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RESEARCH OSCILLATION OF ANGULAR VELOCITY OF INTERNAL
COMBUSTION CRANKSHAFT BY EXPERIMENT METHOD
ON ENGINE 1417,5/24 3
Vi Van Tap, Nguyén Lan Huong
Vién Co khi, Pai hoc Hang hai Viét Nam

Tém tdt: Trong bai nghién cizu nay nhom tac gia da chi ra cac nguyén nhan dan téi viéc thay doi
vdn toc goc cua truc khuyu déng co dot trong, phan tich co sé Iy thuyét dan téi s thay doi van toC goc
cua truc khuyu trong mét chu ky lam viéc cua dong co va su anh huong cua Cua né. Sau do tién hanh
do thuc nghiém trén dong co 1417,5/24 trong cac ché do tai. Tir nhitng két qua do dwoc nhom tac gid
tién hanh phan tich ket qud va vé biéu do thay déi van téc cia truc khuyu trén cac ché o tdi, ciing nhu
tinh todn hé so 6 cho moi Che dé tai. Két qua cho thay s thay doi xung dgng cia md men xodn bang
cach sir dung thiét bi cung cap nhién ligu nhiéu lan, khi @6 nhién liéu va khéong khi dwoc hoa trén tot
hon lam cho qué trinh chay xdy ra déu va én dinh.

Tir khéa: Dao déng vdn toc goc cua truc khuyu; thay doi van toc goc cua truc khuyu; dnh hweng
cua sw thay doi van toc goc.

Chi sé phan logi: 2.1

Abstract: In this study, we have shown causes to lead to a change of angular velocity of internal
combustion crankshaft, theoretical basis analysis leads to a change of angular velocity of internal
combustion crankshaft in working cycle of the engine and its influence. Then we conduct experimental
measurement on the engine 1417,5/24 in the case of the load modes. from measured results we conduct
an analysis of these results and plot diagrams of the change of angular velocity of a crankshaft in the
load modes, as well as calculate the coefficient ¢ for each loading mode, the results showed that the
change of impulse torque by using the device, which supplies fuel at many times, then the fuel and air
are better blended, making the combustion process more stable.

Keywords: Oscillation of angular velocity, change of angular velocity, influence of the change of
angular velocity.

Classification number: 2.1

1. Giéi thiéu

Nghién ctru dao dong van téc goc (su thay
ddi van toc goc) ciing 1a bai toan quan trong
dé tang cong suét, d6 bén cling nhu d tin cay
cua cac phan tir dong co, sau do 1a giam chi
phi trong qua trinh bao dudng sira chira. Su
thay doi van téc goc cua truc khuyu da duoc
quan tdm dén tir nhitng nam 70 cua thé ky
trudc trong cac sach viét vé dong co dét trong
nhu cia Gido su B. [ Baykov,
V.A.Vansheydt... hay sach cua Gido su I. V.
Voznitskiy xuat ban nam 2008 va bai bao cua
nhom tac gia Pokusaev M.N., Sibryaev K.O.,
Shevunn A. V tién hanh do thuc nghiém trén
hé truc tau thuy dang nam 2008 [6]. Do vay
hau hét cac tai liéu viét vé dao dong xoin cua

goc trong mét chu ky lam viéc cua déng co la
do su hoat dong theo chu ky cua cac xi lanh
dan téi su tac dung tong hop cua luc tiép tuyén
hodc mé men xoan lén truc khuyu khéng 6n
dinh cho nén c6 thoi diém trong chu ky do truc
khuyu quay nhanh va c6 thoi diém quay cham
hon, dic trung cho su thay d6i nay 1a hé s6 4.
(tam goi hé sé quay khong dong déu cua truc
khuyu). Khi hé s6 nay cang 16n thi sy thay doi
van toc goc trong mot chu ky lam viéc caa
dong co cang 16n va nguoc lai. Sy thay d6i mo
men xoan la nguyén nhan dan dén rung dong
dong co va than tau, sy xuat hién dao dong
x0dn, ciing nhu anh huéng dén thiét bi tiéu
thu.
2. Co sé ly thuyét

hé truc tau thuy, cac tac gia khong thé bo qua
phan dao dong van toc goc cua truc khuyu.
Nguyén nhan chinh cta sy thay doi van toc

Trong phan nay nhom phan tich ky hon
vé cac yéu t6, su anh hudng caa viéc thay doi
van téc goc truc khuyu dong co dét trong cling
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nhu cach xac dinh hé sé khong 6n dinh cua
van téc goc.

