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TOM TAT

Tién cang la mot ki thuat dang phat trién dé gia cong tinh céc chi tiét c6 do
ctng tir 45 HRC tré 18n, nham thay thé cho qua trinh mai. So véi phuong phap mai
truyén thong, tién cang ¢ mot sé wu diém nhu linh hoat hon, ning suit cao hon, chi
phi thap hon va than thién véi méi trudng hon. Tuy nhién, thach thic 16n nhit cua
tién cimg 1a dam bao chat luong bé mit chi tiét gia cong (46 nham bé mat) va giam
thiéu sw mai mon cua dung cu cét. Vi tién cing khéc biét dang ké so vai tién truyén
théng nén nhiéu kién thirc va ly thuyét cua tién truyén théng khong thé ap dung truc

tiép cho phuong phap nay.

Dé t6i wu hoa qua trinh tién cting, viéc lva chon dung cu cat (théng sé hinh
hoc va vat liéu dung cu cit) va ché do cat (tbc do cat, budce tién dao va chiéu sau cit)
phai phi hop. Muc tiéu chinh cia nghién ctru nay 1a phan tich anh hwong dong thoi
cua cac thdng sé hinh hoc goc dao (gdc nghiéng, goc trude va goc nang dao) dén do
nham bé mat, do mon dao, luc cat va tdi vu hoa cac thong sd ndy trong qué trinh tién

ctring sir dung manh dao tiéu chuan.

Quaé trinh thuc nghiém tién cirng duoc thuc hién trén thép AlSI 1055 (52HRC)
bang dao hop kim gom phi TiN. Két qua cho thay goc nang dao la yéu t6 chinh anh
huong dén do mon dao, do nham bé mit va luc cit trong tién cang. Khi ting goc nang
dao va goc trudc theo hudng am, 6 mon cua dung cu cat giam nhung do nham bé
mit tang 1én. Tuy nhién, d6 nham bé mit s& giam khi goc nang dao tiép tuc ting qua
mot gidi han nhat dinh. Pay 1a phat hién mai va co ¥ nghia quan trong trong nghién
ctru tién cuang.

Dua trén két qua nghién ctu, nén 4p dung goc nang dao am I6n (4s = -10°) dé
ddng thoi giam do nham bé mit va do mon dao. Véi cac goc dao cat tdi vu dugc Xac
dinh, qua trinh tién cing duoc cai thién dang ké, véi mic giam 6 nham bé mat va

d6 mon dao lan luot 1a 8.3% va 41.3% so voi cac goc dao tiéu chuan.

Vi



Phuong phap thiét ké hé thdng db ga dugce dé xuat cung cip mot giai phap hiéu
qua dé thay do6i thong sé hinh hoc géc dao khi sir dung cac manh dao tiéu chuan,

nham cai thién qua trinh tién céc vat liéu ctiing hoac khd gia céng khac.

Céac md hinh toan hoc vé do nham bé mit, d6 mon dao va luc cit da duoc xay
dung. M6 hinh toan hinh hoc qué trinh tién cang méi dugce dé xuét co thé duoc ap
dung cling véi cac cdng thirc va mé hinh toan hoc khac dé tinh toan lc cat, nhiét cét
va d6 mon dao cuc bo cho tirng phan tir canh cat va cho toan bd qua trinh. Md hinh
toan hoc nay ciing c6 thé dugc sir dung cho cac nghién ciru tién cac vat liéu kho gia

céng khac.
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ABSTRACT

Hard turning is an emerging technology for machining parts with high
hardness (45 HRC and above). It offers several advantages over conventional
grinding for finishing hard materials, including greater flexibility, higher
productivity, lower cost, and more environmentally friendly production. However,
significant challenges in hard turning involve achieving high-quality machined
surfaces (low surface roughness) and minimizing cutting tool wear. Hard turning
differs significantly from conventional turning, and much of the theoretical
knowledge for conventional turning cannot be directly applied to hard turning.
Therefore, to optimize the hard turning process, it is critical to appropriately select
cutting tools (tool material and geometry) and cutting conditions (cutting speed, feed

rate, depth of cut).

The primary objective of this study is to investigate the influence of the cutting
tool geometric parameters (cutting edge angle, rake angle, and inclination angle) on
surface roughness, tool wear, and cutting forces, as well as to optimize tool geometry
for the hard turning process. Experimental hard turning tests were conducted on AlSI
1055 steel (52 HRC) using TiN-coated ceramic cutting tools. The results indicate that
the inclination angle is the major factor affecting tool wear, surface roughness, and
cutting forces in hard turning. Making the rake and inclination angles more negative
decreases tool wear but increases surface roughness. However, beyond a certain
negative inclination angle, surface roughness begins to decrease. This finding is novel

and significant in hard turning research.

Based on the research findings, a large negative inclination angle (s = -10°) is
recommended to simultaneously reduce surface roughness and tool wear. Using the
optimal cutting tool angles identified in this research, the hard turning process was
markedly improved, with reductions in surface roughness and tool wear of 8.3% and
41.3%, respectively, compared to using standard tool angles. Mathematical models
for surface roughness, tool wear, and cutting forces were also developed.

Additionally, a new tool-post fixture design approach is proposed, providing an

viii



effective method to adjust tool angles (using standard inserts) to improve the hard
turning process. The new geometrical model for hard turning can be combined with
other formulas to calculate local cutting forces, cutting temperatures, and tool wear
for each cutting-edge element and for the overall process. It can also be applied to

study the turning of other difficult-to-machine materials.
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Chuong 1:
GIOI THIEU CHUNG

1.1 Ly do chon dé tai

Ngay nay, véi su phat trién nhanh chéng cua ki thuat va cdng nghé trong nganh
cdng nghiép ché tao, cac nha san xuat lién tuc cai tién va ap dung céc cong nghé méi
Vvao qua trinh san xuat dé giam chi phi, nang cao ning suat va chat luong cta san
pham gia cong. Tién cang, mot phuong phap gia cong méi, da duoc tng dung dé gia
cdng cac vat liéu c6 do cing tir 45-70 HRC, thay thé nguy@n céng mai truyén thong.
Nho nhitng tién bo vé may cong cy, vat liéu dao va hinh hoc dao nang cao, tién cing
d3 tré thanh mét giai phap thay thé 1y tuong dé gia cong hoan thién céc chi tiét bang

thep cung.

Do nham bé mit 13 mot théng sé quan trong anh huong 16n dén tinh ning lam
viéc cua chi tiét. Do do, viéc dat duoc dd nham bé mat tdi vu 1a mot trong nhirng yéu
cau hang dau. Bén canh d6, cac yéu té khac nhu chi phi, thoi gian san xuat va tinh

linh hoat ctia quy trinh cling dong vai tro quan trong trong gia cong hién dai.

Qua trinh tién cang c¢6 nhiéu vu diém hon so véi phuong phap mai truyén
théng dé gia cong tinh cac vat liéu cing nhu linh hoat hon (d& dang gia cong cac bién
dang phuc tap, chuyén d6i nhanh cac dang gia cong va c6 thé thuc hién nhiéu hoat
dong cat got khac nhau trong mot lan ga dit), nang suit cao hon (tc d6 boc tach vat
liéu cao hon), chi phi thap hon (c6 thé str dung cling may tién cho tién truyén thong
va tién cung, chi phi dau tu may moc thap) va san xuat than thién moi truong hon
(phoi s& duoc tai ché va loai bo dung dich tron ngudi trong hau hét cac trudng hop
tién cang). Tuy nhién, thach thac 16n nhét cua tién cang 1a nang cao chat luong bé
mit chi tiét gia cong (d6 nham bé mat) va giam thiéu mon dung cu cit. Do su khac
biét dang ké giira tién ctiing va tién truyén théng, nhiéu kién thirc va ly thuyét cua tién
truyén thdng khéng thé ap dung truc tiép cho tién cang [1]. Vi vay, nghién ctu vé

tién cirng van dang duoc day manh va tiép tuc phat trién.



1.2 Muc tiéu nghién ciru

Muyc tiéu nghién ciu ciia dé tai 1a phan tich anh huong cua cac théng sé hinh
hoc goc dao dén d6 nham bé mat, d6 mon dao, lec cat va ti wu hoa cac thong sb goc
dao cho qué trinh tién cting sir dung manh dao tiéu chuan. Cac muc tiéu cu thé bao

gom:

- Xay dung mo hinh toan hinh hoc qua trinh tién cing.

- Xay dung phuong phép thay d6i thdng sé hinh hoc goc dao cho cac manh dao
tiéu chuan dé tdi uu hoa cho qu4 trinh tién cing.

- Nghién ctru thyc nghiém dé danh gia anh huong ddng thoi cac théng sé hinh
hoc goc dao: goc nghiéng, goc trude va goc nang dao dén dd nham bé mit, do
mon dao va luc cit trong qua trinh tién cang.

- Thiét Iap md hinh todn md ta mdi quan hé giira @6 nham bé mit (Ra), d6 mon
dao (VB) va luc cat (F) véi cac théng s6 hinh hoc gdc dao.

- Tbi uu hoa cac thong sé hinh hoc goc dao cho qua trinh tién cing.
1.3 Nhiém vu nghién c@u
Pé dat duoc cAc muc tiéu trén, dé tai thuc hién cac nhiém vu sau:

- Nghién ctru tong quan tai lidu va cac cong trinh di cong bd vé tién cang, qua
d6 xac dinh cac van dé chinh can giai quyét.

- Nghién ciu co so ly thuyét cua qua trinh tién cing, bao gom dic diém, tinh
chat cat got, hinh hoc dao va ché do cat; xay dung md hinh toan hinh hoc cho
qua trinh tién cung.

- Phén tich va lya chon phuong phap quy hoach thuc nghiém.

- Thiét ké, ché tao hé théng d6 ga thay d6i goc dao va cac mau thi nghiém.

- Tién hanh thuc nghiém dé xac dinh méi quan hé giira cac théng s hinh hoc
dao vé6i d6 nham bé mat, 6 mon dao va luc cat.

- Giai cac bai toan tbi wu héa mot muc tiéu va da muc tiéu cho qua trinh tién

cung.



1.4

1.5

1.6

Pham vi nghién ciu
Pham vi nghién ctru cua dé tai bao gom:

Nghién ctiru anh huéng cua cac thong sé hinh hoc goc dao, bao gom: goc
nghiéng dao, goc trudc dao va goc nang dao dén dd6 mon dao, d6 nham bé mat
va luc cit trong diéu kién chi ¢ phan ban kinh miii dao tham gia qua trinh cit
got (d,, < r(1 — cosK,)).

Tbi wu hoa cac thdng sb goc dao cho qué trinh tién ciing st dung manh dao
tiéu chuan.

Huwéng tiép can va phwong phap nghién ciru

a. Hwéng tiép can:

Pé tai dugc thuc hién qua cac budc: nghién ciu tong quan tai lidu vé tien cang,
nghién ctu co so Iy thuyét qua trinh tién cing, xay dung mé hinh toan hinh
hoc qua trinh tién ciing, thuc nghiém qua trinh tién cang, phan tich két qua va
t6i wu hoa cac thong sé hinh hoc géc dao cho qua trinh tién ctng.

b. Phwong phap nghién ctru:

Dé thyc hién dé tai nay, tac gia st dung cac phuong phap nghién ciru sau:
Phuong phap phan tich-tong hop tai liéu.

Phwong phéap ké thira.

Phuong phap mo hinh toan giai tich.

Phuong phap qui hoach thuc nghiém nhiéu yéu té6 dong thoi.

Phuong phép thuc nghiém.

Phuong phap xtr Iy s6 liéu thuc nghiém.

Phuong phép t6i uu hoa nhiéu thong s6, mot muc tiéu va da muc tiéu.

Y nghia khoa hoc va thuc tién cia dé tai

Y nghia khoa hoc:



1.7

Nghién ctru d phan tich anh huéng déng thoi caa cac thdng sb hinh hoc goc
dao: goc nghiéng dao, goc trudc va dac biét 1a goc nang dao dén do nham bé
mat, d6 mon dao va lyc cat, nhitng dic tinh quan trong nhat trong qua trinh
tién cang. Qua do, xac dinh dugc xu hudng anh hudong chinh cling nhu anh
hudng twong tic cua ching dén d6 nham bé mat, @ mon dao va luc cit.

Xay dung duoc cac md hinh toan thuc nghiém mé ta méi quan hé gitta do nham
bé mat (Ra), d6 mon dao (VB) va luc cit (F) véi cac thdng sé hinh hoc goc
dao.

Xéc dinh duoc cac thong sé goc dao toi wu cho qué trinh tién cing, gilp giam
d6 nham bé mat chi tiét va giam d6 mon dao so véi khi sir dung goc dao tiéu
chuan cia nha san xuat.

Phat trién mot mé hinh toan hinh hoc mai cho qua trinh tién cieng, md ta chinh
xac hon ban chat qué trinh cat. Md hinh nay c6 thé két hop véi céc cong thic
va mé hinh khac dé tinh toan luc cét, nhiét cit va mon dao cho tirng phan tir
ludi cit va cho toan bo qua trinh; dong thoi c6 thé st dung dé nghién ciu tién

cac vat liéu khé gia cong khac.
Y nghia thuc tién:

Phuong phap thiét ké hé thong d6 ga dugc dé xuat cung cap mot giai phap hiéu
qua dé thay d6i cac thdng s hinh hoc géc dao cho cac manh dao tiéu chuan
nham tbi uu qua trinh tién céc vat lidu cang hay kho gia cong khac.

Két qua ti wu vé thdng sé hinh hoc dung cu cét dugce dé xuat 1am tang tudi tho
dung cu cat va chat lugng bé mit gia cong.

Céc két qua nghién ctiu trong luan &n c6 kha nang ang dung vao san xuat thyc

té nham nang cao hiéu qua cua qua trinh tién cting.
Cau trac luan an
Luén an dugc trinh bay trong 7 chuong, bao gom:

Chuong 1: Gigi thiéu sy can thiét cua dé tai, muyc tiéu, phuong phap va noi

dung nghién cuu.



Chuong 2: Téng quan cac tai liéu, cong trinh nghién ctiu lién quan dén chu dé

va xac dinh nhitng van dé chinh dé dinh huéng noi dung nghién ciu phu hop.

Chuong 3: Gigi thiéu khéi quét vé qua trinh tién cang, trinh bay ban chat vat
ly ciia qué trinh dé 1am co s& cho phan tich va xay dung mé hinh toan qué trinh
tién cung.

Chuong 4: Xay dung md hinh toan hinh hoc qua trinh tién cing dé xac dinh
théng sé hinh hoc dao va chiéu day 16p cit cho cac phan tir canh cit ban kinh

mili dao tham gia cit got.

Chuong 5: Nghién ctru thyc nghiém anh huong caa théng sé hinh hoc goc dao
dén do nham bé mat, d6 mon dao va luc cit trong qua trinh tién ctng.
Chuong 6: Phan tich két qua thuc nghiém va ti uwu hoa thong s hinh hoc goc
dao cho qué trinh tién ctng.

Chuong 7: Tong hop nhitng két luan chinh tir nghién ctu va dé xuat hudng

nghién ctu tiép theo.



Chuong 2:
TONG QUAN CAC VAN PE NGHIEN CUU VE TIEN CUNG

2.1  Gigi thiéu chung

Pé tdi wu qua trinh tién cang, viéc chon dung cu cat (vat liéu dao va thdng sb
hinh hoc dao) va ché do cat (van tdc cat, budc tién dao va chiéu sau cat) phai phi hop.
Véi muc tiéu nay, nhiéu nghién ctru da duoc thuc hién bang cac phuong phéap S0,
phan tich Iy thuyét va thuc nghiém nham phan tich, mé hinh hda va téi wu héa anh
huong cua céc thdng sb hinh hoc dao, vat liéu dao va ché do cit dén cac dic tinh cua
qué trinh tién cimg nhu d6 nham bé mat, d6 mon dao, luc cat, nhiét cat va (ng suat

du. Hinh 2.1 md ta tong quan cac hudng nghién ctu vé tién cung.

Théng s dau vao bap ang dau ra
[ : \ [
4 } .
Ché d6 cit NAang suat gia
" Van tbe cat (v) cong (MRR)
* Budc tién dao (f)
* Chiéu sau cat (dw) —
6 mon dao
o (VB)
Dao cat )
* Hinh hoc dao T )
» Vat liéu dao D6 nham bé
\ mit (Ra)
Mbi truong cat <
" Kl}é Lép tring
e (White layers)

\ - ; /

Hinh 2.1 Téng quan cac hudng nghién ctu vé tién cang



Trong sb céc thdng sé dau ra cua qua trinh tién cang, d6 nham bé mat va do
mon dao 14 hai yéu té quan trong nhat dé danh gia chat luong cua qué trinh gia cong
vi chiing phan anh chat lugng san pham va chi phi san xuét (chi phi vé dao cat chiém
mét phan dang ké trong tdng chi phi san xuat). Nguoc lai, luc cit trong tién ctng
thuong kha nho do chiéu sau cat va budc tién dao nho két hop véi van téc cat cao,
nén it c6 ¥ nghia vé& mit t6i wu hoa ning lwgng cét. Tuy nhién, lyc cit va nhiét cit van

gop phan gay mon dao va anh hudng dén chat luong bé mat gia cong.
2.2 Anh hwéng ciaa cac théng sé ché dé cit khi tién cirng

Viéc lya chon cac théng sé cong nghé dé gia cong 1a rat quan trong vi ching
anh huong truc tiép dén d6 mon caa dung cu cat, chat lvgng bé mit, luc cit, nhiét cat,
v.v. C4c thdng sb cong nghé thudng duoc xem xét trong cac nghién ctu bao gom téc
do6 cat, budc tién dao va chiéu sau cat. Nhiéu nghién ctru di 4p dung téc do cat trong
khoang tir 100 d&én 250 m/phut [2], [3], [4]. Buéc tién dao trong khoang tir 0.05 dén
0.2 mm/vong, trong khi chiéu sau cat khdng vuot qua 0.2 mm [5]. Tuy nhién, mot sé

nghién ctru da tién hanh & pham vi rong hon [6].

O trong nudc, cac nghién ctu thyc nghiém chuyén sau vé tién cang van con
han ché. C6 thé ké dén hai nghién ciru tiéu biéu: thtr nhat 1a nghién ctiu ciia Hoang
Viét vé anh huong cua thong sé ché do cat dén d6 nham bé mat trong gia cong tién
[7]. Két qua cho thay trong ba thdng sé ché do cat (van tc cat, lugng chay dao, va
chiéu sau cit) thi van toc cit c6 anh huong 16n nhat dén d6 nham bé mit, trong khi

chiéu sau cit anh huong it nhat.

Nghién ctu thir hai 12 caa Nguyén Thi Quéc Dung, khao sat qué trinh tién thép
hop kim qua tdi bang dao PCBN [8]. Céc két qua cho thiy su khéac biét vé luc cit
giita hai loai thép 9XC va X12M, cing c6 dd cang 57 HRC, 1a do cau trdc t6 chic té
vi cua vt liéu. Trong ca hai trudng hop, luc hudéng kinh Fy 13 16n nhat trong ba thanh
phan lyc cit (Hinh 2.2), duoc giai thich 1a do hinh hoc ludi cat va dic diém qué trinh
tién cang. Cu thé, ban kinh mii dao 16n (r = 0.8 mm) va chiéu sau cit nho (dw = 0.115

mm).
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Hinh 2.2 B thi bién thién cac thanh phan luc cat theo chiéu dai cit khi tién thép
[8]: (a) Thép 9XC; (b) Thép X12M

Két qua nghién ctiru vé mon dung cu cat PCBN va chat luong bé mat khi tién
thép hop kim qua t6i, cho thay téc 6 mon mat sau trung binh khi gia cong thép 9XC
va X12M lan luot 14 0.025 pm va 0.111 pm trén méi mét chiéu dai cit. Hinh 2.3 mo
ta quéa trinh mon mat sau theo chiéu dai cat. D6 nham bé mat gia cong co gia tri nho,
tuong duong véi do nham cap 7 — 8. Pang chu ¥, d6 nham bé mit c6 xu hudng ting

khi d6 cung cua vat liéu gia cong tang 1€n.

AR
1=510m

1=1020m 1=1530m 1=2551m
(b)
Hinh 2.3 Mon mit sau dao PCBN khi tién cting thép 9XC vai chiéu dai cat | [8]:
(a) V&i van téc cit v = 140 m/phat; (b) Véi van téc cat v = 180 m/phat

O ngoai nuéc, ¢ nhiéu nghién ctru vé thong sé ché do cat nhu Khamel va cong
su bang nghién ciru thuc nghiém, da mé hinh todn méi quan hé giita cac dap tmg dau
ra cua qua trinh tién ctring thép AISI 52100 (60HRC) bang dao CBN vdi cac thong sb
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ché do cat gom van téc cét, budc tién dao va chiéu sau cit bang phuong phap bé mat
dap tng (Response Surface Methodology-RSM) két hop phuong phap thiét ké thi
nghiém Taguchi [9]. Két qua tudi tho dao khoang tir 13.2 dén 54.11 phat. P6 nham
bé mat tir 0.5 dén 1.15 um. Céc thanh phan lyc cat gdm lyc doc truc Fy, luc cit chinh
hay lyc tiép tuyén F; va luc huéng kinh Fy trong khoang 50-179 N, 70-314 N va 111-
403 N, twong ung. Pidu nay cho thay lec hudéng kinh Fy 16n hon 1.5-2.5 lan so voi
luc doc truc Fx va 1.2-2 14n so véi luc cit chinh F.. Cac phan tich phwong sai (Analysis
of Variance - ANOVA) di chi ra rang tang van tc cit, budc tién dao va chiéu sau cat
lam giam tudi tho caa dao, phi hop véi cac nghién ctu [10], [11], [12] va vén tc cat
c6 anh huéng nhiéu nhat dén tudi tho dao voi 89.83%, bude tién dao 1a 5.69% va
chiéu sau cit chi 1.26% . Hinh 2.4 cho thay tudi tho dao & cac ché do cat khac nhau.
Trong khi d6, budc tién dao 1a nhan té chinh anh huéng dén do nham bé mat voi
64.09%, tiép theo 1a van tdc cét véi 23.99% va chiéu sdu cit rat it, chi 1.35%. Luc cét
bi anh hudng nhiéu nhat bai chiéu sau cat. Khi van téc cat tang, lam giam cac thanh
phan lyc cit va dd nham bé mit do ting nhiét d6 cat trong ving cat, lam mém hda vat
liéu chi tiét gia cong, giam chiéu day phoi va chiéu dai tiép xdc giira phoi va mat trudc
cua dao. Nghién ctru ciing chi ra rang anh hudng tuong tac gitra cac yéu té ché do cat

dén d6 mon dao va nham bé mat khong dang ké nhu trong cac nghién cau [13], [14].
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Hinh 2.4 Céc két qua tudi tho dao khi tién cang thép AlSI 52100 [9]

Trong nghién ctu cua Sudhansu va cong su, anh hudng cua cac thong s cong
nghé dén do nham bé mit, 6 mon dao, hinh dang phoi va chi phi trong qua trinh tién
cing thép AISI 4340 (49 HRC) st dung dung cu cit cacbit pha da 16p CVD
(TiN/TiCN/AI203/TiN) da duoc khao sét [15]. Két qua ciing cho thay budc tién dao
la thdng s6 anh huong nhiéu nhat d&én véi dd nham bé mat, chiém tai 70%, tiép theo
la tbe d6 cat véi 22% va a6 nham bé mit tang khi ting budc tién dao. 6 mon cua

dao cho thay anh huéng 16n nhat bai toc do cit, 1én dén 81.93%.

