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Tom tat

Nghién ciru nay phat trién mot chuong trinh tinh toan va xay dung cac dd thi dong hoc, dong luc hoc cua dong co dbt
trong bdn ky kiéu pittdng (xing va diesel). Chuong trinh duoc thiét ké nham hd tro va rat ngan thoi gian trong qua trinh
tinh toan, thiét ké va khao sat dong co d6t trong, dong thoi nang cao hiéu qua giang day cac mon hoc lién quan. Vi muc
tiéu do, cac phuong trinh giai tich mo ta toan bd dac tinh dong luc hoc cua dong co duoc hé théng hoéa, sau d6 mdt chuong
trinh may tinh dya trén ngon ngir 1ap trinh Matlab/Octave dugc phat trién dé tinh toan va thiét lap cac dd thi dong lyc
hoc. Két qua thu dugc tir chuong trinh dugc so sanh véi 16i giai theo phwong phap truyén thng (giai tich két hop db thi),
qua d6 chimg minh tinh chinh x4c va hiéu qua cta chuong trinh da phat trién.

Tir khéa: Dong co ddt trong; dic tinh dong luc hoc; Matlab/Octave; phin mém giang day.
Abstract

This study develops a computer program for calculating and constructing dynamic characteristics of four-stroke
internal combustion engines with piston mechanisms (gasoline and diesel). The program is designed to support and reduce
the time required for engine calculations, design, and analysis while also enhancing the effectiveness of teaching related
courses. To achieve this goal, analytical equations describing the complete dynamic characteristics of the engine are
systematically formulated. Subsequently, a computer program based on Matlab/Octave is developed to perform
calculations and generate dynamic characteristics. The results obtained from the program are compared with the solutions
from the traditional method (analytical solutions combined with graphical methods), thereby demonstrating the accuracy
and efficiency of the developed program.
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1. Mé dau

Dong co ddt trong néi chung va dong co dbt
trong kiéu pitténg 4 ky noi riéng dong mot vai tro
cuc ky quan trong trong doi sdng, cong nghiép va
qudc phong. Viée hiéu va ti vu hoa hiéu suit cia
dong co doi hoi mot qua trinh tinh toan va phan
tich phuc tap, bao gdm nhiéu tham s6 dong luc
hoc quan trong nhu ap suat khi thé, van tdc, gia
tdc, cac luc va mo-men xodn tac dung Ién cum co
cau pittong, thanh truyén va truc khuyu [1]. Céac
phuong phap truyén théng dua trén giai tich két
hop d6 thi tuy mang lai két qua chinh xac trong
viéc tinh toan céc tinh nang dong luc hoc cua
dong co, nhung ching mét nhiéu thoi gian va
cong strc. Hon nira, chiing kho ap dung linh hoat
khi cac diéu kién dau vao thay doi.

Hién nay, su phat trién manh mé& cua cong
ngh¢ thong tin va khd nang tinh todn cua may
tinh hién dai da giup viéc thiét ké may noi chung
va dong co d6t trong ndi riéng trd nén hiéu qua
hon nhd cac cong cuy tinh toan, thiét ké va mo
phong chuyén dung [2, 3]. Nghién ctru ndy nham
xdy dung va phat trién mot chuong trinh may
tinh chuyén dung dé tinh toan va xac dinh cac
dac tinh dong lyc hoc ctia dong co débt trong kiéu
pittdng 4 ky, qua d6 rat ngan thoi gian thiét ké
va phan tich loai dong co nay. Pac biét, chuong
trinh dugc phat trién nham hd tro giang day cac
mon hoc lién quan dén dong luc hoc dong co dot
trong tai Pai hoc Duy Tan va cac co sé dao tao
c¢6 giang day vé linh vuc nay. Bai bao trinh bay
mot chuong trinh tinh todn dong luc hoc cho
dong co pittdng 4 ky, dugc phat trién trén nén
tang ngon ngtr 1ap trinh Octave/Matlab [4, 5, 6].
Chuong trinh duoc thiét ké dé mé ta toan bo cac
phuong trinh thé hién tinh ning dong luc hoc ciia
dong co 4 ky, bao gdm ca dong co diesel va dong
co xang. Noi dung nghién ciru bao gém viée hé
thong héa cac phuong trinh giai tich, xay dung
thuat toan tinh todn va trién khai chuwong trinh
trén may tinh.

