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TOM TAT

Bdnh rdang nhwa ngdy cang diege sir dung rong rdi trong cdac hé théng truyén dong nho wu
diém nhe, it 6n va chong an mon. Tuy nhién, do bén tiép xiic van la thdach thike 16m, nhat la trong
diéu kién tdi trong cao hodc toc dg 16n. Nghién cieu nay sir dung phwong phdp Taguchi dé xdc dinh
va ddanh gid mirc @6 dnh hwéng dnh hwéng cdc thong sé hinh hoc va vin hanh dén do bén tiép xiic
banh rang nhya. Cdc dai heong khdo sdt gom mé-dun, sé rang, chiéu rong mdt rdng, tdi trong, ti s6
truyén, goc an khop, ... Ma tran truc giao L27 dwoc dung dé thiét ldp cac 16 hop thi nghiém, va do
bén tiép xiic dwge xdc dinh qua mé phong. Phan tich ANOM cho thdy mikc d¢ anh hwéng tirng nhén
16. Phan tich ty s6 tin hiéu trén nhiéu (S/N) givip xdc dinh t6 hop tham sé t6i wu nham néng cao dé
bén tiép xiic. Két qua nghién ciru la co s cho thiét ké hiéu qua cdc hé truyén déng banh rang nhia
chiu tai cao.

Tw khéa: Banh rang tru, Vat liéu nhua, Taguchi; Do bén tié}) xtic; Tiéu chudn VDI
ABSTRACT

Plastic gears are increasingly used in power transmission systems due to their advantages
of light weight, low noise, and corrosion resistance. However, contact strength remains a major
challenge, especially under high-load or high-speed conditions. This study uses the Taguchi method
to identify and evaluate the influence of geometric and operational parameters on the contact
strength of plastic gears. The variables investigated include module, number of teeth, face width,
transmission ratio, pressure angle, and so on. An L27 orthogonal array is employed to establish
the experimental combinations, and contact strength is determined through simulation. Analysis of
Means (ANOM) reveals the level of influence of each factor. Signal-to-noise (S/N) ratio analysis is
then used to determine the optimal parameter set for enhancing contact strength. The results of this
research provide a foundation for the efficient design of high-load plastic gear transmissions.

Keywords: Plastic gears; Plastic material; Taguchi; Contact strength, VDI standard.
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1. GIOI THIEU

Bénh rang nhya ngay cang dong vai tro
quan trong trong cac hé thong truyén dong hién
dai nho wu diém nhu trong luong nhe, d6 dan
hdi cao, chiu va dap tdt va kha nang lam viéc
khong can béi tron [1, 2]. Nho tién bo trong
cong ngh¢, banh rang nhya da tré thanh giai
phap thay thé hiéu qua cho banh ring kim loai
trong nhiéu linh vuc nhu 6 t0, tu dong hoa va
cong nghiép hoa chat. D van con han ché vé
d6 bén co hoc va kha niang chiu tai, nhung nho
cai tién vé vat liéu, banh ring nhya ngay cang
bén hon, dang tin cdy hon, gitip giam chi phi
va nang cao hiéu suit trong méi truong khic
nghiét.

Do bén tiép xuc 1a mot trong nhirng co
ché hu hong pho bién trong cac hé théng truyén
dong banh rang nhya, v6i cac dang dién hinh
nhu troc rd, bong troc va giy hodc 10m mit
rang. Tréc 1o 12 hién tugng xut hién cac vét rd
nho trén bé mit tiép xuc, trong khi bong troc 1a
su bong tréc 16p vat liéu do ung suat qua 1on.
Gay hoic bién dang ring xay ra khi tng suat
vuot qua gidi han chiu dung cua vat li¢u [3].
Nhitng hu hong nay lam giam hiéu suat, do tin
cdy va tudi tho cua hé théng. Nguyén nhan chu
yéu 1a do tng suét tiép xtic vuot mirc cho phép,
vi vdy viéc tinh toan va danh gia do bén tiép
xtc dong vai tro quan trong trong thiét ké banh
rang nhuya.

Dé ti thiéu thi nghiém va giam thiéu
anh hudng boi nhitng nhén té gay ra sy sai léch
tir 46 nhanh chong diéu chinh cac thong s6 tién
dén t6i wu nhanh nhat, phuong phap Taguchi
duoc lya chon nhu moét giai phap hi¢u qua, giap
xac dinh cac gia tri t6i wu [4]. Phuong phéap
Taguchi c6 mot pham vi img dung rong rai, tir
vi sinh vat hoc dén néng nghiép, tir duoc pham
dén k¥ thuat. Phuong phap Taguchi c6 pham

vi ing dung rong rii trong nhiéu linh vuc khac
nhau, va gan day duoc ap dung trong linh vuc
thiet ké co khi [5].