Das va cong su di st dung phuong phap RSM dé nghién ciu anh huéng cua
ché do cat dén 6 nham bé mat va d6 mon dao khi tién cing thép AISI 4140 steel
(52HRC) bang dao hop kim gom phi PVD-TIN [16]. Két qua nghién cau ciing cho
thay chiéu sau cat c6 anh huong 12 rat nho dén d6 mon dao va khong c6 ¥ nghia vé
mit théng ké véi do nham bé mat. Khi van téc cat vuot qua 170 m/phat, d6 nham bé

mit lai tang In, trai nguoc véi cac nghién ciu trude d6 [9]. Pidu nay duogc tac gia
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giai thich 1a khi tiép tuc ting van toc cit s& lam ting su rung dong cua hé théng, do

d6 1am tang do nham bé mit.

Laouissi va cong su da so sanh do nham bé mat, hrc ct tiép tuyén, nang luong
cit va tbc do bdc tach vt liéu (Material Removal Rate-MRR) khi tién gang EN-GJL-
250 bang dao hop kim gém phu va khong pha [17]. Két qua cho thdy budc tién dao
la nhan t6 chinh anh hudng dén d6 nham bé mit, tiép theo 1a téc do cat va chiéu sau
cat, pht hop véi cac nghién ciru trude d6. Trong khi d6, chiéu sau cat 1a nhan t chinh

anh hudng dén luc cit, tiép theo 13 budc tién dao va van toc cit.

Mot két qua tuong tu dugc thay trong nghién ciru ciia Bensouilah va cong su,
trong d6 nghién ciru tién cang thép AISI D3 bang dao hop kim gém pha (CC6050)
va khong phii (CC650) [18]. Noordin va cong su da tién hanh nghién ctiu thuc nghiém
trén thép khong gi martensitic biang dao cacbit pha TIAIN va xay dung md hinh toén
thuc nghiém dé xac dinh anh hudong cua cac thong sé cat ddi voi do nham bé mat va
tudi tho dao [19]. Tudi tho cua dao ty 18 nghich véi ca toe d6 cit va budc tién, trong
do6 tée do cat co anh huong 16n nhat dén tudi tho dao. Luc cat ty 18 nghich véi tée do
cit va ty 18 thuan véi budc tién. o nham bé mat bi anh huong nhiéu nhat boi bude

tién dao va ty 1¢ nghich véi toc do cit.

Nghién ctru cua Boucha va cong su trong qué trinh tién cieng thép AlISI 52100
v6i manh dao CBN ciing cho thay téc do cit c6 anh huong nhiéu nhat dén ¢6 mon
cua dung cu cat, trong khi chiéu sau cat anh huang nhiéu nhat dén lyc cat va khong
6 anh huong dang ké dén do nham bé mat [20]. Trong mét nghién cau khac, Hamza
va cong su cling di xac nhan rang chiéu sau cat chu yéu anh huong dén cac thanh
phan lyc cat va budc tién dao c6 anh huong dang ké nhat dén do nham bé mat khi tien

ctng thép AISI D3 véi cac manh dao gém pha va khéng phu [21].
2.3 Anh hwéng cia thong sé hinh hec dao cat khi tién cing

Hinh hoc dao c¢6 anh hudng quan trong dén cac dic tinh cua qua trinh tién ciing
[22]. Mot s nghién cau dién hinh vé hinh hoc dao nhu Singh va cong su da nghién

ctru két hop anh huong cua thong sé hinh hoc dao (goc truéc dao va ban kinh miii
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dao) va ché do cit (van toc cat va budc tién dao) dén d6 nham bé mat chi tiét gia cong
trong qua trinh tién cirng thép AISI 52100 (58 HRC) bang dao hop kim gém [23]. Bé
thay d6i goc trudc, tac gia st dung cac manh dao cé goc vét canh cat khac nhau. Tuy
nhién, viéc xac dinh goc truéc hiéu dung bang cach cong goc trudc dao va goc vat
mép canh cit 1a chua chinh x4c. Trong nghién ciru ndy, tac gia di st dung phuong
phap bé mat dap ung (RSM) két hop thuat toan di truyén (Genetic Algorithm -GA)
dé xay dung ham hdi qui gitta @6 nham bé mit vai cac thong sé dau vao, dong thoi
t61 ru hoa qua trinh gia cong. Két qua cho thiay do nhdm bé mat ting khi goc trudc
am va budc tién dao tang, trong khi van toc cat va ban kinh mii dao ting 1am giam
d6 nham. Nghién cttu cho thiy khong c6 su anh hudng twong tac gitra thong s6 hinh
hoc géc dao va ché do cat, chi c6 anh hudng twong tac giita budc tién dao va ban kinh
mili dao, nhung tac dong rat nho. Khi ting goc trude 4m 1am ting chiéu dai tiép xdc
giita mat trudc cua dao va phoi, ting ty s6 nén phoi, chinh diéu nay lam tang su rung

d6ng, dan dén ting d6 nham bé mat. Sy anh hudng caa budc tién dao va ban kinh miii
f2
dao phil hop véi cong thuc 1y thuyét vé do nham bé mat (Ra= E) Trong khi do,

tang goc trudc duong thi d6 nham bé mat giam nhu nghién ciru cua Hossainy [10] va
Cao [24].

Trong mot nghién ciu khéc, Neseli va cong su da tdi wu hoa goc trudc, goc
nghiéng dao va ban kinh miii dao dé cai thién d6 nham bé mat khi tién thép AISI 1040
bang dao hop kim gém (ALOs/TiC) [25]. Két qua cho thiy ban kinh miii dao ¢ anh
huong 16n nhat dén do nham bé mit, tiép theo 1a goc nghiéng dao va goc trude. PO
nham bé mit ting khi ting goc trude 4m va goc nghiéng dao. Tuy nhién, khi ting ban
kinh miii dao, 6 nham bé mit ciing tang, trai vai ly thuyét vé do nham bé mat khi
tién. Hién tuong nay duogc tac gia giai thich rang viéc ting ban kinh miii dao c6 thé
lam ting rung dong trong qué trinh cat, dan dén ting d6 nham bé mit. Phuong phap
t6i wu hoa (Desirability Function Approach - DFA) duoc 4p dung dé xac dinh céc
thong s goc tdi wu, v6i ban kinh miii dao 12 0.4 mm, géc nghiéng dao 1a 60°, va goc
trudc 1a - 3° (Hinh 2.5).
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Hinh 2.5 Téi uu héa d6 nham bé mit [25]

Trong khi d6, mét nghién ctru ciia Sharma va cong su cho thay khi ting goc
nghiéng dao lam giam d6 nham bé mat khi tién cang thép bang manh dao carbide phu
TiCN [26]. Qua hai nghién ciru cua Neseli va cong su [25] va Sharma va cong su
[26], cO thé thy rang anh huong cia goc nghiéng dao dén d6 nham bé mit 1a nguoc
nhau. Biéu nay cho thdy anh huéng caa théng sé hinh hoc dao dén tién truyén thong

va tién ciing ¢ thé khac nhau.

Ciing nghién ctiru anh huong cua hinh hoc goc dao va ché do cat, Zerti va cong
su da sir dung phuong phap Taguchi dé téi uu hoa cac thong sb gia cdng (goc nghiéng
dao, ban kinh miii dao, téc d6 cit, budc tién dao va chiéu sau cat) nham cai thién do
nham bé mat, luc cit va nang luong tiéu thy trong qua tinh tién cang thép AISI D3
[27]. Két qua cho thiy ting goc nghiéng dao va ban kinh miii dao s& giam d¢ nham
bé mat chi tiét gia cong va c6 su anh hudng tuong tac gitra goc nghiéng dao véi chiéu
sAu cat va van toc cat, nhung rat nho, khoang 3.82% va 1.16% twong (ng. Tir 2 nghién
ctru V& tién ciing [26] & [27], thay rang khi ting goc nghiéng dao s& lam giam do
nham bé mit chi tiét gia cong, nhung cc nghién ciru trén ciing chua giai thich Iy do

cho van dé nay.
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Patel va cong su dd nghién ctru anh huong cua ban kinh miii dao va ché do cat
dén do nhadm bé mat chi tiét gia cdng khi tién cang bang dao CBN [28]. Cac két qua
phU hop vai cac nghién ctru trude, cho thiy do nham bé mat giam khi ting ban kinh
mili dao va téc d6 cit hodc giam budc tién dao. Tuy nhién, ting ban kinh mii dao co
thé 1am ting d6 mon dao. Trong khi d6, Chou va cong sy di tién hanh mot nghién
ctu chi tiét vé anh huéng cua ban kinh mili dao dén 6 nham bé mat, @6 mon dao va
luc cat & cac diéu kién gia cdng khac nhau trong qua trinh tién tinh thép AISI 52100
d3 t61 crng bang dao gom [29]. Két qua cho thdy xu hudng tuong tu: do nham bé mat
t6t hon v6i ban kinh miii dao 16n va @ mon dao thap hon véi dao c6 ban kinh miii
nho. Qua céc nghién ctu [23] & [27], ¢6 thé thdy ring mac du c6 sy tuong tac giita
thong sé hinh hoc dao va ché do cat, nhung mutrc d6 anh hudng rat nho va cé thé bo

qua.

Ngoai d6 nham bé mit, d6 mon dao ciing 13 yéu t6 quan trong anh huéng dén
chi phi san xuat. Hossainy da nghién cttu thuc nghiém anh hudéng dong thoi ché do
cat (van téc cat, budc tién dao va chiéu sau cat) va hinh hoc goc dao (goc nghiéng dao
va goc trude dao) dén lyc cit, 36 mon dao va d6 nham bé mit theo thoi gian khi tién
bang dao thép gi6 (HSS) [10]. Két qua cho thay khi ting goc nghiéng dao, luc cat tap
trung trén mot chiéu dai ludi cit ngan hon, lam ting tdc d6 mon dao. Trong khi do,
tang goc trude duong gitip phoi thoat d& dang trén mat trudc dao, giam lyc cit va
nhiét cat, do d6 giam mon dao. Tuy nhién, nghién ciru cia Kuhn va cong su lai cho
thay goc trude khong ¢ anh huéng dang ké dén do mon dao khi phay banh riang bang
dao carbide pha AICrN [30]. So sanh hai nghién ctu [10] va [30], trong tién truyén
théng bang dao HSS (chiu nhiét kém), sy thay ddi goc trudc c6 anh huong dang ké

dén do mon dao do nhiét ting trén mit trudc dao.

Trong cac nghién ciiu hinh hoc dao, hinh hoc canh cat trong tién cimg ciing
dugc quan tdm vi anh hudng dang ké dén dd mon dao va chat luong bé mit chi tiét
[31]. Trong nghién cuu tién cang thép dung cu DF-3 (58 HRC) bang dao hop kim

gém phu PVD-TiN, Davoudinejad va cong sy thay rang tudi tho dao va d6 nham bé
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mit cai thién hon véi canh cét vat mép so vai canh cit bo cung [11]. Tuy nhién, nghién
ctru khong giai thich Iy do cho van dé nay. Anselmo va cong su so sanh anh hudng
cua canh cat vat mép va canh cat bo cung dén d6 mai mon va tudi tho dao trong cat
lién tuc va gian doan, cho thy dao vat canh cd tudi tho cao hon trong cit lién tyc,
trong khi dao bo cung hiéu qua hon trong cit gian doan [32]. M6t nghién cau khac vé
anh huong cua ban kinh cung canh cit dén mon dao khi tién ciing thép AIS152100
duoc thyc hién bai Zhao va cong su [33], két qua nghién ciu da cho thiy khi giam
ban kinh canh cit sé& ting d6 mon dao, diéu nay 1a do khi giam béan kinh canh cit lam
cho canh cat sic hon, vi vy mon nhanh hon. Trong khi d6, Thiele va cong su cho
thiy d6 nham bé mat I6n hon khi sir dung dao cd béan kinh canh cit I6n so véi dao co
ban kinh canh nho [34].

Bén canh d6 nham bé mit, lyc cit va nhiét cit ciing 1a cac yéu té dugc nhiéu
nha nghién ciru quan tam. Harisha va cong su da ap dung phuong phap Taguchi dé
thiét ké thi nghiém nham tdi uu héa céac thong sé cong nghé (géc nghiéng dao, chiéu
sau cat, ban kinh miii dao, budc tién dao) trong qua trinh tién cang thép AISI 1055
nham giam luc cat [35]. Két qua cho thay chiéu sau cat va goc nghiéng dao 1a nhan
t6 chinh anh huong dén lyc cat; khi ting goc nghiéng dao, luc doc truc sé ting nhung
luc huéng kinh giam va céc thanh phan lyc cit ting khi ting budc tién dao. Goc
nghiéng dao t6i wu dugc xac dinh 1a 60°-70°. Trong mot nghién ciru khac, Saglam va
cong su dd xem xét anh hudng cua budc tién dao, goc trude va goe nghiéng dao dén
lyc cat va nhiét do cit trong qua trinh tién ciing thép AISI 1040 (40HRC) bang manh
dao carbide [36]. Két qua cho thay tang goc nghiéng dao 1am ting luc doc truc nhung
giam luc hudng kinh, twong tu nhu [35]. Khi ting goc trude duong, luc cit giam trong
khi nhiét do cat ting. Gunay va cong su ciing xac dinh rang luc cit giam khi tang goc
trude duong va ting khi goc trudc &m [37]. Su anh huong cua goc trude dén lyc cat
c6 thé duoc giai thich théng qua goc cat. Khi ting goc trude duong, goc cat giam,
chiéu dai tiép xtc phoi - dao giam, ty sé nén phoi giam, tir d6 giam lyc cit. Xu va
cong su da thay doi hinh dang bé mit trude dao dé cai thién qua trinh tién cing thép

AlSI52100 [38]. Két qua cho thay luc cit, nhiét do cit va Gng suat du giam so V6i
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dao c6 mit trude phing. Tuy nhién, diéu nay 1am yéu canh cit, d& gdy mé dao trong

tién cung.

Ngoai anh huéng cua hinh hoc dao trong tién cing, cac nghién cau vé hinh
hoc dao trong gia cong macro va micro ciing dugc quan tdm. Mikotajczyk va cong su
d3 nghién ctru anh huong caa géc nghiéng dao nham giam thiéu do day lép cit trong
gia cong tién micro thép C45 [39]. Saravanmurugan va cong su da tdi wu dong thoi
hinh hoc dao va ché d6 cit dé giam thiéu rung dong tuan hoan “chatter” trong qua

trinh gia cong [40].
2.4 Pd nham bé mit khi tién cirng

Do nham bé mit cua chi tiét gia cdng 1a mot trong nhitng yéu té quan trong,
quyét dinh hiéu qua cua bat ky quy trinh gia cong nao. Trong tién ciing, cac yéu td
nhu ché d6 cit va hinh hoc dao anh huong dén chat lugng bé mat chi tiét voi mac do
khac nhau [41]. Pang cht ¥, mon dung cu cit ciing c6 anh huong dang ké dén do

nham bé mat.

Nhiéu nghién cau thue nghiém vé tién cing da duoc tién hanh nham danh gia
tac dong cua cac théng sé gia cong dén do nham bé mat. Rech va cong sy di xem xét
anh huong cua tée do cét va budc tién dao dén do nham bé mat caa thép 27MnCr5 ¢d
d6 cang 850 HV khi tién bang manh dao PCBN. Két qua cho thay d6 nham bé mat
thip (Ra dudi 0.2 um) cd thé dat dugc & bude tién dao 0.05 mm/vong [42]. Abrdo da
khao sat anh huang caa vat lidu dung cu cat, bao gém PCBN véi ham luong CBN cao
va thap, gdm hdn hop, gém gia c6 bang sgi va gom silic-nitrit dén do nham bé mat
khi tién tinh thép AISI H13 (52 HRC) va AISI E52100 (62 HRC) [43]. Két qua cho
thay dao ham lugng CBN thap va gbm hdn hop dem lai bé mit gia cong tét nhat, véi
Ra thap t¢i 0.14 um.

Trong mot nghién ciru khac, Benga va cong sy di xac dinh dugc céc thdng sb
gia cong ti wu dé dat d6 nham bé mit thap khi tién thép DIN 100Cr6 (62 HRC) bing
dao gém hdn hop, gém gia c6 soi va hai loai dao PCBN, véi d6 nham thap nhat dat
Ra = 0.25 pum [44]. Tuong tu, Ozel va cong sy da tién hanh tién thép AISI D2 (60
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HRC) bang dao gém véi cac ban kinh miii dao khac nhau, thiét ké thi nghiém véi ba
thong sb dau vao 1a budc tién dao, tc do cat va thoi gian cit dé phan tich anh huong
cua chiing dén d6 nham bé mat [45]. Két qua cho thay, do nham thap nhat (Ra = 0.18

um) dugc dat dwgc & budc tién dao thap va toc do cét cao nhat.

Nhing nghién ciu ndy cho thay, mic du do nham bé mat trong tién cing chua
dat gia tri Ra = 0.1 um nhu trong qué trinh mai, nhung viéc lya chon cac théng sé gia
cong phu hop c6 thé giup dat duge dd nham bé mat phd hop véi yéu cau ky thuat caa

hau hét cac san pham co khi.
2.5  Mai mon dao cit khi tién cing

Mai mon dao 1a mot van dé quan trong trong tién cing, vi day 1a chi s6 quyét
dinh tudi tho cua dung cu cét. Tudi tho dao phu thudc vao nhiéu yéu td, bao gom vat
lieu cuaa chi tiét gia cong va dung cu cat, thong sé hinh hoc dao ciing nhu ché do cit.
Nhiéu tac gia da nghién ctru cac co ché dan dén mai mon dung cu cat trong qué trinh

gia cong kim loai.

Khi tién thép khubn P20 véi toe do cat 250 m/phdt, nhiét o trén mat trude cua
dao carbide c6 thé vuot qua 1.000°C. Nhiét do cao tao diéu kién cho cac nguyeén tir
tir dao cat khuéch tan vao phoi, dac biét tap trung tai ving giita chiéu dai tiép xdc gitra
dao va phoi, din dén hién twong mai mon dang vét 16m do qua trinh khuéch tan manh
[46]. Opitz va cong sy di giai thich co ché mai mon lién quan dén téc d6 va nhiét o
cit. Theo d6, mai mon co hoc chiém wu thé & téc d6 va nhiét do cit thip; mai mon
bam dinh ¢ toc d6 va nhiét do cat trung binh; trong khi mai mon khuéch tan 13 co ché

chinh & téc do va nhiét do cat cao [47].

Luo va cong su dd nghién ctru dic tinh mai mon caa dao gém va CBN trong
qua trinh tién ciing thép AISI 4340 [48]. Két qua cho thidy mai mon co hoc cia chat
két dinh trong dao CBN dudi tac dong cua cac hat carbide cing trong phéi 1a nguyén
nhan chinh gy mai mon, va day ciing 1a co ché mai mon chua yéu doi véi dao gom.
Liu va cong su da khao sat hién twong mai mon mat sau cua dung cu CBN khi tién

cting thép chiu lyc JIS-SUJ2 [49]. Ho két luan rang ma sat gitra dao va phdi gop phan
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quan trong vao qua trinh mai mon mat sau. Khi do mon mat sau dao tang, ma sat gitta
dao va phéi ting theo, dan dén lyc cat va luc hudng kinh ting. Dong thoi, (g suat
du trong chi tiét gia cong ciing ting dang ké clng Vai sy gia ting &6 mon mit sau.
Trong nghién cau tién cing thép AlISI D2 (62 HRC) bing dao PCBN, Arsecularatne
va cong su di st dung do mon mit sau lam tiéu chi dé quyét dinh tudi tho cua dung
cu cit [50]. Tuong tu, Ozel va cong su da tién hanh tién thép AlISI D2 (60 HRC) bing
dao gém véi chiéu sau cat 0.2 mm [51]. Sau 15 phut gia cong & téc do cit cao, do

mon mit sau dao dat 0.15 mm, dwoc xem 12 gidi han tudi tho dung cu.

Amlana va cong sy di danh gia 6 mon mit sau caa dao carbide phu nhiéu 16p
va dao gém trong qua trinh tién ciing thép AISI 52100 [52]. Két qua cho thiy mai
mon co hoc va bam dinh 14 cac co ché chinh ddi véi dao carbide phi, trong khi mai
mon co hoc 14 co ché chu yéu dbi véi dao gém. Quan sat tuong t dwoc Ramanuj va

cong su ghi nhan trong qua trinh tién cang thép AISI D2 bang dao carbide phu [53].

