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Tém tat:

Nghién ctru déng e hoc co cdu truc khuyu - thanh truyén déng vai tré cét 16i trong phan tich trang théi chiu luc, kiém
nghiém bén va tinh toén can bdng cho déng co dét trong (Nguyén, 2021). Cac phuong phép tinh toan va xay dwng dé thi déng
Iwc hoc truyén théng bang thi céng thudng tén nhiéu thoi gian va dé dén dén sai sé I6n. Bai bao nay trinh bay gidi phap tng
dung phdn mém Microsoft Excel dé thiét Iap chuong trinh tinh todn sé va tw déng héa qua trinh xuét dé thi déng Iuc hoc cho
déng co. Trén co s& cac thudt toan Ip trinh bang tinh, nhém téc gia da xay dung thanh céng hé thdng cac db thj khai trién theo
g6c quay truc khuyu (a), bao gém: luc khi thé (Pw), luc quén tinh (P), hop luc tac dung lén piston (Ps), luc tiép tuyén (T), luc
phap tuyén (Z), cung db thj phu tai tac dung lén chét khuyu déng co. M6 hinh dugc thir nghiém kiém chirng duwa trén céc thong
s6 ky thuat danh dinh cta déng co xdng V8 Zil-130 (Vy va céng s, 2006). Két qua nghién ciru 1a céng cu tric quan hiwu ich,
gép phan nang cao chét long gidng day, hoc tap dé 4n mén hoc va nghién ctru chuyén nganh Céng nghé Ky thuat O t6.

Tir khéa: Bong luc hoc co céu; Truc khuyu - thanh truyén; Luc khi thé; Luc quéan tinh; Microsoft Excel.
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Application of Microsoft excel software in
calculation and automation of dynamic graph
construction for crankshaft - connecting rod
mechanism of internal combustion engines

Abstract:

Researching the dynamics of the crankshaft-
connecting rod mechanism plays a fundamental role in
evaluating load distribution, checking structural fatigue,
and balancing internal combustion engines (Nguyén,
2021). Traditional manual calculation and graphical
methods for dynamic diagrams are time-consuming,
labor-intensive, and highly prone to human accumulation
errors. This paper proposes an efficient solution by
utilizing Microsoft Excel to build a numerical computation
program and automate the generation of engine dynamic
graphs. Based on mathematical spreadsheet algorithms,
the authors successfully constructed a synchronized
system of development graphs plotted against the
crankshaft rotation angle (a), including: the gas force
graph (Pw), the inertial force graph (P)), the composite
piston force graph (P1), the tangential force graph (T), the
normal force graph (Z), and the crankpin polar load
diagram. The mathematical model was validated and
verified using the nominal technical specifications of the
Zil-130 V8 gasoline engine (Vy va céng sw, 2006). The
research results provide an intuitive, practical
educational tool that significantly enhances the teaching
quality, coursework assignments, and scientific research
in the field of Automotive Engineering Technology.

Keywords: Mechanism dynamics; Crankshaft -
connecting rod; Gas force; Inertial force; Microsoft Excel.

1. Pit van dé

Trong chuong trinh dao tao ky su
nganh Cong nghé Ky thuat O to tai cac
truong dai hoc, mén hoc Pong co dbt
trong — dac biét la phén ndi dung Bong
luc hoc co céu truc khuyu - thanh truyén
— gilt mQt vi tri ddc bi¢t quan trong
(Nguyén, 2021). Phan h¢ Iy thuyét nay
cung cip cac kién thic co ban vé quy
ludt bién thién cia tai trong tic dung
trong xi-lanh va trén cac chi tiét chuyén
dong, 1am co s& vimg chic dé ngudi hoc
tién hanh tinh todn kiém nghiém bén
moi, phan tich dong hoc va thiét ké két
céu hé thdng truyén lyc (Nguyén, 2014).
Tuy nhién, viéc thyc hi¢n phﬁn ndi dung
nay trong cac dd an mon hoc hién nay
dang gdp phai nhitng rao can mang tinh
hé théng. Nguoi hoc phai xir Iy mot khdi
lwong s6 lidu toan hoc phi tuyén khong
10, sau d6 tién hanh phuong phap do giai
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(v& thi cong timg diém luc trén gidy ké
ly) dé xay dung hé théng db thi luc. Quy
trinh nay thuong kéo dai tir mot dén hai
tudn, t6n nhiéu cong sirc nhung do chinh
xac khong cao, d& tich lity sai s6 va kho
thuc hién cac bai toan tdi wu hoa tham
s6 két cdu (Vy va cong su, 2006).