Két qua tir chwong trinh may tinh duoc kiém
nghiém va so sanh v&i phuong phap truyén

thdng, qua d6 chimg minh duoc do chinh xac va
tinh hiéu qua cua chuong trinh dd phat trién.
Nghién ciru nay khong chi dong gop vé mit 1y
thuyét mo hinh hoéa cac tinh ndng dong luc hoc
ciia dong co dbt trong ma con ¢ ¥ nghia thuc
tidn cao, mé ra nhidu hudng phat trién méi trong
linh vyc co khi dong luc. Hon nita, chuong trinh
may tinh con ¢6 thé phuc vu cho cong tac giang
day va ddo tao tai cac co so giang day vé dong
co dot trong.

2. Co s& Iy thuyét

Co s 1y thuyét trong qua trinh xdy dung toan
bo 12 dd thi dong luc hoc ctua dong co, g@)m cac
dd thi: cong, chuyén vi, van tdc, gia tde, luc quan
tinh, luc khai trién, 7-N-Z (luc tiép tuyén — luc
ngang — luc phap tuyén), X7 (tong luc tiép
tuyén), phu tai tac dung 1én chét khuyu, phu tai
tac dung 1én dau to thanh truyén, khai trién phy
tai tac dung 1én chét khuyu va mai mon. Trong
nghién clru nay, cad dong co diesel va dong co
xang (4 ky, khong gi6i han sé lugng xy-lanh)
déu dugc xem xét.

2.1. Do thi cong
2.1.1. Duong nén

GOi pnx, Vax 12 4p sudt va thé tich bién thién
theo qua trinh nén ctia dong co. Vi qua trinh nén
ctia dong co 1a qué trinh nén da bién nén ta co:

n, n Vc 5 pc
pnanxl:pcI/CIQva:pc( ] :T’
V i

nx

v Vi
vol 1 =—, (1)
trong d6: pc— ap suit (mdi chat trong xy lanh)
cudi qua trinh nén [MPa];
V. — thé tich budng chay [dm?];
n1 — chi s6 nén da bién trung binh.
Gi4 tri ciia i bién thién tr 1 dén & Trong
chuong trinh Matlab, vecto chita cac diém i (goi
1a vecto ivec) dugc khdi tao theo cti phép “ivec
=unique(A)”, A=[1:0.1:¢ & p], v6i: budc chia
12 0.1, & — ti s6 nén va p— chi sb gidn nd som.
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Ham unique(A) s€ dam bao khong cé gia tri 1ap
lai trong vecto ivec va vecto ivec dugc sip xép
theo thir ty ting dan tir 1 dén &

2.1.2. Duwong gian no

Goi penx, Venx 12 ap suat va thé tich bién thién
theo qua trinh gidn né cuia dong co. Vi qua trinh
gian n¢ 1a qua trinh da bién, nén ta co:

n, n, V; "
pgnxl/gnxzpzl/z ngpzx:pz[V j 9 (2)

nx

trong d6: p, — ap suét cuc dai [MPa];

V,— thé tich xy lanh tmg véi ap sut cuc
dai [dm?];

ny— chi sb gidn né da bién trung binh.
Taco: V. = pV,, suy ra:

v\ AN Y.
— 4 — C — V4 . 3
pgnx pz(VJ pz(V j l.nz ()

nx nx

2.1.3. Bwong thai va dwong nap

Puong thai va dudng nap duoc gia thuyét c6
quy luat don gian hon dudng nén va duong gian
nd. Chung 13 nhitng dudng thing song song véi
truc hoanh. Pudng nap di qua diém a (Va, pa),
trong khi duong thai di qua diém r (Ve, py),

p [MPa]

0.85p:

(a)

trong d0: pa — ap suat cudi qua trinh nap [MPa];
pr — ap suét khi sot [MPa]; Va— thé tich toan
phan.

2.1.4. Hiéu chinh dé thi cong

Pé tién hanh hiéu chinh dd thi cong, ta can
xéac dinh: Céc diém dic biét: r (Ve, pr), a (Va, pa),
b (Va, pb) (VGi: po— ap sudt cudi qué trinh gidn n
[MPa)), c (Ve, pe), z (Ve, p2) (d0ng co xang) hodc
z (pVe, p.) (dong co diesel), b": 1a trung diém cia
ab, y (V., 0.85p,) (dong co xang) hoacy (Ve, pz)
(dong co diesel), z' (chi c6 ddi voi dong co
xang): 1a giao diém cia duong song song véi
truc OV va duong gian nd, cc" = cy/3, vaz": la
trung diém cta yz' (dong co xing) cta yz (dong
co diesel). Cac diém: r', a', b', 1", va ¢' duoc xac
dinh tr cac goc a1, o, a3, aa, va @s (VOL: i/ o
— goc m¢ som/dong mudn xu-pap nap [°]; e/
— gbc md sdm/dong mudn xu-pap thai [°]; s —
géc danh ltra (dong co xang)/phun (dong co
diesel) som [°]). Cac diém y', 2", a" dugc xap xi
trong chuong trinh may nhu sau: y' (Vc, 0.99py),
z" (V,,0.99py) vaa" (0.99Va, p,). Trong do: Vyr
dugc xac dinh qua cong thic (3) tng voi p,m =
0.99py.