Qua cac nghién cau trén cho thay, d6i véi dao carbide phii, mai mon co hoc va
mai mon bam dinh 13 cac co ché chinh; trong khi véi dao gém va CBN, mai mon co
hoc chiém uu thé. Cac hat cting nhu carbide, CBN, va martensite c6 trong vat liéu
phdi va dung cu cit 1a nguyén nhan chinh giy ra mai mon co hoc. Mai mon mat sau
dao dugc coi 1a yéu té quan trong nhat vi n6 anh hudng dén d6 nham bé mat, tng suat
du, 16p tring, va do chinh xac kich thudc caa chi tiét gia cong. Do d6, mai mon mat

sau thudng duoc xem 1a tiéu chi dé danh gia tudi tho dao trong qua trinh tién cang.
2.6 M0 hinh toan va téi wu qua trinh tién cirng

M6 hinh todn va téi wu hoa qué trinh tién ciing déng vai trd quan trong trong
linh vyc gia cdng, gop phan nang cao hiéu qua va chat lwong san pham. Hinh 2.6 trinh
bay tong quan cac budc trong nghién ciu vé tién cing. Parida va cong su da st dung
phuong phap thiét ké thi nghiém hdn hop ddi xtng (Central Composite Design -
CCD), xay dung mé hinh toan bang phuong phap bé mat dap tng (Response Surface
Methodology - RSM), phén tich phuong sai (Analysis of Variance - ANOVA), va tdi

vu hoa da muyc tiéu bang ham muc tiéu (Desirability Function Approach - DFA) dé
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nghién ctru anh huéng cua cac théng sb gia cong, bao gébm van tdc cit, budce tién dao,
chiéu sau cat va nhiét do chi tiét gia cong, dén mon dao va 6 nham bé mat khi tién
néng thép Monel-400 [54]. Két qua cho thay md hinh RSM ¢6 hé sé twong quan R?
d6i voi do nham bé mat va mon dao lan luot 12 86.17% va 94.72%, cho thay muc do

chinh xac cao caa mo hinh.

Thuye hién Phan tich M3 hinh Két luan
thi nghiém két qua toan
+ Po cac « Xir Iy s6 « RSM * DFA
» Taguchi déap tmg liéu « ANN « GA
design dau ra + ANOVA + NSGA-II
+ CCD + PSO
* BBD + Taguchi

analysis

Full Factorial Design (FFD); Central Composite Design (CCD); Box-Behnken Design (BBD); Analysis of Variance
(ANOVA); Response Surface Method (RSM); Artificial Neural Network (ANN); Desirability Function Approach (DFA);
Genetic Algorithms (GA); Non-dominated Sorting Genetic Algorithm (NSGA-II); Particle Swarm Optimization (PSO)

Hinh 2.6 Téng quan cac budc nghién cau

Bagaber va cong su ciing da ap dung cac phuong phap twong tu cho nghién
ctru tién thép khong gi AISI 316 bing dao carbide khdng phua [55]. M6 hinh toan dua
trén RSM d6i vé6i nang lugng tiéu thu, d6 nham bé mit va mon dao déu c6 hé s twong
guan cao, lan luot R2 = 90%, 93.5% va 88.5%.

Laghari va cong sy sir dung RSM, DFA trong nghién ctu tién, két qua cho
thay hé s6 twong quan R? = 99.3%, 99.2%, va 92.56% ddi voi cac md hinh lyc cit,
cho thay sy chinh x&c rat cao cua md hinh [56]. Chabbi va cong su da ap dung RSM
va mang no-ron nhan tao (Artificial Neural Network - ANN) dé xay dung méi quan
hé giita cac thdng sé ché do cat va cac dap tmg dau ra (46 nham bé mit, lyc cat va tdc
d6 boc tach vat liéu), dong thoi tién hanh téi uu hoa da muc tiéu bang DFA [57]. Két
qua cho thay hé sb trong quan R? cua md hinh ANN (99.48%) cao hon mé hinh RSM
(98.15%), tuy nhién su khac biét trong du doan gitra hai mo hinh 1a khong dang ké
(Hinh 2.7).
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Luc cét tiép tuyén (N)

12345678 91011121314151617 181920212223 24 252627
Thi nghiém
Hinh 2.7 So sanh két qua thi nghiém va du doan tir md hinh toan

Trong mot nghién ctru khac, Tang va cong sy ¢a mo hinh hoa cac thanh phan
lyc cat trong tién cang véi nam yéu té dau vao, bao gom van téc cit, budc tién dao,
chiéu sau cit, do cung chi tiét gia cong va ban kinh miii dao [65]. Tac gia da sir dung
mo hinh toan ham mii (Orthogonal Regression Methodology - ORM) va RSM dé md
hinh hoa qua trinh gia cong, két qua cho thay mé hinh RSM cho d¢ chinh xac cao hon
s0 véi ORM. Phuong phap RSM ciing duoc sir dung rong réi trong nhiéu nghién ciru
nhu Xiao [58], Santhosh [59], va Aslan [60]. Bang 2.1 trinh bay cac phuong phap

dugc st dung trong cac nghién ciru khac nhau.

Bang 2.1 Cac phuong phap mé hinh héa va téi wu trong nghién ctu tién cing

Phuong phap Vit ligu chi

Téc gia , Théng sé nghién ctu
nghién cuu tiét/ vat liéu
dao
Aziziva CCD EN19 (50 v (m/phat): 40, 80, 120
cong su RSM HRC)/Cacbit  f (mm/vong): 0.08, 0.16, 0.24
[61] ANOVA phu dw (Mmm): 0.04, 0.08, 0.12
DFA
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Zerti va Taguchi (Lz2s)  AISI 420 v (m/phat): 80, 120, 170, 240, 340
cong su RSM, ANN (59HRC)/Hop  f (mm/vong): 0.08, 0.12, 0.16, 0.2,
[62] ANOVA kimgémpha  0.24

DFA dw(mm): 0.1, 0.2,0.3,0.4, 0.5
Arfaouiva CCD AlSI 52100 v (m/phat): 100, 200, 300
cong su RSM (62 HRC) f (mm/vong): 0.05, 0.1, 0.15
[63] ANOVA /PCBN dw (mm): 1, 2.5, 4

DFA
Sureshva CCD AISI H13 v (vong/phat): 80, 140, 200
cong su RSM (55HRC)/Hop  f (mm/vong): 0.1, 0.14, 0.18
[64] ANOVA kimgdmhdn  dw(mm): 0.2, 0.4, 0.6

DFA hop
Singh va FFD AISI 52100 v (vong/phut): 100, 150, 200
cong su, RSM (58 HRC) / f (mm/vong): 0.1, 0.2, 0.32
[65] ANOVA Hop kim gém  dw(mm): 0.2

GA hén hop r (mm): 0.4, 0.8, 1.2
Meddour ~ BBD AIS| 4140 (60 v (vong/phut): 120, 182, 244
vacong su RSM, ANN HRC)/Hop kim f (mm/vong): 0.08, 0.11, 0.18
[66] ANOVA gdmhdnhop  dw(mm): 0.1,0.2,0.3

DFA r(mm): 0.8,1.2,1.6

2.7  Kétluan

CAc van dé nghién ctru lién quan dén tién cang da duoc tong quan va trinh

bay chi tiét trong Bang 2.2 va Hinh 2.8,

21



Bang 2.2 Tong quan cac nghién ciu vé tién cang

Cac thong so dau ra

Céc thong sb dau vao Bonham | BOMON | ppyong phap | Vat lidu gia
bé mat (Ra) | dao (VB) nghién cau cong
Goc nghiéng dao v v PP thiét ké thi | - AISI 1040
K, = 60° - 90° tién thuong hia
nghicm: - AISI 1055
Géc trusc v Y
Hinh | yo=-30-- g0 fién thuong | - FFD - AISI 52100
hoc | Géc nang dao As - Taguchi _ AISI D3
dao - % %
Bén kinh miii dao - CCD _ AISI D2
r=0.4;0.8; 1.2 mm
Hinh dang canh cit v v - AlSI4340
- Vat mép toan:
Vin téc cit v v RSM ( [9 -AISTHIS
- Ceramic ) (19
v = 75 - 240 m/ph(t [19], [23],
- CBN [58], [78],
v =90 - 246 m/phat [27]...)
Budc tién dao v v
Ché | - Ceramic -ANN
do cat | T=0.04-0.15 PP t6i uru:
mm/vong
-CBN - DF ([55],
F=008-0.25 [9], [54]. [57],
mm/vong
: p 36]...
Chiéu sdu cat v v 136]--.)
- Ceramic - GA
dw=10.1-0.2 mm .
- CBN - Taguchi

dw=0.1-0.6 mm
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Ché d6 cat

—
CBN

[ VAat liéu dao H Ceramic ]
Carbide

[ Géc nghiéng dao ]

Sugo el Sugu eyy-yd 1Y)

[ Goc trwdc dm ]

Hinh hoc dao

Ban kinh mii dao

Hinh hoc canh cit

Luc cit

? A
Nhiét cat
’ T
Co ché mon dao chinh: Mon co hoc Mon dao (VB)
v
l D6 nham bé mit (Ra)
I MRR

Hinh 2.8 Anh huéng cia thong s6 cdng nghé trong tién cing
Nhan xét chung vé cac két qua nghién ciu tién cing:

- Cé&c nghién ctru d3 chi ra rang théng sé ché d6 cit duoc phén tich kha day du
va chi tiét. Tong quan cho thay budc tién dao c6 anh huong 16n nhat dén do
nham bé mat; khi budc tién dao ting, do nham ciing ting. Nguoc lai, van toc
cit c6 tac dong manh nhat dén do6 mon dao (tudi tho dao), véi xu hudng ting
van toc cit 1am ting 6 mon dao nhung giam d6 nham bé mat. Trong khi do,
chiéu sau cit c6 anh huang 16n nhat dén luc cat, khi tang chiéu sau cat, luc cit
cling ting. Tuy nhién, chiéu siu cat lai it anh huong dén d6 mon dao va do
nham bé mat, nhung dong vai trd quan trong trong viéc nang cao toc do boc
tach vat liéu (MRR) va nang suat gia cong. Cac nghién ciru cho thay rang ché
d6 cat t6i wu phu thudc vao tirng nhom vat liéu dao va chi tiét gia céng cu thé.

- Cé&c nghién cttu vé thdng sé hinh hoc caa dao nhu goc dao, kinh mii dao va
hinh dang canh cat con kha han ché. Trong d6, géc dao déng vai tro rat quan
trong trong qué trinh tién cang, tuy nhién anh huong dong thoi cua cac thong

s6 goc dao dén cac dap (rng dau ra caa qué trinh tién cang nhu do nham bé mat
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va mon dao chua dugc nghién ciru mot cach day du, dic biét 1a nghién cau vé
goc nang dao trong tién cang.

- Do nhdm bé mit (Ra) trong tién ctiing 6 thé dat tir 0.14 dén 0.18 um, trong khi
d6 mon mat sau dao (VB) duoc xem I tiéu chi quan trong dé danh gia tudi tho
dao. Py 1a hai thong s6 dau ra quan trong nhat, phan &nh chat luong va hiéu
qua qua trinh gia cong.

- Dao hop kim gbm duoc danh gia 1a dung cu cat phi hop nhat xét trén khia
canh kinh té va k¥ thuat, va hién dang dwoc (ng dung rong réi trong tién cang.

- Co ché mon dao trong tién cting cha yéu bao gém mai mon co hoc, mai mon
dinh va mai mon khuéch tan, trong d6 mai mon co hoc chiém uu thé.

- Cé&c nghién ciru da phat trien mé hinh du doan cac dac tinh gia cong cha yéu
bang phuong phap bé mit dap tng (RSM), két hop véi cac thiét ké thi nghiem
(CCD) va téi uu hoa da myc tiéu (DFA). Phuong phap nay di ching minh hiéu
qua trong viéc nghién ciru, phan tich, va téi vu hoa cac qua trinh gia cong.

- Cac manh dao tiéu chuan trong tién cting c6 thong sé goc dao duge xéac dinh
cho 1udi ¢t chinh khi gin trén can dao. Tuy nhién, trong tién cing, chi cé ban
kinh mili dao tham gia vao qua trinh cit do chiéu sau cat va budc tién dao
thuong rat nho. Tién ctng rat khac biét so vai tién truyén thong, do d6 nhiéu

kién thuc tur tién truyén théng khong thé &p dung truc tiép cho tién cing.

Tir tong quan céc nghién ctu, c6 thé thay can tién hanh mot nghién ciru toan
dién vé anh hudng dong thoi cua cac théng sé hinh hoc goc dao dé téi wu qua trinh
tién cirng. Chinh vi vay, nghién ctu sip toi sé lan dau tién xem xét anh huéng dong
thoi cua cac thong sé goc dao dén do nham bé mit va do mon dao, hai dap tng dau

ra quan trong nhat trong dénh gia chat lwong qua trinh tién cing.
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Chuong 3:
CO SO LY THUYET QUA TRINH TIEN CUNG

3.1  Khai niém vé tién cirng
Tién cang 1a qué trinh tién cac chi tiét co do ciing 45 HRC tro 1én [67], [68].
Théng thudng, dd cieng cua cac chi tiét gia cong trong khoang 45 — 68 HRC [1].

Hinh hoc dao va ché d¢ cat 1a nhiing yéu té quan trong trong qué trinh tién
ctng. Cac thong sé hinh hoc cua dung cu cét xét trong hé tiéu chuan « the tool-in-
hand system (T-hand-S)” duoc xac dinh dwa trén cac mit phang tham chiéu co ban
bao gom mat phang day (mit phang co sd) Pr 12 mat phang vudng goc véi vector van
téc cat (hudng z), mat phang truc dao (mat cat chinh) P, 1a mat phang vubng goc Véi
hinh chiéu cua canh cat trén mat phang day (néu canh cat cong 14 mat phang vudng
goc Vai tiép tuyén cua hinh chiéu canh cat tai diém dang xét) va mat phang canh cat
Ps 1a mit phang chira canh cét (néu canh cat cong 12 mit phang tiép tuyén canh cit tai

diém dang xét) va vudng goc voi mat phang day (Hinh 3.1).

Géc sau
dao «a,

Goc trude
dao vy,

Chi tiét

Goc nang
dao A

Goc nghiéng
dao K,

S,
N,

Po

A

Ban kinh mtii ¢
. — Dao cat

dao r v |
. ——

Hinh 3.1 So d6 nguyén ly tién va thdng sé hinh hoc dao
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Tién cang thay thé nguyén cong mai trong quy trinh san xuat truyén théng dé
gia cong tinh céc chi tiét co do ciing cao, tng dung cho nhiéu loai san pham nhu vong

bi, truc, banh rang, pit-tdng, v.v.

Su khac biét giira quy trinh tién thong thuong va tién cing dugc thé hién
trong Hinh 3.2.

) R
| TaoPhoi | [ TeoPhei |

Hinh 3.2 So d6 so sanh qui trinh tién truyén théng va tién cting
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Véi nhiéu vu diém vuot troi, tién cang da dugc ¢éng nhan nhu mot giai phéap
thay thé cho qué trinh mai truyén théng. Mot sé nghién ciu cho thay trong mot sé
truong hop, tde do boc tach vat liéu (Material Removal Rate - MRR) trong tién cting
c6 thé cao hon nhiéu so voi mai. Ugc tinh cho thay thai gian gia cong c6 thé giam toi
60% [69] va néu ap dung tién cing dé san xuat cac chi tiét phic tap, chi phi san xuat
cd thé giam t6i 30%, gitp nganh cdng nghiép My thu loi nhuan hang nim 1én tGi 6 ty
USD [70]. Kha ning gia cong linh hoat, d& dang gia cong cac bé mat phic tap, cing
véi qua trinh gia cong than thién véi moi truong hon nho khdng sir dung dung dich

tron ngudi va phoi co thé tai ché, la nhitng diém manh cua tién cing.

Tién cang va mai 1a hai quy trinh canh tranh, do d6 can hiéu rd sy khéc biét

giita chling. Bang 3.1 so sanh mot s6 dic tinh co ban cua tién ciing va mai.

Bang 3.1 So séanh tién ciing va mai

Thong s6 Mai Tién cing
Ning suét Tuong d6i thap Cao
Thoi gian thiét 1ap ~ Lau Tuong dbi it
Chi phi van hanh Cao Thap
Tinh linh hoat Thap (yéu cau banh mai hinh Linh hoat hon
dang dac biét)
Do chinh xac Tét hon C6 thé dat duoc Ra = 0.2
um hoic thap hon
Than thién voi méi  Khong thé cit kho Cat kho
truong
Tiép xuc giacong ~ Pa diém Pon diém

3.2 Uu diém va nhuoc diém caa tién cirng
3.21  Uu diém cia tién cieng
Qua trinh tién cang mang lai nhiéu loi ich, bao gom:

- Kha ning gia cong d& dang céc chi tiét c6 bién dang phic tap.
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- CO thé thuc hién nhiéu cong doan gia céng trong mot lan ga dit.
- Giam chi phi san xuét trén mdi san pham.
- Chat luong bé mat sau gia cong c6 thé dat murc twong duong qué trinh mai.

- Ning suit cao so vdi phuong phap mai truyén thong.
3.2.2 Nhuoe diém caa tién cing
Mic di ¢6 nhiéu vu diém, tién ctng ciing ton tai mot s6 han ché:

- Trong mét sé trudng hop, viéc tién cieng yéu cau may moc cing viing dic biét
dé dam bao qua trinh gia cong thanh cong. Do cing vitng cua may anh hudng
truc tiép dén do chinh xac cua tién cang.

- Tién cting c6 thé khéng phu hop dbi voi mot s6 kich thude hozc hinh dang chi
tiét nhat dinh. Thong thuong, ty 18 chiéu dai trén duong kinh (L/D) cua chi tiét
khong nén vuot quéa 4:1 khi khdng c6 bién phap hd tro ga dit bd sung.

- Chét luong bé mit chi tiét gia cong c6 xu hudng giam dan theo qua trinh mai

mon dao, ngay ca khi dao van nam trong gidi han tudi tho cho phép.
3.3 Vatliéu chi tiét va iwng dung trong tién cirng

Tién cing thuong duoc &p dung cho cac vat liéu kim loai c6 d6 cing tur 45
HRC tro I1én, bao gom thép cang, thép l1am khudn, thép vong bi, thép gio, thép hop
kim va gang hop kim. Thép toi cirng, nho kha ning nang cao d bén, chéng mai mon
va bén moi, dugc sir dung pho bién nhat trong cong nghiép. Vi du, thép toi cimg duoc
dung dé ché tao vong bi, truc cam, banh ring, dung cu cat, khudn mau, v.v. Tién ciing
hién dugc (ng dung rong rai trong nhiéu linh vyc nhu vén tai, ning luong, va céc
nganh k¥ thuat co khi khac [70]. Mot s6 tng dung cong nghiép tiéu biéu dugc mo ta
trong Bang 3.2.
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Bang 3.2 Cac (tng dung trong cong nghié¢p cua tién cing [71]

id ||

Mat bich Voi phun Ly hop Truc banh raing  Truc vit
' ; ’ N
) oo

Vong lan Banh xe lira Vong bom Piston Banh rang

3.4  Dung cu cat khi tién cirng
3.4.1 Cac loai vat liéu dung cu cit cho tién cing

Viéc lya chon vit liéu dao phi hop déng vai trd quan trong d6i vai hiéu qua
qua trinh tién cang, vi né anh huong truc tiép dén chét lwong bé mat va chi phi san
xuit. Manh dao phai chiu tai trong co hoc 16n va nhiét do cao. Mot s6 dic tinh co ban

cua vat liéu dao bao gom:

- D6 cling cao: gilip chdng mai mon co hoc va bién dang, duy tri d6 chinh xac
gia cong.

- Kha ning chdng va dap tot: chiu duoc tai va dap, ngin ngira mé hoic gay dao,
dic biét trong gia cong gian doan hoac khi bé mat phdi ¢d ciu trdc vi md phirc
tap.

- Su 6n dinh vat Iy va hda hoc & nhiét cao: duy tri d6 cting, d6 bén va kha ning
chéng mai mon ¢ nhiét do cao, cho phép cit got hiéu qua trong diéu kién tién

cung.
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- Kha ning din nhiét tét: gip giam nhiét d6 canh cat.

Cac vat liéu dung cu cat chinh duoc sir dung trong tién cang I cacbit thiéu két,

gém va CBN.
a. Manh dao cit cacbit thiéu két (sintered carbide inserts)

Manh dao cat cacbit thiéu két duoc ché tao biang phuong phéap két hop céc vi
hat cacbit vonfram (tungsten carbide) véi chat két dinh coban & nhiét do va ap suét
cao. C6 hai loai cacbit vonfram thiéu két: loai ISO K dé gia cong gang xam, kim loai
mau va vat liéu phi kim loai mai mon nhu sei thay tinh, than chi; va loai ISO P dé gia
cong kim loai sat [72]. Lima va cong su da nghién ctru kha ning ¢ng dung ctia manh
dao cacbit pha nhiéu I6p TICN/AI203/TiN (Titanium carbonitride /Aluminum oxide
[Titanium nitride) trong gia cong thép tdi, két qua cho thay dao cacbit phu khéng hiéu
qua khi do ctrng phoi vuot qué 50 HRC [73].

b. Manh dao hep kim gém (ceramic inserts)

Dung cu cét hop kim gém c6 kha nang chiu nhiét va do cimg vuot troi so Voi
cacbit, ddng thoi duy tri 6n dinh héa hoc va vat Iy ¢ nhiét do téi 1500°C. Ddi véi vat
liéu t6i cing c6 do cang tir 600 dén 650 HV, dung cu cit gdm phu hop dé gia cong &
tbc do cat cao va khong can dung dich tron ngudi. C6 hai loai chinh: gém nén
aluminum oxide Al:Os va goém nén silicon-nitride SisNs. Gom Al:Os nguyén chét
thudng c6 do bén va d6 déo dai thap, dan nhiét kém; tuy nhién, viéc bo sung cac oxide
nhu titan, magie va crom cai thién dang ké tinh chét co hoc, cho phép gia céng gang
xam khd hodc uot & toe do trén 450 m/phit. Gém SisNa, voi do bén cao va kha ning
chéng sbc nhiét tot, hiéu qua hon gdm Al:Os nguyén chat trong diéu kién cit nhiét do

Cao.

