THUAT MAU AO PHAT
TRIEN NGHIEN CUU ROBOT DAO

Ngay nay robot dao dugc sir dung thay thé con
ngudi trong diéu kién 1am viéc nguy hiém va khéc
nghiét nhu: khai thac khoang san trong him mo,
trong rimg, hoat dong trong ving nhiém phéng xa
hodc trong diéu kién 1am viéc nguy hiém. Dé phuc
vu nghién ciru va ché tao robot dao trong bai bao
nay k¥ thuat mau ao dugc ap dung dé mo phong
hoat dong cua robot trén may tinh trudc khi trién
khai ché tao mau vat 1y nhdm giam chi phi phan
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cling, tiét kiém thoi gian va tranh rii ro khi trién
khai trén mau phan cing. Trinh tu cac budc dé xay
dung mau 4o robot dao: 1. Phan tich hanh vi hoat
dong dao cua robot trong ngit canh that; 2. Xay
dyng mau 4o cho robot; 3. M6 phong hanh vi dao
cua robot trén mau 40; 4. Phat trién hé théng diéu
khién cho mau 4o robot; 5. M6 phong va danh gia
hoat dong robot dua trén mau 0.

3.1 Phan tich hanh vi dao cua robot

Pé thuc hién dao mot rinh, robot thuc hién céc
nhiém vu sau:

Budce 1: Gau miic (bucket) di chuyén dén vi tri
trén ranh dao.

Budc 2: Gau tiép xtic v6i dat qua sy dich chuyén
ctia Can (boom).

Bu6c 3: Robot xac dinh Puong dan ctia gau
(bucket path) va Goc cta gau (bucket angle). Robot
s& tu dong sinh ra cac thong s6 hinh thanh Puong
dan gau dua trén bién dang dia hinh va d6 cling ctuia
dat.

Bude 4: Gau di chuyén xuyén qua dit dwa trén
d6 ctng cua dat, bao gdm céc chuyén dong: Xuyén
thiu (penetration), Kéo (drag), va Xoay (curl).

3.2 Xay dung mau do cho robot ddo

Trinh ty cac budc cho xdy dung miu 4o robot
dao dugc trinh bay trén hinh 4. Dya trén phan tich
dac tinh va nguyén ly 1am viéc ctia robot dao, nguoi
thiét ké co khi s& mo hinh hoa cac thanh phan cimg
clia robot dao thong qua thiét ké cac chi tiét véi
hinh dang va kich thudéc nhu md hinh vét 1y (st
dung phian mém SOLIDWORKS), sau d6 cac chi
tiét ndy s& duwoc gan thudc tinh vat liéu dé sinh ra
md men quéan tinh, mo hinh nay sau dé sé duoc
xuit sang moi truong ADAMS thong qua dinh
dang file Parasolid.x_t

Hinh 4. Tuan tu cac budc xay dung mau ao robot dao

Trong khi d6 cac phan tir mém déo (md hinh dat)
s& dugc md hinh hoéa bang phwong phap phan tir

hiru han (FEM: Finite Element Method) bang phan
mém ANSYS dé tao ra m6 hinh c6 thudc tinh céc
loai dit c6 do cting khac nhau. M6 hinh nay sau do
dugc xuit sang moi truong ADAMS sir dung dinh
dang .mnf file.

Qua trinh xay dung mau ao s& thyc hién trong
mdi truong md phong dong hoc nhidu thanh phan
(Multi-Body Dynamic Simulation) st dung phan
mém MSC.ADAMS. Trong méi truong ADAMS
céc thanh phan cua robot dao dugc lap rap lai véi
nhau va dugc cai dat: toa dg, ti trong, don vi, dinh
nghia vat liéu va ti trong cho cac chi tiét, dinh
nghia cac rang budc tiép xtc, hé sé ma sat, quan
tinh va céc diém tham chiéu cho cac khau, cac
khop. Cai dat cac thong sb chuyén dong cho céac
khau, khép cuia robot.

3.3 M6 phong hanh vi ciia robot théng qua mau
do
Mo phong trén mau 4o robot dung dé kham pha
hanh vi cua gau mic va nhan dang lyc tuong tac
giita mili gu voi dat.

= Initial attack angle of bucket a=.

= Simulation time : 10s

= Bucket behavior: penetration,
drag & curl

= Bucket path for hard soil

Drag & Curl segments

Hinh 5. M6 phong hanh vi ctia mili gau trén dit

Dbi v6i loai ddt mém hanh vi cia gau muc la
xuyén thau (penetration) va cudn (curl); voi loai dat
ctmg hanh vi ciia gau 1a xuyén thau (penetration),
kéo (drag) va cudn (curl). Néu khi dao miii gau
dung vét cirng, dya trén luc tuong tac gitra mili gau
va vit cing, robot s& tu dong thay dbi quy dao dao
dé tranh hong thiét bi.