Db thi cong cua dong co xing va dong co
diesel dugc cho nhu hinh v€ minh hoa (Hinh 1).

| v [dm?)

Hinh 1. P thi cong cua dong co xing (a) va dong co diesel (b).

(Ghi chu: p — ap suat moi chat trong xy lanh [MPa]; po — ap suat khi troi [MPa];
V — thé tich xy lanh [dm>]; Vi — thé tich cong tac [dm?])
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2.2. D6 thi chuyén vj, vin téc, gia tbc va e qudn tinh ciia pittong

AN

o

’I_ij 2
‘ \\\ _
-\

bCT

// /
//’/

Hinh 2. So d6 chuyén vi cta pittong
(Ghi chu: BCT — diém chét trén; DCD — di€ém chét dudi)

Chuyén vi (x [m]): T Hinh 2, chuyén vi x cta pittong dugc tinh nhu sau:

x =EF=EO—(FG+GO) =(I+R)~] lcos(8) + Reos(a) |, (4)

trong do: R — ban kinh quay truc khuyu [m],
R =5/2 v6i S — hanh trinh pittdong [m];

I — chiéu dai thanh truyén [m];

a — goc quay truc khuyu [°];

S — gbc 1&ch giira tm thanh truyén va duong
tam xy-lanh [°].

Véi tham s6 két cau A = R/l va khai trién nhi
thirc Niuton, cong thure (4) dugc viét lai:

X R{{l—cos(a)} +%{1—cos(2a)}}. (5)

Van tc (v [m/s]): Pao ham cta x duge cho
trong cong thurc (5) theo thoi gian, ta duoc:

v =% = Ra)[sin(a)+§sin(2a)}

(6)
trong d6: @ — van téc goc truc khuyu [rad/s],
@ =1n/30, voi: n — téc do quay cua truc khuyu
[vong/phut].
Gia toc (j [m/s*]): Pao ham cua v duge cho
trong cong thirc (6) theo thoi gian, ta duoc:
dv

j a:Ra)2 [cos(a)+ﬂ,cos(2a):|. (7N

Luc quan tinh trén don vi dién tich dinh
pittong (p; [MPa]): Luc quan tinh: p; = —myj, véi:
m, +m
m, ==, ®)
F
pis
trong d6: mp;— khdi lugng nhom pittong [kg];
m1 — khdi luong thanh truyén quy vé
dau nho [kg];
Fpis — dién tich dinh pittdng [m?], Fpis
= nD?/4, véi D — duong kinh xy lanh.
2.3. Do thi khai trién: p, pj, pi-a
Ap suat khi thé p dugc tinh toan theo su bién
thién cua thé tich xy-lanh. Viéc khai trién p theo
a dugc thuc hién nhu sau: véi gia tri bat ky,
thé tich twong tmg cua xy-lanh s& dugc xac dinh.
Sau do, tur gid tri cua thé tich, gia tri cia p s€
dugc ndi suy tuong tng. Doi véi luc pi: vi pj 1a
ham sd ciia @ nén ta khong can thyc hién thém
viéc khai trién. Sau do, téng luc trén don vi dién
tich dinh pittong p, theo & dugc xac dinh nhu
sau:

p.=(p-p)+(p,) )
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2.4. D6 thi: T, N, Z-a

Tur Hinh 3a, ta phan tich luc p, thanh lyc doc
thanh truyén py va lyc ngang N nhu sau:

- -

p,=p,+N. (10)

Tu quan hé lugng giac, ta ¢6 thé xac dinh
dugc tri sO cua py va N nhu sau:

__ b _
pﬁ_COS(ﬁ)’ N pltan(ﬂ),

voi f = arcsin(/I sin(a)). (11)

Tu Hinh 3a, lyc p« dugc phan tich thanh lyc
tiép tuyén 7 va lyc phap tuyén Z nhu sau:

T=p,sin(a+pB), Z=p,cos(a+p).(12)

(b)

Hinh 3. So d6 lyc tac dung 1én chét khuyu (a) va dau to thanh truyén (b)

2.5. D0 thi ST -

Goc l1éch cong tac cua dong co 4 ky dugc tinh
nhu sau:

8, =720/, (13)
trong d6: i — s xilanh.