Gém gia ¢b bang soi silicon carbide SiC (AI203 + SiC), véi 20-40% sgi SiC
dang tinh thé min, cai thién do bén, do cang néng va kha nang chéng mai mon, phu
hop cho nguy@n cdng phay. Gém gia ¢ da duoc str dung thanh cong cho vat liéu cting
va siéu hop kim kh gia cong. Hinh 3.3 minh hoa cac loai manh dao gém pho bién

trong tién cung.

30



N\ N\
£ . Gom khon
Gom oxit . 9
oxit
J J
' |
[ I ]
N N N\
2 : Gdm hdn Gom gia ¢d Gom nitrit
Gom oxit g -
hop SOl silicon
| — T |‘
. ; o ) B-SigN,
Al203 Al,O;+TiC Al,O; +SiC- whisker : J
AI203 +Zr02 ] Al,0, +Zr0, +TiC ] o S:Ss:is:;:‘ha'd materials

Hinh 3.3 Céc loai manh dao cat gdm pho bién trong tién cting [74]
c. Manh dao Cubic Boron Nitride (CBN)

Cubic Boron Nitride (CBN), duoc phét trién lan dau vao cudi nhitng nam 1950,
la mot trong nhitng vat liéu cang nhat hién nay va thuong duoc su dung trong gia
cong nhu mot dung cu cat siéu cing. CBN ¢ cau tric tinh thé lap phuong giéng voi
kim cuong. Tuy nhién, ching c6 cac dic tinh rat khac biét; vi du, kim cwong rat d& bj
grafit hoa va oxy hoa khi tiép xdc voi khong khi, dong thoi phan tng véi kim loai ¢
nhiét do cao. Nguoc lai, CBN c6 d6 6n dinh cao hon ¢ nhiét 4o cao va it phan tng
véi kim loai, cho phép gia cong hiéu qua hon ddi voi cac phoi kim loai nhu thép dung
cu, gang xam va cac hop kim cang. Nghién ctu cho thay gia cong bang CBN hiéu
qua vai phdi cang trén 48 HRC, cho chat lugng bé mat tot va giam mai mon dung cu.
Tudi tho dung cu CBN thudng cao hon dao cacbit thiéu két va gbm, mac du chi phi

cao hon. Gia cong kho dugc khuyén nghi dé tranh nat do séc nhiét [75].

d. Manh dao Polycrystalline Cubic Boron Nitride (PCBN)
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PCBN la vat liéu composite tir hat CBN va chat két dinh, tao thanh bang
phuong phap thiéu két [76]. C6 hai loai PCBN: CBN-H (ham lwong CBN cao, ~90%
khdi lugng, két dinh kim loai nhu coban) va CBN-L (ham lugng CBN thap hon, 50—
70% thé tich, két dinh gém nhu TiC, TiN). Ty 1é CBN cao hon mang lai d6 bén va do
ctmg cao hon. Nghién ciru [77] cho thay CBN-H thich hop cho tién cting thé, trong
khi CBN-L phu hop tién cung tinh.

3.4.2 Hinh hec dao cit cho tién cirng

Hinh hoc dao cit bao gom: goc nghiéng dao, goc trudc dao, goc nang dao, ban
kinh mili dao va hinh dang canh cit (Hinh 3.4).

ban kinh cung == bé rong vat
] ]
SR \
goc vat
Bo cung canh cat Vat mép canh cat

nghiéng
dao

gbc ning dao |
L

O
canh ciit chinh .’

mii dao

Hinh 3.4 Céc thong s6 hinh hoc dao trong tién cang

Hinh hoc dao cét c6 vai trd quan trong trong tién cing, anh huong dén qué
trinh hinh thanh phoi, sinh nhiét, lyc cat, mai mon dao, dd nham bé mit, ang suat du

va cau trdc 16p bé mat chi tiét, nhu thé hién trong Hinh 3.5.
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Hinh 3.5 Sy anh hudng caa hinh hoc dao trong tién ciing

Mic du cac vat lidu dung cu cat ding trong tién ctng c6 d6 cang va d6 6n dinh
nhiét cao, ching thuong gion va dé gay. Dé khic phuc, goc trude dao thuong la goc
am, nhung viéc ting gia tri goc ndy cd thé 1am ting (g suat nén. Hiéu qua cua manh
dao ciing phu thudc vao hinh dang vi md cuaa ludi cat. Dao cit sic bén théng thudng
khong du bén cho gia cong cung, do dé cac dung cu cat bang gém, CBN va PCBN
duogc thiét ké véi hinh dang canh dic biét théng qua qua trinh chinh stra canh cit.

Chinh stra canh cat la quy trinh tinh chinh co hoc dung cu cat, ¢6 nhiéu phuong
ph&p nhu mai (grinding), chai (brushing), gia cong laser (laser machining), tia lua
dién (electrical discharge machining) [78]. C6 ba loai hinh dang canh cit co ban: bo

cung, vat mép, va két hop bo cung - vat mép (Hinh 3.6).

(@) | (b) ‘ (©)

Hinh 3.6 Cac kiéu hinh dang cuia canh cit trong tién cang [74]
(a) Canh cit bo cung; (b) Canh cit vat mép; (c) Canh cat bo cung-vat mép
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3.5  Céc théng sé cong nghé (ché dé cit) trong tién cing

Tbc @6 cat (v) 1a tbe @6 tdng hop cua téc dd vong cua chi tiét gia cong va tdc
d6 cua chuyén dong chay dao. Tuy nhién trong thuc té toc d6 caa chuyén dong chay
dao thudng rat nho so tbe do vong cuaa chi tiét gia cong nén thuong bo qua. Vay cong
thirc gan dung dé tinh van téc cat nhu sau:

D.
p = %(m/ph) (3.1)

Trong do:
- D: duong kinh chi tiét gia cong (mm)
- n:sb vong quay cua chi tiét trong mot phat (vong/phut)
Luong chay dao (f) 1a khoang dich chuyén cua dao theo phuong chuyén dong
chay dao sau mot vong quay cua chi tiét gia céng, don vi (mm/vong).
Chiéu sau cat (dw) 1a khoang céch gitra bé mit da gia cong va bé mat chua gia
cong.

dy = Dz;d (mm) (3.2)

Trong do:.
- D: duong kinh chi tiét truéc khi gia cong (mm)
- d: duong kinh chi tiét sau khi gia céng (mm)
3.6 Caéc chi tiéu kinh té-ky thuat trong tién cirng
3.6.1 Ning suit gia cong (Material Removal Rate-MRR)

Ning suit gia cong, hay téc do cat bo vat liu, duge dinh nghia 1a thé tich vat
liéu duoc cat bo trén mot don vi thoi gian, duoc thé hién qua phuong trinh (3.3). Pay
la mot chi s6 quan trong ddi voi cac nha san xuat, voi muc tiéu ting nang suat mot
cach hiéu qua ma khdng lam suy giam cac yéu té khéac cua qué trinh gia cong. Trong

d6, van toc cat anh huong nhiéu nhat dén MRR, tiép theo 13 budc tién dao va chiéu
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sau cit. Do d6, néu mudn ting ning suit, can ting ca ba thdng sé cat nay. Tuy nhién,
c4c thdng s6 cat ciing ¢ gidi han, vi ching anh huong dén tudi tho dao, &6 mon dao,

chat luong bé mit, luc cat, nhiét cat, v.v.

MRR = f.v.d,, (mm3/phit) (3.3)
Trong do:
- f:budc tién dao (mm/vong)
- v:van téc cat (m/phat)

- d,,: chiéu sau cit (mm)
3.6.2 Chi phi san xuit trong tién cirng

Chi phi san xuat 1a mét tiéu chi kinh té quan trong dé danh gia hiéu qua cua
qué trinh san xuat. Tudi tho dao 1a yéu té then chét can xem xét khi lua chon dung cu
cat, vi nd anh hudng truc tiép dén chi phi san xuat. Trong tién cang, chi phi lién quan
dén dao cat thuong chiém ty I 16n nhat. Do d6, viéc lya chon vat liéu dao, cac thong
s6 hinh hoc dao va ché do cat phai duoc xem xét ky ludng, phll hop véi yéu cau cia

qua trinh tién cang.
3.6.3  P§ nham bé mit (Ra)

Chat luong bé mat gia cong duoc danh gia trén hai khia canh: (1) hinh dang
(profile) bé mat, phan anh cau tric 16p ngoai cing caa chi tiét, va (2) cac bién doi
luyén kim bé mat trong 16p vt liéu ngay bén dudi bé mat gia cong. Hai khia canh nay
chu yéu dugc xac dinh thong qua cac dai luong nhu d6 nham bé mat, wng suat du va
I6p tring (white layer). Cac dac tinh ndy chiu anh huong cua ché d6 gia cong, hinh

hoc va vat liéu dung cu cat, nhu minh hoa trong Hinh 3.7.
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Hinh 3.7 Anh huéng cua théng sé gia cong va dung cu cit dén chat luong

cua bé mit gia cdng trong tién cing

Trong danh gia chat luong bé mit gia cong, dd nham bé mat 1a mot yéu cau
quan trong trong cdng nghiép, vi nd anh hudng dén do chinh xéc kich thudc va tinh
chat 1am viéc cua chi tiét. Do nham bé mat (Ra) thudng dugc s dung rong rai dé
danh gia chat luong bé mat gia cong. Ra la gia trj trung binh cong cua céac gia tri do
léch (theo gia tri tuyét ddi) cua bién dang bé mat so véi duong trung binh (Hinh 3.8).
Pay 1a mot théng sé dé xac dinh, d& do lwdng va cung cip md ta tong quat tét nhat vé

su thay doi d6 cao trén bé mit. Pon vi cia Ra thudng 1a micromet (um).

at

¢ ma

D6 nham bé

Chiéu dai bé mit do

Hinh 3.8 P nham bé mit Ra
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3.7  Co ché hinh thanh phoi khi tién cieng

Trong qua trinh cit got, phan cit cia dao ¢ hinh dang nhu mot ném. Dudi tac
dung cua luc co hoc tir may, dao sé& cit sau vao 16p bé mit cua phdi va nén chat 16p
vat liéu nay. Tai ving bi nén, tng suét bén trong vat liéu tang 1én. Khi dao tiép tuc
tién sau, (rng suat bén trong vuot qua gidi han bén lién két giita cac phan tir kim loali,
khién chiing truot theo mat cit va di chuyén trén mat truée cua dao. Sy chuyén dong
lién tuc cua dao theo chiéu tién s& hinh thanh phoi thong qua qua trinh nén, truot va

dich chuyén céc phan tir kim loai ké tiép (Hinh 3.9).

Hinh 3.9 Qua trinh tao phoi [79]
1. Phoi; 2. Phoi; 3. Dao

Tuy theo diéu kién gia cong va vat liéu cia phdi, sé tao thanh cac loai phoi
khé&c nhau nhu Hinh 3.10 [80].

(a) (b)
Hinh 3.10 Céc dang phoi trong gia cong tién [80]

(a) Phoi day; (b) Phoi lugn song; (c) Phoi rang cua; (d) Phoi vun
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Mot hién tugng dac trung trong tién cing la su hinh thanh phoi rang cua.
Nghién ciru co ché tao phoi ring cua 1a budc quan trong dé hiéu rd hon vé céch céc
diéu kién cat khac nhau dan dén su hinh thanh loai phoi nay. C6 hai ly thuyét pho
bién giai thich sy xuat hién cua phoi ring cua: Iy thuyét cua Shaw va cong sy [80],
va ly thuyét cua Davies va cong su [81]. Theo Shaw, su khoi phat va lan truyén vét
nit gy ra phoi ring cua. Trong khi d6, Davies cho rang qué trinh cit doan nhiét

(adiabatic shear) la nguyén nhan chinh.

Ly thuyét vét ntit ban dau cho rang tng suét léch, tn tai trong qua trinh gia
cdng, gay ra cac vét nut trén bé mat tu do caa phéi gan ving cat do bién dang déo nén
I6n. Sau khi khoi phat, vét nut lan doc theo mit phang cit vé phia dao cho dén khi
g suat nén trén mat phang nay dat gia tri t6i han. Trong giai doan nay, phoi ring
cua c6 xu hudng truot trén mat truée dao. Khi vét nut cii 6n dinh, mot vét nit mai
hinh thanh va chu trinh Iap lai. Hinh 3.11 minh hoa co ché tuan hoan caa qua trinh

hinh thanh phoi ring cwa do vét niit khai phat ban dau.

Chiéu day phoi trung binh

O ‘/_/

Vét mirt ban da

N
S

o
gh
£
E‘.

77 p

—

Chi tiét

Chiéu day ‘
phoi tnrée cat
e

(a)
Hinh 3.11 Sy hinh thanh phoi rang cua [82]

Ly thuyét doan nhiét cho rang khi dao bat dau cit vao phdi, mot truong tng
suit tong thé duoc hinh thanh. Khi ¢ng suat cit dat mac cuc dai, vat liéu bit dau chay
va nhiét sinh ra do bién dang déo s& thoat khoi ving cat chinh. Két qua Ia giéi han
chay giam do vat liéu bi mém héa bai nhiét [81]. Hinh 3.12 thé hién twong quan giira

su mém hda nhiét va do cing theo nghién ctiru cua Poulachon va cong su [83]. Nghién
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ctru cho thay cac théng sé quan trong anh huéng dén sy hinh thanh phoi ring cua 1a
d6 cang cua phoi va toc do cat. Khi do cimg ting 1én khoang 53 HRC, vét nit bat dau
xuét hién.
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Hinh 3.12 Sy thay doi hinh dang phoi véi d6 cang chi tiét gia cong [83]

3.8  Luc cat trong tién cieng

Tién ctmg duoc thuc hién trong cac diéu kién céng nghé va co - nhiét dac thu.
Céc co ché lién quan dén qua trinh cit (hinh thanh phoi, sinh nhiét, mai mon dung cu)
vé co ban khéac biét so vai gia cong c4c vat lidu thong thuong. Dé tranh meé dao khi
gia cdng vat lidu cing, canh cat thudng dwoc vat mép tir -20° dén -25°, tao gdc trudc
hiéu dung 16n, dan dén wang suat cao trong ving 1an can ludi cat [84]. Tur Hinh 3.13,
c6 thé quan sét thay lyc cat ting khi gia cong vat liéu c6 do cing trén 45 HRC, thudng

dugc xem la gidi han dudi cua gia cong cung.
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Hinh 3.13 Anh huong cua do cimg dén lyc cat [85]

Theo Chryssolouris [86], su thay d6i luc cit theo d6 cting chi tiét gia cong co
thé duoc giai thich bai sy gia ting (ng suat chay khi do cung ting, dong thoi giam
khi nhiét cit sinh ra 1am mém vat liéu. Nakayama va cong su [82] chi ra rang thanh
phan hudng kinh cua luc cat 16n hon luc tiép tuyén, va sy khac biét nay ting dang ké

khi mat sau dao bi mon.

Dé xac dinh luc cit trong tién ciing, c6 thé ap dung cac md hinh luc cit dugc
dé xuat trong [87], [88] hoic mé hinh luc cit tong quat cua Altintas [89]. Theo do,
luc cit dugc chia thanh hai thanh phan: luc cat kim loai (metal shear force) va luc cat

canh (edge force), tuc luc do tiép xuc gitra mat sau dao va bé mat gia cong.

F, =K, bh+K,b
F, =K ,bh+K b (3.4)
F =K, bh+K, b

Trong d0, Ft, Fs va Fr luot 1a cac luc tiép tuyén, luc tién dao va luc hudng kinh;
Kic, Ke, Krc 12 cac hé sb luc cat theo ba phuong twong tng, Kie, Kte, Kre 12 hé s6 luc
cit canh duoc xac dinh bang céc thi nghiém cat; b 1a chiéu rong vét cat (chiéu dai
canh) va h 1a chiéu day Iop cit.
Tg cos(f, — ¥n) + tanidgstannsinf,
- Singn \[cos2(¢py, + Bn — V) + tan?nsin?p,

tc
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_ Ts sin(Bn — ¥n)

~ sing,cosig \cos2(py + Bn — ¥n) + tan?nsin?f,
T cos(Bn — yp)tanig — tannsinf,

~ singy, \cos2(py + Bn — ¥n) + tan?nsin?p,

Trong qua trinh tién cang, chi c6 ban kinh miii dao tham gia vao qu4 trinh cit,

KfC
(3.5)

KT'C

khién chiéu day lép cit thay dbi lién tuc. Thong sb hinh hoc goc dao cua cac phan tir
canh cit ciing thay d6i twong tmg. Do d6, dé danh gia chinh xac, miii dao thudng
duoc chia thanh céc phan tir nho véi gia sé goc d6 (Hinh 3.14).

Chi t1ét g1a cong

Chi tiét gia cong

\
Canh cét chinh
(70) / O2 61 \
/ F \
/ \

Hinh 3.14 So d6 nguyén ly luc cat trong tién ciing
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Bang cach &p dung mé hinh lyc cit cho mdi phan tir canh cit, ta 6 luc tiép
tuyén (dF,), luc huéng kinh (dF,) va luc tién dao (dF;) tac dung I&n phén tir canh cit
nhu sau:

dF, = dF,, + dF,,
dE. = dE.. + dE., (3.6)
dF; = dF,. + dF,

Céc lyc canh duge xem nhu twong tu cac lec tim thay trong thir nghiém cat

tryc giao. Thanh phan huéng kinh cua lyc canh duogc gia dinh bang khdng (dF,, =
0).

Luc cit theo cac phuong X, Y, z ctia may tién cd thé duoc xac dinh tir cac thanh phan
luc theo hudng tiép tuyén, huéng kinh va tién dao, théng qua quan hé:
dF, = dF,
dF, = —dF,sin(K, — 6/) + dF;sin(K, — 67) (3.7)
dF, = dF,cos(K, — 67) + dF;sin(K, — 6/)

Tong luc cit theo mdi phuong X, y, z nhu sau:

k
F, = z dF,, q=x79,2 (3.8)

j=1
3.9  Nhiét cit khi tién cirng

Phan Ion nang luong tir luc cit trong qua trinh gia cong duoc chuyén hoa thanh
nhiét niang [90] nhu trong Hinh 3.15. Nhiéu yéu té anh hudong dén qua trinh sinh nhiét
trong cit kim loai, bao gom dic tinh vat Iy va héa hoc cua vat liéu chi tiét gia cong va
vat liéu dung cu cit, ciing nhu cac théng sé ché do cét va hinh hoc dung cu cat [91].
Nhiét d6 cao trong viing cat, dao dong trong khoang 800 dén 1200 °C, tac dong tiéu
cuc dén do bén, do ctring va kha ning chéng mon cua dung cu cét [92]. Ngoai ra, nhiét

d6 qua cao con 1am giam kha ning kiém soat d6 chinh xéc kich thudc va duy tri chat
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lwong bé mit mong muén, dan dén chi phi gia céng ting va chit lwong san pham giam
[93].

Viung bién dang thit hai
Bién dang plastic
Ma sat dinh-truot
Sinh nhiét

Vung bién dang chinh
Bién dang elasto-plastic
Sinh nhiét

Viung bién dang thir ba
Bién dang elastic

L Ma sat

Chi tiét Sinh nhiét

Van toc cat Ve

_>

Hinh 3.15 Qua trinh sinh nhiét va thoat nhiét trong tién

Hinh 3.16 (a) cho thay nhiét d6 mat sau dao gan viing 1an can canh cat ting 1én
khi ting van tc cat va do ciing cua vat liéu gia cong [94]. Trong pham vi gia cong
ctng, do cang vat lidu tang lam ting luc cat, tir d6 1am ting ning luong cat va dan

dén nhiét d6 tang cao [67].

1000
O 900 1400
; ~ 13001 I = 1=am =
5% 800 & 12001
(=0}
S — 11001
g 1 'S 1000-
= <
< 600 =. 900, tool-chip
s ‘= 8001 interface
500 L. 1 . 300 Z 700 a tookwork
Van toc cit  m/min ~ e001 interface
0O AISIS2100 O 15CrMo4 W AISI1055 500 . . . .
(700HV1)  (650HV1)  (700HV1) 0 50 100 150 200 250
® AISI52100 @ AISI1045 Mon miit sau dao VB (um)

(510HV1) (210HV1)
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Hinh 3.16 Anh huong caa do ciing, van toc cit va mon dao dén nhiét cat:
(2) Anh hudng vat liéu gia cong va toc do cat dén nhiét cat [94]; (b) Anh huong cua
mon dao dén nhiét cat thép AISI 52100 [95]

Wang va Liu da chi ra raing mai mon mit sau dao 12 nguyén nhan chinh gay ra
hu hong do nhiét & 16p dudi bé mat chi tiét khi gia cong vat lidu cang [95]. Nhiét do
I6n nhat tai bé mat tiép xtc dao-chi tiét ting 1én khi xay ra mon mit sau, dat khoang
1150°C di véi VB =200 pm, trong khi nhiét do tai ving tiép xuc dao-phoi van twong
d6i 6n dinh & muc khoang 1300°C nhu thé hién ¢ Hinh 3.16 (b).

3.10 Mai mon dao va co ché mai mon trong tién cirng

Trong qua trinh gia cong, dung cu cat ¢ thé bi hong do mai mon, gay, sut me
hodc bién dang déo. Tuy nhién, cac hu hong nhu giy, sat mé hay bién dang déo c6
thé dugc han ché thong qua viéc lva chon ding vat liéu dao, thiét ké hinh hoc dung
cu cat va diéu kién cit thich hop. Su phuc tap cua qué trinh tién cang, bao géom nhiét
d6 cao va tng suat 16n trong ving cat, dan dén co ché mai mon trg nén phuc tap,
thudng lién quan dong thoi dén cac yéu té hda hoc, co hoc va nhiét. Trong tién cung,
mot hodc nhiéu co ché mai mon co thé dong thoi xay ra [76], [77], [96]. Cac co ché

mai mon dung cu cat co ban gom:

Mai mon khuéch tan (Diffusion wear): Do nhiét do cao tai ving tiép x(c, cac
nguyeén tir trong hai vat liéu (dao va phdi) tré nén khong 6n dinh va khuéch tan sang
vat liéu ddi dién, noi ndng d6 nguyén tir twong ng thap hon. Su khuéch tan lién tuc
cua vat liéu dao vao phdi gay ra mai mon, phu thudc vao diéu kién hoa tan va nhiét
d6 cat. Trong PCBN, pha két dinh 14 thanh phan dé& bi mai mon nhat [77].