Muc tiéu cua nghién clru nay la tap
trung phan tlch yéu to anh huéng va tim ra t6
hop thong sd t6i wu nham nang cao do bén tiép
xtc cua banh ring nhua. Bang cach st dung
phuong phap Taguchi dé danh gia xac dinh
mirc 46 anh hudng cua cac thong sb dén ung
sut tiép xuc, xdy dung phuong trinh héi quy
dé xac dinh t6 hop thong s t6i uu.

2.CO SO LY THUYET
2.1. P bén tiép xiic ciia banh ring nhua

Theo tiéu chuan VDI-2736, Gmg suat
tiép xac 16n nhit banh ring nhya than khai
duogc tinh toan theo cong thic Hertz, voi gia
str dang tiép xuc gitta hai bé mit than khai cua
rang 1a tiép xuc cia hai tru tron c6 duong kinh
lad =d, sina . Cong thirc tinh nhu sau [6]:

Fey. K. (u+ 1)
b.d;.u

on = Zy-Zy. Z. Zp. (1)

V01 7, lah¢ sO xét dén co tinh vat liéu;
Z.1a hé s6 Xet dén hinh dang clia bé mat tiép
xuc; Z 1a he s6 xét dén téng chiéu dai tiép xic;
ZB la he sO xét dén anh hudng cia goc nghleng
rang (Z =1 d6i voi banh ring try ring thang);
K, la he s tai trong tinh, trong nghlen ciru nay
chon K,, =1 (Theo tinh chat dan hoi ctia nhua
nhiét deo K, = K, ap dung nhu mét cach don
gian hoa cho tat ca cac mo-dun khi b/mn < 12
vaK, =1).

Tiéu chuan VDI-2736 chi dua béng tra
cta tiéu chuan DIN 3990 [6] vé cac hé sb Z,va
Z theo goc ap luca=a_=20°. Dleu nay s€ gay
ra tro ngai khi nguoi ky su mudn tinh toan véi
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goc ap luc khac gia tri dugc tham khao trong
VDL

Céac hé sb 7, Z,vaZ theo ti€u chuan
ISO 6336-2:2006 [7]:

Heé s6 vat heu Z,, phu thudc vao mo-dun
dan hoi E va hé sb P01sson \

1
(lzvi, 1V @
U E E,

Heé s dang bé mat tiép xtc Z,, phu
thude vao goc ap luc a:

’ 2
ZH = | (3)
SINA. COSA

Hé sb tiép xtc Z_dugc tinh todn theo
cong thirc sau:

4 —
Z, = 38“.(1—EB)+

g
EC(.

Vi h¢ s6 trang khop doc &, =0, vi banh
rang dugc nghién cuu la banh rang tru rang
thang;

Hé sb trung khdp ngang g, dugc xac
dinh theo cong thirc [7]: ¢ = ¢ + ¢,

1 (m“.21+2m“)2 e I (mn.zz+2mn)2 |
Ei my.zg.cosa ] s my.zp.cos0 ) ne (5)

Tuy nhién, VDI-2736 chi xem xét dén
céc thong s6 hinh hoc va vat liéu banh ring ma
bo qua su anh huong ctua nhiét do T° khi tinh
toan thiét ké cho banh ring nhya, déu nay co
thé hiéu 1a do VDI va cac tiéu chuan tinh toan

banh rang nhya hién tai dugc dya trén céc ti€u
chuan da dugc thuc hién trén banh rang kim
loai. Viéc chuyén ddi tir kim loai sang vat licu
nhya nhi¢t déo cho cac ung dung banh rang
khong hé don gian. Nhiét do 1am thay doi dang
ké mo-dun dan hoi, dd bén kéo, hodc ty 1& hap
thu nude. Viéc mot chi tiét polyme bi uét, am,
hodc khoé ciing c6 anh huéng dén mo-dun chay
déo va gidi han chdy. Vi nhiing dac tinh mai
nay, khong chi ding lai & viéc nhua c6 do bén
co hoc thap hon, nguoi thiét ké banh ring can
phai Iuu ¥ dén cac khia canh nay. Theo nghién
ctru cua S. Felder [8], mo-dun dan héi E cua
nhua PA66 c6 quan hé chat ché voi nhiét lam
viéc T° cua vat liéu nhua.

