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THi NGHIEM XAC DINH BO THONG SO TOI WU GIA CONG CAT
DAY BANH RANG TRU NGOAI RANG THANG BANG VAT LIEU
THEP C45

EXPERIENCE TO DETERMINATE THE OPTIMIZED SET OF PARAMETERS WHEN
WIRE-EDM MACHINING EXTERNAL SPUR GEARS STRAIGHT TEETH C45
STEEL

Tran Hiru Danh
Truong Pai hoc Su pham K¥ thuat Vinh Long

TOM TAT

Muc dich ciia nghién civu nay la tim ra bo théng sé6 EDM t6i wu ¢é thé téi da héa chdt heong
va dé chinh xdc ciia gia céng banh rang hinh tru bén canh rang thang lam bang vdt liéu thép C45.
Ba théng sé chinh la Toc d di chuyén truc chinh n (mm/s), Hé sé ngan mach s (mm), Bi déy f (mm)
da dwoc nghién ciru bang phwong phdp Box-Behnken. Phan tich phwong sai di dwoc dp dung dé tim
ra tac dong ddang ké ciia cdc théng s6 EDM, cho thdy n va s c6 anh hiedng nhiéu nhat dén do nham
bé mdt (Rz), trong khi f c6 dnh hwéng nhiéu nhdt dén Puong kinh vong dinh (D) cia rdng bang
cach sir dung mé-dun Responce Optimizer ciia phan mém Minitab dé tién hanh xdc d‘inh do nham
toz thiéu (Ra ) va duong kinh vong cuc dai 16i da (D, ) cua banh rang, tuw do cung cap bé théng
$0 t0i wu dé danh gia sau khi gla céng la dang tin cdy va c6 thé dwoc mé rong sang thwe hanh gia
céng EDM cho céc loai chi tiét khéc nhau.

T khoéa: Mdy cdt ddy; Banh rang; C45; Phuwong phdp Box-Behnken; B nham bé mat.
ABSTRACT

The aim of this research is to find the optimal set of EDM parameters that can maximize
the quality and precision of machining cylindrical gears in addition to straight teeth made of C45
steel material. The three main parameters namely Spindle Movement Speed n (mm/s), Short circuit
coefficient s (mm), Wire compensation f (mm) were investigated using the Box-Behnken method.
Variance analysis was applied to find the significant impact of EDM parameters, showing that n
and s had the most influence on surface roughness (Rz), while f had the most influence on the Peak
Ring Diameter (D) of teeth using the Responce Optimizer module of Minitab software to conduct
the determination of minimum roughness (Ra, ) and peak ring diameter maximum (D, ) of gears,
thereby providing the optimal set of parameters for evaluation after machining is reliable and can
be extended to EDM processing practice for different types of parts.

Keywords: WEDM; Surface Roughness, Box-Behnken method,; C45.
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1. GIOI THIEU

Thép C45 1a loai thép hgp kim cacbon
cao c6 dg cting va do bén kéo thich hop cho viéc
ché tao khuon, ung dung trong co khi, cac bd
phan chiu tai trong cao va va dap manh. Trong
lich sur, viéc gia cong banh rdng hinh try bén
ngoai rang thang bang vat liéu thép C45 thuong
sir dung cac phuong phap gia cong truyén
thong nhu tao hinh phay duoc thuc hién bang
dao phay tao hinh c6 profin phu hop véi profin
cua ranh rang. Hién nay, véi sy phat trién cua
khoa hoc cong nghé, ngoai cac phuong phéap
gia cong truyén thong nhu trén, cac phuong
phéap gia cong phi truyén théng nhu may cit
day dién (EDM) [1] duoc st dung dé gia cong
nhiéu dang bé mat phuc tap voi do chinh xac
cao nhu 16 hinh, dic biét 1a cac khe hep c6 vong
cung cong, gia cong 16 trong khudn duc 15,
khuon ép kim loai, gia cong dién cuc cho may
xung EDM, dung dé cit cac duong vién phirc
tap nhu cAu hinh cam, cu hinh than banh rang,
ciu hinh spline, cit mit ba chiéu, chang han

nhu bé mit banh ring nghiéng, canh tua-bin,
khéi hinh nén, chi tiét xodn bc¢, parabol... [5] tir
d6 nang cao ning suat, chat luong va hiéu qua
ctia san pham. Do dé, viéc tng dung cong nghé
EDM dé gia cong banh ring hinh try ngoai
ring thang bang vat liéu thép C45 xac dinh cac
thong s6 cong nghé tdi wu khi gia cong thép dé
gia cong banh rang hinh try ngoai ring thing
bang vat lidu thép C45 c6 y nghia khoa hoc
va thyc tién. Trong nghién ctru nay, ba thong
s6 dau vao di dugc tinh dén. Str dung phuong
phap Box-Behnken, tim bo tham sé t6i wu cho
d0 nhdm bé mit va ho so chi tiét.