Sau khi c6 o, ta xac dinh lyc 7, do xy-lanh
thtr i-th tao ra. Sau d6, ta tién hanh xéc dinh luc
>T. Theo 1y thuyét, ta can sip xép cac thanh phan
T, T,,..T, theo dung tht ty nd clia dong co dé
tinh toan 7. Nhung vi tinh chét giao hoan cta
phép cong, nén khi tinh X7, ta chi can chia day
gia trj cia lyc T (o = 0 + 720°) thanh cac phan
g theo goc 1éch cong tac cua dong co, roi cong
hang theo hang.

2.6. Do thi phu tii tic dung Ién chét khuyu

Xét mot diém trén bé mit caa chdt khuyu,
tong luc tac dung 1én diém nay la:

> o -

é=Z+T+pr0., (14)

trong do: pro— luc quan tinh ly tdm cua dau to
thanh truyén trén don vi F, pis [MPal].

Pro dugc xac dinh nhu sau:

p. =2 R’ x10°°, (15)
pis

trong d6: my — khéi luong thanh truyén quy vé
dau to [kg].

Chii y: D6 thi phu tai tic dung 1én chét khuyu
6 hé truc toa do OTZ, truc OZ c6 chiéu duong
hudng xudng dudi. Bé xét dén pro, ta doi O theo
chidu duong cia truc OZ mot doan pro dén gbc
toa d0 méi O..
2.7. Do thi phu tii tic dung Ién diu to thanh
tru_yé;n

Tur Hinh 3b, luc pr, dugc phan tich thanh luc
vudng goc prot va doc proz v6i tAm thanh truyén
nhu sau:

Dior = Dy SIN(@ + B),

Prz = Py cOS(@ + ). (19

Chii y: D6 thi phu tai tac dung 1én dau to
thanh truyén dugc vé& véi chiéu duong cua truc
tung 1a chiéu huéng xudng, truc tung thé hién gia
tri pu— pProz va truc hoanh thé hién gia tri pror.



30 Tran Thanh Himg, Trwong Pinh Phong / Tap chi Khoa hoc va Cong nghé Bai hoc Duy Téan 4(71) (2025) 25-35

2.8. D6 thi khai trién phu téi tic dung Ién chot
khuyu Q(a)

Luc O(a) dugc xac dinh thong qua cong
thire tong hop luc nhu sau:

O(a)=\T*(a)+{Z(a)-p, (@)} . (7)

2.9. Do thi mai mon chét khuyu

Trén db thi phu tai tac dung 1én chét khuyu ta
v& vong tron tam O, ban kinh bat ki. Chia vong
tron nay thanh 24 phan bang nhau. Theo chiéu
nguoc chiéu kim dong ho, bat dau tai diém 0 1a
giao diém cua vong tron O véi truc OcZ (theo
chiéu duong), tiép tuc danh s6 thir tu 1, 2, ..., 23
1én vong tron.

Tu cac diém chia 0, 1, 2, ..., 23 cia vong tron
O, ta ké cac tia qua tam O, va kéo dai, cac tia
nay sé cat dd thi phuy tai tai nhiéu diém, c6 bao
nhiéu diém cat do thi thi s& c6 bay nhiéu lyc tac
dung tai diém chia d6. Ta co:

0, =0,+0,+..+0,, (18)

trong d6: j — Diém chia bat ky tht j (j = 0 + 23),

k— S4 giao diém giao nhau cua tia chia v6i dd
thi phu tai tac dung 1én chot.

