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LOTNOI PAU
Trong bdi cdnh khoa hoc - c6ng nghé phat trién nhanh chéng va déng vai tro trung
tdm trong qua trinh chuyén doi cong nghiép, cac linh virc Co khi, Dién, Tw dong héa va Nang
lwong tai tao dang ngay cang khing dinh tAm quan trong d6i v&i sw phét trién bén vikng cia
quéc gia. Nhirng yéu ciu mai vé t6i wu hda nang lwgng, tw dong hoa hé thong, rng dung tri
tué nhén tao va khai thac cdc nguén nang lwong sach dat ra nhiém vu cip thiét cho céng

déng nghién ctru trong nwéc phai khong ngirng d6i méi tw duy va phwong phép tiép cin.

Nham thic d4y trao déi hoc thuat, cong bd két qua nghién ctru va ting cwong lién
két gitra co s& dao tao - vién nghién ctru - doanh nghiép, Trweong Pai hoc M6 - Dia chit
phdi hop v&i cac don vi to chirc Hoi nghi khoa hoc toan quéc vé Co khi, Pién va Tw dong
héa ndm 2025 (MEAE2025) v&i chi dé “Cong nghé va ning lwong tai tao”. Hoi nghi 1a dién
dan khoa hoc uy tin, noi tap hop cac cong trinh nghién ctru méi, cac giai phap cong nghé
tién ti€n va cac hwdng tiép cin hién dai trong boi cdnh chuyén dich niang lwong va phat

trién xanh.

Ban T6 chitc tin rang Tuyén tip cong trinh khoa hoc MEAE2025 sé 1a ngudn tw liéu
c6 gia tri, phan 4nh nd luc nghién ctru nghiém tic, mang tinh hoc thuat va trng dung cao ctia
dd6i ngii cAc nha khoa hoc Viét Nam. Cac két qua dwoc cong bo tai Hoi nghi khong chi dong
gop cho tri thirc chung, ma con goi mé nhiéu dinh hwéng quan trong phuc vu dao tao,
nghién ctru va chuyén giao cé6ng nghé.

Thay mat Ban T4 chitc, ching t6i xin tran trong cdm on Pang y, H6i dong Truong,
Ban Giam hiéu Trudong Pai hoc Mo - Pia chat; cac co quan, don vi phéi hop; cac tac gid, nha
khoa hoc, nha phan bién va doanh nghiép da dong hanh, hd tro va dong gép thiét thuc cho

sw thanh cong ctia Hoi nghi.

Tran trong.

TM. BAN TO CHU'C

A=

PGS.TS Khdong Cao Phong
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DPANH GIA PO CHINH XAC HINH HOC GIA CONG BANH RANG TRU RANG
THANG BANG PHUONG PHAP CAT DAY TIA LUA DIEN EDM

Nguyén Thanh Tung'*

1 Khoa Co - Dién, Trwong Pai hoc M6 - Pia Chdt, Viét Nam.

TOM TAT

Trén co sé ly thuyét dwong thdn khai va cdc phép bién déi todn hoc, mé hinh hinh hoc ctia bdnh rdng
tru rdng thang cé modun Ién da dwoc xdy dung. Tir mé hinh nay, dwong chay dao dwoc thiét ldp va qud
trinh gia céng dworc mé phéng véi sw hé tro ciia cdc phdn mém CAM. Két qud thwce nghiém gia céng bdnh
rdng tru than khai médun I6m bdng phwong phdp cdt ddy EDM cho thdy do chinh xdc dat cdp 5 theo tiéu
chudn TCVN. Sai léch bién dang rdng, dé nhdm bé mdt cling nhuw sai s6 bwéc rdng déu ndm trong gi¢i han

cho phép

Tir khéa: cat ddy EDM, CMM, Bdnh rdng thdn khai.

1. M¢& dau

Trong nhitng nam gan diy, nhu cau vé banh
rang phi tiéu chuén va banh rang kich thwéc 16n
c6 do chinh xac cao ngay cang tang, dac biét trong
béi canh cac hé théng co khi cong suit 1ém dwoc
trng dung rong rai. Chit lwong ctia banh rang 16m
anh hwdng truc tiép dén do tin ciy, hiéu suat va
tuoi tho cda thiét bi. Do d6, viéc ap dung cac quy
trinh ché tao hién dai, c6 d6 chinh xac cao 1a yéu
cau tit yéu nhim dam bao d6 bén va tinh 6n dinh
truyén dong.

Cac phwong phap gia cong truyén thong nhw
phay lin, chuét, nghién rang, diic va rén van con
ton tai nhitng han ché nhat dinh khi ché tao banh
rang c6 kich thwéc 16m va yéu ciu chit lwong cao.
biéu nay dat ra nhu ciu nghién ctru nhirng quy
trinh cong nghé tién tién, vira ddm bao d6 chinh
xac va do tin ciy, vira mang lai hiéu qua kinh té,
phuc vu da dang cac rng dung trong khoa hoc,
cong nghiép va doi séng.