2. NOI DUNG NGHIEN CcUU
2.1. Miu thi nghiém

Dbi vé6i thi nghiém, lua chon thép C45
c6 ham luong carbon cao, c6 nhiéu tng dung
trong linh vuc co khi ché tao, co kha nang chiu
luc va kéo tot. Thanh phan hoa hoc cua thép
dugc thé hién chi tiét trong Bang 1.

Bdng 1. Thanh phan héa hoc ciia thép C45

Thanh phin héa hoc

Thép C Si Mn

P

Cr

C45 0.42~0.5 | 0.17~0.37 0.5~0.8

0.04

<0.04

<0.25

<0.25

2.2. Thiét bi thi nghiém va dung cu do

Trong nghién ciru nay, thiét bi cat
day DW35 1a thiét bi xtr Iy xung dién, trong
do dién cuc am trén may la day kim loai co
duong kinh 0.1-0.3mm. Pay la sy khac biét co
ban giita may cat day tia ltra va cac may xu ly
xung khéc, dat duoc do chinh xac rat cao khi
gia cong (Hinh 1).

15) |

i ==

Hinh 1. Thiét bj may cat day DW35
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a) Thiét bi do toa dé Benchmark 5.4.4

/

b) Thiét bi do dé nham Mitutoyo SJ-210
Hinh 2. Thiét bi kiém tra

Str dung dung cu do toa do Benchmark
5.4.4 CMM & kiém tra bién dang hinh hoc
cia chi tiét (Hinh 2a). Thiét bi do d6 nham
Mitutoyo SJ-210 dé kiém tra do nham bé mat
chi tiét (Hinh 2b).

2.3. Thiét ké thi nghiém

Muc dich cua nghién cuu nay la dua
trén cong suét may, vat li¢u cit va day cit,
chon ba thong s6 dau vao tuong tmg: Tdc do di
chuyén tryc chinh (n), hé s6 ngin mach (S), bu
day (f) dé khao sat chat luong do nham bé mat
va bién dang chi tiét [1-4]. B cuc ciia ma tran
thuc nghi¢m nhu Bang 2.

Bang 2. Thong so dau vao va cac murc duoc diéu tra.

Théng sb Ky hiéu Gia tri bién thiét ké
dau vao Twnhién | Mahoa | Mic(-1) | Miec (0) | Mic (+1)
Téc d6 di chuyén truc chinh n (mm/s) A 100 125 150
Hé s doan mach S (mm) B 8 9 10
Bu day f (mm) C 0.1 0.11 0.12
2.4. Thi nghiém tién duoc nghién ctru 12 46 nham (Ra) bé mait

St dung quy hoach bac hai Box-
Behnken ba yéu t6 c6 thé mé ta tot cac tinh
chat cia dbi twong nghién ctru trong khong
gian thiét ké voi quy hoach bac hai, phuong
trinh hdi quy c¢6 dang béc hai [7], vi vy c6 thé
t6i vu hoa dé tim cac tham sé cong nghé phu
hop dé c6 duge cac tham sb dau ra tét nhat voi
phuong trinh hdi quy da thirc c6 dang chung 1a
cong thuc (1):

y=b,+ Zz{:l byx; + E:{Zl bi:’xiz + Ekﬁi}' bi_;l'xixj(l)

ij=1

Trong do, cac thong so6 dau ra lan dau

va bién dang chi tiét (D). Ma tran 1ap ké hoach
¢ dang tu nhién va gia tri trung binh cua ba
phép do va thir nghiém (hinh 4) sau khi gia
cong (hinh 3) duogc thé hién trong Bang 3.