Tinh ) O, clia cac lyc tac dung trén cac diém

0, 1, ..., 23. RO ghi tri s6 cua cac luc ay trong

pham vi tac dung gia thiét 1a 120°. Tao bang ghi

két qua, sau do ta cong theo dong:

05, =2.0,+2.0+-+2.0s (19

Chu y: Dé thuan tién cho viéc in 4n, sit dung
két qua ciing nhu so sanh ddi chiéu voi phuong
phap thi cong, cac do thi s& duoc chuyén vé gia
tri biéu dién theo cong thirc lién hé sau:

Gia tri thyc [don vi vatly]

Tilé xich = (20)

Gia tri biéu dién [mm] ~

Vi dy, voi dai lugng (*) cod gid tri thuc la
(%), Hey = %. Ti 1§ xich c:?m duoc chon mot
cach hop ly, dé viéc bo tri, kiém tra va st dung

ban v& duoc thuan tién nhat.
3. Thuat toan

So d6 thuat toan dé xay dung chuong trinh
méy tinh dugc trinh bay trong Hinh 4. Dau tién,
nhap dir liéu dau vao. Sau do, chuong trinh thyc
hién kiém tra thong tin dau vao. Néu phat hién
18i, chuong trinh s& bao va két thiic. Néu khong,
chuong trinh s€ tinh toan dd thi cong dua trén
loai dong co, sau do tiép tuc tinh toan cac do thi
dong luc hoc con lai. Cubi cung, toan bg 12 dd
thi dong luc hoc ctia dong co s€ duogc Ve, hién thi
trén man hinh va luu vé may. Sau khi hoan tét,
chwong trinh két thuc. Trong nghién ciru nay,
thuat toan (Hinh 4) duoc két hop véi cac cong
thirc toan hoc tir phan co sé 1y thuyét va trién
khai trong méi truong MATLAB/OCTAVE d¢
xay dung chuong trinh tinh todn.
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v

Nhap dir ligu
dau vao

Dir liéu dau vao
co loi

Hién thi ‘toe‘ln
bo 12 do thi

Hinh 4. So d6 thut toan

4. Két qua va thao luin

Chuong trinh may tinh dugc phat trién cho
dong co 4 ky st dung nhién li¢u xang va diesel.
Tuy nhién, dé ngan ngon trong viéc trinh bay,
két qua tinh todn cia dong co xang dai dién

(dong co xang V6, khong tang ap) s€ dugc trinh
bay. Bang thong sd diu vao va thong sd
tinh/chon dé tinh toan cac do thi dong luc hoc
cua dong co [1, 7] dugc cho trong Bang 1 va
Béng 2.
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Béng 1. Thong s dau vao co ban ciia dong co xing V6
Ky hi¢u | Gidtri | Pon vi Ky hi¢u | Giatri | Pon vi

i 6 - Mpt 0.45 kg
& 9.8 - Mt 0.61 kg
D 94 mm ®s 12 ©
S 82.5 mm o1 9 °
n 4950 | vong/phut | ao 43 °
A 0.24 - 03 51 °
Pz 4.5 MPa o4 6 °
Béng 2. Cac thong s tinh/chon co ban cia dong co xang V6
Ky hi¢u| Giatri | Ponvi |[Ky hiéu| Gia tri Pon vi
n 1.365 | [-] 10} 518.363 | [rad/s]
n2 1.250 | [-] mi 0.195 [kg]
Jo, 1.000 | [-] my 0.415 [kg]
Po 0.100 | [MPa] | uv 0.003 [lit/mm]
Pa 0.085 | [MPa] | i 0.023 [MPa/mm]
Db 0.260 | [MPa] | uo 2.000 [°/mm]
Pe 1.916 | [MPa] | i« 0.000469 | [m/mm]
Pr 0.108 | [MPa] | 0.243 [m/s/mm]
Vi 0.573 | [dm’] | 4 171.80 | [m/s?/mm]
Ve 0.065 | [dm’] oy | 2.430 [MPa/mm)]

Két qua tir chuong trinh may tinh (duoc goi
1a “may tinh™) cho tat ca 12 d thi dong luc hoc
ctia dong co can khao sat duoc trinh bay trong
Hinh 5 dén Hinh 16. Két qua thu duoc tir phuong
phap thu cong cb dién (duoc goi 13 “thii cong”)
dugc thém vao cac hinh tuong tmg (Hinh 6 dén
Hinh 16) dé so sanh d6i chiéu. Két qua so sanh
cho thdy chwong trinh may tinh c6 do chinh xéac
cao, voi 10i gidi thu duoc tuong dong va phi hop
v6i phuong phap thi cong. Mot s khac biét nho
giita hai phuong phap chu yéu xuat phat tir viéc
hiéu chinh db thi cong va xap xi quy luat d thi.
Trong nghién clru nay, cac dd thi duoc xép xi
theo quy luat tuyén tinh, trong khi phuong phap
truyén thong thuong str dung cac dudng cong
dang spline. Sai sé twong dbi giita hai phuong
phép cho ting két qua tinh toan dugc thé hién

trong Bang 3. Két qua cho thay sai sb tvong d6i
16n nhat 12 0.593% < 1%, mot gia tri nho va chap
nhén duogc trong thuc té.

