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NGHIEN CU'U ANH HUONG CUA CAC THONG SO CONG NGHE
PEN RUNG PONG KHI MAI PHANG VAT LIEU CO PQ CUNG CAO BANG
PA MAI XE RANH NGHIENG SU DUNG PHUONG PHAP TAGUCHI VA ANOVA
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Tom tat:

Bai bdo nay trinh bay két qua nghzen cleu dnh hudng ciia cac thong sé cong nghé dén rung dong khi
mai phdng vt liéu c6 do ciing cao bang da mai xé ranh nghleng s dung phwong phadp Taguchl va phan
tich phuwong sai (ANOVA) Phuwong phap nay lam gzam s6 leong thuc nghlem tao ra san pham chdt lLrong
cao véi chi phi thap cho cdc nha san xudt. Véi ba lan thl nghiém va ba lan lap lai cua cdc dlem thiét ke,
két qua nghién ciru cho thay quan hé giita cdc thong sé cong nghé gom chiéu sau cdt, lwong tién dao va
6 ranh dd mai véi cdc twong tdc cdp, twong tac ba gitta chiing véi rung déng va xdc dinh dwoc thong sé
hé thong cong nghé 16i wu cuc bg (trong pham vi khdo sat) ¢é rung dong nhé nhdt khi mai phang vit liéu

SKD11 nhiét luyén b[ing da mai gian dogn ranh nghiéng ché tao tai Viét Nam.
Tir khoa: cuc tieu hoa, rung dong; Taguchi; ANOVA, thong so hé thong cong nghé,; mai phang.

1. Pit véin dé

Rung dong 1a mot chi tieu quan trong khi gia
cong chi tiét trén may mai phing bang da mai dinh
két. Do d6, viéc nghién ciru cuc tiéu hoa rung dong
st dung phuong phap Taguchi va phan tich phuong
sai (ANOVA) dé danh gi4 kha ning cét cua da mai
gian doan rinh nghiéng ché tao tai Viét Nam khi gia
cong vat lieu c6 do cung cao SKDI11 nhiet luyen
xay dung m01 quan hé gitra cac thong s0 he thong
cong nghé gdm luong chay dao, chiéu sau cit va so
ranh da mai cung cac tuong tac cap, tuong tac ba
giita chiing v6i rung dong. Pay 1a van dé can dugc
quan tam nghién cuu trong linh vuc k¥ thuat co khi.

Mot sé cong trinh & nude ngoai di nghién
clru vé mai phang, ching han nhu: Mustafa Kemal
Kiilekcy [1] Taranveer Singh [2] E. Daniel Kirby
[3], M. Aravind, Dr. S. Periyasamy [4], Z.C.Li, B
Lin, Y.S.Xu, J.Hu [12] nhung lai chua nghién cuu
vé anh hudng cua rung dong khi mai bang d4 mai
x¢ ranh st dung phuong phap Taguchi va ANOVA.
Mot sb tac gia trong nudce khac nhu [5], [6], [7] da
nghién ciru anh hudng cua thong s6 cong nghe dén
rung dong, song sir dung phuong phap truyén thong,
do d6 so thi nghiém qua 16n, d6 tin cay va do chinh
xac thap. Tuy nhién, cac nghién ctru & trén danh gia
kha nang cét ciia ¢4 mai gian doan ranh nghiéng ché
tao tai Viét Nam chua theo phuong phap Taguchi dé
nghién ctru anh hudng cua thong s6 hé théng cong
nghé dén rung dong khi mai phang vat liéu SKD11
nhiét luyén.
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2. Phwong phap luidn
2.1. Dao ddng khi mai phang [8]

Trong quéa trinh mai ludn ton tai dao dong
gdm c6 dao dong cudng bire, dao dong riéng va dao
dong tu rung.

Dao déng cwéng birc: xuit hién do cac luc
tac dong tir bén ngoai. Tan sb ctia nd tring voi tan
s6 cua luc kich thich con bién do phu thudc vao ché
d6 mai, khong thay ddi trong thoi gian tudi bén. Dao
dong cudng buc do cac nguyén nhan sau gay nén:

- D6 khong can bang cia da

- Do khong can béng cua dong co truc chinh

- D6 khong can bang cua cac b6 truyén din
va 0 d, cac loai banh rang truc d& 6 lan..

