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Tom tit

T khoa:

Mo hinh dong lyc hoc; Nhiét
dong 1u:c hoc, tinh toan md
phong so; dong hoc va dong luc
hoc; dong co diesel.

Mo hinh héa mo6 phong la mot qua trinh quan trong trong nghién cuu va
phat trién cac san pham k¥ thuat, dic biét 14 trong nghién ctru phét trién xe
co gidi va xe quan su. Pong co dbt trong 1a dong vai tro quan trong va anh
hudng tryc tiép t6i chuyén dong ciia cic phuong tién. Tuy nhién, qué trinh
lam viéc cua dong co ddt trong la rét phuec tap va khéc nghiét, do vay viéc
nghién ctru phat trién va toi uru héa qua trinh lam viéc cua dong co la rat
kho khan. Viée sir dung phuong phap mo hinh héa c6 thé giai quyét dugc
cac van dé néu trén. Nghién ctru nay tap trung vao mo hinh héa hoat dong
cua dong co diesel, cu thé 1a xac dinh dong hoc va dong luc hoc cac chi
tiét quan trong nhu piston, thanh truyén, truc khuyu. Théng qua qua trinh
xdy dung mo hinh toan hoc nay, ta c6 thé xac dinh duoc luc kéo va cong
suat cling nhu cac thong sb dong hoc va dong lyc hoc khac cua dong co.
Két qua cia nghién ctru 1a co sé quan trong cho viéc xay dung mo hinh
mo phong cho phuong tién xe co gi6i ciing nhu viéc tinh toan kiém
nghiém bén cac chi tiét cua dong co trong qua trinh hoat dong.
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Modelling and simulation play an important role in the research and
development of technological products, especially in the development of
automobile and military vehicles. Internal combustion engines also play an
important role and directly affect the movement of vehicles. Nonetheless,
the operation of these engines are harsh and complicated, thus the research
in developing and optimizing their operations faces many challenges. The
use of modelling methods can assist in solving the aforementioned
problems. This research focuses on the modelling of the internal combustion
engine’s operations, particularly to determine the kinetic and dynamics of
the engine’s the main components, such as a rod, crankshaft and piston. To
conduct this research, the thermodynamic process was simulated to
calculate the in-cylinder pressure distribution. In addition, this research also
modelled the friction forces for calculating the test engine’s net force. The
results showed that the net force changes according to the crank angle and
reaches to the maximum values near the top dead center (TDC). As a result,
it is necessary to analyze the stress of the crankshaft, rod and piston in these
areas. The research results serve as the foundation to design the simulation
models for vehicles, as well as to calculate and to test the strength of
engines’ components during operation.
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1. GIOI THIEU CHUNG

Trong hoat dong cta dong co ddt trong, co cau truc khuyu - thanh truyén va piston dong
vai tro v cung quan trong va quyet dinh truc tiép toi hiéu qua va hiéu suat dong co dét trong.
Thém vao d6, cac chi tiét nay déu van hanh trong dleu kién khac nhiét, chiu cac tai trong co va
nhiét d6 cao [1-5]. Do d6 trong nghién ciru phat trién dong co can thiét phai tinh toan phan tich
va toi ru hoa lam viée ciia cac chi tié nay dé dam bao tinh hiéu qua va do bén lam viéc. Day la
viée rat khé khan do ddc diém lam viée phirc tap cua cic co cAu nay. Trén thé gidi da c6 nhidu
nghién ctru sir dung m6 hinh hoa va két hop phuong phap phan tir hitu han (PPPTHH) d¢ giai
quyét cac van d& néu trén [6-10]. Viéc mo hinh hoa s& tiét kiém duogc thoi gian va chi phi qua d6
rit ngan thoi gian nghién ciru phat trién.