Tuy nhién, vé toc do va hiéu suit tinh toan,
chwong trinh may tinh vuot trdi hon han. Cu thé,
chwong trinh chi mét trung binh 3.95 gidy dé
hoan thanh toan bg qua trinh tinh toan, bao gém
doc dir liéu, kiém tra dir liéu, tinh toan va vé do
thi. Chuong trinh duoc 1ap trinh bang MATLAB
va chay trén laptop st dung vi xu 1y Intel Core
i7-1360P (2.61 GHz, 16 GB RAM). Két qua thoi
gian tinh toan 1a gi4 tri trung binh ctia 10 lan
chay. Trong khi d6, phuong phap thu cong c6 thé
mat hang gid hodc tham chi nhidu ngay, tuy
thudc vao kinh nghiém, kién thirc va k§ ning ctia
nguoi thuc hién.
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Hinh 16. D6 thi mai mon

va luc trén don vi dién tich dinh pittong trong
Hinh 9 d&én Hinh 15 dugc iy bang véi z. Trén
Hinh 12 va Hinh 15, gia tri trung binh cua X7 va
0, lan luot 1a TTH! va QBI, tir chuwong trinh méay
duogc tinh toan va thém vao tuong Ung.

Bang 3. Sai s6 giita chuong trinh may va phuong phap vé thii cong
(theo chuan L? twong di, Relative Error)

Két qué xbd Vbd jbd p]_bd pbd p 1bd de
Saisd [%] | 0.000 | 0.000 | 0.000 | 0.000 | 0.516 | 0.504 0.341
Két qua N 75 7 T, Z 0" | Mai mon*
Saisd [%] | 0.364 | 0.546 | 0.593 | 0.000 | 0.354 | 0.314 0.266

5. Két luan

Nghién clru nay trinh bay hé thdng céc
phuong trinh giai tich va thuat toan cho qua trinh
tinh toan va thiét 1ap céac dac tinh dong luc hoc
cua dong co. Céc quy ludt toan hoc va thudt toan

dugc Ung dung trén ngon nglt 1ap trinh
MATLAB dé xay dung chuong trinh tinh toan.
Chuong trinh tinh todn cho két qua rat sat véi
két qua tinh toan tir phuong phap thu cong cd
dién vé6i sai sd twong dbi 16n nhat 1a 0.593%,
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ching minh dugc dd chinh xac va tin cdy cua
chuong trinh may tinh. Bén canh do, chuong
trinh may tinh vuogt trdi vé tdc do va hiéu suit
tinh toan, chi mat vai gidy (trung binh 3.95 giy)
dé hoan thanh viéc xay duyng cac dac tinh ctua
dong co trong khi phuong phap tha cong co thé
mat hang gio hodc nhidu ngay. Ngoai ra, chuong
trinh ¢6 tinh linh hoat cao, c6 thé ap dung cho
nhiéu loai dong co khac nhau, trong khi phuong
phap thu cong bi han ché khi xir Iy dir liéu phuc
tap. Diéu nay co ¥ nghia quan trong trong thuc
tién, gop phan tiét kiém thoi gian va chi phi trong
qué trinh tinh toan, thiét ké va khao sat dong co
dbt trong. Thém vao o, két qua tir bai bao véi
chuong trinh may tinh c6 thé hd trg va nang cao
hiéu qua giang day cac mén hoc lién quan dén
tinh toan dong luc hoc dong co dot trong tai Dai
hoc Duy Téan noi riéng va céc co s¢ gido duc co
giang day vé dong co ddt trong noi chung. Dinh
hudng sinh vién tng dung 1ap trinh may tinh vao
giai quyét cac bai toan ky thuat.

Véi cac két qué thu dugc, chuong trinh da
chtirng minh dugc do chinh xac va tinh hi¢u qua.
Tuy nhién, vin con mot s han ché can duoc
khic phuc trong cic hudng phat trién tiép theo,
chang han nhu cac xap xi tuyén tinh khi hi¢u

chinh dd thi cong, viéc chua thyc hién céac tinh
toan nhiét dong hoc cua dong co, va chuong
trinh chua duoc phat trién cho dong co hai ky.

Loi cam on
Nghién ctru nay duogc tai trg boi Pai hoc Duy
Tan trong dé tai ma s6 D24-25 CK1-1.
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