Dé tranh cac dao dong cudng buc nén thyuc
hién céc bién phap nhu: str dung céc loai da co6 do
chinh xac cao, can béng tinh can than trudc khi ga
da, can bing cic co cdu quay, gitt cho vi tri tam
quay cb dinh bing cach sir dung cac 6 d& c6 két cau
mai cho phép tao ra cac bd dém dau can bang, ding
loai 6 thuy tinh c6 két cau dac biét...

Dao dong riéng: La dao dong dac trung cho
va lién quan t&i hé thong luc trong ban than may do.
Tan sb cua cac dao dong riéng khong tit dan ciia hé
bat ky c6 thé tinh theo cong thirc sau:

t= 27V m
Trong do: ¢ - d§ cliing riéng cua hé
m - trong lugng cia hé

Nhiéu nghién ciru cho thay, tan s6 dao dong

riéng do d6 khong cén bang cia cac bo truyén gay
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ra thuong nho hon nhiéu so véi tan sb dao dong
riéng ctia may.

Dao déng tw rung: Dao dong nay chi phu
thudc vao do cing vimng ciia may va khdi luong cua
hé théng ma khong phu thude vao ché dé mai, van
toc ctia da ciing nhu van toc chuyén dong tinh tién
ctia chi tiét. Bién do cua dao dong tu rung khong ¢
dinh ma thay doi trong thoi gian tudi bén. Khi ché
do cit tang, bién d¢ ctia dao dong nay tang. Khi ché
do cat giam, bién dg giam. Cac dao dong tu rung
gy ra song trén bé mat lam viéc cua da.

2.2. Ham ton thét Taguchi [9], [10]

Muc tiéu ciia phuong phép Taguchi 1a dé
giam chi phi cho nha san xuit va xa hoi tir thay
dbi trong qua trinh san xut. Tién sy Taguchi (Nhdt
Ban) xac dinh sy khac biét gilra gia tri muc tiéu vé
cac dic tinh hiéu suit ciia mot qua trinh T va cac gia
tri do dugc y, nhu mot ham ton that:

(y)=k.(y-TV )
Trong do: k. = % - Hang s0.

Néu ham muc tiéu 1a dé thuc hién cuc tiéu
héa gia tri dac trung, thi ham ton that dwoc xac dinh
nhu sau:

(y)=ke.y’ 3)
Trong d6: 7=0.

2.3. Thiét ké thue nghiém [9], [10]

Phuo‘ng phap Taguchl dé xac dinh anh huong
clia thong s6 cong nghé dén gid tri trung binh va
phuong sai cia ddc tinh hiéu suit qua trinh, xem
qué trinh nay hoat dong tot nhu thé nao, bang cach
su dung cac ma trén tryc giao.

Ma tran tryc giao 3 mirc va c6 3 thong s6 anh

hudng: LT9 (xem bang 1).

Bang 1. Ma tran truc giao L9

ISSN 2354-0575

Céc yéu t6 anh huong dén rung dong: J = 3;

S6 1an thir nghiém: K =3;

S6 1an lap cac diém thiét ké: L = 3.

Dbi voi truong hop cuc tiéu héa rung dong,
can phai tinh toan ty 1& tin hiéu nhiéu S/N nhu sau:

1:=S/N:=- 101og( by yl) )

Trong do:

n - S6 thi nghiém 1ap lai (n = 3).

y, - Gid tri rung dong dbi voi mot thi nghiém.

2.4. Phan tich phwong sai [9]

Phan tich phuong sai 14 ky thuat thong keé,
duoc su dung khi cin so sanh gia tri trung binh cta
ba nhom trd 1én. Khi stir dung k¥ thudt nay nguoi ta
chia phuong sai ciia mgt quan sat thanh hai thanh
phan 1a phuong sai giita cac nhoém va phuong sai
n6i nhém. Phuong sai 1a d6 phan tan twong ddi cua
cac quan sat so v6i gia tri trung binh, vi thé phan
tich phuong sai gitip so sanh cac gia tri trung binh
dé dang (bén canh viéc so sanh cac phuong sai).