Dé giai quyét bai toan nay, xu hudng
tin hoc héa bang cach ung dung cac
phan mém may tinh vio cong tic tinh
todn va mo phong da dugc trién khai
rong rai (Trﬁn va cong su, 2018). Mac
dii cac phian mém chuyén dung hoic
ngon ngir 1ap trinh bac cao sd hitu thuat
toan xtr Iy manh mé, nhung ching lai
doi hoi nguoi st dung phéi cé ky nang
lap trinh chuyén sau, ban quyén phan
mém dit do, tir d6 han ché tinh phd bién
trong moi truong gido duc dai hoc
(Nguyén, 2006). Trong bdi canh do,
Microsoft Excel ndi 1én nhu mot giai
phap thay thé 1y tuong nho giao dién
bang tinh truc quan, tich hgp san hé
thong ham toan hoc phong pht va cong
cu xudt dd thi manh mé (Microsoft
support). Viéc ung dung Excel khong
chi don gian hda quy trinh tinh toan, tu
dong héa 100% qua trinh xuat dd thi
khai trién Iyc, ma con giup ngudi hoc dé
dang tuong tac, thay doi thong sd cu
hinh dé khao sat cac dong dong co khac
nhau (Cuc Thong tin Khoa hoc va Cong
nghé Qudc gia). Nghién ctru nay tap
trung vao viéc s6 héa hé thong cong
thirc giai tich dong luc hoc, xay dung
chuong trinh tinh todn ty dong trén
Excel va kiém chimg do chinh xac thong
qua bd s6 liéu thuc té cua dong co Zil-
130, hudng téi muc ti€u nang cao hiéu
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qua giang day va nghién cuu khoa hoc
chuyén nganh (HO va cong sy, 2001).

2. Co s6' 1y thuyét vé dong lwc hoc co
ciu truc khuyu - thanh truyén

2.1. H¢ Iye tic dung tong quat 1én co
ciu truc khuyu - thanh truyén

Trong sudt chu trinh cong tac cia
dong co d6t trong (bao gdm cic qua
trinh Nap - Nén - N6 - Thai), co cAu truc
khuyu - thanh truyén (CCTK-TT) 1a hé
thong chiu tai trong dong truc tiép va
phirc tap nhat. Cac linh kién thudc co
cau nay lién tuc chiu tac dong dong thoi
cua tai trong nhi¢t tor mang khi chdy va
tai trong co hoc c6 gia tri cuc ky lon,
bién thién phi tuyén theo quy ludt goc
quay cua truc khuyu («). V& mit co hoc,
hé luc kich thich tac dung 1én mot co cau
giao tim (dudng tdm xi-lanh cit duong
tam truc khuyu) dugc tuong minh hoa
thong qua so d6 giai tich cac thanh phan
luc phén ra trén Hinh 1.

Céc thanh phan lyc thanh phan tham
gia vao so dd dong luc hoc bao gém:

Ap suét khi thé tirc thoi trong budng
chay (p) va ap suat méi truong khi
thai/khi troi phia dudi day piston (po).

Hop luc téng cong dat tai tdm chét
piston (P;), dong vai tro 1a ngudn dong
luc chinh doc theo dudng tdm xi-lanh.

