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HIEU QUA GIAM RUNG DONG BANG HAT GIAM CHAN CUA
BO TRUYEN BANH RANG TANG TOC

VIBRATION REDUCTION EFFECT BY USING DAMPING PARTICLES OF
THE SPEED INCREASING GEAR TRANSMISSION

Tran Thi Thanh Hai
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Bai bdo trinh bay cdc mé phéng sé si giam rung déng bang hat gidm chdn ciia bé truyén
banh rang thang tang téc. Khi hé thong banh rdng lam viéc, cdc hat giam chan ddt trong cdc hoc
cong nghé trén than banh rang va cham lan nhau va véi thanh hoc lam giam rung déng ciia hé
thong nho logi bé nang lwong dao dong théng qua ton that bao gém ma st va trao doi dong lrong.
Rung déng ciia bo truyén banh rdang dwoce danh gid théng qua gia toc khoi tdm cia bdnh rdang bi
déng. Qud trinh an khép ciia cde banh rdng va sw twong tac cia cdac hat giam chan dwge mé phong
théng qua hai phan mém Adam View va EDEM trén co sé phiong phdp phan tir roi rac. Két qua
cho thdy hiéu qua giam rung dong ré rét ciia bg truyén banh rdng khi ding hat giam chdn & toc do
quay 500v/ph/1000v/ph va 750v/ph/1200v/ph. Nhung & toc dé quay 1000v/ph/1600v/ph, khd néing
gidm rung dong khong dang ké. Ti 1é dién ddy hat 50% thé tich hoc sé cho hiéu qua gidm chdn tot
nhat.

Tir khéa: Bj truyén bdanh rang tang téc; Rung déng; Gia toc; Hat giam chdan; Phan tir
roi rac.

ABSTRACT

This paper presents the numerical simulations of vibration reduction by using damping
particles of the speed increasing spur gear transmissions. During the operating of gear stransmission,
the damping particles placed in technological holes designed on the gear itself collide with each
other and with the cavity wall, reducing vibration of gear through a loss mechanism including
friction and momentum exchange. The vibration of the gear transmission is assessed by the
acceleration of the driven gear’s center of mass. The kinematic processing of the gear system and
the collison behavior of the damping particles in the holes are analyzed by using Adams sofiware
and EDEM software based on the discrete element method. The results show that, the center of mass
acceleration is remarkably reduced when particles are used at the rotation speed of 500 rpm/800
rpm and 750 rpm/1200 rpm. However, at the rotation speed of 1000 rpm/1600 rpm, the accleration
reduction is not much. The number of particles accounting for 50% of the fill volume would reduce
vibration most effectively.

Keywords: Gear transmission; Vibration, Acceleration, Praticle; Discrete element method. &
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1. GIOI THIEU

Cong nghé giam chan hat 13 céng nghé
thu dong dé giam rung dong, bang cach dua ty
1¢ khéi luong phu hop va lap day mot phan cac
hat giam chén, dugc (mg dung trong nhiéu linh
vuc trong do c6 k¥ thuat co khi [1], [2]. Cong
nghé giam chin nay dugc ap dung cho cac bai
toan truyén dong banh rang [3], [4] thong qua
phuong phap mo phong dong luc hoc hé nhiéu
vat (MBD) va phuong phap phan tir roi rac
mot chidu (DEM) dé xac dinh anh huéng cia
céc hat giam chan dén dap ung dong hoc cia
chuyén dong banh rang.

Bai bao nay danh gia anh hudng cua hat
giam chin dén rung dong ciia bo truyén banh
ring tang toc thong qua mod phong sd. Str dung
hai phin mém Adams View va EDEM dé hd trg
phan tich dong hoc, dong luc hoc cua cdp banh
rang an khop va giai bai toan va cham giira cac
hat giam chan trén co sé phuong phap phan tir
roi rac.