Hinh 3. San pham sau khi gia cong theo ma trin
thi nghiém
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Hinh 4. Po kiém san pham sau khi cdt ddy DW35
Bdng 3. Théng sé dau vao va két qua dau ra
No n S f Do nham Ra Pudng kinh vong dinh (D)
1 100 8 0.11 2.542 64.9286
2 150 8 0.11 2.488 64.9443
3 100 10 0.11 2.545 64.9368
4 150 10 0.11 2.789 64.9434
5 100 9 0.1 2.613 64.9118
6 150 9 0.1 2.819 64.9971
7 100 9 0.12 2.977 65.0306
8 150 9 0.12 2.960 64.9676
9 125 8 0.1 2.548 64.9010
10 125 10 0.1 2.820 64.8999
11 125 8 0.12 2911 64.9410
12 125 10 0.12 2.943 64.9494
13 125 9 0.11 2.371 65.0552
14 125 9 0.11 2.371 65.0552
15 125 9 0.11 2.371 65.0552
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3. KET QUA VA PHAN TiCH
3.1. D) nham bé mit Ra

Str dung phan mém Minitab, tinh toan
phuong trinh héi quy ¢ dang tong quat chung

dugc hién thi trong bang 4.

Bdng 4. Cdc hé sé ciia phuwong trinh hoi quy hodn
chinh cua do nham

Term Coef Cs::e f T-Value | P-Value

Constant | 2.3110 | 0.0217 | 106.73 | 0.000
n 0.0474 | 0.0133 | 3.57 0.001

s 0.0760 | 0.0133 | 5.73 0.000

f 0.1255 | 0.0133 | 9.47 0.000
n*n 0.1234 | 0.0195 | 6.32 0.000
s*s 0.0900 | 0.0195 | 4.61 0.000
*f 0.3412 | 0.0195 | 17.48 0.000
n*s 0.0745 | 0.0188 | 3.97 0.000
n*f 0.0557 | 0.0188 | -2.97 0.005
s*f 0.0600 | 0.0188 | -3.20 0.003

Phuong trinh hdi quy dic trung cho anh
huong cua cac tham s6 dau vao dén do nham bé
mat:

Ra = 46.01 - 0.0497 n - 1.256 s - 656.2 f +
0.000197 n> + 0.0900 s> + 3412 2 + 0.002980
ns - 0.2230 nf - 6.00 sf (2)

Phén tich cac hé sb c6 anh huong nhiéu
nhit dén phuong trinh hdi quy vira tim thay.
Dua trén so do Pareto (Hinh 5), tim thay cac hé
s6 anh hudng nhiéu nhit &én phuong trinh hoi
quy: Tuong tac bac 2 bu day; bu day; tuong tac
béc 2 téc do di chuyén truc chinh.

Pareto Chart of the Standardized Effects
(response is Ra, o = 0.05)

Term 203

a
n
fmmm

0 5 10 15 20
Standardized Effect

Hinh 5. Biéu do Pareto thé hién mirc dé anh hwong
den do nham bé mat

Main Effects Plot for Ra
Fitted Means

3 { f

Mean of Ra
M ™ M

p
tn

™
-

23 e =

100 120 140 8 9 10 0.10 on 0.12

Hinh 6. Két qua phdn tich anh huong cdc théng sé
den do nham bé mat

Tir biéu d6 (Hinh 6) cho thdy anh hudng
ctia hai thong s6 dau vao anh hudng nhidu nhat
dén do nham bé mat, d6 1a hé s6 bu day anh
huong nhiéu nhat dén d6 nham bé mit cua chi
tiét banh rang. Ciing tir biéu do, ta thay rang khi
tang toc d6 di chuyén tryc chinh tir mirc (-1),
d6 nham giam tir gia tri 2.4 vé mirc cuc tiéu 2.3
tai vung can muc tam (0), sau do tang tdi gia
tri 16n nhat 1a 2.5; khi ting hé sé doan mach tir
mirc (-1), d6 nham giam tir gi tri 2.35 vé mirc
cuc tiéu 2.3 tai ving can mirc tim (0), sau d6
tang tGi gia tri 16n nhat 1a 2.5; khi tang gia tri bu
day tir muc (-1), d6 nham giam tir gia tri 2.5 vé
muc cuc tiéu 2.3 tai vung can muc tam (0), sau
do tang toi gia tri 16n nhat 13 2.8.
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3.2. Puong kinh vong dinh D

Str dung phﬁn mém Minitab, tinh toan
phuong trinh hdi quy & dang tong quéat chung
cho duong kinh vong dinh dugc hién thi trong
bang 5.