Khi phén tich phuong sai can x4c dinh mot
s6 cac thong sb & dudi day (xem bang 8):

Téng binh phuong toan b mau — SST

Téng binh phuong giita cac nhom — SSB

Téng binh phuong trong m&i nhom — SSW
Trung binh binh phuong toan by mau — MST
Trung binh binh phuong trong méi nhém — MSB
Trung binh binh phuong trong mdi nhém — MSW

3. Thye nghiém va phén tich két qua nghién ciru
3.1. Bai toan nghién ciru

Viec nghien ciru danh gia anh huong cac
thong s6 hé thong «cong nghé gom: lwong tién dao,
chidu sau cét va s6 ranh da mai dén rung dong khi
mai phang vat liéu SKD11 nhiét luyén bang d4 mai
gian doan ranh nghiéng theo phuong phap Taguchi
va céc sb lidu thuc nghiém duoc xur 1y theo phuong
phap phan tich phuong sai ANOVA.

Sé thinghiém | P1 | P2 | P3 |\ Pa [
1 1 1 1 V1] 3.2. Thiét ké thwc nghiém theo phwong phap
2 1 2 2 \2f Taguchi
3 1 3 3 3.2.1. Lua chon gia tri cac thong sb cong nghé
; g ; g May mai: M?iy mai phéng KENT
3 3 3 1 A Hang §én nuét: bai Loan
7 3 1 3 (]2} Van toc cat: 321n/s
8 3 2 1 |f 3 \ Béng 2. Thong so ky thudt cua may mai
2 3 3 2 ! Théng s6 ky thuit Dai | Rong | Cao
Trong do: (mm) | (mm) | (mm)
Luong chay dao - P1, Chiéu sau cit - P2 va 1. Kich thuéc may 4280 | 1.850 | 2.190
S6 ranh da mai - P3. , , 2. Kich thuéc banmay | 700 | 300
_ L,2va3-Cacmiccua thong s0 h¢ thong  F3mpn L Rar i ma Ve 850 | 450 | 400
cong nghé. £ 1 A f s cta ban may
T thict k& thi nghiém thay rang: :
Céc mitc anh hudng dén rung dong: = 3; 4. Cong suat cta dong co tryc chinh: 4.5KW
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=“— N Vit liéu thi nghiém: Vat li¢u su dung trong
- i e thi nghiém 13 thép SKD11 nhiét luyén c6 do clmg
- ) [ . S >
1 TR - khodng 58-62 HRC. Tat ca cic phdi gia cong déu
c6 cung kich thudc 90x30x25 (mm) nhu Hinh 2,
san xuat boi Cong ty Co phan may cong nghi¢p va
dung cu. Thanh phan vat li¢u thé hién trong Bang 4.
Béang 4. Thanh phan cdac nguyén to hoa hoc trong
thép SKD11

Nguyéntd| C {Mn| Si | Cr | Va | Mo | Ni

%khdi |1,5]03[025]|11,5]|0.25(03 0,35
luong

Trong cac thuc nghiém & ddy cac thong sd
cong nghé duoc chi dan trong Bang 5.