2.COSO LY THUYET

Twong tac ctia cac hat giam chan dugc
biéu dién dudi dang phuong trinh chuyén dong
ctia phan tir hat trong khi va cham dic trung
boi lwong dich chuyén x theo mé hinh hoa cia
nguyén Iy Rayleigh [5] cho hai vét i va j chuyén
dong v6i van toc tuong ing v, vav, (Hinhl).

Hati Hat j

I Gidm chin (D)
v D4 cimg (K)
Hinh 1. Vat va cham theo mo hinh Rayleigh

Al Gidm chdn

=t DD SORE
Trrrer Ma st tregt

Hinh 2. Mé hinh phan tir va cham Hertz-Mindlin

Phuong trinh chuyén dong cua phan tir

hat:

mi + Dx*x + kx" =0 (D)
vl & = i ;= % cho m6 hinh va cham phi
tuyén:

mx + Dxsx + kxz= 0 (2)

Trong do, D 1a h¢ ) giam chén, k 1a d6
ctrng cua hat phan tir, m la khoi lugng cua phan
tur, x 1a lwong dich chuyén ctia phan tir theo thoi
gian.

Mo hinh va cham gilta cac hat giam
chan va giira hat v6i thanh hdc tuan theo mo
hinh luc tiép xtc Hertz-Mindlin [5], [6] nhu
Hinh 2. Luc tuong tac gitta cac hat vat chét
trong qué trinh va cham duogc biéu thi thong
qua lyc phap tuyén (F.) valuc tiép tuyén (F
boi cac phuong trinh sau [7]:

CT)

Fen = Fens + Fenp 3)
V6i: Foy s = 3;‘1‘;‘; 6,;; : [ Jgfa M X kb,

Trong do: F _ la lyc phap tuyen 16 xo
theo, FCND la luc phap tuyén glam chén. o la

chuyén vi tiép tuyen phap tuyén, 8" Jlavan toc
phap tuyen tuong ddi cla hat 1 voi hat 1, Gla
md-dun cét cta hat, v 12 hé s Poat xong; k 1a
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hé s6 do cung tiép xuc phap tuyén, & . 1a hé s6
d6 giam chan, M 1a khdi luong cua hat, r 12 ban
kinh hat.

Fen = Fens+ Fenp 4)

VOl Fers = Fersm-1n + AFergs | s Feng = j{dmﬁ*

, lalue tlep tuyen 10 xo,
crp la luc tiép tuyén giam
, la luc 10 x0 ¢ budce th01 g1an (n
- 1), AF la gia s6 cua lyc 10 xo tiép tuyén va
duoc tlnh theo cong thirc AF  =-k Ad, voik,
la do cung tiép xuc tiép tuyen va 6 la do dlCh
chuyen tiép tuyén. Ao, 1a do dich chuyen tiép
tuyén gia ting duoc b1eu thi theo A3 = 6," At,
voi 8" 1a vén toc twong déi va At 1a bude thoi
gian.

Trong do: F .,
1a ham tang dan, F
chén, F.,

3. MO PHONG SO

Hé thdng banh ring (Hinh 3) bao gom
hai banh ring thang (2, 4) an khép vé6i nhau
va duge ldp cb dinh trén cac truc twong tng
cua chung (1, 3). Banh rang dugc thiét ké véi
sau 16 cong nghé (5) duoc chia déu trén than
banh ring dé chira cac hat giam chan (6). Cac
hat giam chin dugc 1ap day trong cac hdc cong
ngh¢ voi ty 1€ nhat dinh. Khi hai banh rang an
khép, su va cham 1an nhau cua cac hat giam
chan va v6i thanh héc 1am giam rung dong cia
hé théng thong qua co ché mat méat bao gdm ma
sat va trao ddi dong luong.