3.4 Phat trién hé thong diéu khién cho mdu do
robot
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Initial points of
bucket tip path

2, Inverse kinematic

Generation:
- Initial and final points of joint
angle trajectories
- Plotting the joint angle
trajectories in time steps

If
Obstacle=0?

|| Plotting the joint angle
trajectories in time steps

Reference inputs of
controllers

(Boom, Arm, Bucket)

End

Adjusting the bucket | ‘

Adjusting the boom
trajectory

trajectory

Hinh 6. Thuat toan cho diéu chinh quy dao mii gau khi gip vat
ctmg chon vui trong dat

Pé thuc hién diéu khién quy dao cua mii gau di
chuyén theo mot quy dao dao mong mudn trong toa
d6 Dé cac (Descartes), thi phai diéu khién quy dao
gbc cua ba khdp quay cua robot trong quy dao goc
tuong tng, diéu nay khé thyc hién lién quan dén do
cling ciia dat va vét can chon vii trong dat khong

biét. Ngoai ra khi dao khdi lugng va chidu dai cia
cic khau thay d6i lién tuc do dé rat kho diéu khién
mili gau di theo quy dao mong mudbn khi sir dung
cic by didu khién théng thuong. Do d6 trong
nghién ctru ndy chiing toi dé xuat mot bo didu khién
hién dai goi la ASMPIDF (Adaptive Sliding Mode
PID Fuzzy). B6 diéu khién nay bén vimng va thich
nghi trong bt ky tinh hudng thay d6i nao cua thong
s6 hé thong va nhidu méi truong. Qua trinh didu
khién thuc hién nhiém vu dao nhu sau: Ban dau
quy dao cua miii gau trong toa d6 Pé cac s& duoc
xac dinh truéc do d6 ba quy dao goc cua ba khop
quay robot ciing dugc xac dinh dya trén phuong
trinh dong hoc ngugc. Ba bd diéu khién ASMPIDF
s& diéu khién cac goc cua ba khop boom, arm,
bucket bam theo quy dao muc ti€u. Khi miii gau
cham vat cing trong dat, luc tuong tac ¢ mili gau
s& ting dot ngdt vuot ngudng gia tri luc da biét.
Dua trén d6 16n va chidu cua lyc twong tic, robot
¢6 thé nhan dang vi tri ca vat can chon vui trong
dat va tu dong sinh ra quy dao dé tranh vat can
chon vui.
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Hinh 7. Bo diéu khién ASMPIDF cho miu 4o robot
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Hinh 8. Két qua mo phong véi d4t mém, thong sb: toa d6 diém dau: 1.618,-0.613; toa do do sau: 1.481,-0.910; toa do diém cudi:

1.021,-0.478; gbéc gau: o= 101.

4 KET LUAN
Hinh 8 biéu dién két qua dao trong mot trudng
hqp cu thé véi loai dat mém, di€ém dao co toa do:
diém dau: x = 1,618, y = -0,613; do sau: x = 1,481,
y = -0,910; diém cuoi: x = 1,021, y = -0,478; goc

Két qua cho thiy ba bo diéu khién ASMPIDF
lu6n diéu chinh bam theo muc tiéu mong mudn bat
chap nhidu thay ddi vai két qua dat duoc: do vot 16
(overshoot) va thoi gian xac lap (settling time) gin
nhu bing zero, sai s6 6n dinh (steady state error) it
hon £5% (thoa man muyc tiéu diéu khién), va nhiéu
hau nhu bi loai bd. Do d6 c6 thé két luan do diéu
khién bén virng va phuong phap miu ao c6 thé ap
dung trong giai doan thiét ké cac hé théng co dién
ttr phirc tap trudc khi trién khai ché tao mau vat 1y
nham rt ngin thoi gian va don gian héa qua trinh
ché tao mau vat 1y, giam rii ro hong héc thiét bi
cling nhu giam chi phi ché tao miu vat 1y nhiéu lan.

gau: o = 101. Qua trinh md phong dao cling dugce
kiém tra trong nhi€u nglt cdnh khac nhau véi cac
thong s6 hé thong thay ddi va nhidu bén ngoai thay
doi.
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Optimization of design for mechatronic system
based on virtual prototyping technology

Le Ngoc Tran

Abstract- According to the traditional design
method, in order to manufacture a mechatronic
system, from the initial idea, the designer designs the
mechanical system by CAD (Computer-Aided-
Design), this system is then fabricated, finally, the
system will be tested on the working condition. If the
system does not work properly, the design of the
system will be changed, and hardware is re-
manufactured. This method is more time-consuming
and cost for repairing and manufacturing hardware
repeatedly. To save design time and reduce the cost of
the manufacturing hardware as well as to optimize
the design process of a mechatronics system, this
paper introduces an engineering model it is called a
virtual prototyping technology which allows
optimizing the designs on the computer before
manufacturing the test-bed system. Based on the
concept of the system working, the mechatronics
system is designed on SOLIDWORKS and then
exported to the ADAMS software (Automated
Dynamic Analysis of Mechanical System). The flexible
element is also modeling and analysis in ANSYS
software then exported to ADAMS. The integrated
simulation in ADAMS environment is executed to
investigate the dynamic behaviors of the mechanical
system and design will be adjusted. Virtual
prototyping model will then be exported to MATLAB
/ Simulink to develop the control strategies. Co-
simulation results in some contexts to evaluate the
effectiveness of the proposed mechatronic system
before implementing on test-bed

Keywords: virtual prototype technology,
mechatronic system, intelligent control, design
optimization.