Lyc thanh phan truyén doc theo truc
d6i xtng ctia thanh truyén (Pu).

Luc ngang (N) ép piston vao bé mit
6ng 16t xi-lanh (gdy ra hién tuong gd
piston va mai mon vach xi-lanh).

Luc quan tinh ly tdm (P,) sinh ra do
chuyén dong quay déu cua khéi lugng
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chét khuyu va phan thanh truyén phan
phdi vé tim quay.

Lyc tiép tuyén (7) tac dung vudng
goc v6i méa khuyu, ddy 14 thanh phan Iyc
duy nhét tao ra mo-men quay c6 ich cho
dong co.

Luc phap tuyén (Z) tac dung doc theo
chidu méa khuyu hudng vé tdm hoic
hudng ra xa tam truc khuyu.

Hinh 1. Hé lyc tac dung 18n co céu truc
khuyu thanh truyén
Nguon: Nguyén, 2006
Céc thong s6 hinh hoc va dong hoc
lién két bao gém: goc quay ciia ma
khuyu (a) do tir diém chét trén, goc lic
ctia thanh truyén (8) so voi duong tim
xi-lanh, va van toc goc cua truc khuyu
(w) dac trung cho ché do tdc do cua
dong co (Nguyén, 2006).
2.2. Xac dinh lye khi thé (Py)

Luec khi thé sinh ra do ap suét cta khi
chay trong budng dbt tac dung truc tiép
1én bé mat dinh piston. Tri s6 va chiéu
tac dung cua luc khi thé thay dbi lién tuc
theo hanh trinh cta piston va phu thudc
chit ché vao do thi cong chi thi p-a cua
chu trinh nhiét dong (Nguyén, 2021).
Luc khi thé tac dung doc theo dudng
tAm xi-lanh duoc x4c dinh bang hé thirc
gidi tich sau (Nguyén, 2014):

Py = (p - po)Fp [MN] (1)

Trong d6 cac dai lugng dugc dinh
nghia chuén hoéa nhu sau:

p: Ap suét tirc thoi cia moi chét khi
chdy bén trong long xi-lanh phu thudc
vao goc quay a, tinh bang Megapascal
[MPa].

po: Ap sudt moi trudng tic dung
nguoc chidu 1én phia dudi dinh piston,
tinh bang Megapascal [MPa]. Ddi véi
cac dong dong co bén ky khong tang ap,
gié tri p, thuong duoc thiét 1ap bang ap
suat khi quyén tiéu chuan (p, = px =
0,1013 MPa).

F,: Dién tich tiét dién ngang cua dinh
piston, tinh bang vuéng mét [m7]. lién hé
v6i duong kinh xi-lanh D qua h¢ thuec:
F,=n.D%/4.

Vé quy wdc hinh hoc va véc-to lyc:

Piém dat luc: Dat tai tAm hinh hoc
ctia dinh piston (d6i voi két cau co cdu
giao tam).

Phuong tac dung: Trung hoan toan
v6i duong tam hinh hoc doc cua xi-lanh.

Chiéu tic dung va quy wdc dau:
Chiéu hudng vé phia tim ciia truc khuyu
(giai doan gian nd sinh cong) dugc quy
wéc mang gia tri dai sb dwong (+).
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Nguoc lai, chiéu hudng ra xa tam truc
khuyu (giai doan nén khi) dugc quy ude
mang gia tri dai s6 4m (-).

2.3. Lwc quan tinh ciia khoi lwong
chuyén dong tinh tién (P;) va hop luc
tac dung Ién piston (P;)

Trong qué trinh dong co lam viéc,
nhom piston (bao gdm piston, xéc-
ming, chdt piston va ddu nho thanh
truyén) thuc hién chuyén dong tinh tién
khir hdi bién tdc trong 1ong xi-lanh. Su
thay d6i lién tuc vé van tdc va gia toc
ctia khdi lugng nay sinh ra lyc quéan tinh
chuyén dong tinh tién (P)).