Trong nghién ctru phat trién dong co, thong thudng cac dong co duge ban trén thi truong da
dugc tinh toan dé dam bao hiéu qua ciing nhu do bén trong qua trinh lam viéc. Tuy nhién trong qué
trinh khai thac thuc té, c6 nhiéu bat thudng xay ra co thé xay ra lam cho tai trong co va nhiét tang
1én. Thém vao do, dé dap ung yéu cau khai thac, nhiéu dong co cii duge cu’orng hoéa nhu thay do6i
két cau kich thudc xilanh hay duoc ting ap dé tang cong sudt. Do vdy, viéc md hinh hoa dé xac
dinh duoc cac tai trong tic dung 1én dong co 1a hét stc can thiét trude khi ap dung trong thuc té.
Trong nghién ctru ndy, mot dong dong co thé hé cii dugc md hinh héa sir dung phan mém chuyén
dung dé tinh toan cac thong sd  qua trinh chay, dong thoi luc tac dung lén cac chi tiét dugc mo hinh
theo dleu kién lam viéc thyc té. Két qua cua nghién ciru 1a co so dé dua ra phuong phap hidu qua,
b6t ton kém trong viée nghién ciru phat trién va cai tién dong co dbt trong,

2. MO HINH HOA PONG CO D243
2.1. Giéi thi¢u dong co nghién ciru

bong co nghién ctru la dong co diesel D243, dugc lap rép trén day chuyén cong nghé cia
cong hoa Belarut, day 1a loai dong co duoc ché tao chii yéu lip trén may kéo. Trong mot thoi gian
dai, loai dong co nay da khang dinh dugc vi tri cia minh trén thi truong Viét Nam, vi gia thanh
ché tao tuong ddi ré, phy ting thay thé sin co.

DBong co D243 la dong co diesel khong tang ap, 4 ky, 4 xilanh thing hang, thir tu lam viée
la: 1-3-4-2. Pong co sur dung hé thong lam mat bang nudc cudng birc mot vong tudn hoan kin, véi
bom nudc tuan hoan kiéu li tdm, c¢6 co cdu phdi khi xupap treo, truc cam dit trong thin méay va cé
bién dang cam 1 cam 16i ba cung.

Dong co D243 st dung phuong phap tao hén hop kiéu thé tich mang c6 dang buong chay
tam giac dinh 10i do vién nghién ciru vé ' dong co diesel cua Lién X6 ct thiét ké. Uu dlem co ban
cta loai dong co c6 phuong phap tao hdn hop thé tich mang 13 1am viéc ém, tinh kinh té cao va
duong dic tinh suat tiéu hao nhién lidu tuong d6i phiang trong dai rong ciia ché do toc do khi
dong co lam vi¢c theo dac tinh ngoai. Cac thong ) ky thuat ctia dong co D243 duoc thé hién
trong Bang 1.

Bang 1. Thong s6 k¥ thuat chung ciia dong co thi nghiém

TT Thoéng s6/ Ki hiéu Gia tri Pon vi
1 Ma hi¢u D243 DSC 80
2 Thir tyr danh s6 cac xilanh (tir phia quat gio) 1-2-3-4
3 Thtr tu cong tac 1-3-4-2
4 Thé tich cong tac (Vy) 4,75 dm’
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5 Buong kinh xilanh(D) 110 mm

6 Hanh trinh piston (S) 125 mm

7 Ty sb nén (g) 16

8 Cong sut dinh mc(Nemax) 80 Ma luc
9 Téc do quay tng voi Nepax 2200 v/ph
10 Goc phun sém nhién liéu 20+24 ‘gqtk
11 Ap suét nang kim phun 180 + 220 KG/cm®
12 Trong lugng khé dong co 430 Kg
13 Sudt tiéu hao nhién liéu 180 g/mLh
14 Luong tiéu thy nhiéu li¢u 13,5+16,2 Kgh
15 Ap suét co ich trung binh (p.) 6,5+17,7 KG/cm®

2.2. M6 hinh héa nhiét dong luc hoc dong co D243

Trong nghién ctru nay sir dung phin mém chuyén dung dé mo  phong nhiét dong lyc hoc dong
co D243. M6 hinh dong co dugc xay dyng trén co s¢ dac diém két cau cua /dong co thuc té va cac tai

liéu lién quan. Céc phan ttr cia md hinh duoc lya chon theo dic diém két cAu cua dong co.

Mo hinh dong co dugc xay dung trén co s¢ dong co D243 thuc té, cac phan tu ciing nhu
cac thong s6 cua mo6 hinh dugc xac dinh tir thuc nghi€ém. Bang 2 thé hién cac phan tir va cac

thong s cho mo hinh.