Mai mon bam dinh (Abhesion wear): Duéi &p suit va nhiét do cao, bé mat phoi
c6 thé dinh vao mit trudc caa dung cu, tao ra “mdi han” vi mé néu vat liéu phdi co ai
luc luyén kim cao. Lop vat liéu bam dinh nay khéng 6n dinh, khi bong ra s& kéo theo
nhitng manh vat liéu dung cu cit, gay ra mai mon bam dinh. Loai mai mon nay thuong
gap khi gia céng hop kim nhom trong diéu kién cat khd hoic gan kho, nhung it phd

bién trong gia cong cing.
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Mai mon co hoc (Abrasion wear): Mai mon co hoc Xay ra do ma sat gitta mat
truéc dung cu cat véi phoi va gitra mat sau dung cu cat véi bé mat gia cong. Co ché
nay chu yéu chiu anh huong caa do cang vat liéu gia cong, lién quan chat ché dén do
ctng, hinh dang va mat d6 phan bd cac hat cing nhu oxide, carbide, nitride,
martensite, austenite [97].

Cac dang mai mon chi yéu quan sat duoc trong tién cirng gdom mai mon mit
sau, mai mon mat truéc (vét 18m), mai mon khia, sat mé va nat do séc nhiét [77].
Trong dé, mon do st mé va ntt do sdc nhiét co thé giam thiéu khi kiém soat chit ché
diéu kién gia céng. Hinh 3.17 thé hién cac dang mon dao theo tiéu chuan 1SO 3685.

MAT CATA-A

&~  KF =Khoang cach trrdc vét 16m
KF = Chiéu rong vét 16m

KM = Khoang cach dén tim vét 16m
KT = Chiéu sau vét 16m

Mt phiang Ps

Zone
i
<
o
)

1
l 7 . -
= Vung mon mat sau
/ c Al
f =
A f : _ *A =
Veét 15 o I
" S, o 1Y VBgmax.
l ves Hi
' 1
| |
: \) N Mon tao thanh rinh
VB,
\_N

Hinh 3.17 Céac dang mon dao theo tiéu chuan 1SO 3685

Hinh 3.18 minh hoa cac dang mai mon dién hinh trong qué trinh gia cong vat

liéu cirng bang dao CBN.
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=

Mon mat sau Mon mat trude

Mon ranh khia

Hinh 3.18 Céac dang mon dao trong tién cing [98]
Mon mat sau (Flank wear):

MOn mit sau xay ra trén mat sau dung cu cat, dic trung boi chiéu rong vét mon
(VB). Trong tién cung, do do cirng cao cua vat liéu gia cong, mai mon co hoc 1a co
ché mon chinh khi mat sau dao co xéat véi bé mat gia cong do hién twong dan hoi
(spring-back) cua vat liéu gia cong [76], [77]. Mon mat sau anh hudng dén chat luong

bé mat va giam do chinh xac gia cong.

Pé phan tich toc do mai mon mit sau, cac md hinh toan hoc da duoc 4p dung.
Huang va cong su da phat trién md hinh mai mon cho dao CBN ¢6 canh cit vat mép
khi tién ctring [99]. Téc do cat (Ve), do cing hat mai (Pa), tng suét cat phap tuyén (o)
va do cang dung cu cat (Py) c6 anh huong Ion dén d6 mon mat sau. Ngoai ra, téc do
mai mon dung cu phu thudc cac thong sé hinh hoc dao nhu ban kinh miii dao (r) va
g6c sau dao («). Mai mon co hoc va bam dinh déu c6 dong gop dang ké vao mai mon

mit sau dung cu cit trong gia cong vat liéu.

Tbc dd mai mon mit sau (dVB/dt) duoc tinh nhu sau:

dVB cota + tany)r Pl ; il
> = [V(B(r VB taZl)a)] {KabrasionK (:’_('> V VB0 + Kydhesion€ TVCO' T Kdiﬂ“\/ V.VBe T—273} (39)

Trong dé, Kdiff, KQ, Kadhesion, Kabrasion, a |él CéC hé Sé hléu Chinh béng thlIC
nghiém cho cac loai dung cu cat va vat liéu phoi khac nhau. Cac tac gia so sanh mo

hinh toan dé xut vai két qua thuc nghiém cho thay do twong déng cao.
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M6 hinh toan khac vé mon dao do Singh va cong su [100] phat trién cho dao
gom ciing xét dén anh huong cua toe do cat (v), do cang hat mai (Pa), luc phap tuyén

(N) va do cang dung cu (Py) khi tién cung:

n—1 m
dhy (KZVN) (Pa ) K3N2v (K4) VQ .
dt Kbohy ) \_ P boh? 9 el
. . P

Hinh 3.19 thé hién su thay d6i d6 mon mat sau theo thoi gian ¢ diéu kién v = 100

m/phat, f = 0.12 mm/vong, dw = 1.2 mm, gdc vat mép 26°.
0.35

03

Mobn tong

0.25
Moén co‘r‘oc/

0.2
Mon bam dinh‘“//n.

VB (mm)

0.15

0.1

0.05

~ Mon khuéch tan
Thoi gian (phat)
k.

0 5 10 15 20 25 30 35 40 45 50

Hinh 3.19 b6 mon dao mat sau vaéi thoi gian [100]

Mon mat truéc (Crater wear):

Mon mat trudc (KT) xay ra trén mat trudc dung cu, thuong khong anh huong
nhiéu dén tudi tho dao trir khi qua mirc, dan dén bién dang hoic gay dung cu, 1am yéu
ludi cat. Tuy nhién, lyc cat c6 xu huéng giam khi mai mon mit trudce tang [97]. Tai
viing tiép xdc giita mat trudc dao va phoi, dao chiu ma sat dudi ap suat va nhiét do

cao, gdy ra mai mon co hoc, bam dinh va khuéch tan, hoic dong thoi ca ba co ché.
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Hinh 3.20 thé hién bién dang vét I8m mit trude cua dao CBN theo chiéu dai
tiép xuc 16n nhat, duge do tir ludi cit sau 66 phit cat ¢ diéu kién v = 1.52 m/s, f =

0.076 mm/vong va dy = 0.102 mm.

th

B S R R S A A
=1 g ; : : : : : : :
e OFYg-yee- 3o e peeees fremes gmmeee- rovee posmnesprene- -
Q : : E E 5 i : ' :
] e S e e S e
> ' ] . ' i ' 1
‘R : f : : 5 E : :
L SRttt Il R R S g et S S
"2 : : : ' : :
< 45 ! | ] 1 ] I | I ]
© "¢ o001 002 003 004 005 006 007 008 009 O.1

Khoang cach (mm)
Hinh 3.20 Bién dang vét 16m mit truéc dao CBN [101]

Huang va cong su da phat trién md hinh toan Iy thuyét lién quan dén mai mon
mat trugc dao CBN khi tién ciing, so sanh vai nhiéu diéu kién cat khac nhau [101].
Két qua cho thdy mai mon khuéch tan, bam dinh va co hoc anh huéng dén mai mon
mat trudc. C4c yéu td nhu hinh hoc dao, théng s cat, vat liéu dao va phoi déu tac
dong dén do6 mon mat truge. Tée dd mon mit trude dao dugc thé hién nhu sau:
n—1

Kabm.\‘i{m K [a_”j I/chip h o+ (311)
dK, R | D(K,)

t

dr .
Ka(fr’resiml eaTI/(‘ hO- + Kdz‘)f*\/ l/(: I/be T+273

0

KT

Mon mit trwede

Hinh 3.21 Méi quan hé hinh hoc cua vét 16m mat trudc dao [101]

48



Duya vao Hinh 3.21, méi quan hé gitta chiéu dai tiép xtc h, chiéu sdu mai mon
KT va ban kinh R nhu sau:

2
h
R? :(5] +(R-KT) (3.12)

Mon ranh khia (Notch wear):

Mon ranh khia la dang mon dic biét xuét hién tai vi tri ludi cit giao nhau voi
bé mat chi tiét, két hop mon mat sau va mat truéc. Dang mon nay thuong xay ra khi
gia cdng céc vat liéu cang hoac vat liéu co 16p bé mat cimg, do mai mon co hoc giira

dung cu cat va chi tiét.
3.11 Tudi the dao trong tién cing

Tudi tho dao 1a thoi gian str dung hitu ich caa dung cu cat, ky hiéu 1a T (phut).
Tudi tho cua dao phu thudc vao nhiéu yéu té nhu vat liéu 1am dao, vat liéu gia cong,

thong sb hinh hoc cua dao, ché do cat, dung dich tron ngudi, v.v.

Trong cac yéu to nay, toc do cat ¢ anh huong Ion nhat dén tudi tho dao. Khi
téc do cat ting, nang luong tidu hao trong qua trinh cat ting theo, nhiét sinh ra nhiéu
hon, dan dén qua trinh mai mon dién ra nhanh, lam giam tudi tho dao.

Trong thuc té, @@ mon mit sau dao (VB) thudng dugc st dung dé danh gia tudi
tho dao. Khi VB ting, dién tich tiép xdc giita dao va phéi ting, lam gia ting ma sat,
nhiét d6 va giam chat luong bé mat gia céng. Cudi cing, tinh trang nay c6 thé dan
dén hong dao.

Hinh 3.22 minh hoa dudng cong tudi tho dao dién hinh, thé hién su thay doi

d6 mon dao theo thoi gian dudi cac tée do cit khac nhau.
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Hinh 3.22 Puong cong tudi tho dao: sy thay doi mon dao theo thoi gian véi cac

van toc cit khac nhau [46].

Do mon mit sau theo thoi gian gia cong co thé chia thanh ba giai doan. Ban
dau, ludi cit rat sac bi mon nhanh ngay sau khi bat dau ct. Sau d6, qua trinh mai mon
dao dién ra 6n dinh, gan nhu tuyén tinh so véi thoi gian cat ting dan. Cudi cing, khi
VB dat gia tri gii han, 4 mon mit sau ting theo cap s6 nhan. Dao cét phai duoc thay
thé trudce khi vuot qua gisi han (VBiim) dé tranh hong dao nghiém trong. Thoi gian cit
tuong ung Vi VBiim duoc goi 12 tudi tho dao. Taylor lan dau tién biéu dién tudi tho

dao nhu mét ham cua cac diéu kién cat:;
Tt - CtV_p’f_q’ (313)

Trong d6 Tt [phat] 1a tudi tho cta dao, V [m /pht] 1a tée do cat va f [mm/vong]
la lwong chay dao. Ct, p va q la céc hang sé xac dinh théng qua thuc nghiém cho mot

cap vat liéu dao - phéi nhat dinh.

Tudi tho dao thay ddi tly thudc vao tiéu chi @6 mon duoc chon. Trong tién
ctng, 1a qué trinh gia cong tinh, dd nham bé mat caa san pham 1a yéu té quan trong.
Theo tiéu chuan 1SO 3685 [102], tudi tho dao dugc xac dinh tai thoi diém dung cu

khong con tao ra chi tiét cd chat lwong bé mat mong muédn. Khi Ra dat 1.6 pum (do
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nham bé mat twong dwong voi mai théng thuong), thir nghiém két thac. Néu tiéu chi

nay khong duoc dap ¢ng, thir nghiém két thic khi do mon mat sau (VB) dat 0.3 mm.
3.12 Kaétluan

Nghién ciru di trinh bay chi tiét co so ly thuyét cua qua trinh tién ciing, bao
gom khai niém, dic diém, tng dung va cac yéu t6 anh huong chinh dén qua trinh nay.
Tién ctiing 1a mot phuong phap hiéu qua thay thé cho mai trong gia cong cac chi tiét
ctng (> 45 HRC). Qua trinh tién cimg c6 vu diém vuot troi nhu ning suét cao, linh
hoat va than thién v6i méi truong, nhung ciing gip thach thire nhu luc cit xac dinh
I6n va nhiét d6 cao gdy mon dao nhanh chéng. Vit liéu dung cu cét phd bién gom
cacbit, gbm va CBN véi yéu cau cao vé do bén nhiét, do ciing va kha niang chong mai
mon. Céc thdng sé hinh hoc dao va ché d6 cit duoc xac dinh ¢ anh huong quyét dinh
dén lyc cat, nhiét do, d6 mon dao va chat lugng bé mat gia céng. Nhitng noi dung ly
thuyét nay 1a nén tang quan trong dé phan tich, xay dung md hinh toan va téi vu hoa

qua trinh tién ciing trong cac chuong tiép theo caa luan an.
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Chuong 4:
MO HINH TOAN HINH HQC QUA TRINH TIEN CUNG

4.1  Giai thiéu chung

Qua trinh tién cang khéc biét dang ké so véi tién truyén thong, do dé nhiéu
kién thire va ly thuyét cua tién truyén théng khong thé ap dung truc tiép cho tién ctng
[1]. Hinh 4.1(a) m6 ta so &6 nguyén ly tién truyén thong - mot qua trinh gia cong thd,
trong d6 ban kinh miii dao twong ddi nhé so véi chiéu sau cat. Vi vay, chi can xem
Xét cac phan thang cua canh cit chinh va canh cit phy, va mili dao duoc coi nhu mét
diém.

Nguoc lai, Hinh 4.1(b) md ta so d6 nguyén ly tién ciing - mot quéa trinh gia
cong tinh véi chiéu sau cat va budc tién rat nho, nén chi phan ban kinh miii dao tham
gia vao qua trinh cit (d,, < r(1 — cosK,)). Do d6, viéc xac dinh chinh xac vi tri cat
trén ban kinh miii dao, cac thong sé hinh hoc goc dao cuc b, cting vai chiéu day 1op
cit cuc bo tai cac phan tir ciia canh cit thudce ban kinh miii dao 1a can thiét. Biéu nay

nham phan tich anh huéng cua céc thong sé hinh hoc dao dén qua trinh tién cing.

|

(a) (b)
Hinh 4.1 So d6 nguyén ly gia cong tién [103]:
(a) Tién truyén thong; (b) Tién cung

dw: chiéu sau cit; Ky: géc nghiéng dao; ra: ban kinh miii dao; f: budc tién dao; R;: d6

nham
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4.2 MO hinh toan hinh hgc qua trinh tién cirng

Trong qué trinh tién ciing, chi c6 ban kinh miii dao tham gia cit got. Do do,
can xay dung mot mé hinh toan hoc hinh hoc cho qué trinh nay. Phuong phap thuc
hién dua trén hé tiéu chuan “T-hand-S” dugc dé xuat nhu sau: trude tién, canh cat
chinh duge xem nhu mot phan tir canh cat (j=0). Tiép theo, phan ban kinh mii dao
tham gia cit got duoc md hinh hda bang cach xap xi thanh cac phan ti canh cit thing
(j=1.2,3...). Vi vay, cac mé hinh toan vé lrc cat, nhiét cat, mon dao... c6 thé duoc ap
dung cho mdi phan tir canh cit.

M6 hinh héa ban kinh miii dao tham gia cét got trong qua trinh tién cting va
cac théng sb hinh hoc dao cuc bd cua mdi phan ti canh cit nhu Hinh 4.2. Cac phan
tir canh cét tir 8, dén 6, 1a phan tir canh cat chinh, 6, tng Vvéi Vi tri miii dao, con cac

phan tir tir 6, t6i 6, 1a phan tir canh cat phuy.

V N
) .

Chi tiét gia cong

Phén tit canh cat @)

Peg ¢ D

5 7\“\ |

T e S
AL\ 7 N

AN/ \

Canh cit chinl \
anh cat chinh
(=0) / 02 (31 \
d p \
/ \
L T ey s

Goéc sac cuc bo

e _\_Po
Goc trude cuc bo

Vat mép canh cat

Bo cung canh cat y

Goc sau cuc bo -

Hinh 4.2 M6 hinh ban kinh miii dao tham gia cit got trong tién cing
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4.2.1 MO0 hinh toan hinh hoc dao

Dé xay dung mé hinh toan hinh hoc dao trong qué trinh tién cing, nghién ciu
dua trén hé tiéu chuan hinh hoc dao “the tool in hand system (T-hand-S)”. Theo do,
ba mat phang tham chiéu co ban, bao gom mit phang day P,., mat phang truc giao P,
va mit phang canh cét P,, duoc sir dung dé dinh nghia cac thong sb hinh hoc géc dao:
g6c nghiéng dao K,, goc trude y,va goc nang dao A, trong tng cho ludi cit chinh
(j=0), nhu thé hién & Hinh 4.3 (a-c).

DAi véi phan tir canh cét ban kinh mili dao (j), cac mat phing P., P/, P/ dugc
str dung dé dinh nghia cdc thong sb hinh hoc goc dao cuc b (K7, v/ va 1.). Ngoai
ra, ba mat phing P/, P/, va P/, song song mt phing canh cit cua phan tir canh cét
(i) P/, mat phing canh cit P, va mat phang truc giao P, twong tng, duoc két hop dé
md ta mdi quan hé gitra cac goc dao, nhu trong Hinh 4.3 (d-h). Mit phang P. 1a mat

trudc dao.

(a) (b) (c)
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Phén tir canh cét (j)

=
o
-L\P
(d) () (f)
By
= T
fu
@ ) (h)

Hinh 4.3. M6 hinh méi quan h¢ gitra cic géc dao cuia canh cat chinh va phan tu
canh cat (j) (Hiéu chinh va cai tién tir mé hinh cua Astakhov [103])

Tu Hinh 4.3 (), ta c6 g6c nghiéng dao cuc bo:
Gac nghiéng dao cuc bo:
{Kr — 0/ khi ©/ < K, (ludi cit chinh)

K ={"T . ,
0/ — K, khi®/ > K, (Iu&i cit phu)

r

(4.1)
Tu Hinh 4.3 (e):

; H (4.2)
tany. = 11

Tu Hinh 4.3 (h):
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AH2 = L4tanAl; AH3 = L3tani! (4.3)

Tir Hinh 4.3 (d):

%=Sin(g—ej); E=cos(z—ej)

%=cos(g—ef);%=sin(z—ef)

(4.4)

Va tir Hinh 4.3 (f, ):

H — AH3
L2

H+AH2  (45)

;tanysj_S = tanl; = Ic

tany(f_o = tany, =

Thay phuong trinh (4.2-4.4) vao phuong trinh (4.5), ta co:

tany, = sin (g — Gj) tany! — cos (g — ef) tani’

4.6
tanig = cos (g - ef) tanyoj + sin (g - ef) tan/lg o
Tur phuong trinh (4.6), ta co:
Goc trudc cuc bo:
(4.7)

yg = tan™! (Sin (g — ef) tany, + cos (g — ej) tan/ls)

Gaéc nang cuc bo:

tan™! (—cos (g — ef) tany, + sin (g — ef) tan/ls) khi 6/ <K, “s)

j =
! —tan™? (—cos (g — ef) tany, + sin (g — ef) tan/ls) khi ©/ > K,

S

Va goc trudc phap tuyén cuc bo:

tany,{ = tanyg cos/1£ (4.9)

4.2.2  Mb hinh toan dién tich cat

Tiép theo, chung ta xac dinh cac théng sb 16p cit cuc bo cho mdi phan tir canh
cit (j). Dua trén Hinh 4.4, ta c6:

Phan ban kinh miii dao tham gia cét got:
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r—d
0, =K, — LAO,E = K, — cos‘l( " W) (4.10)
Oc = K; (4.11)
0p = K, + 20,D = K, + sin™? (zf_r) (4.12)
AE — AF
0y = K, — LFO,E = K, — tan™! (—)
0,E
(4.13)
_(rsin(K, —0,) — f
:Kr_tan 1( rr—dw
Chiéu day I16p cit cuc bo:
Zone 1:0, < 6/ < 6,
. r—d
t(0) =r—0,X, =71 — LA (4.14)
1(8) =1 =0, =7 cos(K, — ©/)
Zone 2: 6, < 6/ < 6,
t,(07) =71 — 0,X, =17 —\Jr2 + f2 — 2rfcos£0,0,X, (4.15)
Str dung dinh luat sin, ta co:
0,0, 0:X,
sinz0,X,0, sin20,0,X, (4.16)
f r

sin (8) + 1/2 — K, — 20,0,X;) _ sin (7 — (8] + /2 — K, ))
Tu phuong trinh (4.16), ta co:

20,0:X; = (Gj + /2 — K, — sin™?! (ésin(ej + /2 — KQ)) (4.17)

Thé phuong trinh (4.17) vao phuong trinh (4.15), ta co:
iy (ej ) =

(4.18)
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4 (] . (4
r—Jr2+f2—2rfcos<91 +E—Kr—sm 1(;sm(61 +§—Kr))>

Dién tich 1op cét cuc bo:
dA’ = t(67)rde véi giasb do (4.19)

b q
\ Pr
. -

Chi tiét gia cong

o

Canh cat chinh
(=0)

— S—

Hinh 4.4 Chiéu day 16p cit cuc bd caa phan tir canh cit (j)
Dé tinh goc ©7 trén mat trusc dao P., ta sit dung ma tran chuyén toa dé:

Hg toa do (z¢,y! ,x!) c6 dugc bing céch xoay hé toa do (z.,y ,x2) mét géc 6,

quan tryc z., nhu Hinh 4.5(a):

Ze 0 z,
J J J 0
Ve cos O, sin©, ||y?
i (1]
xé —sin©! cos B! | 1x¢

. . . 4.20
y! = cos 8l y? + sin®’ x? ( )
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Hé toa do (x,.,y; ,x!) c6 dugc bing cach xoay hé toa do (x, ,y? ,x2) mot géc 6,

quan truc z,, Hinh 4.5(b):
Z; 1 0 0 172
Yr|= [O Ccos 6{' sin 61'. [Yro
xﬂ 0 —sin®’ cos 6/ 1 Lx7

; . o (4.21)
Yy = cos©’ y? + sin®’/ x?