Ap dung phuong phap khai trién
chudi Fourier cho phwong trinh gia toc
clia co cAu giao tAm va giif lai hai thanh
phﬁn hai bac mét va bac hai, lyc quan
tinh dugc xac dinh theo mé hinh giai
tich sau (Nguyén, 2014):

Py = —m;w*R(cosa +
Acos2a)107° [MN] ()

Trong d0, cac thong s k¥ thuat dugc
quy chuan dinh nghia nhu sau:

mj: Téng khdi lugng cia cac chi tiét
tham gia vao chuyén dong tinh tién khir
héi, tinh bang kilogam [kg]. Khdi luong
nay duoc xac dinh bang hé thirc: m; =
Mpe + mpa + my (VOi my 12 khdi luong
nhom piston, mpq 1a khdi lugng cum
chét, va m; 1a khdi lugng dau nho thanh
truyén duoc quy dan).

w: Van tdc gbc cua truc khuyu dong
co & ché d khao sat, tinh bang radians
trén gidy [rad/s), 1ién hé véi tbe d6 quay
n [vong/phut] qua cong thirc: w = zn/30.
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R: Béan kinh quay cua ma khuyu
(bang mot nira hanh trinh piston S), tinh
bang mét [m].

J: Hé sb két cAu cua co ciu truc
khuyu - thanh truyén, dac trung cho do
dai twong dbi cua thanh truyén: A = R/
(v6i [ 1a chiéu dai tdm 15 cua thanh
truyén, [m]). Thong thuong, dbi véi
dong co 6 6, gia tri ndy nim trong
khoang 0,24 < 4 < 0,31 (Heywood,
2018).

Luc quén tinh P; luon tdc dung doc
theo duong tdm xi-lanh. Khi piston ¢
ving 1an can Diém Chét Trén (BCT), P;
c6 gia tri dai s6 am (véc-to hudng 1én
trén); khi piston ¢ ving lan can Piém
Chét Du6i (PCD), P, mang gia tri
duong (véc-to hudéng xudng dudi)
(Nguyén, 2006).

Trén dinh chdt piston, Iyc khi thé
thuc t& (Px) va lyc quan tinh chuyén
dong tinh tién (P)) tac dung dong thoi
doc theo duong tam xi-lanh. Hop luc
tong cong tac dung 1én piston (P;) duoc
xac dinh bang phép cong dai s6 cac gia
tri tirc thoi tai ting toa d§ géc quay a:

P =Py +F  [MN] 3)

Hop lyc P; 1a dai lugng dong luc hoc
bt 161, dai dién cho nang lugng co hoc
thuc té truyén tir budng chy xubng hé
thong truyén lyc phia sau.

2.4. M0 hinh phan ra lwe tic dung Ién
chét khuyu

Hop luc P; truyén dén tam chot
piston s& tac dung vao dau nho thanh
truyén va ddy than thanh truyén lam
quay truc khuyu. Do thanh truyén nim
nghiéng mot goc lic £ so véi duong tim
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xi-lanh, theo nguyén ly hinh hoc luc,
hop luc P tai tim chdt piston duoc phan
rd thanh hai thanh phan véc-to vudng
gbc voi nhau (Nguyén, 2014):

N = P;tanf [MN] (4)
Pu=s2  [MN] (5)
Trong do:

N: Luc ngang, c6 phuong vuong goc
v6i dudng tam xi-lanh, ép piston vao
vach xi-lanh tao ra ma sat va mo-men lat
nhom piston.

Py Lyc truyén doc theo duong tim
truc ctia than thanh truyén hudéng xudng
dau to thanh truyén.