Gia cong tia lra dién day (Wire EDM -
WEDM) la m6t phwong phap gia cong phi truyén
thong c6 kha ning tao ra chi tiét c6 do chinh xac
cao nho chuyén dong diéu khién hai truc. Nguyén
ly qua trinh dwa trén hién twong phoéng tia Itra
dién d€ bao mon vt liéu trong moi truedng chat
16ng dan dién (dung dich dién méi). Nhiéu nghién
ctru da chi ra wu diém noi bat cia WEDM trong
ché tao banh rang. Chang han, nhom tac gia R. M.
Yusron va cong su [1] da khao sat &nh hwéng cta
cac thong s6 cong nghé nhw thoi gian bt xung,
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dién ap, dong xung va luc cang diy dén sai s6 bién
dang than khai cia banh ring tru bang phwong
phap thiét ké thi nghiém Taguchi L18. Két qua
cho thay cac thong sé thoi gian bat xung, dién ap
va dong xung c6 quan hé ty 1é thuin véi sai so
bién dang, trong khi lwc cang day co tac dong ty
1é nghich. Twong tw, Gupta va cong su [2] da so
sanh WEDM v¢i phuong phap phay lan rang
truyén théng vé chit lwong hinh hoc, dd nham,
c4u tric bé mat va do cing, tir d6 khing dinh wu
thé vwot troi cia WEDM. Ngoai ra, nhiéu cong bd
khac [3-6] cling nhdn manh tinh wu viét cla
phwong phap nay trong ché tao banh rang thin
khai, dac biét trong san xuat don chiéc va loat
nha.

Trong nghién cru nay, nhém tac gia tap
trung xay dung mo hinh toan hoc dé thiét 1ap bé
mat hinh hoc clia banh rang tru rang thang, tir do
tién hanh gia cong thir nghiém bang may cit day
EDM. D6 chinh xac gia cong duoc danh gia thong
qua phwong phap do CMM, nham 1am rd hon wu
diém ctia WEDM trong ché tao banh rang tru
modun 16n.

2. Xay dung mo hinh toan bién dang banh
rang tru than khai

Goi X(x; y) 1a mot diém bat ky nam trén
dwong than khai (hinh 1); o la goc ap luc tai
diém X; 6. la goc ham than khai rmg v&i goc ap

luc o ..
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Hinh 1: Sor do tinh cdc diém trén dwong thdn khai

Toa dd diém X dwoc xac dinh boi phwong
trinh sau:

X =r,.cost, + 1yt .sint,
. (1)

y =r,.smt. —r,.t .COSt,
Goi ry 12 ban kinh véc to tai di€ém X ta co:

(2)

Thay x va y tir hé phwong trinh (1) vao
phuong trinh (2) ta c6

2 2 2
X +y =r

rl=r(+t’) (3)
Tlr phwong trinh (3) ta co:
2 2
t, = % (4)
7o

ta c6 MH = ro.tgoy va cung HK = r,.t.. Theo tinh
chit cia dwong than khai thi do dai cung HK =

MH nén ta co: tgox = tx (5)
vat —a, =0, (6)
Thay (5) vao (6) ta cé:
0, =tga, —a, =t —arctgt =
_ & —2r02 —arctg r —2r02 7
r0 I'0

Viéc gidi phwong trinh (1) va cac diéu kién
nhw phwong trinh (4), (7). Bién dang banh rang
dwoc hinh thanh dwéi sy hd tre ctia ngdn ngi 1ap
trinh Autolisp dé xy dwng mét chwong trinh tw
dong vé bé mat banh rang tru than khai chay trén
nén Mechanical Desktop. Chwong trinh nay da
dwoc str dung dé vé banh rang mau c6 mé6 dun m
=10; s6 rang Z = 17; géc ap luc trén vong chia o
=209 géc nghiéng 3 = 0.
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Hinh 2. Bdnh rdng than khai

3. Gia cong banh ring tru than khai bang
phwong phap cat diy EDM

3.1 Xay dwng dwong chay dao

Chwong trinh gia cong banh rang dwoc ho
tro béi phin mém Mastercam dwoc thuc hién
qua cac buoc:

Budéc 1: Xuat vé banh ring 2D tir Autocad sang
moi tredng Mastercam.

Buéc 2: Thiét lap dwong dung cu.

Budc 3: Xuat file NC cit diy banh ring tru than
khai ring thang.

Budc 4. M6 phdng qua trinh gia cong.

Hinh 3. M6 hinh dwong chay dao
3.2 Chon may va ché dé cat day

M4y cat day duwogc sir dung trong qua trinh
thuc nghiém gia cong rotor la may DK7730. Do
day déng tao ra do chinh xac cao cho chi tiét gia
cong, n6 c6 dd bén kéo, kha ning dan dién tot va
do 6n dinh cao trong qua trinh cit. Ngoai ra, day
molipden con cé kha ning chéng oxy héa, chiu
duoc lyc cang 16m nén nghién cttru nay st dung
day cit molipden c¢6 dwong kinh 13 0.25 mm
trong qua trinh gia cdng banh rang. Cac thong s6
va hinh 4anh may DK7730 (hinh 4) va day cat cho
trong bang 1.