Hé toa do (2., v/ ,x]) co dugc bing cach xoay hé toa do (z,,y; ,x]) mot géc A

quan truc x., Hinh 4.5(c):

j . . . A
Zn cos A} sin 2! :
il — ) . .
Ye|= | —sinAl cos ] Yrj
x; 0 0 1llx

z2 = cos A2 z, + sin A2 y?
(4.22)

y? = —sin A? z, + cos A2 y;°

Va hé toa do (z.,y. ,x]) c6 dugc bing céch xoay hé toa do (27, ,y/ , x]) mot géc

y,{ guan truc ycj, Hinh 4.5(d):

Zj_ cos y,{ 0 — sin y,{ ZTJl'
Ye | = 0 1 0 y!
x! siny, 0 cosy, xi
(4.23)
xg = siny? z) + cosyy x?
Thé phuong trinh (4.22) & (4.23) vao phuong trinh (4.20), ta co:
ycj = (— cos Gg sin A2 + sin eg' sin y;Y cos Ag)zr
+( cos ei cos AS + sin eg sin y,; sin /1‘5’))/,? + sin ei siny, x;
Hay y; =Az, +By; +Cxp (4.24)

Voi: A= (— cos eg' sin A2 + sin eg' sin y;Y cos Ag)

B = ( cos eﬁ cos A2 + sin eﬁ sin ;) sin /1‘5’)
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— cinp/ o
C = sin O, cosy,

Hinh 4.5 Méi quan hé giira c4c hé toa do:

@) (2. ,ycj ,xg) Va (z.,y2 ,x2) trén mat phang truéc dao P.; (b) (x, ,yrj ,xf) va
(x,,y2,x2) trén mat phing tham khao P;; () (z1,,y. ,x]) va (z,,y] , x]) trén
mit phing canh cit (j) P/ va (d) (z.,y! ,x!) va (z),y. ,x]) trén mat phing phép
tuyén (j) P/

Vi v/ 1a véc to don vi cua hinh chidu phan tir canh cét (j) trén mat phing (Py), ta co:

i Y -0lzz (4.25)

ly! = 0 20)z ||

Thay phuong trinh (4.21) & (4.24) vao phuong trinh (4.25), ta co:
By? + Cx;

 voiX = |y - olz)z]|  (426)

cos B0’ y? + sin®’ x? =

Tu phuong trinh (4.26), ta co:
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Lan6) tan®’cos y? tan®.cos y, (4.27)
an®’ = : = ,
cos A9 + tan®!siny? sin12  cos A + tan®’sin y,, sin A

Va tir phuong trinh (4.27), ta co:

tan®’cos Aq . T
tan™? — _ khi®) < —
j cos ¥, — tan®’sin y,, sin A, 2
0, = . (4.28)
1 tan®’cos A R
tan — - +m khi® >—
cosy, — tan®’sin y,, sin A, 2

Tom tat md hinh toan hinh hoc qua trinh ti¢n cing nhw sau:
- GOc nghiéng dao cuc bo (Local cutting-edge angle):
. K. — 0/ khi 6/ < K, (ludi cit chinh)
4 0/ — K, khi ©/ > K, (ludi cit phu)

- Goc trudce cuc bo (Local rake angle):

yg =tan~?! (Sin (g — ef) tany, + cos (g - ej) tan/ls)

- Goc trude phap tuyén cuc bo (Local normal rake angle):
tany,{ = tanyg cosV/

- GOc nang dao cuc bo (Local inclination angle):

/i . T : .
} tan™! (—COS (E - 61) tany, + sin (E - 61) tanls) khi ©/ < K,
As = T : T . .
—tan™? (—COS (E - 61) tany, + sin (E — 61) tanls) khi 6/ > K,
- Phén ban kinh mili dao tham gia qua trinh cit got:

r—dw>

0, =K, —cos‘1< "

HC:KT'

(S
0p = K, + sin 1(;)

0. = K. — tan-1 (rsin(Kr—HA)—f>
B — D T

r—d,

- Goc trén mat trude dao (The angle eﬁ in the tool rake plane):
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( 1 tan®’cos A 4

tan — _ khi©®’ < —

o cos Yy, — tan®’sin y,, sin A, 2
¢ . tan®’cos A S .om
tan™ — : +mn khi® >—
cos ¥, — tan®’sin y,, sin A, 2

- Chiéu day 16p cat cuc bo:
Zone1:0, < 6/ < 6,
r—d,
cos(K, — ©/)

Zone2: 0, <0/ <6,

t,(8)) =r—

. 1 s
t,(67)=r— \/rz + f? — 2rfcos <61 +§—Kr —sin~1 (i—csin (91 +§ - Kr)>)

- Dién tich 1ép cat cuc bo:
dA’ = t(6/)rde véigiasé dO

4.3 Sosanh md hinh toan va qué trinh cat thuc

Pé danh gia do chinh xac ciia md hinh toan, ching ta so sanh két qua ciia mo
hinh toan dé xuét voi qua trinh cat thuc. Vi du, xét qua trinh tién cang vai cac thong
s6 cdng nghé nhu sau: goc nghiéng dao Ky = 84°, gdc trudc y, = -6.03°, goc nang dao
Js= -6°, ban kinh miii dao r = 0.8 mm, géc vat canh cit = 0°, van toc cit v = 120
m/phut, chiéu sau cit dw= 0.2 mm, va budc tién dao f = 0.08 mm/vong. Két qua so
sanh dugc thé hién trong Bang 4.1 va Bang 4.2.

Bang 4.1 Phan tir canh cat ban kinh miii dao tham gia cat got tir 8, dén 6,

6,(°) 6p(°)
M©6 hinh toan 42.59 86.87
Quié trinh cat thuc 42.59 86.87
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Bang 4.2 Thong sé hinh hoc dao va chiéu day 16p cit cuc bo cua phan tir canh ct
() (6,=42.59°)

Kd (%) yo (°) 23 (°) t/(mm)
M© hinh toan 41.41 -8.47 -0.34 0
Qua trinh cit thuc 41.41 -8.47 -0.34 0

Dya vao Hinh 4.6 (b), phan ti canh cit (j) voi 8;=47.18°, c6 chiéu day 16p cit
cuc bd 16n nhat t/=0.05 (mm), pha hop voi két qua duoc du doan tir md hinh
toan t/=0.05 (mm). So v&i qua trinh cét thuc (Hinh 4.6), két qua tir md hinh toan cho
thiy do chinh xéac cao. So sanh vé&i cac md hinh toan hinh hoc di cong bé trude do
[87], [104], [105], mé hinh dé xuat md ta dang ban chat qua trinh tién ciang (dd mo
hinh héa ludi cit ban kinh miii dao gém ludi cit chinh va ludi cit phu), déng thoi
khong bi han ché vé s6 phan tir xap xi.

Phan tir canh cit ()

¥,
0.34°
5=

True x

(@)
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Hinh 4.6 Qua trinh cat thuc trong tién cung vai Kr = 84°, v = -6.03°, As = -6°, r =
0.8 mm, dw=0.2 mm va f = 0.08 mm/vong:

(a) Thdng s6 hinh hoc dao; (b) Do day 16p cat cuc bd caa phan tir canh cit (j)
4.4  Kétluan

Nghién ctu da phat trién mot md hinh toan hinh hoc méi cho qua trinh tién
ctng. So véi cac md hinh hién c6, md hinh méi mé ta chinh x4c hon ban chit caa qua
trinh tién cing nho viéc xap xi ban kinh mili dao thanh ludi cat chinh va ludi cat phu
ma khong bi gisi han vé sé lugng phan tir. Cac thdng s6 cong nghé dau vao, bao gom
thong s hinh hoc dao va ché do cat, déu duoc tich hop trong md hinh. Dua trén md
hinh nay, cd thé xac dinh vi tri cat got trén ban kinh miii dao, cac thong sd hinh hoc
g6c dao cuc bo, ciing vai chiéu day 16p cit cuc bo caa cac phan tir canh cit ban kinh
mili dao. Py 1a nhitng thdng s6 quan trong gitp phan tich, danh gia va toi uu hoa qua

trinh tién cang.
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Chuong 5:
QUA TRINH THU'C NGHIEM TIEN CUNG

5.1 Giégi thiéu chung

Nghién ciru thuc nghiém qué trinh tién cimg duoc tién hanh nham phan tich
anh hudng cua céac thong sé hinh hoc géc dao, bao gém gbc nghiéng dao, goc trude
va goc nang dao, dén cac thdng sé dau ra nhu d6 nham bé mit, &6 mon dao va lyuc
cit. Bong thoi, dua trén két qua thuc nghiém, nghién ciu xay dung mé hinh toén thé
hién méi quan hé gitra d6 nham bé mat, 6 mon dao va lyc cit véi cac thdng sé hinh

hoc géc dao trong qua trinh tién cirng.
5.2 Thiét bi - dung cu - théng sé thi nghiém
5.2.1  Thiét bi thi nghiém

Thi nghiém tién cing dugc thuc hién trén may tien CNC BOEHRINGER
DUS-400ti (Hinh 5.1), vé&i cong suat truc chinh 11 kW va dai toc do tir 2 dén 3000
vong/phat. Thiét bi c6 d6 chinh xéc 1a 1/1000 mm.

Hinh 5.1 May tién CNC BOEHRINGER DUS-400ti
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5.2.2 Dung cu cit

Trong qua trinh gia cdng vat liéu cing, dung cu cat phai chiu diéu kién co -
nhiét khic nghiét. Do ¢6 kha ning chiu mai mon va 6n dinh héa hoc vuot troi, vat
licu CBN va gém thuong duge wu tién st dung. Tuy nhién, trong nghién ctu nay,
dung cu cit gdm duoc lya chon nho lgi thé kinh té so véi CBN. Cac thdng sé hinh
hoc dao duoc xac dinh dya trén két qua tir cac nghién ctiu tién ctng trude diy va

khuyén nghi cua nha san xuat (théng qua phan mém chon dao cua Sandvik).

Dung cu cat sir dung trong céac thi nghiém 1a manh dao tiéu chuan 1SO
TNGA160408S01525 6050, 1am tir hop kim gom hdn hop (70% AlI203 va 30% TiC)
pht PVD-TIiN (Hinh 5.2), g4 trén can dao tiéu chuan 1SO PTGNR 1616H 16 (Hinh
5.3). Cac dac tinh ctia manh dao va can dao duogc trinh bay trong Bang 5.1 va Bang
5.2. Khi gan manh dao 1én can dao, goc truéc yo = -6% gdc nang As = -6° va goc
nghiéng dao K, = 91°.

Hinh 5.2 Manh dao cat TNGA160404S01525 6050 [106]

Bang 5.1 Thong s6 manh dao TNGA160404501525 6050 [106]

Puong kinh vong tron noi tiép - Inscribed circle diameter (IC) 9.525 mm

Ma hinh dang manh dao - Insert shape code (SC) T

Chiéu dai canh cat - Cutting edge effective length (LE) 15.5418 mm
Ban kinh géc - Corner radius (RE) 0.7938 mm
Wiper - Wiper edge property (WEP) Khong

Do rong vat canh cat - Face land width (BN) 0.15 mm
Goc vat - Face land angle (GB) 25°
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Chiéu cit - Hand (HAND) Tréi, phai

Ma vat liéu - Grade (GRADE) 6050
Lop phu - Coating (COATING) PVD TiN
Do day manh dao - Insert thickness (S) 4.763 mm
Géc sau chinh - Clearance angle major (AN) 0°
Khéi lwgng - Weight of item (WT) 0.0036 kg
WEF - ~HF
b 1 r ol
OhiX KAPR S

Hinh 5.3 Can dao PTGNR 1616H 16 [106]

Bang 5.2 Théng s6 can dao PTGNR 1616H 16 [106]

Goc nghiéng chinh - Tool cutting edge angle (KAPR) 91°

Kich thudc can dao - Rectangular shank -metric 16 x 16
Chiéu céan dao - Hand (HAND) Phai

Dai - Functional length (LF) 100 mm
Rong - Functional width (WF) 20 mm
Cao - Functional height (HF) 16 mm
Goc trude - Orthogonal rake angle (GAMO) -6°

GOc nang - Inclination angle (LAMS) -6°
Md6-men xoan - Torque (TQ) 2 Nm
Vat liéu - Body material code (BMC) Thép
Khdi lugng - Weight of item (WT) 0.224 kg
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5.2.3  Mau thi nghiém

Mau thi nghiém st dung thép AISI 1055 dugc toi cang 52 +1 HRC (Hinh 5.4).
Quaé trinh xt Iy nhiét nhu sau: bude dau, mau thi nghiém dwgc nung noéng dén 850°C
va gitr nhiét trong 1h, sau d6 tdi trong dau. Tiép theo, mau dugc ram trong 2h & nhiét
d6 250°C va lam nguoi trong trong moéi trudng khong khi tinh. Do cirng cuia mau duoc
kiém tra bang thiét bi do do citng AFFRI 250 MRS (Rockwell Tester). Thép AISI
1055 @ng dung rong réi trong ché tao chi tiét may (truc, banh rang, 1o xo...). Thong
s6 kich thuéc ctia mau thi nghiém nhu Hinh 5.5 va cac thong tin co ban cua thép AlSI
1055 trong Bang 5.3 va Bang 5.4.

147

130

]
H48

|
|
|
|
|
|
|
?53

@55
@51
|.I_

302

Hinh 5.5 Kich thuéc mau thi nghiém
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Bang 5.3 Thanh phan hoa hoc cua thép AISI 1055 (thép C55 theo TCVN) [107]

Loai thép C Fe Mn P S
AISI 1055 05-06% 98.41-989% 0.60-0.90% <0.040% <0.050 %

Bang 5.4 Thuac tinh vat 1y, co hoc thép AISI 1055 [107]

Thugc tinh Hé mét
Khéi lwong riéng 7.85 glcm?
Do bén kéo 660 MPa
Gidi han chay 560 MPa
Mo-dun dan hoi 190-210 GPa
Mo-dun trugt 80 GPa

Hé sb Poisson 0.27-0.30
Do gidn dai gidi han (6 50 mm) 10%

Do cung Brinell 197

5.2.4 Théng sé thi nghiém

Dua trén phan tich tong quan cac cong trinh nghién ctru vé tién cing, cac thong
s6 hinh hoc géc dao thuong st dung gdom: goc nghiéng dao Kr trong khoang 60° dén
91°; gbc trude dao yo la -6° va géc nang dao As 1a -6°. Tur d6, nghién ctru lya chon ba
thong sé hinh hoc chinh: goc nghiéng dao, gbc trudc dao va goc nang dao. Khoang

gia tri cu thé nhu sau:

- GOc nghiéng dao: 60° < K, <90°

- Goc trudc dao: -2° <y, <-10°

- Gbc néng dao: -2°< s <-10°
5.2.5 Thong sé ché do cat

Ché a6 cat duoc ¢ dinh, lya chon dua trén tham khao tir cac nghién cau tién
ctng, két hop véi dit liu tir nha san xuat. Thong sé ché do cat cu thé duoc thé hién

trong Bang 5.5.
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Bang 5.5 Thong sé ché do cit dugc ¢ dinh trong thi nghiém

Van toc cat v (m/phat)  Budc tién dao f (mm/vong)  Chiéu sau cit dw (mm)

120 0.08 0.2

5.3  Thiét ké - ché tao hé théng dé ga thay déi géc dao

Pé thay doi céc théng sb hinh hoc goc dao, nghién ciru da phat trién mot he
théng d6 gé& chuyén dung, duoc thiét ké riéng cho ting thi nghiém. Hé théng d6 gé
duoc ché tao va kiém tra bang cac may moc va thiét bi hién dai, c6 do chinh xac cao

dé dam bao d tin cay caa cac goc dao.

Hé thong nay duoc thiét ké trén phan mém SolidWorks (Hinh 5.6), ché tao trén
may phay 5 truc DMG MORI DMUG5 mono BLOCK va kiém tra bang may do toa
d6 (CMM) Hexagon GLOBAL Classic nhu Hinh 5.7. Sau dé, cac chi tiét dugc xur ly
nhiét bang phuong phap toi chan khong dé nang cao do bén.

Qua trinh thiét ké hé thong d6 ga dua trén hé tiéu chuan “T-hand-S”, bao gom
cac budc sau: Budc 1- Binh vi ludi cat chinh song song véi mat phang co sé Pr va
tao mot goc nghiéng dao Ky vai truc x (truc may), diéu chinh goc trude va goc nang
dao. Sau d6, dinh vi ¢6 dinh vj tri miii dao (diém trén dao cat gan truc may nhat) ¢ vi
tri cach mat trén hé théng d6 ga (mat phang co s6) theo tiéu chuan ga dat dao 1a 25
mm va mat dau 12 20 mm. Budc 2- Lap ghép can dao véi manh dao. Bude 3- Lap
ghép miéng chém dao véi can dao. Budc 4- Hoan tat hé théng do ga.

Cac chi tiét ciia do ga duoc ché tao tir thép lam khudn SKD11, von ¢6 vu diém

dé gia cong, do cing cao sau qua trinh t6i va kha niang chiu mai mon tot.

70



Hinh 5.6 Qua trinh thiét ké hé thong d6 gé thay ddi goc dao

Kiém tra kich
. Gia cong thudc

W Chuén bi phdi

Hinh 5.7 Qua trinh gia céng hé thng dd ga thay ddi goc dao
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5.4  Phan tich lwa chon phwong phap quy hoach thwc nghiém

Phuong phap bé mat dap ang (RSM) 14 tap hop cac ky thuat toan hoc va thdng
ké dé phat trién, cai thién va téi wu hoa cac quéa trinh. Ngoai ra, RSM con ¢6 vai trd
quan trong trong thiét ké, phat trién va xay dung cac san pham méi ciing nhu cai tién
c4c thiét ké san pham hién cd [108]. Thong qua céac thiét ké thi nghiém nhu Box-
Behnken va Central Composite Design (CCD), két hop véi phén tich phuong sai
(ANOVA) va ti uu héa da muc tiéu biang ham mong mudn (Desirability Function
Approach - DFA), RSM d4 tré thanh phwong phap hiéu qua va phd bién nhat dé thiét
ké thi nghiém, xay dwung mé hinh toan hoc, phan tich va téi vu héa qua trinh. S luong
thi nghiém c6 thé duoc duy tri & muc vira phai nhung van dam bao dat dugc muc tiéu
nghién cuu.

M6 hinh toan hoc bac hai dugc xay dung tir két qua thi nghiém duoc biéu dién

nhu sau:

3 3 3
Y = Ao + ZaiXi +ZaiiXi2 +zal]XlX]+ € (51)
i=1 i=1

i<j

Trong d6, Y 1a dap Gng dau ra cua qua trinh tién cang, bao gom luc cat, do
nham bé mit va do mon dao. Céc hé sé ao, ai, aii va ajj 1a hang s, hé sb tuyén tinh,
bac hai va hé s twong tac, tuong (ng. Xi la cac bién sé dau vao twong Gng nhu goc
nghiéng dao (xr), goc trude (ys) va goc nang dao (o). € 1a sai s6 ngau nhién caa thi
nghiém.

Thiét ké thi nghiém hén hop dbi xang (CCD) 1a phuong phéap thiét ké thi
nghiém theo huéng xay dung bé mit dap tng phd bién nhat dé thiét Iap mé hinh toan
bac 2 cho cac dap tng dau ra cua qua trinh voi cac diém tim, cac diém truc hay diém
sao. Sur dung cac diém truc & cach hiéu qua dé xac dinh cac hé sb cua da thic bac
hai, gitip nang cao d6 chinh x&c ctia md hinh [109].

Mot thi nghiém khao sat anh hudong ciaa k yéu t6 theo phuong phap nay 1a sy

két hop caa ba nhém nghiém thirc, dwoc minh hoa trén Hinh 5.8:
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- Nhém nghiém thtc két hop yéu té: Co thé 1a két hop day du 2 hay két hop
giam 2P, trong d6 mdi yéu t6 dugc thir & hai mac (muc thap va mic cao). Néu
c6 k yéu t6 va két hop day du, s& c6 2k nghiém thirc thudc nhoém nay (hinh
vuéng xanh trén Hinh 5.8).

- Nhom nghiém thirc “sao” (hay nghiém thic truc): cac nghiém thac nay thuong
duoc ky hiéu 1a "*", c6 gia tri cua (k—1) yéu t6 1a gié tri tam, yéu t6 con lai co
gié tri da duoc méa hoa la —a hay a véi a>1. Nhu vay sé ¢ 2k nghiém thirc
thuoc nhom nay (vong tron do trén Hinh 5.8). Gia tri o con duogc goi la gia tri
truc, gia tri “sao”, hay con goi la canh tay don.

- Nghiém thirc tdm: gié tri cua tt ca cac yéu té déu & mac tdm (vong tron xanh
la cay trén Hinh 5.8).

Trong khi thuc hién thi nghiém, cac nghiém thuc thuéc nhom 1 va 2 déu khong

can lap lai, riéng nghiém thtrc tam duoc 13p lai n lan.

Nhu vay, mét thi nghiém thiét ké theo phuong phap CCD dé khao sét anh
huong cia k yéu t s& gom 2+2k+1 nghiém thirc. Néu chi lap lai ¢ nghiém thac tam

n Ian, téng s6 don vi thi nghiém 1a 2k+2k+n (khi dung két hop du).