Khi lyc P, truyén dén tam chot
khuyu, né tiép tuc duoc phan ra thanh
hai thanh phén Iwc moi1 dua trén hé toa
d6 cyc gan lién v6i ma khuyu bao gom
Luc tiép tuyén (T) va Luc phap tuyén
(Z) (Nguyén, 2006):

T=P 0B MN] O (6)
z=p=X0B [MN](])

Luc T: C6 phuong vuodng géc voi ban
kinh quay ctia ma khuyu. Day la thanh
phan Iyc duy nhét sinh ra mé-men quay
tong thé cta dong co: M, = TR. Chiéu
cua 7 quy udc duong (+) khi no tao ra
md-men cung chidu quay cia truc
khuyu.

Luc Z: C6 phuong doc theo ma
khuyu, di qua tdm quay cua truc khuyu.
Chiéu ctia Z duoc quy udc duong (+) khi
véc-to ¢6 xu hudng hudng vao tam truc
khuyu (gay nén ma khuyu) va am (-) khi
hudng ra xa tam truc khuyu (gay kéo ma
khuyu).

Bén canh lyc truyén tir than thanh
truyén xubng (Py), chdt khuyu con phai
chiu tdc dong lién tuc cia lyc quan tinh
ly tam khong ddi vé tri s6 nhung ludn
thay d6i vé hudng theo toc do goc w.
Luc quén tinh ly tm tong hop (Pxo) sinh
ra boi khéi lwong quay 1éch tAm ctia dau
to thanh truyén duoc xac dinh bang cong
thie (Nguyén, 2006):

P, = myRw?107% [MN]  (8)

Trong d6: m> 12 phan khéi lugng ciia
thanh truyén dugc quy dan vé tim chdt
khuyu thong qua dinh luat phan phdi
khéi lwong (thuong chiém tir 65% - 75%
tong khdi lwong than thanh truyén) (H6
va cong su, 2001).

Do d6, hop luc thuc té tac dung 1én
chét khuyu (Qe) 1a téng véc-to cua luc
truyén doc thanh truyén va lyc quéan tinh
ly tim quay (Nguyén, 2014):

Qch =P, tt + P ko
Qen =T +2) + Py, [MN] ©)

Pé thuan tién cho viée 1ap trinh tinh
toan sb trén bang tinh Excel, véc-to hop
luc Qe duoc chiéu 1én hé toa do vuong
gdc gan voi ma khuyu (truc tiép tuyén
va truc phap tuyén). Tri s6 dai sb tuyét
d6i ctia hop luc chdt khuyu tai mdi diém
goc quay a dugc tinh toan thong qua
dinh 1y Pitago mo rong (Nguyén, 2006):

Qcn =/T? + (Z + Py,)? [MN] (10)

Trong qué trinh thiét 1ap cong thirc
trén cac 6 tinh Excel, mi quan h¢ ham
lwong giac giita goc lic thanh truyén
va goc quay ma khuyu a duoc giai bang
biéu thirc lién két Briks tryc tiép nham

t6i wu hoa toc d6 xir Iy cta bang tinh (Vy
va cong su, 2006):
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sinf = Asina

cosf = V1 — A%sina (11)

3. Xay dung chwong trinh tinh toan
va s6 liéu khao sat

3.1. Thuit toan té chirc chwong trinh
trén Excel

Dé sb hoa hé théng cong thic giai
tich dong luc hoc, chuong trinh dugc
thiét 1ap trén bang tinh Microsoft Excel
theo ciu trac phan tang dir liéu logic.
Chu ky gbc quay truc khuyu a tir 0° dén
720° dugc chia nho thanh ludi dir liu
mot chiéu voi bude nhay Aa = 10°,
tuong tmg vaéi 73 ban ghi dong lién tuc
(Microsoft support).