Quan hé gitra nhiét d6 lam viéc T° tai bé
mat rang véi cac thong so hinh hoc va di¢u kién
van hanh dugc xac dinh qua cong thuc [7]:

Kg Fla Rm) mpost (6)

o= = _
T°= Oriq,, = 9 + Pl Hy. (b.zm. (vt.mn)°75

Voi: 9, la nhiét’ dd modi trudong xung
quanh (°C); P 1a cong suat danh nghia (W); pla
hé s6 ma sat; HV 1a hé s& mat mat cong suét trén
rang; k‘w101 1a hé s truyén nhi¢t cua banh rang
nhya dé tinh nhiét d6 than rang (K.(m/s)0,75.
mm1,75/W); b 1a chiéu rong banh ring (mm); z
1a sb rang banh réng, m_la moé-dun phap tuyén
(mm) v, la van tde tiép tuyen (m/s); R,,G la h¢
so do tro truyén nhiét cua vo hop (K.m*W);
AG 1a dién tich bé mit téa nhiét cia vo hop
(m?) (khong ap dung cho truong hop co céu
khong c6 vo hop); ED 1a thoi gian an khap (tiép
xuc) rang tuong ddi (phit).

Theo nghién ctru cua S. Felder [8], mo-
dun dan hoi E ¢6 quan hé chit ché véi nhiét lam

viéc T° cua vat liéu nhua PA66, duge thé hién
bdi phuong trinh ham mii sau:

E = 3334exp(—0,0172T°); 20°C < T° < 160°C(7)

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
M TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

D6i vai vt lidu PA66, co tinh chét ding
hudng va dong nhét thi ta c6 thé xap xi gia tri
hé sd Poisson theo mo-dun khdi K va mo-dun
dan hoi E boi phuong trinh sau [9]:

JK—E

6K
2.2. Phwong phap Taguchi

(8)

'U:

Thiét ké thuc nghiém Taguchi co thé
gitip thiét ké mot qua trinh thuc nghiém ma it
chiu anh huéng boi nhimg nhan t6 giy ra su
sai léch vé chat lugng. Muc dich la diéu chinh
cac thong sb dén muc t6i wu dé qué trinh on
dinh & muc chat lugng tot nhat. Phuong phap
Taguchi sir dung ma tran truc giao trong quy
hoach thuc nghi¢m. Do do, phuong phap nay
cho phép sir dung tbi thiéu cac thi nghiém can
thiét dé nghién ctru anh hudéng cua cac yéu to
lén mdt dép timg duoc lua chon nao do6 trong
cac bai toan k¥ thuat co nhiéu yéu té, tir d6
nhanh chong diéu chinh cac thong sd tién dén
t6i wu nhanh nhét.

Trong nghién clru nay, gia tri Gtng sut
tiép xuc can duoc cang nho cang tot dé nang
cao do bén tiép xuc ciia bd truyén. Do d6 ty sb
tin hiéu/nhiéu (Signal to Noise Ratio) S/N sé&
duoc su dung voi tiéu chi “Nho hon thi tdt hon
— Lower is better” [4]:

N
S 1

3. QUY HOACH THUC NGHIEM
3.1. Lua chon cac nhin td va mic gia tri

Phuong phap bé mit dap ung duoc st
dung khi can mo6 ta chinh xac moi quan h¢ gitra
ham muc ti€u va cac nhan td thi nghiém. Muc
tiéu ctia phuong phap nay 1a ting sb luong diém
thi nghiém dé xay dung mot mé hinh bac hai
mod td ham muc ti€u. Theo kinh nghiém thuc
tién, m6 hinh ham bac hai thuong du chinh xac
dé mo ta dic diém cua ham muc tiéu trong cac
bai toan tdi wu c6 pham vi gia tri cac nhan t6
nam trong gi6i han dit ra.

Téng hop cac nhan t6 anh huong dén do
bén tiép xtic bao gom: sd ring z,, ti s0 truyén
u, goc an khop o, mo-dun rang m chleu rong
vanh rang b, mo-dun dan hoi E, hé s6 Poisson
v, nhi¢t d¢ lam viéc T°. Tuy nhién, theo S.
Felder [8] va Mael Péeron [9] thi mo-dun dan
hdi E va hé sb Poisson v cua vit liéu nhya
(cu thé 1a PA66) phu thudc vao nhiét do lam
viéc T° nén ta loai nhan t6 mo-dun E va hé sd
Poisson v dong thoi giir lai nhan t6 nhiét do T°
trong quy hoach nay. Cac gia tri cuia cac nhan
t6 nghién ctru anh huong duoc xac dinh véi ba
murc (Bang 1).