°4

Hinh 5.8 Minh hoa thiét ké thi nghiém phdi hop c6 tam ba yéu t6 [110]

Dé dam bao tinh truc giao (orthogonality) va tinh quay duoc (rotatability) caa
thiét ké, gia tri o duoc chon mic dinh theo cong thirc o = 2K4= 234 = 1.682. Gia tri
tam dugc chon nhu sau: géc nghiéng dao kr = 75°, goc trudc dao yo = -6°, gbc nang

dao As = -6°, dua trén co sé tong quan cac nghién cau vé tién cang va thong sé goc

73



dao tiéu chuan cia nha san xuat. Cac thi nghiém trong nghién ctru duogc thiét ké theo

phuong phap CCD, ma tran mé hoa dugc thé hién trong Bang 5.6 va 5.7

Bang 5.6 Thiét ké thi nghiém dwa trén CCD

Théng sé goc dao DPon vi Mic

-0 -1 0 +1 +a
Goc nghiéng dao (i) P6() 60 66 75 84 90
Goc trude dao (7o) P6(©) -2 -36 -6 -84 -10
Géc nang dao (4s) bo (°) -2 -36 -6 -84 -10

Bang 5.7 Ma tran ma hda thong sé thi nghiém

Yéu to Yéu to
Thi nghiém Thi nghiém

Kr(®) 70(°) 4(°) Kr(®) 70 (%) 4(°)
1 +1 -1 -1 11 0 -0, 0
2 -1 -1 -1 12 0 +0 0
3 +1 +1 -1 13 0 0 -0,
4 -1 +1 -1 14 0 0 +o
5 +1 -1 +1 15 0 0 0
6 -1 -1 +1 16 0 0 0
7 +1 +1 +1 17 0 0 0
8 -1 +1 +1 18 0 0 0
9 +o 0 0 19 0 0 0
10 -0l 0 0 20 0 0 0

55 Qua trinh thuc nghi¢m

So @6 thuc nghiém dugc trinh bay trong Hinh 5.9. Cac thi nghiém tién cung
duogc thuc hién trén may tién CNC BOEHRINGER DUS-400ti. Chi tiét duoc dinh vi
va kep chat trén mam cap 3 chau tu dinh tam két hop véi miii tAm quay, nham dam

bao d6 chinh xé&c vé vi tri va d6 cting vitng trong qua trinh gia cong. Luc cit dugc do
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tryc tiép trong qué trinh tién. Sau khi gia c6ng, tién hanh do do nham bé mat chi tiét
gia cong va do mon dao. Dir liéu thu thap dugc xur ly va phéan tich, tir d6 xay dung mo
hinh toan thé hién médi quan hé gitta @6 nham bé mat, ¢ mon dao va luc cét vai cac
thdng s6 hinh hoc goc dao, dong thoi tién hanh t6i wu hoa cac thong sé goc dao cho

qua trinh tién cung.

Hinh 5.9 So d6 thyc nghiém

5.5.1 Do luc cit

Pé do lyc cat, nghién ctu s dung cam bién do lyc da thanh phan

(Multicomponent Dynamometer) Kistler Type 9257B (Hinh 5.10), ¢6 kha nang do ba
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thanh phan luc truc giao. Thiét bi c6 dd nhay lan luot 1a - 7.955 pC/N, - 7.95 pC/N va
- 3.715 pC/N dbi véi truc x, truc y va truc z trong pham vi hiéu chuan 0-500 N. Chi
tiét vé phuong phap 1ap hé théng do luc dugc thé hién trong Hinh 5.11 va mé ta trong
Bang 5.8.

80 1s
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Hinh 5.11 Kich thuéc Iap rap cam bién do lyc trong qua trinh tién [111]

Bang 5.8 Chudi thiét bi duoc st dung khi do lyc [111]

Cambiénluc Capndi  Amplifier Capnbéi USBDAQ  May tinh véi
phan mém

DynoWare
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Lyc cét duge do theo ba hudng, bao gom luc doc truc (Fy), luc hudng kinh (Fy)
va lyc tiép tuyén (F,) bang luc ké Kistler Type 9257B. Tin hiéu do tir cam bién do luc
duoc khuéch dai bang Amplifier va truyén dén may tinh qua thiét bi USB DAQ. Dit
liu duoc xir ly bang phan mém Dynoware. Tan suat ldy mau trong thi nghiém 1a 1

kHz. Qua trinh do lyc minh hoa & Hinh 5.12 va két qua thé hién trong Bang 5.9.

Hinh 5.12 Po lyc cit trong tién ciing

Bang 5.9 Két qua do luc dya trén thiét ké thi nghiém CCD.

STT ke (°) P 40 RN F(N) F(N)  F(N)
1 84 -3.6 -36 4719 134.92 9091 169.40
2 66 -3.6 -36 4552 123.68 84.44 156.52
3 84 -8.4 -36 4711 122.86 86.24 157.33
4 66 -8.4 -36 4602 118.23 83.28 15176
5 84 -3.6 -84 4547 122.67 8513 156.08
6 66 -3.6 -84 4167 11644 82.68 148.76
7 84 -8.4 -84 4328 117.09 83.17 150.00
8 66 -8.4 -84 4270 119.69 82.76 15165
9 90 -6.0 -6.0  46.00 119.87 84.80 153.87
10 60 -6.0 -6.0 4164 117.28 81.14 14856
11 75 -2.0 -6.0 3919 12871 86.89 160.16
12 75 100 -6.0 4307 11637 8179 148.62
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13 75 -6.0 -2.0 50.69 139.00 9228 174.38

14 75 -6.0 -10.0 4826 125.33 87.47 160.27
15 75 -6.0 -6.0 50.67 118.66 87.13 155.69
16 75 -6.0 -6.0 51.75 11992 8559 156.16
17 75 -6.0 -6.0 50.72 120.02 87.02 156.68
18 75 -6.0 -6.0 5291 11847 86.88 156.15
19 75 -6.0 -6.0 52.07 118.44 85.11 154.86
20 75 -6.0 -6.0 50.83 11856 8545 154.73

5.5.2 Do dd nham bé mit (Ra)

Trong thi nghiém, dd nham bé mat dugc do bang thiét bi MITUTOYO SJ-210
(Hinh 5.13), véi do chinh x&c 1/1000 pm. Thiét bi c6 thé phan tich d6 nham theo
nhiéu tiéu chuan quéc té (EN 1SO, VDA, ANSI, JIS). Két qua thu duoc sau khi do
gom két qua tinh toan, ho so danh gia va dudng cong bién do [112]. Chiéu dai do 1a
4 mm, cut-off 0.8 mm. Thiét bi duogc ca-lip can than truéce khi do (Hinh 5.14).

Mitutoyo e
CERTIFICATE OF INSPECTION

eyt

Hinh 5.13 Hé thong do d6 nham bé mat MITUTOYO SJ-210 178-390 [112]
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Hinh 5.14 Ca-lip thiét bi do do nham
Qua trinh do dugc thuc hién tai 3 vi tri khac nhau trén mot duong tron, cach
nhau 120° nhu Hinh 5.15. Két qua cudi cung caa mdi thi nghiém la gia trj trung binh

cta 3 phép do, dugc thé hién trong Bang 5.10.

Hinh 5.15 Do d6 nham bé mat mau thi nghiém
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Bang 5.10 Két qua thi nghiém do6 nham bé mit dwa trén thiét ké CCD

STT ke (°) Yo (°) As (%) Ra (um)
1 84 -3.6 -3.6 0.279
2 66 -3.6 -3.6 0.730
3 84 -8.4 -3.6 0.594
4 66 -8.4 -3.6 0.866
5 84 -3.6 -8.4 0.720
6 66 -3.6 -8.4 0.899
7 84 -8.4 -8.4 1.004
8 66 -8.4 -8.4 0.890
9 90 -6.0 -6.0 0.836
10 60 -6.0 -6.0 0.995
11 75 -2.0 -6.0 0.766
12 75 -10.0 -6.0 1.020
13 75 -6.0 -2.0 0.252
14 75 -6.0 -10.0 0.767
15 75 -6.0 -6.0 0.870
16 75 -6.0 -6.0 0.853
17 75 -6.0 -6.0 0.852
18 75 -6.0 -6.0 0.906
19 75 -6.0 -6.0 0.919
20 75 -6.0 -6.0 0.876

5.5.3 Do dp mon dao (VB)

P9 mon dao duge do bang kinh hién vi Oxion Inverso (Hinh 5.16) tich hop
phan mém Amscope, véi d6 chinh xac 1/100 pm. Kinh hién vi trang bi dén halogen

50W, bo loc phan cuc va mau, phii hop cho nhiéu ing dung do luong [113].
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Hinh 5.16 Kinh hién vi Oxion Inverso materials science [113]

Qua trinh do mon dao dugc thuc hién theo tiéu chuan 1SO 3685:1993 (Hinh
5.17). Trudce khi do, thiét bi do duoc ca-lip mot cach ki ludng. Cac dang mon dao
quan sat duoc trong nghién ciru bao gdm mon dao mat trudc, mon mat sau va mon
rédnh khia (dang chir V).

Hinh 5.17 Qua trinh do mon dao
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Mon co hoc do ma séat gitra mit sau dao va chi tiét gia cong 1a co ché mon
chinh trong nghién ctru nay. Nhu minh hoa & Hinh 5.18, cac rdnh mon dinh hudéng
doc theo hudng cat do cac hat cang (martensite) trong vat liéu giy ra, trong tu két
qua nghién ciru caa Das [16] va Pavel [114]. Do chiéu sau cit nho (0.2mm) va bén
kinh miii dao 16n (0.8mm), qué trinh mon chi xay ra ¢ ban kinh miii dao. Két qua do

mon mat sau dwogc thé hién trong Bang 5.11.

’ e 1 N
P EST—— e ata s e S

Hinh 5.18 Mon mat sau trong thi nghiém s617: yo = -6°, As = - 6° va K = 75°

Bang 5.11 Két qua thi nghiém do d6 mon dao dura trén thiét ké CCD

STT i (°) yo (°) 45 (°) VB (um)
1 84 -3.6 -3.6 44.04
2 66 -3.6 -3.6 44.82
3 84 -8.4 -3.6 35.98
4 66 -8.4 -3.6 32.24
5 84 -3.6 -8.4 31.24
6 66 -3.6 -8.4 32.00
7 84 -8.4 -8.4 30.12
8 66 -8.4 -8.4 23.54
9 90 -6.0 -6.0 37.80
10 60 -6.0 -6.0 29.27
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11
12
13
14
15
16
17
18
19
20

75
75
75
75
75
75
75
75
75
75

-2.0
-10.0
-6.0
-6.0
-6.0
-6.0
-6.0
-6.0
-6.0
-6.0

-6.0
-6.0
-2.0
-10.0
-6.0
-6.0
-6.0
-6.0
-6.0
-6.0

42.11
27.70
50.26
22.20
31.85
32.01
32.33
32.93
31.63
31.92

5.6  Kétluan

Nghién ctru da phat trién phuong phap thiét ké hé thong do gé nham diéu chinh
cac goc dao cho manh dao tiéu chuan, dong thoi phan tich va lya chon phuong phap
quy hoach thuc nghiém thich hop. Noi dung nghién cau trinh bay chi tiét qua trinh
thuc nghiém tién cing, gom lua chon thdng sb cong nghé (vat liéu dao, hinh hoc dao,
ché do cat), do luc cét, d mon dao va d6 nham bé mat. Céc két qua nay sé 1a co so

cho viéc xay dung mé hinh toan va téi uu hoa thong sé goc dao trong qué trinh tién

cung.
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Chuong 6:

PHAN TICH KET QUA VA TOI UU HOA QUA TRINH TIEN CUNG

6.1

Phan tich mé hinh toan hinh hec qua trinh tién cirng

Tién cang 1a mot qua trinh gia cong tinh véi tée do cat cao, budce tién dao nho
va chiéu sau cat khong vuot qua 0.2 mm [115], [116], [117], [5]. Dua trén phan tich

md hinh toan hinh hoc qué trinh tién cing, c6 thé thay rang qua trinh cit chi gisi han

o ban kinh miii dao, nhu Hinh 6.1.
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Hinh 6.1 Phan tich qua trinh tién cing cho thi nghiém sé 10:
(a) So dd nguyén ly: (b) Thdng sb hinh hoc dao cua phan tir canh cit j tai
61=31.59°; (¢) Géc trudc dao cuc bod; (d) Chiéu day lép cat cuc bo; (e) Qué

trinh cét dua trén md phong FEM:; (f) Két qua mon dao thuc nghiém

Tai mdi diém cét, cac thdng sb hinh hoc dao va chiéu day 16p cat déu thay
d6i (Hinh 6.1 (c, d)). Do chiéu day 16p cit rat nho, sy tiép xdc gitra phoi va dao chi
& mat vat (chamfer) caa canh cat, dan dén goc trude cuc bo tré nén rat 1on. T Hinh
6.1 (d), qua trinh cét dién ra tir 84 = 18.59° dén 6P = 62.59°. Tai phan tt canh cit
6% = 23.59°, chiéu day Iop cit Ion nhat t (%) =0.05 (mm). Bang 6.1 thé hién goc

trudc trung binh cua cac phan tir canh cat ban kinh mili dao tham gia qué trinh cit.

Bang 6.1 Goc trude trung binh cua cac phan tir ban kinh mili dao tham gia
cat dua trén thiét ké thi nghiém CCD

STT K 7() 25 () yave (°)
1 84 -3.6 -3.6 -29.7
2 66 -3.6 -3.6 -30
3 84 -8.4 -3.6 -31.7
4 66 -8.4 -3.6 -33.2
5 84 -3.6 -8.4 -33.9
6 66 -3.6 -8.4 -33.3
7 84 -8.4 -8.4 -35.9
8 66 -8.4 -8.4 -36.5
9 90 -6.0 -6.0 -32.4
10 60 -6.0 -6.0 -33.2
11 75 -2.0 -6.0 -30.9
12 75 -10.0 -6.0 -35.3
13 75 -6.0 -2.0 -29.9
14 75 -6.0 -10.0 -36.3
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15 75 -6.0 -6.0 -33.1

16 75 -6.0 -6.0 -33.1
17 75 -6.0 -6.0 -33.1
18 75 -6.0 -6.0 -33.1
19 75 -6.0 -6.0 -33.1
20 75 -6.0 -6.0 -33.1

Pé danh gia anh hudng cia cac thdng s6 dau vao dén goc trude trung binh
trong qué trinh tién cirg, phuong phap phan tich phuong sai (ANOVA) da duoc ap
dung. Pay 1a mot phuong phap théng ké dugc sir dung dé phan tich va danh gia anh
huong cua cac yéu t dau vao dén cac dap g dau ra trong qué trinh ky thuat. Phan
tich duoc tién hanh véi mute do tin cay 95%. Khi gia tri P nho hon 0.05, mé hinh
dugc xem 1a c¢6 ¥ nghia thong ké & mac tin cay 95%. Mot hé sé quan trong khac 1a
hé sb twong quan R2, thé hién mutc d6 phil hop caa mé hinh toan véi dix lidu thuc
nghiém. Gié tri R2 cang cao thi mé hinh cang tuong thich vai dir liéu, phan anh kha
nang du doan chinh xac cia mo hinh. Bang 6.2 trinh bay két qua phan tich ANOVA

cho goc trudce trung binh.

Bang 6.2 Phan tich ANOVA cho gdc trude trung binh (yave)

Source DF SeqSS Contribution AdjSS AdjMS F-Value P-Value
Model 9 73.7959 99.98% 73.7959 8.1995 6783.94 0.000
Linear 3 725213 98.26% 72.5213 24.1738 20000.32 0.000
Kr 1 0.7243 0.98% 0.7243 0.7243 599.22 0.000
Yo 1 23.1987 31.43% 23.1987 23.1987 19193.58 0.000
As 1 48.5984 65.84% 48.5984 48.5984 40208.15 0.000
Square 3 0.1496 0.20% 0.1496 0.0499 41.26 0.000
KKy 1 0.1483 0.20% 0.1426 0.1426 118.01 0.000
Yo *Yo 1 0.0006 0.00% 0.0007 0.0007 0.60 0.458
As*4s 1 0.0007 0.00% 0.0007 0.0007 0.60 0.458
2-Way Interaction 3 1.1250 1.52% 1.1250 0.3750 310.26 0.000
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Kr*yo 1 0.7200 0.98% 0.7200 0.7200 595.70 0.000

K *4s 1 0.4050 0.55%  0.4050 0.4050 335.08 0.000
Yo *As 1 0.0000 0.00% 0.0000 0.0000 0.00 1.000
Error 10 0.0121 0.02% 0.0121 0.0012
Lack-of-Fit 5 0.0121 0.02% 0.0121 0.0024
Pure Error 5 0.0000 0.00% 0.0000 0.0000
Total 19 73.8080 100.00%

Main Effects Plot for y_ave
Fitted Means
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Hinh 6.2 Anh huong cta cac nhan té dau vao dén goc trudc trung binh (yave)

Tir Bang 6.2, két qua cho thay nhan té anh huong 16n nhét 1a goc nang dao véi
65.84%, tiép theo 1a goc trude, dong gop 31.43%. Goc nghiéng dao chi chiém 0.98%
tac dong dén goc trudc trung binh. Anh huéng tuong tac cua céc théng sé goc dao
dén goc trudce trung binh 12 khong dang ké. Do d6, dé t6i wu hoa qua trinh tién ctng,
nén tap trung diéu chinh goéc nang dao va goc trudc. Goc nghiéng dao c6 thé bo qua

do anh hudng khong dang ké.

D6 thi anh huang cia cac théng sé dau vao dén goc trurde trung binh dugc trinh
bay trong Hinh 6.2. Khi tang goc trudc va goc nang dao &m, lam tang goc trudce trung

binh caa cac phan tir canh cat tai ban kinh miii dao tham gia qua trinh cat.
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6.2  Phan tich két qua thwc nghiém qua trinh tién cing
Cac két qua thuc nghiém duoc trinh bay trong Bang 6.3.

Bang 6.3 Céc két qua thuc nghiém dua trén thiét ké thi nghiém CCD

STT x(® 7% 4 F(N) F(N) F (N F(N) Ra(um) VB(um)

1 84 -836 -36 4719 13492 9091 169.40 0.279 44.04

2 66 -3.6 -3.6 4552 123.68 84.44 156.52 0.730 44.82
3 84 -84 -36 4711 12286 86.24 15733 0.594 35.98
4 66 -84 -3.6 46.02 11823 83.28 151.76 0.866 32.24
5 8 -36 -84 4547 12267 8513 156.08 0.720 31.24
6 66 -36 -84 4167 11644 82.68 148.76 0.899 32.00
7 84 -84 -84 4328 117.09 83.17 150.00 1.004 30.12
8 66 -84 -84 4270 119.69 82.76 151.65 0.890 23.54
9 90 -60 -6.0 46.00 11987 84.80 153.87 0.836 37.80
10 60 -60 -6.0 4164 11728 81.14 14856 0.995 29.27
11 /5 -20 -6.0 3919 12871 86.89 160.16 0.766 42.11
12 75 -100 -6.0 43.07 116.37 81.79 148.62 1.020 27.70
13 /5 -6.0 -20 5069 139.00 9228 174.38 0.252 50.26
14 75 -6.0 -10.0 48.26 12533 8747 160.27 0.767 22.20
15 /5 -6.0 -6.0 5067 11866 87.13 155.69 0.870 31.85
16 /5 -6.0 -6.0 5175 11992 8559 156.16 0.853 32.01
17 /5 -6.0 -6.0 50.72 120.02 87.02 156.68 0.852 32.33
18 75 -6.0 -6.0 5291 11847 86.88 156.15 0.906 32.93
19 /5  -6.0 -6.0 5207 11844 8511 15486 0.919 31.63
20 /5 -6.0 -6.0 5083 11856 8545 154.73 0.876 31.92

6.2.1 Phan tich va mé hinh toan do nham bé mat

Tir Bang 6.4, phan tich cho thay goc nang dao ¢ anh huéng 16n nhat d¢én do

nham bé mat vai 32.54%, tiép theo 1a goc trude va goc nghiéng vai 11.88% va 9.97%,
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tuong tng. CAc twong tac kr *As, VA kr *yo O anh hudng dang ké dén d6 nham bé mat

Vi 6.6 % va 3.39%, tuong ung.

Bang 6.4 Phan tich ANOVA cho d6 nhdm bé mit (Ra)

Source DF SeqSS Contribution  Adj SS Adj MS F-Value P-Value
Model 9 0.803015  97.89% 0.803015 0.089224 51.49 0.000
Linear 3 0.446212  54.39% 0.446212 0.148737 85.83 0.000
Kr 1 0.081797  9.97% 0.081797 0.081797 47.20 0.000
Yo 1 0.097448  11.88% 0.097448 0.097448 56.23 0.000
As 1 0.266966  32.54% 0.266966 0.266966 154.06  0.000
Square 3 0.270963  33.03% 0.270963 0.090321 52.12 0.000
K*Ky 1 0.006131  0.75% 0.001256 0.001256 0.72 0.415
Yo ¥ 0 1 0.002692  0.33% 0.000026 0.000026 0.02 0.905
As*As 1 0.262140  31.95% 0.262140 0.262140 151.27 0.000
2-Way 3 0.085840 10.46% 0.085840 0.028613 16.51 0.000
Interaction
Kr*yo 1 0.027848  3.39% 0.027848 0.027848 16.07 0.002
Kr*s 1 0.054120 6.60% 0.054120 0.054120 31.23 0.000
Y0 *s 1 0.003872  0.47% 0.003872 0.003872 2.23 0.166
Error 10 0.017329 2.11% 0.017329 0.001733
Lack-of-Fit 5 0.013506 1.65% 0.013506 0.002701 3.53 0.096
Pure Error 5 0.003823  0.47% 0.003823 0.000765
Total 19 0.820344  100.00%

Anh huéng chinh va twong tac cua cac thdng sé goc dao dén d6 nham bé mat
dugc thé hién trong Hinh 6.3. Khi gdc truéc va goc nang dao ting theo hudng am, do
nham bé mit ting. Tuy nhién, néu goc nang dao ting vuot qua mot gidi han nhat dinh
(4s = -8.1°) nhu Hinh 6.3(a), d6 nham s¢& giam. Pay 1la mot phat hién méi va dang cha
y trong nghién ciru vé tién ctng.

Hién tuong trén c6 thé giai thich nhu sau: khi goc nang dao va goc trudc am
tang, dan dén ting goc trudc cuc bd theo hudng am va géc sau cuc bo twong Gng,

trong d6 su ting do goc ning dao chiém uu thé (diéu nay da duoc phan tich trong md
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hinh toan hinh hoc qua trinh tién cing ¢ trén). Goéc trudc cuc bd am tang lam ting
chiéu dai tiép xtc giita phoi va mat trudc dao, ddng thoi ting ty s nén phoi (chip
compression ratio - CCR), gay rung dong va 1am d6 nham bé mat tang. Két qua nay
tuwong tu nghién ctru cua Singh va cong su [23]. Tuy nhién, Singh va cong su chi thay
d6i goc trude cuc bo bang cach st dung cac manh dao ¢ goc vét (chamfer) khac
nhau. Nguoc lai, viéc ting goc sau cuc bo 1am giam dién tich tiép xtc gitra mat sau
dao va bé mit vira gia céng, giam ma sét do hién twong dan hoi (spring-back) cua vat
liéu gia cong [103], do d6 giam rung dong va cai thién do nham bé mit, twong ti nhu
nghién ctu cua Senthikumar [118]. Bén mét giéi han nao do, tac dong tich cuc do
ting goc sau cuc bd 1on hon tac dong tiéu cuc do ting goc trudc cuc bo, khién do
nham bé mat giam. Noi cach khéc, véi cac goc dao tdi uu, qua trinh cit tré nén dé
dang hon.