Cau hinh dau vao

v

S6 hoa chu trinh

v

X ly thuat toan sb

¢

Reset & Kiém chuan

v

Xuat do thi dong

Hinh 2. So db khéi tién trinh thuat toan
cua chuong trinh tinh toan dong luc hoc
trén Excel

Dé hién thyc hoéa céng cu nay ma
khong can dung dén cac dong ma VBA
(Visual Basic for Applications) phtrc tap
nham git tinh than thién t&i da cho
ngudi hoc, chuong trinh t6 chirc cac cot
tinh logic tuyén tinh lién két. Tai cot dau
tién (Cot A), cac gia tri gbc quay truc
khuyu a dugce kéo tu dong tir dong thir 2
dén dong thir 74 (twong tmg tir 0°, 10°,
200,..., 720°).
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Quy trinh nhap cong thuc toan hoc
chuyén nganh dugc chuyén doi sang ct
phap ham Excel tai cac cot tiép theo nhur
sau:

Tinh toan goc lac thanh truyén # (Cot
B): Do ham lugng giac trong Excel (sin,
cos) mac dinh st dung don vi radians,
cong thirc tai 6 tinh dau tién duogc thiét
lap dudi dang:

=asin($\lambda$ *sin(radians(A2)))

Tinh toan lyc quan tinh P; (Cot C):
Ap dung tryc tiép cong thirc s6 (2) bang
ct phap:

=-mj*(0”"2)*R*(cos(radians(A2))+
$\lambda$*cos(2*radians(A2)))*10"-6

Nhap ap suat chi thi p va tinh luc khi
thé Py, (Cot D va E): Gia tri ap sudt p tai
tung goc do duogc tra ctru dong tir bang
dir liéu khai trién d0 thi cong p-a. Sau
6, lyc khi thé dugc tinh bang ca phap
Excel:

= (D2 - p_0)*(PL)*(D"2)/4)

Tinh toan cic thanh phan lyc dan
xuit Tva Z (Cot F va G): Str dung cic 6
trung gian cia hop luc P; (bang tong dai
s6 ot C va cot E), lyc tiép tuyén va phap
tuyén dugc l4p trinh bang cu phap:

= P1*sin(radians(A2) + B2)/cos(B2)

= P1*cos(radians(A2) + B2)/cos(B2)

Chuong trinh tich hop chiic nang
RESET thong qua co ché quan 1y 6 hing
s6 doc 1ap. Khi nguoi sir dung thay doi
cac thong s6 tai 6 dAu vao, toan bo 73
dong dir liéu trung gian va hé thong do
thi lién két s& 1ap tirc ty dong cap nhat,
t6i uu hoa thoi gian tinh toan khao sat
(Cuc Thong tin Khoa hoc va Cong nghé
Qudc gia).
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3.2. Thong s6 ky thuit thwe té cia
dong co Zil-130

Dé kiém ching do chinh xac cua
chuong trinh, nhém tac gia su dung bo
thong s6 danh dinh cua dong co xing
Zil-130 (Vy va cong su, 2006):

Kiéu loai dong co: Pong co xing, 4
ky, cdu hinh 8 xi-lanh b tri hinh chit V
véi goce 1éch gitra hai nhanh xi-lanh 1a y
= 90°. Thur ty nd (1am viéc) cua cac xi-
lanh dugc xac lap theo chu ky: 1-5-4-2-
6-3-7-8. Do ciu trac chit V chung mot
chét khuyu cho hai thanh truyén dong
hang, bai toan tinh phu tai chdt khuyu s&
dugc nhan doi toa do goéc pha luc (1éch
pha goc 90° cong tac).

Ché do cong suit cuc dai (NV.): Pat
gid tri 110 kW tai tbc d6 quay dinh mirc
n = 3250 vong/phut. Pay 1a ché do dong
hoc chinh dugc st dung dé tinh toan van

m3250
30

tbc goc truc khuyu: w =
340,3 rad/s.

Ché do mé-mer} xodn cuc dai (Mmax):
Dat 200 Nm tai toc do quay n = 2400
vong/phut.