Bang 2. Thong s chinh nhap cho mé hinh

TT Théng s6 nhap Gia tri
1 Téc d dong co n (v/ph) 1200 + 2200
2 Ap suit méi truong p (bar) 1
3 Nhiét ¢6 méi truong t (°C) 25
4 Chu ky tinh 50
5 Luong nhién li¢u chu trinh (g/cyc) 0,055+ 0,074
6 Budc xuat két qua 1
7 Nhiét trj thap Q (kJ/kgnl) 42800
8 Ty 1¢ A/F 14,7
9 Mb hinh chay AVL MCC
10 Loai dong co 4 ky
11 Tht ty nd 1-3-4-2

Hinh 1 thé hién dién bién ap suét trong xilanh ciia dong co c6 dugce tir qua trinh mé phong.
C6 thé thay rang ap suét thay doi dang ké theo goc quay truc khuyu va gia tri cuc dai dat duoc
trong qua trinh chay lan can diém chét trén. Gia tri 4p suat co duoc tir Hinh 1 s& duogc st dung dé
tinh toan tong ap luc tac dung 1én céc chi tiét ciia dong co dbt trong.
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Hinh 1. Dién bién 4p suit trong xilanh theo goc quay truc khuyu

2.3. Phan tich dong hoc

Mo hinh lyc tdc dung va chuyén dong cua céc co cAu cua dong co débt trong dugc thé hién
trong Hinh 2.

Hinh 2. Mo hinh co cau piston - truc khuyu - thanh truyén don gian

Do dich chuyén cua piston theo phwong ngang 1a rat nho, ap dung dinh 1y ham sin d6i véi
tam gidc OAB, ta co:
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I r . ro.
= = sing =—sin@
sinf  sing ¢ 1, (1)

Chuyén vi z cua piston theo phuong thing ding dugc xac dinh boi
z=rcos@+Il,cos¢ (2)
, Do vay ta c6 thé xac dinh duoc van tdc va gia tdc cua piston bﬁng cach dao ham cép 1va
cap 2 phuong trinh 2.
z=-r0sin@—1,¢sin g (3)

=—(r0sin 0+ r6” cos 0) (L sin ¢+ 1,4 cos §) (4)

Thanh truyén 14 co cau ndi piston véi truc khuyu. Dau trén cua thanh truyén gin voi chdt
piston va dau dudi gin voi truc khuyu. Thanh truyén chiu imng sudt 16n tir tai tuong tac cia
piston. Trong qué trinh chuyén dong song phing, thanh truyen chiu lyc kéo, nen 1on déc bict
trong qua trinh tang toc cung nhu ché do toan tai. Gia téc cua thanh truyén tai trong tam dugc

xac dinh theo gia toc ctia dau thanh truyén gin véi piston a, =a, +a rp VA chiéu theo phuong
ngang va doc lan luot ta duoc :

gy =0 (1- j)rsin@—0(1- j)rcos (5)

,(rcos&)z

Ay =07 j - —rcos@— jrsin@tang |+0( jrcosOtang—rsin6) (6)

[, cos

Truc khuyu chuyen d6i chuyen dong 1én va xuong (tinh tién) cua cac plStOl’l thanh chuyén
dong quay va truyén dong ra bo truyén dong bén ngoai. Truc khuyu dwogc két ndi véi cac piston
thong qua céc thanh truyén. Vit lidu lam tryc khuyu thuong dugce lam tur thép hoac gang.

Twong ty v6i cach xac dinh gia toc thanh truyen ta xac dinh gia toc truc khuyu tai trong
tam thong qua gia tdc tai diém chung giita thanh truyén va truc khuyu:

ey =—07hrsin @+ Ohr cos 0 (7)
ey = 6*hrcos O +Ohrsin @ (8)

3. MO HINH HOA CAC LUC TAC DUNG LEN CAC CHI TIET CUA PONG CO
3.1. M6 hinh héa lwe tac dung lén piston

Céc lyc tac dung 1én Piston bao gom: Q(t) - tong ngoai luc tac dong 1én piston, mpg - trong
luc piston, cac phan Iyc lién két Fpx, Fey. Vi piston khong chuyén dong theo phuong X nén tong
luc tac dung 1én phuong X bing 0, nén ta co :