2.1. Phan tich céac yéu t6 anh hwéng dén
sw thay doi van téc goc cia truc khuyu va
sw anh hwéng cia no

Phan tich yéu t6 sb luong xi lanh trong
dong co. O dong co ddt trong nhiéu xi lanh
truc khuyu tiép nhan cac mé men xoin lan
luot tir tat ca cac xi lanh. Su tac dung cua luc
khi thé sinh ra & cac xi lanh tac dung 1én truc
khuyu khéng cung mét lac, cling nhu sy phan
b cua cac khuyu truc khdng nam trén cing
mot mat phang, ma theo mot goc xac dinh
tuong ddi véi nhau tly theo tirng loai dong co
(hai ky hay bon ky). Su tang cac xi lanh 1am
tang s6 lan tac dung 1én truc khuyu & mdi vong
quay cua truc va lam cho truc khuyu quay déu
hon. Vi du nhu déng co bén xi lanh & vi tri bét
ky cua truc khuyu dién ra mot ky sinh cong
trong mot xi lanh, & tdm xi lanh - ddng thoi &
hai xi lanh, & muoi hai xi lanh - dong thoi ¢
ba xi lanh. Do vay su tang s6 luong xi lanh
1am thay d6i mé men xoan déu hon trong dong
co, vi thé bién do thay ddi van tbc goc trong
mot chu Ky it hon.

Do su lam viéc khéng hiéu qua hoac
khong 1am viéc cua mot hodc mot sé xi lanh,
qua trinh chay trong xi lanh khong dat duoc
cong dinh mac vay nén luc tac dung Ién piston
cua xi lanh nay nhé hon so véi céc xi lanh
khéc dan téi van tdc goc cua truc khuyu & thoi
diém d6 thay d6i so véi van téc dinh muc.
Nguyén nhan din dén viéc xi lanh l1am viéc
khong hiéu qua nhu dong mo xu pap, vi hong
xéc mang khi, 4p suat nén thap, su hoa tron
hén hop nhién liéu va khdng khi khdng tét, voi
phun nhién liéu bi hong ciing nhu hon hop
nhién liéu va khong khi khéng chay. Trong
mot s6 nghién cau chi ra rang khi dong co
chinh cua tau thay & tai nhé ma mét sé xi lanh
khéng lam viéc thi sy quay khong dong déu
cta truc khuyu tang tir hai dén ba lan, né ciing
la nguyén nhan dan dén sy tang rung dong cua
than tau thay [3].

Phan tich yéu t6 dong co lam viéc & ché
d6 khong tai. O ché do khong tai cong sinh ra
chi da dam bao sy quay cua truc khuyu véi
van toc 6n dinh thap nhat. Hiéu suat chi thi &
ché d6 nay khong cao. Téc do hoa tron hdn

hop nhién liéu-khéng khi trong cac ky hut va
nén khong tét, ap suit khong cao ¢ duong dng
hit dan dén nong d6 céac chat phan tng thap
(hydrocacbon va 6 xy) do vay qua trinh chay
dién ra cham va khong déu. Bo giam ap suat
giita cac dng hit va xa véi sy tang thoi gian
cua tit ca cac qua trinh da lam khi xa quay
nguoc lai budng chay.

Phan tich yéu t5 loai dong co. O dong co
bdn ky thi mot chu ky thuc hién boi hai vong
quay cua truc khuyu ma trong d6 ntra vong
quay truc khuyu chiu anh huéng tir tac dung
cua luc khi thé, con ba nira vong quay con lai
do nang lugng tich liy cua banh da. Khi do6
trong thoi gian cua ky sinh cong van téc quay
cua truc khuyu nhanh hon so vai cac ky con
lai. Do d6 dong co bon ky hé sé quay khdng
dong déu Ion. Con tai dong co hai ky thi ky
sinh cong dién ra qua moi vong quay cua truc
khuyu. Do d6 su thay doi van téc goc (hay hé
s6 quay khong ddng déu) cia dong co hai ky
nho hon so véi dong co bon ky.