Bang 1. Md hoa va cac mire gia tri nhan to

STT Nhiin tb Ify hi¢u - Mirc gia tri Khoﬁn:g.
Twnhién | Mahéa | 1 2 thay doi
1 Mo-dun rang, mm m X, 2 5 8 3
2 Goc bién dang, do o X, 20 | 25 | 30 5
3 Nhiét dg, °C T° X, 30 | 40 | 50 10
4 S6 rang ! X, 20 | 25 | 30 5
5 Ti s6 truyén u X, 1 |14 18 04
6 Chiéu rong vanh ring, mm b X, 20 | 30 | 40 10

Cdac nhan to co dinh bao gom: x =0, T = 8 Nm.
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3.2. Ma tran quy hoach Taguchi
Chon dang ma tran quy hoach tuong ing véi s6 nhan t6 va s muc gid tri, & day ta sir dung
6 nhan t0 voi 3 muc gia tri nén st dung ma tran twong Gng la L27, thé hién ¢ Bang 2. Cac két qua

thu dugc tir phan mém KissSoft 2024.

Bdng 2. Ma trdn quy hoach va két qua

N X, X, X, X, X, X, 6, (MPa)
1 1 1 1 1 1 1 43,2694
2 1 1 1 1 2 2 33,3363
3 1 1 1 1 3 3 27,3448
4 1 2 2 2 1 1 30,6365
5 1 2 2 2 2 2 23,0500
6 1 2 2 2 3 3 18,9581
7 1 3 3 3 1 1 22,5564
8 1 3 3 3 2 2 17,0052
9 1 3 3 3 3 3 14,0055
10 2 1 2 3 1 2 8,7260
11 2 1 2 3 2 3 6,9444
12 2 1 2 3 3 1 9,3098
13 2 2 3 1 1 2 11,6220
14 2 2 3 1 2 3 9,2701
15 2 2 3 1 3 1 12,4461
16 2 3 1 2 1 2 10,4548
17 2 3 1 2 2 3 8,3573
18 2 3 1 2 3 1 11,2377
19 3 1 3 2 1 3 5,2758
20 3 1 3 2 2 1 6,8533
21 3 1 3 2 3 2 5,3023
22 3 2 1 3 1 3 4,8819
23 3 2 1 3 2 1 6,3643
24 3 2 1 3 3 2 4,9366
25 3 3 2 1 1 3 6,5349
26 3 3 2 1 2 1 8,5272
27 3 3 2 1 3 2 6,6181
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Hinh 1. a) Biéu dién bién dang rang va b) Két qud phan tich tiép xiic rang ciia bo thong so thi nghiém thir
nhat bang phan mém KissSoft

4. KET QUA VA THAO LUAN

Céc nhén t6 tac dong dén két qua theo hai hudng. Tac dong lam két qua tién dén gan muc
tidu 1a tin higu c6 ich, goi 1a “tin” (Signal). Tac dong lam két qua roi xa myc tiéu 1a “nhidu” (Noise).
Ty s6 S/N dai dién cho chi tiéu hi¢u qua, dugc dung dé danh gia va lya chon cic nhan té anh huong.
B9 thong s6 t6t 1a khi cho ty s6 S/N 16n va bo thong s6 toi wu nhat 1a cho S/N 16n nhét. Két qua ty
s6 S/N cua tung nhan t6 v6i bai toan cuc tiéu duge thé hién trong Bang 3.

Bdng 3. Két qua Signal to Noise Ratios “Lower is better”

Level X, X, X, X, X, X,
1 -27,67 -21,4 -21,72 -22,87 -21,62 -22,58
2 -19,71 -20,98 -20,99 -20,89 -20,93 -20,84
3 -15,63 -20,64 -20,31 -19,26 -20,48 -19,6
Delta 12,04 0,76 1,41 3,61 1,14 2,98
Rank 1 6 4 2 5 3

Dé xac dinh mirc anh hudng cua cac nhan té dén két qua dau ra 14 ung suat tiép xic, ta can
phén tich céc chi s6 cua Analysis of Mean — ANOM nhu Bang 4.

Bdng 4. Két qua phan tich Means

Level X, X, X, X, X, X,
1 25,574 16,262 16,687 17,663 15,995 16,8
2 9,819 13,574 13,256 13,347 13,301 13,45
3 6,144 11,7 11,593 10,526 12,24 11,286
Delta 19,43 4,563 5,094 7,138 3,755 5,514
% 42,72% 10,03% 11,19% 15,68% 8,26% 12,12%
Rank 1 5 4 2 6 3
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Theo nhu két qua phan tich thi anh
hu(mg cua cac théng s6 nhu sau: mo dun ring
- X, (42,72%), s6 ring z, — X, (15,68%),
chleu rong vanh rang b — x, (12 12%) va nhiét
do T° —x, (11, 19%) lan hIoT 13 4 nhan t6 anh
hudng nhleu nhat dén ung suat tiép xtic cua
banh rang. Cac nhan t6 déu c6 xu hudéng lam
giam gia tri ing sudt tiép xuc cla banh ring
nhura trong mién quan sat nhu Hinh 2.