D Fy=Fy —S=0=>F, =S Q)
Tdng céc lyc tac dung theo phuong Y xac dinh bang phuong trinh dudi day:
ZFY:FBY_mPg_Q(t)szaPY (10)
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Trong d6, Q(t) 1a téng ngoai lrc tac dong lén piston bao gom: lyc do ap sudt tac dong 1én
mit trén piston (PT), ma sat do xéc ming(Fr), ma sat do phan bé mit piston va xilanh (uS), luc
do 4p suat tac dong lén mit dudi piston (PB - crankcase pressure). Luu ¥, ta xac dinh luc
P. = p.4 thong qua md hinh qua trinh chay dé dua ra ap suét xilanh.

Ngoai ra, lyc Py sinh ra do 4p suét cua dau tac dong Ién mat dudi va duge xac dinh tur thyce
nghiém, lyc niy rat nho so voi luc do ap suat gdy ra & mit trén ciia piston. Cac lyc ma sat Fr va
uS 1a cac ham thay d6i theo thoi gian.

Nhu vay phan luc tac dung 1én piston theo phuong Y:

Fyy =m,g+0(t)+mpay, (11)
Trong do
O()= B, +F, £ uS+P, (12)

Véi chu ¥ rang du cua pS phu thudc theo hudng chuyén dong cua piston.
Tur d6 cong thue (12) két hop voi thit ty nd cia cac piston 1a 1-3-4-2, ta xac dinh duogc luc
tac dung 1én 4 piston nhu hinh 3.
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Goc quay truc khuyu (D9)

Hinh 3. Téng luc tic dung 1én cac piston

3.2. Tong cac luc tac dung 1én thanh truyén

i véi dong co mot hang xilanh, khi dong co lam vi¢c than thanh truyén chiu cac luc khi
thé, lyc quan tinh cua khdi luong chuyén dong tinh tién, lyc quan tinh chuyén dong lic (chuyén
dong song phang) ctia thanh truyén. Vi vy trang thai chiu lyc ciia than thanh truyen thuong la:
chiu nén va udn doc do hop Iyc khi thé va Iyc quéan tinh cla khoi luong chuyén dong tinh tién,
chiu kéo do tac dung ctia Iyc quan tinh chuyén dong tinh tién va chiu udn ngang do tac dung ctia
luc quan tinh chuyén dong lic ciia thanh truyén.
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I::AY

Hinh 4. M6 hinh cac Iyc tac dung 1én thanh truyén

Cac luc t;'lc dung lén thanh truyén bao gém trong luc dat tai trong tdm cda thanh va cac
phan lyc lién két dat ¢ hai dau thanh. Tur d6 ta x4c dinh duoc:
Tong luc tac dung theo phuong X:

Y Fy=Fy —Fy =mpay, (13)
Téng luc tac dung theo phuong Y:
2y =F = Fyy —myg =myay, (14)
Téng md men tac dung theo truc di qua tAm R
S M, =1y 05
hay
—F, (1= j)lcosp—F,, (1-j)Ising—F,, jlcos¢g—F,, jlsing = I .4, (16)

3.3. Tong cac lyc tac dung 1én truc khuju

Hinh 5. Cac lyc tac dung Ién truc khuyu
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Téng luc tac dung theo phuong X

Dy = Foy = Fye =meacy (17)
Téng luc tac dung theo phuong Y

D Fy = Foy = Fyy =meg =meacy (18)
Tong md men quanh chdt truc khuyu

S M, = 1.6, (19)

Do vay ta co:

T+F, (1+h)rcos@+F,, (1+h)rsin@—F, hrcos@—F, hrsing = 1.0, (20)

3.4. Xac dinh lwc ma sat
Két hop cac phuong trinh trén va thé cac gia tdc tir cac phuong trinh ta dugc:
I, cos@

i (Icosg) B

+jm M—sin@tanqﬁ—cos@
* cos’ ¢

+m, tan ¢ (cos @ tan ¢ —sin 0) +

2 2
—r0*[ Ly rcos etan(é—siné +m, tan ¢ rcos e—sinétanqﬁ—cosé +
(Icos ¢)2 Icos¢ g [cos’ ¢
. 2 ..
+ij(W—cosﬁtan¢+sin9—i;?gj]—gtanqﬁ(mp+ij)—Q(t)tan¢ 21)