Thong s6 hinh hoc co cdu: Puong
kinh danh nghia xi-lanh: D = 100 mm;
Hanh trinh cua piston: § = 95 mm; Ban
kinh quay ma khuyu R = 47,5 mm;
Chiéu dai tdm 15 thanh truyén: / = 185
mm; Hé s6 két cAu co clu truc khuyu -
thanh truyén: A = 0,25.

Thoéng s6 pha phéi khi va goc chuyén
dung (tinh theo d6 géc quay truc khuyu
- °TK): G6c m¢ sém cua xu-pap nap
(a1): 31°TK trude BDCT; Goéc dong mudn
cua xu-pap nap (a2): 83°TK sau BCD;
Goc mo sém cua xu-pap xa (f1): 67°TK
trude DCD; Goc dong mudn cua xu-pap
x4 (f2): 47°TK sau BDCT; Goc danh lua
som (@pa): 15°TK truéc BDCT (Vy va
cong su, 2006).

3.3. Hé théng dd thi két qua va phan
tich dac tinh phu tai

T mang dir li¢u s6 hoa, cong cu dd
thi cua Excel tu dong xuét ra cac biéu dd
khai trién dong luc hoc déng bo doc theo
chu trinh cong tac 720°TK.

Ap suit (MN/m2)
g
N

e
)

-1,8 ~
Pj -Thyc té

PO thj lye khi thé (P,)), Lyc quén tinh (P) va Lyc tong (P))

1 3 5 79 11 13 15 17 19 21 23 25 27 29 8} 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73

pkt-Thuc té pl T

Hinh 3. D6 thi khai trién cac thanh phan luc tac dung doc tAm xi-lanh (Py, P;, P;) theo
goc quay truc khuyu ()
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D6 thi biéu dién quy luat bién thién
cua cac lyc tac dung doc tdm xi-lanh
Hinh 3. Lyc khi thé Py bién thién dot
bién, dat gia tri cuc dai (Prmax) ngay sau
thoi diém piston qua DCT (a = 360°)
thuoc ky chdy va gian no, phu thude
hoan toan vao dién bién ap suat khi chay
trong budng dét (Heywood, 2018). Luc
quéan tinh tinh tién P; bién thién tuan
hsoan dang hinh sin 1€ch bac, dat gia tri
cuc tiéu dai sb tai cac vi tri DCT va cuc
dai dai s6 tai cac vi tri DCD. Hop luc
piston P; (duong tong hop dai s6 ciia Pi
va Pj) phan dnh mang ning luong thuc
té truyén tir dinh piston xudng dau nho

thanh truyén, lam co s& dé tinh toan bén
chét piston va phan tich can bang khoi
lwong chuyén dong tinh tién ciia dong
co (Nguyén, 2021).

D4 thi khai trién luc tiép tuyén (7) va
luc phap tuyén (Z) Hinh 4. Luc tiép
tuyén T bién thién cit truc khong tai cac
vi tri diém chét va dat dinh tai ky sinh
cong (o~ 375°TK), déy 1a luc cbt 15i tao
ra mo-men quay va quyét dinh viéc tinh
toan thiét ké khdi lugng banh da nham
ddéng déu hoa téc do6 goc truc khuyu
(Nguyén, 2014).

&
"

r

Ap suit (MN/m2)
o

£
wu

T
(MN/m2)

Do thi T, Z theo géc quay truc khuju

IN3 5/7/9 TWJI3 15 17 19 2W23 25 27 29 31733 35 [37 39 41 43 45\47 49 51 53 55 59,59 61 63/65 6/\69 71 73

Z oTK
(MN/m2)

Hinh 4. D) thi khai trién lyc tiép tuyén (T) va luc phap tuyén (Z) theo goc quay truc
khuyu ()

Luc phap tuyén 7 dat tri sb cuc dai
tai DCT (o = 360°), gay tai trong nén 1én
1én than ma khuyu va 1a thong sé bat

budc dé ki€ém nghiém uodn, xodn co truc
(Taraza, 2002).