Hinh 1. Mdy mai phing KENT

Bang 5. Gid tri thong sé cong nghé

P4 mai: Thi nghiém dugc thuc hién voi Cac mirce P, P, P, (S6 rinh)
5 vién da mai gian doan ranh nghiéng c6 sb ranh (m/ph) | (mm)
2. e s VR N P P
Z thay doi. Bac tinh cua dd mai dugc mo ta trong 13 23
Béng 3 T@t ca cac da mai duoc ché tao tai nha may Thép 12 0,02 0 0
da mai Hai Duong. -
Bang 3. Thong s6 ciia dd mai Trung binh |15 0,05 | 18 | 20
Dic tinh da mai gian doan Cao 20 0,07 24 22
Chiéu rong ranh da w: 10 (mm) n ) .
Chidu sau ranh da b: 15 (mm) 3.2.2. ThAl.rc nghlg.m theo phuong phz}p Taguchf
a. Ma trdn truc giao theo phwong phdp Taguchi
Goc nghiéng ranh da B: 15 (do) Tu Bang 1, suy ra ma tran tryc giao duogc
Cd hat: 46 (355 + 425 um) thict ké theo phuong phap Taguchi (Bang 6).
R Bang 6. Ma trgn thuc nghiém th hur ha
Vien di | S6ranh | Gocgita2 [Tylggian | © o Lo TH TR IO PRGNS PRAP
d4Z |rinhdalién | doann — £ _
tiép a (d0) (%) Thi nghlgm P, P, P, (S0 ranh)
 Z i) (m/ph) | (mm)
Vién s6 1 0 0 0 Py | Py
Vién s6 2 18 20 16,37 1 12 0.02 0 0
Vién s6 3 20 18 18,19 P 12 0.05 18 20
Vién s6 4 22 16,36 20,01 3 12 0.07 24 22
Vién sb 5 24 15 21,83 4 15 0.02 18 20
- 5 15 0.05 24 22
'l | l I T 6 15 0.07 0 0
s 00 7 20 0.02 24 22
8 20 0.05 0 0
9 20 0.07 18 20

b. Lwa chon phwong phdp va thiét bi do rung dong

— Chi tiét do: dé dam bao do tin cdy mdi thi
A @ nghiém thyc hién 3 1an. Do d6, tong cong c6 45 miu
*a U ’B thép SKD11 nhiét luyén (Hinh 3).

Hinh 2. Cau tric cua da mai gian doan
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Hinh 3. Mdu SKD11 nhiét luyén

do rung UV-03A v modul hidn thi UV-12A

ISSN 2354-0575

Phwong phap do [13]:

Do bién d6 rung dong theo gia tdc, do tin
hiéu nhan dugc dudi dang x(t) - ham phu thudc thoi
gian, nhu vy sé& tién hanh do bién do va thoi gian
rung dong.

Phuong phap xu ly tin hiéu: phan thh pho
t1n hi¢u cting co thé dugc biéu dién trong mién tan
s6 X(f), do tan sé f 1a nghich déo cta thoi gian, nén
viéc chuyén tin hiéu trong mién thoi gian sang tin
hiéu trong mién tan sé dugc thuc hién bang phép
bién ddi Furié. Theo phuong phap nay s& do ham
mat do phé nang luong, 1a ham $6 biéu dién su phéan
bd cua nang lugng tin hiéu doc truc tan sd.

Thiét bi do: Cam bién do rung 3 chiéu B&K.

So dd hé théng va phan tich do rung dong
va hé thdng do rung dong khi mai phiang duogc trinh
bay trén Hinh (4a, b).

CARD PCMCIA 16 bits

CB do rung 3 chifu B&K

Do bién 43 rung (bién d0 - théi gian) va phin

tich phd (bién dd - tin s8)

Hinh 4a. So d6 hé thong va phan tich do rung dong

Hinh 4b. Hé théng do rung dong khi mai phang

Khoa hoc & Cong nghé - S6 13/Thang 3 - 2017

3.2.3. Tinh toin két qua thuc nghiém theo
phuong phap Taguchl

Dé cuc tiéu hoa sai 1éch d6 phéng, gia tri ty
1¢ tin hiéu nhidu 7 bang ty 1&¢ S/N dugc tinh toan
theo cong thirc [1] va duge chi din trong Bang 7.

Journal of Science and Technology 17
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Béng 7. Gid tri ty Ié tin hiéu nhiéu 1