Main Effects Plot for Means

Mean of Means

&

Hinh 2. Biéu do thé hién anh hieong chinh ciia
turng nhan to den gia tri trung binh dau ra trong
thi nghiém Taguchi

Tur vi€c phan tich Hinh 2, ta rat ra dugc
bo thong s t6i wu cho gid tri trung binh — Means
lélthép nhét la (x;; X  X; X)) =(3;3;3;3;
3; 3), twong rng bd thong so cia gia tri ty nhién
la (m; o; T° z; u; b) = (8; 30; 5; 30 1,8; 40)
cho tmg sut tlep xuc cia bd truyén nho nhit
véi 2,8362 MPa. O day ta nhan xét rang nhiét
d6 T° tang thi mg sudt tiép xuc giam, tuy nhién
theo nhom tac gia Zehua Lu [10] tudi tho tai bé
mat rang s€ gidm theo nhiét do T°, diéu nay dat
ra phai nghién ciru sdu hon vé dic tinh co-nhiét
cua vat li¢u nhya trong bd truyén banh rang.

5. KET LUAN

Nghién ctru nay da tap trung vao viéc
xac dinh va tdi wu hoa cac yéu td hinh hoc
anh huong dén d6 bén tiép xtc ctia banh ring
nhura, stir dung phuong phap thiét ké thi nghiém

Taguchi két hop véi ma tran tryc giao L27.
Phén tich ty sb tin hiéu trén nhidu (S/N) va
phan tich Means (ANOM) di duoc ap dung dé
danh gia mirc d6 anh hudng cia timg yéu tb va
xéc dinh t6 hop thong sb ti vu.

Két qua nghién ctru da xac dinh dugc to
hop thong sb t6i vu nham giam thiéu tng suit
tiép xtic, mot chi tiéu quan trong danh gia do
bén, bao gdm: mo-dun rang (m) 1a 8 mm, goc
an khop (a) 1a 30°, nhi¢t do lam viéc (T°) la
50°C, gé ring (z,) 1a 30, ti so truyén (u) 1a 1,8,
va chiéu rong vanh rang (b) la 40 mm. Véi to
hop nay, Gmg suit tiép xuc du doan dat gid tri
thap nhat 1a 2,8362 MPa thiy su cai thién dang
ké vé kha ning chiu tai ctia banh ring.

Phén tich Means (ANOM) d3 lam ndi
bat cac yéu té c6 anh hudng chu dao: mo-dun
rang (m) dong g6p 42,72% vao su thay d6i cua
g suat tlep xuc, tiép theo 1a sd ring (z,) voi
15,68%, chiéu rong vanh rang (b) véi 12,12%,
va nhiét do (T°) vé6i 11,19%. Cac yéu td con
lai nhu goc an khop, ti s6 truyén cho thiy anh
huong it hon trong pham vi cdc muc gia tri
duoc khéao sat. Viéc lua chon td hop thong )
t6i wu nay khong chi gitup giam thiéu ung suat
cuc by, mot trong nhitng nguyén nhan chinh
gdy ra cac dang hu hong bé mat nhu troc 6 va
bong tréc, ma con hira hen kéo dai tudi tho va
nang cao do tin cdy cua hé thong truyén dong
banh rang nhua, dac biét trong cac ing dung
doi hoi dd bén cao.

bé phat trién sau hon va toan dién hon,
cac nghién cuu trong twong lai nén tip trung
vao viéc danh gia ddng thoi nhiéu chi tiéu nhu
dd bén udn, do bén tiép xuc, do cung, do bén
mon, nhi¢t dg... tich hop phuong phap nay vaoi
cac cong cu khac nhu Grey Taguchi, st dung
mod phong voi Mang no-ron nhan tao (ANN)
dé xay dung mo hinh t6i wu da muyc tiéu. Két
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hop mo phong bang phan tich phan tir hitu han
(FEM) dé di sau vao phan tich tng suét bién
dang chi tiét. Bén canh d6, viéc tién hanh céc
thi nghiém do bén, do cung, do bén mon,...
1a vo cung can thiét dé kiém ching két qua ly
thuyét va mo phong, dong thoi danh gia tudi
tho thuc cua banh rang dudi cac diéu kién van
hanh cu thé, tir 46 dua ra nhiing giai phap thiét
ké va lya chon vt liéu t6i uu hon.
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