Thé cac Iyc di biét ta dwoc mdé men phan luc tac dong 1én truc khuyu:

T =1.0+m.a. hrcos@—map,rcosO+m.a.,hrsin@—mypa,,rsin@—m,ap,rsin b+

+mhgrsin @ —m,grsin @ —m,grsin @ —Q(t)rsin @ — Srcos & (22)
Thé céc gia tdc da biét vao biéu thire trén, ta duoc:

N 1 ..
T =61(6)+=61
trong d6, /(6)1a ham quan tinh duoc xac dinh béi

9 2
1(0)=1.+m.h’r* +1, PEOSZ s m? (cos@tan ¢ —sin 9)2 +
[cos ¢ (24)

+m, 1 [(l—j)2 cos’ H+(jcos&’tan¢—sin6’)2}
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1(6) 1ati 1& bién thién quéan tinh dwa vio gdc quay 0 clia truc khuyu.

2
I'(H):2IR(FCOSHJ (rcose‘[angé—tanﬁ}L

Icosg ) \ lcos¢

rcos’ @
3

+2m, 1’ (cos&’tan¢—sin6’)( —cos&’—sin&’tan¢}—

[ cos
~2mr? (1= j) sin@cos 6+

jrcos® 6
‘¢

+2mRr2(jcosﬁtan¢—sin9)( —cosH—jsinHtan;/ﬁj

[cos

4. TONG MO MEN TAI LON NHAT TAC PONG LEN TRUC KHUYU

Vi du vao 1a ap suat P tac dong 1én mat trén Piston va tc do vong quay 1a 2200 v/p. Vi
thir ty nd cua cac dong co 1a 1-3-4-2, trong chu ki dau tién tir 0-180° cia truc khuyu 1 dbi véi
xilanh 1 thi xilanh 4 dang nd. Ta xéac dinh dugc dd thi téng mo men tai tac dong 1én truc khuyu
phu thudc vao goc quay truc khiyu cia xilanh 4 nhu sau:

Ta xac dinh dugc mé men tai trung binh tdc dong 1én truc khuyu trén toan chu ki la

T, = fT(&)d9:310 (Nm) (25)

0

Déng thoi, dua vao do thi nhan théy mo men tai l€n truc khuyu lon nhit khi gbc quay truc
khuyu cta xilanh 4 nim trong khoang 360-370° (ngay sau diém chét trén). Twong tu ddi v6i cac
xilanh khac. Vi vdy, ta chon khoang dao dong nay cia truc khuyu xilanh 4 dé xac dinh tng suét
16n nhét trén truc khuyu.

Theo thir ty nd cic xilanh 14 1-3-4-2, ta co dd thi mé men xodn tac dong 1én truc khuyu cua
4 xilanh theo géc quay trong mét chu ky (0- 720°) cuia xilanh thtr nhét.

Tir cac db thi trén, suy ra md men tac dong lén cd khuyu. Do tinh d6i xtg cta truc khuyu
nén mo men tac dong 1én ¢d khuyu 1 twong dwong voi ¢d 5 va bang tong md men tic dong 1én
tryc khuyu, ¢6 2 twong dwong véi cb 4.

5. KET LUAN

Bai bao da trinh bay phuong phap mé hinh hoa dong co diesel 4 ky khong tang ap dé xac
dinh cac lyc tac dung 1én co cau tryc khuyu, thanh truyén va piston ctia dong co. Qua trinh chay
trong dong co dugc thyc hién trén phan mém chuyén dung dé dua ra truong ap suit bién doi theo
goc quay truc khuyu. Céac luc ma sat va phan luc lién két dugc xac dinh dya trén viéc mo hinh
hda cac lyc tdc dung va tinh toan dya vao thong s6 két cAu va ché do hoat dong cua dong co
D243. Nghién ciru ciing da chi ra luc tac dung 1én cac ¢d khuyu, chdt khuyu va mé men tai dau
ra tryc khuyu.
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