Bdng 5. Cdc hé sé ciia phwong trinh hoi quy hoan
chinh cia duong kinh vong dinh

Term Coef | SE Coef | T-Value | P-Value
Constant 65.0546 0.0001 530327.73 0.000
n 0.005575 0.000075 74.22 0.000
S 0.001825 0.000075 24.29 0.000
f 0.022225 0.000075 295.86 0.000
n*n -0.031113 0.000111 -281.38 0.000
s*s -0.085312 0.000111 -771.56 0.000
*f -0.046812 0.000111 -423.37 0.000
n*s -0.002275 0.000106 -21.41 0.000
n*f -0.037075 0.000106 -348.99 0.000
s*f 0.002375 0.000106 22.36 0.000

Phuong trinh hdi quy déc trung cho anh
hudng cua cac tham s6 dau vao dén duong kinh
vong dinh banh rang:

D = 49.5070 + 0.029800 n + 1.52270 s +
121.610 f - 0.000050 n*n - 0.085312 s*s -
468.12 £*f - 0.000091 n*s - 0.148300 n*f +
0.2375 s*f 3)

Phén tich cac hé sb c6 anh huong nhiéu
nhat dén phuong trinh hdi quy vira tim thay.
Dua trén so dd Pareto (Hinh 7), tim théy cac
hé s6 anh huong nhiéu nhét dén sai léch duong
kinh dinh D: Tuong tac bac 2 cua hé sb6 doan
mach; tuong tac bac 2 cua bu day.

Pareto Chart of the Standardized Effects
{response is D, a = 0.05)

Term 5,

] 100 200 300 400 500 600 700 800
Standardized Effect

Hinh 7. Biéu dé Pareto thé hién mirc @6 anh hwong
den dwong kinh vong dinh

Tir d6 thi (Hinh 8) cho thiy anh huéng
clia cac tham s& dau vao anh hudng nhidu nhat
dén duong kinh vong dinh, cu thé 1a Téc do di
chuyén anh huéng nhiéu nhit dén duong kinh
vong dinh cta banh riang. Qua d6 thi, ta thiy
rang khi ting téc d6 di chuyén truc chinh tir
muc (-1), duong kinh vong dinh cta banh rang
tang tir gi4 tri thap nhét va dat gia tri 16n nhat ¢
ving tdm quy hoach, sau d6 giam dan; khi ting
hé s6 doan mach tir muc (-1), duong kinh vong
dinh cua banh ring ting tir gia tri thdp nhat va
dat gia tri 16n nhat & ving tim quy hoach, sau
d6 giam dén; thiy rang khi ting bu day tir mirc
(-1), duong kinh vong dinh cia banh rang tang
tir gia tri thap nhat va dat gia tri 16n nhét ¢ ving
tam quy hoach, sau d6 giam dan.

Main Effects Plot for D

Fitted Means

n s f

65.06

65.04-

65.02

Mean of D

65.00

64.98

64.96 T ™ ™ ™ ™ T
100 120 140 8 9 10 010 o 012

Hinh 8. Két qua phdn tich anh hiong cdc théng soé
dén dwong kinh vong dinh
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3.3. T6i wu thong sb
3.3.1. Toi wu dp nham Ra

Téi uu hoa cac thong sé6 do nham bé
mit Ra, st dung phdn mém Minitab dé tién
hanh xéc dinh d§ nham bé mét téi thicu (Ra_ )
6 thé dat duoc bang 6.

Bdng 6. Bang théng sé ddu vao ciia d¢ nham

bé mat
Solution n S f Ra Fit
1 122.222 8.54545 | 0.107677 | 2.27654

Két qua co gia tri 0,978299, két luan 1a
hoan toan phu hgp véi cac di¢u kién dau vao.

n f
High 150.0 10.0 0.120
Cur [1222222] [8.5455] [0.1077]
Low 100.0 80 0.10

Optimal
D: 09783

Minimum
y=2.2765
d = 0.97830

Hinh 9. Biéu dé hién thi cdc tham s6 dau vao cho
Ra

D) nham bé mat dat gia tri cyc tieu &
cac gia tri tham so dau vao la:

Théng s6 diu vao Gia tri
n 122.222

8.54545
f 0.107677

V6i bd gia tri tham s t6i wru cho két qua
gia tri toi thiéu cia do nham bé mat dugc tao
thanh dy doan la: 2,27654pum.