Bénh ring

Tam chdn hat

Trye

Hinh 3. Hé thong bé truyén banh rang
- Thiét1ap hé mo phong trén AdamView:

Mo hinh dong lyc hoc cua hé théng banh rang
nghién ctu duoc thiét lap bang phin mém
Adams View. Dé don gian hoa co hé ciing nhu
t6i wu héa qua trinh mo phong, truc va banh
rang dugc thiét 1ap nhu trong Hinh 4. Dt trong
luc cho hé théng khao sat theo huong -Y va dat
gia tri 1 9,8 m/s2. Mdi banh ring va hai 6 bi
dugc thiét 1ap dé khong co chuyén dong tuong
d6i vai truc bang cach khod cac chi tiét nay trén
truc dé tao thanh mot hé thong ctimg. Vat lidu
cho cac banh ring va truc 13 thép. Tao chuyén
dong quay cho truc véi van toe goc 1a /s, thiét
lap tuong tac gitra hai banh rang va dat cac luc
tuong tac 1én cac banh rang.

Hinh 4. H¢ thong truyén dong banh ring mé
phong trong phan mém Adams

"| 4
o, 1,

"“-t;':' ) i by gl
-\"'\..‘ill LA —— ] |

Hinh 5. M6 hinh hat gidam chdn va bé truyén banh
rang mo phong trong EDEM

- Thiét 1ap hé mod phong trén EDME: ¥
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Tao mo hinh mo6 phong trén phan mém EDEM
dé thuc hién qua trinh tinh todn Gmg x{r ctia cic
hat giam chan v&i nhau va véi hé banh ring.
Nhap mé hinh CAD dinh dang .step, thiét 1ap
vat liéu cho hé banh rang véi hé sb Poat xong v
=0,3, khdi luong riéng p = 7801 kg/m?, mo-dun
dan hdi E =2,07.10'" Pa, hé sé phuc hdi 0,8, hé
s6 ma sat tinh 0,2, hé s6 ma sat 1an 0,01. Hat
giam chan c6 ban kinh r = 1,5 mm. Thoi gian
mod phong dugce tinh theo thoi gian Rayleigh
v6i gid tri 20%. Ban kinh tdi thiéu ctia ludi tinh
toan tir 0,002 m dén 0,003 m. Hinh 5 13 m6 hinh
hat giam chan va h¢ banh ring chira hat giam
chan trong cac hdc cong nghé.

- Thiét 1ap lién két moé phong Adams-
EDEM: M6 phong hé théng dong thoi trén hai
phan mém théng qua mot phan mém trung gian
Adams Co-simulation (ACSI) dé trao doi dir
lidu, tat ca cac thiét lap va cac thong so luc nay
déu do ACSI quan ly. Phan mém Adams View
dua ra thong tin vé chuyén dong, vi tri, van tde
va gia toc cua hé, sau do s& 1ay cac dir liéu nay
dé tinh toan va két hop véi su tuong tac clia cac
hat giam chin roi lai tra dit liéu vé vat liéu, sy
tuong tac d6 vé cho Adams.

4.KET QUA

Thyc hién m6 phong hoat dong bo
truyén banh rang ting toc voi ti s6 truyén i =
1,6 (Z32/720, mo-dun 4.5) khi khong sir dung
va ¢6 st dung hat giam chén & ba toc d6 quay
500 v/ph, 750 v/ph, 1000 v/ph (cua truc chu
dong)/800 v/ph, 1200 v/ph, 1600 v/ph (cia truc
bi dong). Puong kinh hat giam chin d = 3 mm
Vi céc ti 18 dién day thé tich hoc cong nghé 1a
45%, 47,5% va 50%. Gia toc cua hé thong lay
theo gia toc tai tim banh rang bi dong.