S6 | P

1 P2 , P3 g] gz g3 g 771
TN | m/ph | mm [ so ranh
13 P23 g3 €5 g3 €5 g3 €5 5 5 Mis Tizs
1 12 [0.02| 0 0 |051]0.51|056]0.56]|058]0.58]055]|0.55]|5.18 | 5.18
2 12 10.05( 18 20 (1.14 1035 1.16 1| 037 [ 1.19 [ 0.38 | 1.16 | 0.37 | -1.32 | 8.71
3 12 10.07( 24 22 1098172 |1.01 | 1.69 | 1.11 | 1.68 | 1.03 | 1.70 | -0.3 | -4.59
4 15 10.02| 18 20 1092026096021 |1.02]024]097|024| 2.9 |12.48
5 15 |0.05| 24 | 22 [1.12 083 |1.15]0.81 | 1.17|0.86| 1.15|0.83 | -1.2 | 1.58
6 15 [0.07| O 0 |068[0.68]|071[0.71]0760.76]0.72(0.72| 29 | 2.9
7 20 10.02( 24 22 [0.87]198]0.85]201|0.812.04]0.84]201]| 1.48 |-6.01
8 20 10.05( 0O 0 ]0.63[0.63]0.65|0.65]0.69|0.69 | 0.66 | 0.66 | 3.65 | 3.65
9 20 0.07| 18 20 | 1291 036|134 |038| 136|041 |133]|038]-248| 83
3.4. Phan tich phwong sai ANOVA [9] w 6 12
Tir Bang 7 ta c6 gia tri ty 1¢ tin hiéu nhiéu |2 A\
A . ~ Y A L As < 5 ~ 1
S/N cua 2 lan tinh toan khi so sanh 2 b6 chi tiéu toi |5, / \ / Ao Bt et i i
uu cuc bd khi thay déi luong chay dao, chidu sau |£ 4 ‘7\/\ 08 ™ ung pink g 3018
cat va sO ranh. i ] E % 5 y 0.6 glél?é]tljr Sl;;m higu
- Ta thély riing b chi tiéu t6i wu cye bo thir2 |35 \ ;G g
c6 gid tri ty 18 S/N: 72 = 12,48 >77,1=5,18. Vaybo  |E ' B
thong so t0i wu cyc b 1 s = 15m/ph; t = 0,02mm; |= ! 0.2
z =20 (ranh). T ‘ ‘ 0
Céac cong thirc va gia tri phuong sai duogc chi Mirc1 Mirc2 Mire 3

dan trong Bang 8.
Bang 8. Phdn tich phwong sai ANOVA

Bién thién F| SS | MS |C (%)
Yéu td P1 21235 | 1,18 | 99,07
Yéu té P2 2 | 0,01 |0,001]| 0,422
Yéu td P3 2 10,001 | 0,003 | 0,044
Tuong tac P1 x P2 4 10,004 0,001 0,168
Tuong tac P1 x P3| 4 | 0,001 | 0,002 | 0,044
Twong tac P2 x P3| 4 | 0,004 | 0,001 | 0,168
I‘;‘;ﬂg te PLx P21 ¢ 1002 0,002 | 0,084
Téng cong 26 (2,372 1,19 | 100

3.5. D6 thi thye nghiém

T Bang 7, sir dung phan mém Excel va
[11] tac gia da xay dung duoc biéu db biéu dién anh
huéng clia gia tri trung binh ty 1¢ tin hi¢u nhiéu S/N
khi thay d6i lugng chay dao, chiéu sau cit va sb
ranh dén rung dong khi mai phang vat liéu SKD11
da nhiét luyén bang da mai gian doan rinh nghiéng
theo phuong phap Taguchi va ANOVA (hinh Sa, b
vac).

18
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Hinh 5a. Anh huong ciia ty 1é S/N khi thay d6i liwong

chay dao den rung dong
0.7 12
o A\
o0 L
N
L=}
® 05 p 8
£ /\ V - Gid i ung binh
g L .
"é o 0.4 / rung dong
£% A
g0 ~ 03 , - Anh huéng cua gia tri
= \ [ trung binh rung dong
£ 02 Lo dén ty 1€ tin hiéu
E \ nhiéu S/N
= 01 )
o \
0 T T -4
Micl Mic2 Mixc3

Hinh 5b. Anh huong cia ty 1é S/N khi thay déi sé
ranh da mai den rung dong

5 1
% as R A 2 0.9
ELL NN/ s
= AN X '
g 35 0.7
= \/ \ = Anh hwéng caa gid tri
= 3 \ 0.6 trung binh ming déng
£ 0.5  dénty 1é tn hiéu nhidul

2.5
= AN S/N
= 2 041
%ﬂ 1.5 0.3 _o Gi4 tri trung binh
&= 1 02 rung dong
= 0.5 0.1
&) 0 o
Macl Muac2 Mixe3

Hinh 5c. Anh hwéng ciia ty 1é S/N khi thay déi chiéu
sdu cdt dén rung dong

Journal of Science and Technology



Tir cac dd thi hinh 5a, 5b va 5¢ suy ra, khi
thay d6i sb ranh va luong chay dao, chiéu siu cét
tac dong dén rung dong 16n nhit & muc 2. Tuong
g voi cac muc ndy, gia tri rung dong 1 nho nhat.