3.3.2. Téi wu héa dwong kinh vong dinh D

Str dung phan mém Minitab téi wu hoa

b6 thong s6 cho duong kinh dinh D véi duong
kinh vong dinh téi da c6 thé dat dugc (D_ )
Bang 7.

Bdng 7. Bang théng sé dau vao ciia dieong kinh

vong dinh
Solution n S f D Fit
1 123.232 | 9.01010 | 0.112727 | 65.0574

Két qua co gia tri 1a 1 két luan hoan toan
phu hop vai diéu kién dau vao.

y = 65.0574
d = 1.0000

Hinh 10. So d6 biéu thi cdc tham sé dau vao cho
dwong kinh vong dinh D

Két luan rang duong kinh vong dinh dat
gia tri toi da ¢ cac gia tri tham so dau vao la:

Théng s6 diu vao Gia tri
n 123.232
s 9.0101
f 0.112727

Vi bo thong sb toi vy, gia tri toi da cia
duong kinh vong cuc dai cua banh rang duoc
hinh thanh duoc du doan la: 65.0574 mm.

3.3.3. Téi wu héa bé théng sé anh huéng dén
dp nhdam bé mgt Ra va dwong kinh vong dinh D

Str dung phan mém Minitab, t6i uvu hoa
hai b thong s6 Ra va D véi diéu kién dau vao
1a @6 nham t4i thiéu (Ra) va duong kinh ti da
(D) ctia banh rang. Sau khi thiét lap tinh toan,
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nhan dugc bang gia tri tham sé dau vao nhu
Béng 8.

Bdng 8. Bang gid tri théng sé dau vao Ra va D

Solution n S f D Fit Ra Fit

1 124.242 8.92929 0.109697 65.0531 2.30124

Két qua c6 gia tri 0,965012, hoan toan
phu hop vai cac dieu kién dau vao.

Optimal ] <

D0seso Mg 1500 100 0120

o Cur 1124.2424] [8.9293] 0.1097)
Low 1000 8.0

T TN TN

Desirability
D:0.3650

D /X
Maximum

y= 650531
4= 0.98670

Minimum
y= 23012

Hinh 11. P6 thi cdc théng sé dau vao anh huéng
den do nham va dwong kinh banh rang

Két luan rang két qua t6i vu hoa da muc
tiéu gia tri cuc dai duong kinh vong dinh tao
thanh va cuc tiéu dd nham bé mat chi tiét tao
thanh c6 cac gia tri thong s6 dau vao la:

Théng sb

diu vao Gid tri
n 124.242
s 8.92929
f 0.109697
Response Fit SE Fit 95% CI | 95% PI
(65.0529, | (65.0523,
b 65.0331 0.0001 65.0534) | 65.0539)
(2.2574, | (2.1623,
Ra 2.3012 0.0216 2.3451) 2.4402)

Vi két qua phan hoi 1a 95%, bd tham
sdn=124 mm/s; s =9; f=0,11 mm la ché do
cat to1 uu cho thiét bi khi gia cong thép C45.

4. KET LUAN

Két qua thu duoc tir bai béao xac dinh
rang n = 122,22 (mm/s) va s = 8,54545 (mm) ¢
anh huong nhiéu nhat dén d6 nham bé mit (Ra)
va dat gia tri toi thiéu Ra_ = 2,27654 (um),
trong khi f=0,112727 (mm) anh huéng nhiéu
nhit dén Puong kinh vong dinh (D) va dat gia
tri toi da D, = 65,0574 (mm). Phan tich téng
hop cho thay gia tri toi da ciia duong kinh to1
da cua vong dinh hinh thanh va gia tri ti thiéu
ctia d6 nham bé mat duge hinh thanh c6 cac gia
tri tham s6 dau vao 1a: n = 124 (mm/s); s = 9
(mm); f= 0,11 (mm) 1a ché d6 cit t6i wu dé gia
cong thép C45. Vi bo thong sb tdi wu nay co
thé 1am co s& cho nhitng cong trinh nghién ctru
tiép theo, cling nham muc dich gia cong cac chi
tiét, co cAu may bang thép C45 khac va c6 thé
mo rong sang gia cong cat ddy cho cac loai chi
tiét khac nhau véi cac loai vat liéu khac nhau.
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