Hinh 6 1a gia tbc khdi tam banh rang khi
khong c6 va c6 hat giam chin véi ti 1¢ dién day
héc 1a 50%, tirc 180 hat/hdc trén banh rang chii
dong va 97 hat/héc trén banh ring bi dong & toe

d6 quay 500 v/ph/800 v/ph & ché d6 lam viéc
on dinh. Gia tdc c6 don vi m?/s theo truc tung,
thoi gian banh riang an khép tinh bang gidy theo
truc hoanh. Ta thiy, rung dong ctia hé thong khi
cac banh rang an khdp duogc thé hién rd qua su
bién thién cua gia toc theo thoi gian. Khi ¢o hat
giam chén, gia tdc khdi tim gidm 10 rét, bién do
dao dong cua gia trj gia tbc nho hon va déu hon
bién do dao dong cua gia tri gia téc khi khong
6 hat giam chan. Gi4 tri gia toc 16n nhét khi
khong str dung hat giam chan 1 15467 m/s2, gia
tri nay giam 47,2% khi c6 hat giam chin va con
la 8173 m/s.

Pt b bt L o

Hinh 6. Gia toc khoi tam banh rang khi khéng c6
va co hat giam chcfn,
50% dien day héc, 500 v/ph/800 v/ph

Hinh 7 va Hinh 8 so sanh gia toc khi
tam banh rang & cung toc d6 quay 500 v/ph/800
v/ph khi str dung 162 va 87 hat (45% dién day),
171 va 92 hat (47,5% dién day) va 180 va 97
hat (50% dién day). Gia tri gia toc cuc dai lan
luot giam dan twong Gng véi phan tram dién
day thé tich hbc 45%, 47,5% va 50%. Gié tri do
16n gia toc khi st dung 180 va 97 hat dao dong
xung quanh 8173 m/s?, gia tri nay giam 4,3%
so voi khi str dung 171 va 92 hat (8517 m/s?) va
giam 12,4% so véi khi st dung 162 va 87 hat
(9330 m/s?). Ty 1é dién day héc 1a 50% co hiéu
qua giam chan t6t hon so vai hai ty 1& dién day
con lai.
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Hinh 7. Gia toc khoi tam banh rang khi c6 hat
gidam chan, 45%-50% dién day hoc,
500 v/ph/800 v/ph
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Hinh 8. Gia toc khoi tam banh rang khi c6 hat
giam chan, 47,5%-50% dién dc”iy hoéc,
500 v/ph/800 v/ph

O tdc @6 750 v/ph/1200 v/ph va ti 1&
dién day hoc 50%, gia toc khdi tim banh riang
giam 13 rét khi sir dung hat giam chan (Hinh
9). Khi khong c6 hat giam chin, xuét hién
nhiéu gia tri 16n ¢6 budc nhay rd rét so véi thoi
diém lan can. Gia tri do 16n gia toc 16n nhat khi
khong c6 hat giam chan 1a 15419 m/s%, gia tri
nay giam hon 39,8% con 9279 m/s? so v6i khi
¢6 hat giam chan. Hinh 10 va Hinh 11 so sanh
gia toc khéi tim banh rang khi st dung 162 va
87 hat, 171 va 92 hat, 180 va 97 hat. Bg 16n
gi tri cuc dai 1an luot giam dan tuong tng voi
phan tram dién day hdc 45%, 47,5% va 50%.
Khi sir dung 50% dién day, do 1on gia tri gia
téc dao dong xung quanh 9279 m/s?, gia tri ndy
giam 21,8% so véi khi sir dung 47,5% dién day
(11769 m/s?) va giam 29,1% so v6i khi st dung
47,5% (13089 m/s?).
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Hinh 9. Gia téc khoi tam banh rang khi khéng c6
va co hat giam chan,
50% dién day hoc, 750 v/ph/1200 v/ph
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Hinh 10. Gia toc khéi tam banh rang khi ¢é hat
giam chan, 45%-50% dién day hoc,
750 v/ph/1200 v/ph
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Hinh 11.Gia téc khéi tam banh rdng khi ¢é hat
giam chan, 47,5%-50% dién day hoc,
750 v/ph/1200 v/ph