4. Thao luan

Qua tinh toan ty 1e tin hi¢u nhidu 1 bang ty
1& S/N, tir Bang 8 thay rang thi nghiém thir 4 ma
thong s cong nghe gom luong chay daos =15 (m/
ph), chiéu sdu cit t = 0,02 (mm) va s6 rinh da mai z
=20 (ranh) c6 gia tri n,, = 12,48 16n nhét, nghia 1a
tac dong cua th1 nghiém nay dén rung dong khi mai
nhiéu nhat va 6n dinh nhat, dong thoi gia tri rung
ddng ciing nho nhat g = 0,24 m/s2.

Tir Bang 8 thay rang, theo thir tu lugng chay
dao (99,07%), cac tuong tac cap (0,168%) cb yéu
t cua lwong chay dao s& anh huéng nhiéu nhat dén
rung dong. Con chiéu sau cat va sb ranh s& tac dong
it hon dén rung dong.

- So voi da mai thuong thi da mai c6 bé mit
lam viéc gian doan ranh nghiéng c6 rung dong nho
va 6n dinh hon (g da xé rinh = 0,24 m/s?> < g d4

Tai liéu tham khao

ISSN 2354-0575

mai thuong = 0,55 m/s?). Diéu nay dugc giai thich
la do trong qua trinh mai lyc cat & da mai xé ranh
giam hon so v&i da mai truyén thong [12].

5. Két luan

Trong bai bao nay trinh bay két qua nghién
ctru anh hudng cia cac thong sé cong nghé dén cuc
tiéu hoa rung dong khi mai ph'fmg vat liéu ¢o6 do
ciing cao st dung phuong phap Taguchi va phan
tich phuong sai (ANOVA), lam giam s6 lugng thyc
nghiém, v&i do chinh xac va do tin cdy cao cua két
qua nghién ciru bang viéc s dung phwong phap
Taguchi va phan tich phuong sai voi ba thong s6, ba
mirc anh hudng, ba lan thiv nghi¢m va ba lan lip
cac diém thiét ké, cho biét anh huong dinh luong
mot cach khoa hoc ctia thong sé hé théng cong nghé
dén rung dong khi mai phang vat liéu SKD11 nhiét
luyén bang da mai gian doan.

Dé cyc tiéu hoa rung dong trong pham vi cac
thong s6 hé théng cong ngh¢ da lya chon, gia tri tdi
uu cuc b nhu sau:

s = 15 (m/ph); t = 0,02(mm); z = 20 (ranh).

Khoa hoc & Cong nghé - S6 13/Thang 3 - 2017
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A RESEARCH ON EFFECS OF TECHNOLOGICAL PARAMETERS
ON VIBRATION IN SURFACE PROCESSING HIGH LEVEL HARDNESS MATERIALS
WITH SEGMENTED GRINDING WHEEL USING TAGUCHI METHOD AND ANOVA

Abstract:

This paper represents the results of research on effects of process parameters on vibration in surface
processing high level hardness materials with segmented grinding wheel using Taguchi method and Analysis
of Variance (ANOVA). This method reduces the number of experiments, produces high quality products with
low cost for manufacturers. With three experiments, three testing and three replications of the design point,
the research results showed the relationship between technological parameters which are cutting depth,
feed rate and the number of grinding slots with the pair interactions, and three interactions between them
with the vibration, and identified locally optimal technological and systematic parameters with the smallest
vibration in surface grinding on SKD11 steel under heat treatment by intermittent grinding stone made in

Vietnam.
Keywords: minimization; vibration; Taguchi; ANOVA; cutting capacity of grinding; technological system
parameters.
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