Phan tich yéu té anh huong boi cudng do
ctia md men xoin & mat bich va & canh chan
vit. Su xuat hién nay dién ra ¢ dong co chinh
cua tau thuy do cac nguyén nhén nhu dong co
truyén md men xoan cho chan vit qua truc dan
dong khi do dong co dirng dot ngdt ma chéan
vit van quay; chuyén nhanh ché do lam viéc
ctia dong co; thay d6i hudng chuyén dong cua
tau lam luc can cua nudc tdc dung manh 1én
tau do vay giam moé men xoin caa chan vit; su
cd cua chan vit; thiéu dau boi tron trong cac o
d cua truc dan qua do6 sy xuat hién ma sat 1am
giam hiéu suat co gidi.

Sy thay doi van téc goc anh huong khéng
t6t 18n su lam viéc cia dong co dugc xac dinh
qua cac tinh chat khai dong va su 6n dinh cua
cac ché do van hanh. Khi do tt ca cac chi tiét
truyén mé men xoan lam viéc véi tai va dap,
lam tang d6 mon cua cac chi tiét dong co nhu
thanh piston, chét piston, méa khuyu, bac truc
va 1am long cac chi tiét lién két dan dén hong
cac duong 6ng dan, cling nhu 1am sai 1éch chi
s6 cua céc thiét bi do. Con ddi vai mot sé thiét
bi nhan nang lugng tir dong co chang han nhu
may phat dién xoay chiéu vay nén su thay doi
van téc goc cua tryc khuyu dong co dan dén
su thay ddi hiéu dién thé ciing nhu tan s trong
ludi dién.
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_2.2. Tinh toan hé s6 quay khéng déng
deéu caa truc khuyu dong co 1417,5/24
Pé xac dinh hé sb quay khong ddng déu
cua truc khuyu xac dinh bang biéu thuc [1]:

5=161. 106.% (1)

Trong dé: k 1a hé sé dugc xac dinh theo
bang 1, hé s6 nay phu thudc vao sé luong xi
lanh trong dong co; Nn 12 c6ng suét cua dong
co, kw; J 1a md men quan tinh cua tat ca khoi
luong quay quy doi den truc cuia dong co bao
gém md men co cau tay bién-thanh truyen
cling nhu banh da, chan vit va hop giam toc,
N.m?% n la sé vong quay cua truc khuyu,
vong/phut.

3. Tién hanh thuc nghiém va phan tich
két qua

Nhom tién hanh do thyc nghiém trén
dong co 1417,5/24, 1a dong co bon ky lai may
phat dién xoay chiéu do Bac san xuat duoc
truong AITY (ASTU) mua va lip dit tai
phong thi nghiém cua truong dé phuc vu giang
day va nghién ctru dong co. Ban dau dong co
¢6 ba xi lanh nhung dé phuc vu nghién ctru da
th4o hai xi lanh chi con dé lai mot xi lanh 1am
viéc. Thiét bi dé tién hanh thuc nghiém gom
c6 cam bién xac dinh diém chét trén duoc lap
trén banh da cua dong co. Nguyén ly hoat
dong cua cam bién 1a cam ung dién tir. Mot
cam bién ap suat duoc lap trén nap xi lanh dé
xéc dinh &p suét trong qua trinh 1am viéc cua
dong co, qua do6 xac dinh cac ky trong chu ky
lam viéc va encoder dé chuyén doi géc quay
cua truc vé tin hiéu dién. Ngoai ra con c6 céc
thiét bi khac dé két ndi truyén tin hiéu vé may
tinh (hinh 1) va céc dung cu can thiét dé lap
dat thiét bi. Cac tin hiéu cta cam bién nhan
duoc s& tién hanh ma hda ¢ bo xir ly trung tam
va dua vé may tinh & dang file excel. Trong

file gdm c6 cac thong sé nhu mdi goc quay
cta truc khuyu, thoi gian twong (g véi moi
g6c, ap suat trong qua trinh 1am viéc cua dong
co. Nhém tién hanh do thuc nghiém tuong
g véi tinh toan Iy thuyét & cac ché do lam
viéc cua dong co.

Hé sé quay khong dong déu dugc xac
dinh qua van téc goc theo cong thuc [1]:

@ —_.
max " min ()

“th

Trong d6: wmax 12 van téc 16n nhat cua
truc khuyu trong mét chu Ky; emin 12 van téc
nhé nhat cua truc khuyu trong mot chu ky: o
1a van téc trung binh cua truc khuyu trong mot
chu ky. Sau d6 tién hanh xt ly sé liéu trong
excel va dugc két qua biéu thi sy thay doi van
tbc goc twong wng VGi goc quay truc khuyu
cua dong co 1417,5/24.