O tdc @ 1000 v/ph/1600 v/ph va ti 1¢
dién day hdc 50%, gia téc khdi tim banh ring
khi ¢6 hat giam chan téi wu hon khong nhiéu
ca vé do 16n va do on dinh so voi khi khong
¢6 hat giam chan (Hinh 12). Diéu nay co thé
giai thich, & tdc do cao, quan tinh 16n nén cac

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 304, thang 6 nim 2023 K
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

hat giam chin va cham véi nhau rét it do co
xu hudng quay cung voi banh rang. Gia tri gia
tdc 16n nhat khi khong str dung hat giam chin
la 16810 m/s?, gia tri nay giam 21,5% so vai
khi c6 hat giam chan va con 13198 m/s?. Khi
tang phan trim dién day thé tich hdc tir 45%
1€n 47,5% va 50%, dao dong cuc dai cta dd thi
gia toc lan luot giam dan (Hinh 13 va Hinh 14).
Gi4 tri d6 16n gia toc khi st dung 50% dién day
héc dao dong xung quanh 13198 m/s2, gia tri
nay giam 18,6% so voi khi sir dung 47,5% dién
day (16209 m/s) va giam 43,7% so v6i khi st
dung 45% dién day (23426 m/s?). Khi thé tich
hbc duoc dién déy 50% hat, gié tri rung dong
cuc dai van giam nhiéu.

JTII'!W‘{'H ..-|'i'|“r .m‘i"ra.
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Hinh 12. Gia toc khoi tam banh rang khi khéng cé
hat giam chan,
50% dien day hoc, 1000 v/ph/1600 v/ph
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Hinh 13. Gia toc khéi tam banh rdng khi ¢é hat
giam chan,
45%-50% dién day hoc, 1000 v/iph/1600 v/ph
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Hinh 14. Gia toc khoi tam banh rdng khi cé hat
giam chan,
47,5%-50% dién ddy hoc, 1000 v/ph/1600 v/ph

5. KET LUAN

Qué trinh 4n khép cua bd truyén banh
rang va qua trinh tinh toan mg xtr cia cac hat
giam chin v4i nhau va véi thanh hbc cong nghé
dugc md phong trén phan mém Adams View
va phan mém EDEM trén co sé phuong phap
phan tir roi rac. M6 phong hé théng banh ring
dong thoi trén hai phan mém nay dé trao doi
dir liéu trong sudt qué trinh hai banh ring an
khép. Phan mém Adams View dua ra thong tin
vé chuyén dong, vi tri, van tde va gia tdc cua
hé, sau do sé léy cac dir licu nay dé tinh toan va
két hop v6i su trong tac cia cac hat giam chan
r0i lai tra dir liéu vé vat liéu, su twong tac d6 vé
cho h¢ thong trong Adams.

Hiéu qua giam rung dong tot nhat khi
sir dung hat giam chdn véi ti 1¢ dién ddy mdi
héc 50% véi tat ca cac toc do quay. Vi ti 18
nay, & toc do quay 500 v/ph/800 v/ph va 750 v/
ph/1200 v/ph, gia tc khdi tAm banh ring giam
0 rét, bién do dao dong cua gia tri gia tdc nho
hon va déu hon bién do dao dong cua gia tri
gia toc khi khong c6 hat giam chan, gi trj gia
tbc 16n nhét 1an luot giam 47,5% va 39,5%.
Nhung & téc d6 quay 1000 v/ph/1600 v/ph, gia
téc khdi tam t6i vu hon khong nhiu ca vé do
16n va d6 6n dinh so véi khi khong c6 hat giam
chén, du vay, gia tri gia tbc 10n nhit van giam
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21,5%. biéu nay cé thé gidi thich, ¢ tde do cao,
quan tinh 16n nén cac hat c6 xu hudng quay
cung banh ring va bam vao thanh héc nén hau
nhu khong cé sy va cham gilra cac hat do do
giam dang ké hiéu qua giam rung dong. <
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