Béng 1. Thong s6 ky thuat may cat diy DK7730

TT Thong s Gia tri
1 |Kich thwéc ban may 360x540 (mm)
2 |Hanh trinh gia cong 300x360 (mm)
3 | Chiéu cao cit toi da 400 (mm
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4 | Tai trong mdt ban mdy | 200 (kg)

5 |Téc dd giacongtdida | 120 (mm?2/phit)

6 |Trongluwong 1250 (kg)

C6 nhiéu théng s6 cong nghé anh hwdng tdi
do6 chinh xac bién dang va chit lwong gia cong
rotor nhung théng s6 c6 anh hwéng 16n téi do
chinh xac gia cong la dién ap danh tia Itva dién
(Uy), cwong do dong dién (1), toc do cudn day (V).
Ché dd cat duoc thé hién nhw bang 2.

Bang 2. Ché do cat thir nghiém

TT Thong s6 Gia tri
1 |T6c dd cit (mm2/phit) 25

2 | Cwong do dong dién (A) 3

3 |Hiéu dién thé cit (V) 95

4 | Do kéo dai xung ti (us) 8

5 | Khodang cach xung to (us) 40

= =

Hinh 4. Mdy cat ddy DK7730
3.3. Pbanh gia do chinh xac gia cong

Bénh ring sau gia cong xong bang phwong
phap EDM dwoc danh gia do chinh xacthdng qua
danh gia sai s0 bwéc rang, bién dang ring va do
nham bé mit.

Viéc do kiém bién dang riang dworc tién hanh
do ki€ém biang phuong phap CMM trén may do
toa do CMM (hinh 6) va kiém d6 nham trén may
do nham (hinh 7)

Hinh 6: Do ki€ém trén may do toa d6 CMM
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Hinh 7: Po d6 nham trén may do nham

Bién dang than khai cia banh rang dwoc xay
dwng tir vong co s& ro dén vong dinh re, trong khi
dau do cia may CMM lai quét tir re dén r; (ban
kinh vong chan) r6i lai dén re. Do vay phadi loai bo
nhitng diém c6 ban kinh ry< ro.,

Viéc xac dinh sai s6 gitta bé matrang do thuc
té so v&i bé mat ly thuyét gom cac bwéc sau:

Budc 1: Chuyén toa do cac diém do tir goc
toa do may (Xm,Ym) sang goc toa do chi tiét (Xp,Yp).

Buwdéc 2: Tinh ban kinh ry tai mbi diém do

A p _ 2 2 s ) .

theo cong thirc r, = W/Xp[ +Y,, vaso sanh voi
I, d€ loai bo nhitng diém ma ry< ro.

Budéc 3: Vélai toa do cac diém do trén phan
mém Autocad, vé dwong tron co s& ban kinh
r, =r.cos. Tai moi diém do, ta dung hinh xac
dinh géc ham than khai va goc ap luc tai diém x la
0. vaa,.

Budc 4: Tinh gia tri 1ga, —a, va so sanh
v6éi 0 . Piém x nam trén dwong thin khai cta

vong tron co s& (0, r,) khi toa dé cia né thda man
phuong trinh cia dwong than khai:

Buéc 5: Tinh sai s6 tai moi diém do.

Dit liéu diém sau tir may do toa d9, va dwoc
kiém tra bang thuit toan nhw hinh 7
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|
Enter co-ordinate

(x5 y)),1i=1,n

Ri=1/ (X12+Yi2)

Hinh 9 : M0 t4 sai 1éch bién dang rang

Hinh 9 thé hién sai s6 bién dang rang giira
rang ly thuyét va bién dang ring gia cong bang
phwong phap EDM. Gia tri s6 16n nhit 0.01 mm
tai cung 16i ctia rang, tai cac vi tri chuyén tiép gitra
cung 16i va cung 16m thi sai s6 rang 16n. Gia tri sai
s6 nay dap trng dugc yéu cau vé do chinh xacbién
dang rang. Bén canh d6 d6 nham bé mat dat Ra =
2.5 um phuhop véi dd nham tiéu chuln cia banh
rang.

4.Kétluan

ABI-pi-(tgo-a)| Trén co s& mo hinh todn nghién ctru da thuc
nghiém ché tao mot banh rang tru ring thang
bién dang than khai véi modul m=10,Z=17. Viéc

Ai=AQL R, gia cong banh rang bing phwong phap EDM véi

ché& @6 cat thong thwong dat dwoc cac két qua cu

Hinh 7 : Thuat toan xac dinh sai s0 thé nhu sau

Xac dinh sai s6 profion rang - Sai s0 profin rang cia banh rang < 0.01 mm

0.009 - Sailéch buéc ring < 0.009 mm

E 0.008
£ o007 - Nham bé mat dat 2.5 pm
g 0.006 Gia tri sai s6 trén dat cip chinh xac 5 theo
,§ EEEZ ‘ | TCVN. Véi cac banh rang modu! 16n khi gia cong
2 0008 ‘ ‘ dat dwoc cap chinh Xéc’ nay khang dinh tinh wu
& 0.002 viét ciia phwong phap cat day tia ltra dién EDM.
A D'DD; | I I I | Tai liéu tham Khao
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