Tir két qua phan tich ta thiy rang su thay
ddi van téc goc dung theo phén tich Iy thuyét
va hé sb quay khong déu cua truc khuyu thay
doi theo cdng suat caa dong co tir hinh 2 dén
hinh 6 (trén mdi hinh la 14 chu ky cong tac).
Nhu trén hinh 2 chi ra gi6i han van téc goc Ion
nhét va nho nhit ciing nhu hé sé quay khdng
ddng déu & ché o 25%N 12 0,016 va tuong tu
ddi vai cac ché do 50%N, 75%N, 100%N va
110%N la 0,018, 0,0230, 0,0233 va 0,0276.
Hinh 7 chi ra sy thay d6i cua hé sé quay khdng
dong deéu theo két qua tinh toan ly thuyét va
thuc nghiém vai ving hé sé quay khong déu
tiéu chuan (ving tiéu chuan caa hé s6 quay
khong déu cua dong co dugc biéu thi trong
khoang giira hai duong nam ngang khi dong
co chua thao hai xilanh). O ché 46 100%N thi
hé s6 quay khong dong déu tinh theo ly thuyét
la 0,0124 va thuc nghiém la 0,233.

S=

Bdng 1. Gia tri hé so k [1].

Pong Sé xi lanh, i

co 1 2 3 5 6 7 8
B6n ky 31 1,3 0,8 0,17 0,3 0,1 0,13 0,09
Hai ky 1,3 0,58 0,25 0,11 0,045 0,025 0,01 -
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Bdng 2. Hé s quay khong dong déu ciia truc khuyu dong co 1917,5/24
¢ cac cheé d¢ khac nhau cua cong suat.

N, kW n, vong/phut k J, kg.m? é
110% Nn=17,6 630 31 257,55 0,01364
100%Nn = 16 630 31 257,55 0,0124

75% Nn=12 630 31 257,55 0,0093
50% Nn=8 630 3,1 257,55 0,0062
25% Nn=4 630 31 257,55 0,0031
Vi tri lﬁp dat cam
BN a | 1
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op bd xw Iy
ung tim
Hinh 1. Hinh ldp dat cac thiét bj trén dong co 1917,5/24.
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Hinh 4. Hé so quay khéng dong déu 75%N.
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Hinh 7. Biéu do thay doi hé sé quay khéng dong déu phu thugc vao cong sudt.

4. Két luan

Bai viét di chi ra cac yéu t6 dan dén sy
thay doi van téc goc ciing nhu sy anh huong
cua nd, co s ly thuyét tinh toan hé s quay
khong dong déu cua truc khuyu, tién hanh do
thuc nghiém trén dong co va da phan tich Kkét
qua do, nhu két qua cho thay rang thuc nghiém
kiém ching lai co s¢ ly thuyét va theo ding
quy luat, d6 léch két qua co thé xay ra do thoi
gian sir dung dong co di 1au. Khi so sénh két
qua thuc nghiém véi tiéu chuan cua dong co
Vi ba xi lanh 1am viéc thi hé s quay khéng
déu cua truc khuyu gap 2.33 lan so véi tiéu
chuan. Bé giam hé s6 quay khong déu cua truc
khuyu c6 thé sir dung cac phuong phap dé xuat
sau:

- Thay ddi xung dong caa mé men xoin
bang céch sir dung thiét bj cung cp nhién liéu

nhiéu lan, khi @6 nhién liéu va khong khi duoc
hoa tron tot hon lam cho qua trinh chay xay ra
déu va o6n dinh;

- Co thé lap dat thict b dap tat dao dong
¢ dau tu do cua truc khuyu dong co;

- Thay dbi s6 lwong xi lanh 1am viéc, bang
cach khéi phuc lai sy lam viéc cua hai xi lanh
da thao;

- Phuong phép diéu chinh bang banh da,
cach nay can tién hanh tinh toan lai banh da
tuwong tng vaéi dicu kién thuc té caa may.

Két qua c6 thé 1am tai liéu tham khao dé
hoc tap hodc nghién cau ¢ cac linh vuc lién
quan. Bai bao phan anh két qua nghién cuau
cua d¢ tai khoa hoc cap truong “Nghién ciru
su dao dong van toc goc cua truc khuyu dong
co dot trong bang phuong phdp thuc nghiém
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trén dong co 1417,5/24”Q
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