Do thi Q, tac dung lén chot khuyu

] %° Qch atb
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& 15 [
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0,5
0 °TK
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Hinh 5. D4 thi khai trién tri sb tuyét ddi ctia hop luc tac dung 1én chét khuyu (Qcn)
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D6 thi khai trién tri sd tuyét d6i cua
hop luc tic dung 1én chét khuyu O
Hinh 5 gitp xac dinh gia tri hop luc
trung binh (Qw), phan a&nh mirc d6 thich
{mg chiu tai tong thé cua két ciu & ché
d6 khao sat (Nguyén, 2006).

Dic biét, két qua do thi phu tai véc-
to cyc (Polar Diagram) trén Hinh 6 biéu
dién ca huéng va do 16n ctia hop luc tac
dung Ién tung vi tri bé mat cia chdt
khuyu tai mdi thoi diém quay. Dbi véi
c4u hinh chit V8 chung mét chdt khuyu
cua dong co Zil-130, véc-to phu tai cé
dang duong cong khép kin dan xen phirc
tap do chiu sy tac dong déng thoi cua
hai thanh truyén léch pha goc 90° (Vy va
cong su, 2006). Y nghia thyuc tién 16n
nhét cia d thi cuc nay 1a gitp cac ky su
co khi x4c dinh chinh xac vi tri "vung
mu tai trong" — viing bé mit chét khuyu
chiu lyc tac dung it nhét hodc hdu nhu
khong chiu tai trong sudt chu trinh 720°.

Do thi phu tai tac dung
1én chot khuyu

1o

Jiky

i
[V,

N

2.5 Z
Z;

Hinh 6. D4 thi phu tai véc-to (d0 thi phu
tai dang cuc) tac dung 1én chdt khuyu

Toa d6 goc thude ving ap suat thap
nay s& dugc lya chon dé khoan 16 dan
dau bdi tron tir ¢ truc ra c6 chdt, dam
bao mang dau boi tron thity dong khong
bi phd huy, gidm mai mon cuc by va
ngan ngua hién tugng bo ket bac 16t khi
dong co lam vi¢c ¢ ché do tai trong cao
(Nguyén, 2006), (Oto-Hui).

4. Két luan

Qua qué trinh nghién cuu, xay dung
giai thut toan s6 va thr nghiém mo
phong trén dong co Zil-130, dé tai da
hoan thanh cac muc tiéu dé ra véi nhitng
két luan khoa hoc c6t 13i sau:

Di tung dung thanh cong phin mém
Microsoft Excel dé thiét 1ap mot chuong
trinh tinh toan sb hoa tu dong déng bo
hé théng dd thi dong luc hoc co cAu truc
khuyu - thanh truyén, dam bao do chinh
xéac cao va loai bé hoan toan céc sai sb
thi cong truyén théng (Microsoft
support).

Heé thong d6 thi khai trién luc (Pi, P,
Pi, T, Z, Qc) cing d6 thi phu tai dang
cuc xuit ra tr Excel c6 d0 tin cay cao, la
nguén dw liéu quan trong phuc vu truc
tiép cho cac bai toan kiém nghiém bén
chi tiét, tinh toan cin bang dong co va
t6i wu hoa hé thong boi tron thuy dong
thong qua vi tri khoan 16 dau (Nguyén,
2006).

Chtrc nang RESET cua chuong trinh
mang lai tinh linh hoat cao, cho phép
cap nhat tirc thoi toan bd ma tran dir licu
va d thi khi thay doi thong sd ciia mot
dong dong co mdi, tao diéu kién thuan
loi cho vi¢e khdo sat, so sanh da phuong
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an thiét ké (Cuc Thong tin Khoa hoc va
Cong nghé Quéc gia).

San pham nghién ctru 1a mot cong cu
truc quan, giup giai phong nguoi hoc
khoi khi lugng tinh toan thu cong ning
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