Do nham ciing giam khi goc nghiéng dao ting, két qua nay phi hop véi nghién
ctru cua Sharma [26] va Zerti [62]. Nguyén nhan 1a khi thay ddi géc nghiéng tir 60°
dén 90° s& thay doi vi tri cat trén ban kinh mili dao, dong thoi giam goc truéc cuc bd
cua cac phan tir canh cit nhu phan tich ¢ trén, ddn dén giam d6 nham bé mat. Tuy
nhién, Neseli va cong su [25] lai cho thay goc nghiéng dao va d6 nham bé mit co
cung xu huéng tang. Sy khac biét nay c6 thé do qué trinh cat dién ra ¢ ban kinh mii
dao hoic & canh ct chinh.

M6 hinh toan méi quan hé gitta d6 nham bé mat véi cac thong sé géc dao nhu
sau:

Ra = 3.581 - 0.0654 xr + 0.1495 7, - 0.0806 As + 0.000117 #2 + 0.00024 y,?
- 0.02373 4> 0.002731 #; yo - 0.003808 #rks - 0.00382 7o Js (6.1)

Hé s6 twong quan R? cua phuong trinh (6.1) 12 97.89%, cho thdy mé hinh c6
kha ning dy doan chinh xéac cao. Hinh 6.4 thé hién bé mat dap tng ctia d6 nham bé

mat v6i goc nghiéng va goc nang dao, trong d6 goc trude dugc giir ¢d dinh.
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6.2.2 Phan tich va mo hinh toan d¢ mon dao

T Bang 6.5, phan tich cho thiy goc nang dao Ia nhan té chinh anh hudéng dén
mon dao véi 60.06%, goc trude 1a 23.37% va goc nghiéng dao 1a 4.2%. Cac yéu tb
khac anh huong khong dang ké.

Bang 6.5 Phan tich ANOVA cho @6 mon dao (VB)

Source DF  SeqSS Contribution  Adj SS AdjMS  F-Value P-Value
Model 9 878.361  94.60% 878.361  97.596 19.45 0.000
Linear 3 813.702  87.63% 813.702  271.234 54.06 0.000
Ky 1 39.013 4.20% 39.013 39.013 7.78 0.019
Yo 1 217.004  23.37% 217.004 217.004 43.25 0.000
As 1 557.684  60.06% 557.684 557.684 111.15 0.000
Square 3 30.764 3.31% 30.764 10.255 2.04 0.172
K*Ky 1 0.314 0.03% 1.478 1.478 0.29 0.599
Yo *yo 1 6.932 0.75% 9.382 9.382 1.87 0.201
As*hs 1 23.518 2.53% 23.518 23518  4.69 0.056
2-Way 3 33.895 3.65% 33.895 11.298 2.25 0.145
Interaction
Kr*yo 1 17.582 1.89% 17.582 17.582 3.50 0.091
Kr*s 1 1.022 0.11% 1.022 1.022 0.20 0.661
Y0 *s 1 15.290 1.65% 15.290 15.290 3.05 0.111
Error 10 50.173 5.40% 50.173 5.017
Lack-of-Fit 5 49.108 5.29% 49.108 9.822 46.12 0.000
Pure Error 5 1.065 0.11% 1.065 0.213
Total 19 928.534  100.00%

Nhu trong Hinh 6.5, d6 mon dao giam khi goc trudc va goc nang dao tang theo
huéng am va goc nghiéng dao giam tir 90° xudng 60°. Nguyén nhan cua hién tuong
nay la do tang goc sau cuc b khi giam goc nghiéng dao, tang goc trudc va goc nang
dao nhu da phan tich mé hinh todn hinh hoc & trén. Viéc ting gboc sau cuc bd lam

giam dién tich tiép xuc va ma sat giira mat sau dao va bé mit vira gia céng, do hién
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tuong dan hoi (spring-back) cua vat liéu phoi. Biéu ndy din dén giam mon mit sau
dao.

Mb hinh todn mdi quan hé giita ¢ mon dao mat sau véi cac yéu té dau vao
dugc thé hién qua phuong trinh (6.2), véi hé sé twong quan R?=94.6%, cho thay muc
d6 twong thich cao cia md hinh. Hinh 6.6 minh hoa bé mit dap tng cia mon dao Vi
gdc trude va goc ning dao, trong d6 gbc nghiéng dao duoc giit ¢ dinh.

VB = 126.8 - 0.92 xr + 9.96 y, + 8.05 As + 0.00401 xr*+ 0.142 y,?

6.2
+ 0.225 isz - 0.0686 xr Yo - 0.0166 xr As + 0.240 Yo As ( )

Main Effects Plot for VB
Fitted Means

Kr ) As
50 Y

Mean of VB

25

60 75 920 -9 -6 & £ -6 =&

Hinh 6.5 Anh huéng chinh cua cac nhan té dau vao dén 6 mon dao mit sau (VB)

Hold Values
Kr 75

60

Yrsssrrsiits,
50 LTI T
III li;ll’;’
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e
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40

30

Hinh 6.6 B& mat dap ung cia do mon dao theo goc truéc va goc nang dao
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Phan tich d6 nham bé mit va do mon dao cho thdy xu huéng chung caa anh
huong cac théng sé goc dao dén d6 nham bé mit va do mon dao trong qua trinh tién

cuang la trai nguoc nhau.
6.2.3  Phan tich va mé hinh toan lwc cit

Tir Bang 6.1 cho thay luc hudng kinh (Fy) 1a thanh phan lyc 16n nhét, tiép theo
1a lyc tiép tuyén (F,) va luc doc truc (Fy) 1a thanh phan luc nho nhét, két qua nay phu
hop vai cac nghién ciru trude do ciia Khamel [9], Azizi [119] va Bouacha [120]. Hién
tugng nay c6 thé giai thich dya trén phan tich hinh hoc ludi cit va dic diém qué trinh
tién ctrng. Do ban kinh mili dao 16n (r = 0.8 mm) va chiéu sau cat nho (dw = 0.2 mm)
nén qua trinh cat chi dién ra tai ban kinh miii dao, dan dén luc hudng kinh Fy c6 gia
tri 16n hon so véi cac luc khéc. Trong tién truyén thong luc tiép tuyén Ion nhat [121].
Sy thay doi luc cat khi thay doi cac thong s6 goc dao trong nghién cau la khong déang
ké (F=148-174 N).

Bang 6.6 cho thay goc nang dao anh hudng Ion nhat dén luc cat, chiém 25.02%,
tiép theo la goc trudc 14.26% va goc nghiéng dao 10.04%. Mic du c6 tuong tac gitra
cac goc dao dén lyc cat, mac do anh hudng nay khong dang ké (2.56 — 4.15%).

Hinh 6.7 thé hién anh hudéng cua céc thong s goc dao dén lyc cat, cho thay
luc cat giam khi goc nang dao va goc trude ting theo hudng am. Tuy nhién, khi goc
nang dao ting vuot qua mot gigi han nhat dinh (s = -7.2°), lyc cat ting. Dya trén
phan tich mé hinh toan hinh hoc qué trinh tién ciing, hién tuong nay c6 thé duoc giai
thich nhu sau: khi ting goc nang dao va goc trudc theo hudng &m dan dén tang goc
trudc cuc bd &m va goc sau cuc bd twong ung. Piéu nay dan dén luc phap tuyén va
lyc ma sat mit true dao ting, trong khi luc tac dung trén mat sau giam, dat dén trang
thai can bang tai As = -7.2°, twong wng vai lyc cat nho nhat.

Phuong trinh hdi qui bac hai mé ta mdi quan hé giira cac yéu té dau vao va luc
cit nhu sau:

Fx=-171.2 + 5.067 xr - 9.53 7, - 0.23 Js - 0.03249 x%- 0.6250 y,°

(6.3)
0.1034 A5 + 0.0220 x; yo - 0.0093 & s - 0.0344 3, /s (R2=95.43%)

94



Fy = 351 + 262 Kr - 216 yo + 664 is - 000976 K'r2+ 0111 yoz

(6.4)
+0.712 A2+ 0.0894 ki o + 0.0708 xr 4s + 0.329 70 s (R?=93.19%)
F,=-39.0 + 3.071 &/ - 3.18 y0 + 0.61 Js - 0.01666 x:2 - 0.1486 o2
6.5
+0.1974 J52+ 0.0321 #;r 7o + 0.0381 #; 4 + 0.0857 yo 4s (R2=94.35%) (6:5)
F =-48.3 +5.325 k- 6.26 y0 + 5.36 /s - 0.02697 2 - 0.1811 yo?
(6.6)

+0.6273 Js2 + 0.0942 K¢ yo + 0.0739 &1 Js + 0.296 70 /s (R?=95.52%%)

Bang 6.6 Phan tich ANOVA cho lyc cit (F)

Source DF SeqSS Contribution AdjSS AdjMS F-Value P-Value
Model 9 762.048 95.52% 762.048 84.672 23.70 0.000
Linear 3 393.520 49.33% 393.520 131.173 36.72 0.000
Kr 1 80.132 10.04% 80.132 80.132 22.43 0.001
Yo 1 113.801 14.26% 113.801 113.801 31.86 0.000
As 1 199.587 25.02% 199.587 199.587 55.87 0.000
Square 3 291.768 36.57% 291.768 97.256 27.22 0.000
K*K; 1 81.986 10.28% 66.961 66.961 18.74 0.001
Yo *yo 1 26.617 3.34% 15262 15.262 4.27 0.066
As™hs 1 183.165 22.96% 183.165 183.165 51.27 0.000
2-Way Interaction 3 76.761 9.62% 76.761  25.587 7.16 0.007
Kr*yo 1 33120 4.15% 33.120 33.120 9.27 0.012
Kr*s 1 20.408 2.56% 20.408 20.408 5.71 0.038
Y0 *s 1 23232 291% 23.232 23.232 6.50 0.029
Error 10 35.723 4.48%  35.723 3.572
Lack-of-Fit 5 32.703 4.10% 32.703 6.541 10.83 0.010
Pure Error 5 3.021 0.38% 3.021 0.604
Total 19 797.772 100.00%
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Main Effects Plot for F
Fitted Means
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(b)
Hinh 6.7 Anh hudng cua cac nhan té dau vao dén luc cat (F):
(a) Anh huong chinh; (b) Anh huong tac

Hinh 6.8 thé hién bé mat dap ang cua luc cit véi goc trude va goc nang dao,

trong d6 goc nghiéng dugc gitr ¢b dinh.
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Hold Values
Kr 75
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Hinh 6.8 B& mat dap ung cua luc cit theo goc trude va goc nang dao

6.3  Sosanh két qua thwc nghiém va phwong trinh hdi qui.

So sénh céc két qua thuc nghiém va cac gia tri du doan tir phuong trinh héi qui
vé d6 nham bé mat, mon dao va lyc cit dua trén phuong phap RSM duogc thé hién
trong Hinh 6.9. Két qua cho thay gia tri du doan tir cac phuong trinh hoi quy rat gan
véi gia tri do dugc trong thuc nghiém.

Phuong trinh hdi qui d6 nhdm bé mit (6.1), d6 mon dao (6.2) va lc cét (6.6)
c6 hé twong quan R? lan luot 12 97.89%; 94.6% va 95.43% twong tng. Diéu nay ching
t6 mo hinh toan kha twong thich véi két qua thuc nghiém. Trong phén tich thong ke,
khi R? > 50%, mo hinh dugc xem la twong thich. Gia tri R? cang cao thi mbi quan hé
giira bién doc 1ap (dau vao) va dap tng dau ra (ddu ra) cang chit ch&. Trong nghién

ctru thudng chon R? > 90%.
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Hinh 6.9 So sanh két qua thi nghiém va dy doan tir phwong trinh hdi qui:

(a) D6 nham bé mat; (b) D6 mon dao; (c) Luc cat
6.4  Téiwu hoa qua trinh tién cirng
6.4.1 Gi6i thiéu phwong phap toi wu

Trong giai doan khao sat ban dau, thong thudng chi xac dinh gié tri toi vu cua
cac yéu td doi vai mot dap ung cu thé. Tuy nhién, trong thuc té, thuong can tim mot
tap hop gia tri yéu té co thé can bing giira nhiéu dap tng khac nhau. Piéu nay dan
dén tinh huéng ma gia tri tot nhat cua cac yéu té cho dap tng Y: cd thé khong phai la
gia tri tét nhat cho dap tng Y>. Dé giai quyét van dé ndy, mot sé phuong phap di duoc
dé xuat. Mot trong sé d6 1a phwong phap sir dung ham muc tiéu (Desirability Function
Approach - DFA) do Derringer va Suich dé xuat.

Phuong phap t6i vu hoa DFA 13 mot phuong phap hiéu qua va phd bién trong
k¥ thuat toi wu hoa da muyc tiéu. Ham muc tiéu dugc dinh nghia nhu sau:

Truéc tién, ta can chuyén d6i mdi dap wng Yi thanh mot ham muc tiéu di, 1a
mot ham s6 ¢6 gid tri trong khoang tir 0 téi 1(tr it mong mudn nhat dén mong mudn
nhét, twong ng).

- di =0 néu dap ttng ndm ngoai vung co thé chap nhan duoc.

- di =1 néu dap g dat myc tiéu.
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- khi di ting, mtc d6 dap tng yéu cau ting dan, sy chénh léch giita dap tng Y va

muc tiéu giam dan.
Sau d6, cac bién thiét ké duoc chon dé tdi da hoa mirc 6 mong muén tong thé

n \Ya
D= (1_[ di> (6.7)

i=1

Néu muc tiéu 1a toi da hoa dap tng dau ra Yi, thi ham muc tiéu di nhu sau:
( 0 khi Y; < Low;
d = ! <—Y‘ — Low, )rkhi Low; < Y; < High, (6.8)
! High, — Low; P i
1 khiY; > High,
Néu muc tiéu 12 toi thiéu hoa dap ung dau ra Yi, thi ham muc tiéu di nhu sau:
1 khiY; < Low;

High; — Y, \"
d, = i( B N ) khi Low; < Y, < High, (6.9)

High; — Low;
0 khi Y; > High;

Néu muyc tiéu la mong muén cu thé (Ti) nao d6, thi ham muc tiéu di nhu sau:

( 0 khi Y; < Low;

Y, — Low;y\"
(m) khi LOWi < Yl < Ti

d; =4 (6.10)

High;—Y;\" .
<—) khi Ti < Yl < nghi
nghi_Ti

L0 khi Y, > High,

Trong d6 n 1a s dap Gmg dau ra va r 1a trong sd, gia tri mac dinh r = 1.
6.4.2 Phat biéu bai toan toi wu

Do do nhdm bé mat va do mon dao 1a hai dic tinh quan trong nhat trong qua
trinh tién cing, trong khi luc cat nho khdng mang nhiéu y nghia vé téi uu niang lugng,
nén trong nghién ciru ndy, viéc toi wu chi tap trung vao cac thong sb hinh hoc géc dao

dbi v6i do nhdm bé mat va ¢6 mon dao.
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a. Baitoan1l

Mot trong nhitng muc tiéu chinh cua nghién ciu 12 téi uu cac thong sé goc dao
nham dat dugc d6 nham bé mat thap nhat c6 thé, mot yéu té quan trong trong qua

trinh tién cimg. Do d6, phuong trinh (6.9) dugc ap dung.

Trong d6, dap ung dau ra Yi la d6 nham bé mat (Ra), véi n = 1 (s6 dap tng dau
ra).
Mo hinh toan dap g dau ra Yi 13 ¢6 nham bé mat theo cong thirc (6.1) nhu
sau:
Ra = 3.581 - 0.0654 «r + 0.1495 y, - 0.0806 As + 0.000117 #:2 + 0.00024 y,?
- 0.02373 4s?- 0.002731 «r 7o - 0.003808 «ris - 0.00382 o As

Rang budc bai toan:
0.25um<Ra< 1.6 um
60° << 90°
-2° <y <-10°
-2° < }s<-10°
Ap dung phuong trinh (6.9), ta c6 két qua toi vu nhu Hinh 6.10 va Bang 6.7
Bang 6.7 chi ra cac két qua téi wu cho dd nham bé mat. Thong sé goc dao tdi vu 13 wr
= 75°, 0 = -5.7° v s = - 2°. D6 nham bé mat nho nhat dat duoc 12 Ra = 0.252 pm.

New Hich Kr Yo As
: ig 900 20 20
R gy [75.0) [-5.70] [-2.0)
Predict Low 600 -10.0 -100

Ra
Minimum
y = 02512 \
d=1000 — ———— x—— ——————————————————— a

Hinh 6.10 Téi vu hoa d6 nham bé mit (Ra)
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Bang 6.7 Két qua toi vu cho d6 nham bé mit
Response Goal Lower Target Upper Weight Importance
Ra Minimum 0252 1.02 1 1

Ra Composite
Solution Kr yo As Fit Desirability
1 75 -5.7 -2 0.252000 1.00000
b. Baitoan 2

M6t muc tiéu quan trong khéac caa nghién ctu 1a téi wu hoa cac théng s goc
dao nhiam dat dwgc dong thoi d6 nham bé mat va do mon dao mong muén trong tién
cung. Do d6, phuong trinh (6.10) duoc st dung.

Trong 6, dap ung dau ra Yi 1a d6 nham bé mit (Ra) va dd mon dao (VB), véi

n=2. M6 hinh toan dap ung dau ra Yi 12 @6 nham bé mat va ¢6 mon dao theo

cong thire (6.1) va (6.2) nhu sau:
Ra =3.581 - 0.0654 x + 0.1495 7, - 0.0806 As + 0.000117 x> + 0.00024 y,?
- 0.02373 4s- 0.002731 xr y0 - 0.003808 xds - 0.00382 7o As

VB =126.8 - 0.92 xr + 9.96 y, + 8.05 As + 0.00401 xr*+ 0.142 y,?
+ 0.225 As? - 0.0686 xr 0 - 0.0166 xr As + 0.240 yo Js
Rang budc bai toan:
0.25 um <Ra < 1.6 um,
Opum<VB<0.3um
60° <1< 90°
-2° <y <-10°
-2° <)s<-10°
Ap dung phuong trinh (6.10), ta c6 két qua tdi wu nhu Hinh 6.11 va Bang 6.8.
Bang 6.8 trinh bay két qua téi wu cho do nham bé mat va d6 mon dao. Thong sé goc
t6i wu: xr = 75°, y0 = - 6° VA 1s = - 10°. CAc gié tri d6 nham bé mat va do mon dao tbi

uu dat dugc laRa = 0.767um va VB = 22.2um.

101



New Kr Y As
! High 900 -2, -20
DR [75.0] [-60] [-10.]
Predict Low 600 -10.0 -10.0

Compasite
Desirability
D: 09987

VB
Targ: 25.0
y = 25.0541
d = 099786

Ra
Targ: 0.7340
y = 0.7341
d = 099959

Hinh 6.11 T6i vu hoa ddng thoi d6 nham bé mat va dé6 mon dao
Bang 6.8 Két qua t6i wu cho d6 nham bé mit va ¢ mon dao

Response Goal Lower Target Upper Weight Importance

Ra Target 0.252 0.734 1.020 1 1
VB Target 22.200 25.000 50.260 1 1
Ra VB Composite
Solution K yo As Fit Fit Desirability
1 75 -6 -10 0.734000 25.0000 1.00000

c. Baitoan 3
Mot muc tiéu khac cua nghién ciu 12 ti wu cac thong sé goc dao dé dat dong
thoi d6 nhdm bé mat va 6 mon dao & mic nho nhat. Vi vay, phuong trinh (6.9) dugc

ap dung.

Trong d6, dap tmg dau ra Yi 12 @ nham bé mit (Ra) va ¢6 mon dao (VB) theo
cong thue (6.1) va (6.2), vain = 2.
Rang budc bai toan:

0.25pum <Ra < 1.6 um
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Opm<VB<0.3um

60° < k< 90°

-2° <y <-10°

-2° < )5 <-10°

Ap dung phuong trinh (6.9), ta 6 két qua toi vu nhu Hinh 6.12 va Bang 6.9.

Bang 6.9 chi ra cac két qua téi uvu cho do mon dao va do nham bé mat. Thong sé
g6c dao t6i wu: xr = 60°, s = -10° va Ao = - 10°. Gia tri d6 nham bé mat va do mon
dao t6i vu 1a Ra = 0.582 pm va VB = 17.5 pm.

Optimal Hiah Kr V8 As
. ig 90.0 -2, =20
DEWEES g [60.0] [-10.0] [-10.0]
Predict Low 60.0 -10.0 -10.0
Composite \
Desirability
D: 0.7556
Ra
Minimum
y = 05816
d = 057088
VB
Minimum
y = 17.4606
d = 1.0000

Hinh 6.12 Téi wu hoa ddng thoi d6 nham bé mat va d6 mon dao

Bang 6.9 Két qua t6i wu cho d6 nhdm bé mat va 6 mon dao

Response Goal Lower Target Upper Weight Importance
Ra Minimum 0252 102 1 1
VB Minimum 22,200 50.26 1 1
Ra VB Composite
Solution Kr yo As Fit Fit Desirability
1 60 -10 -10 0.581563 17.4606 0.755567
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6.4.3  So sanh goc dao tdi wu va gée dao tiéu chuén

T Bang 6.10, két qua thuc nghiém cho thay véi cac goc dao tdi wu, do nham
bé mat va ¢6 mon dao giam lan lugt 8.3% va 41.3% so véi thdng sé goc dao tiéu

chuan.

Bang 6.10 So sanh két qua thuc nghiém gitta géc dao tiéu chuan va goc dao téi wu

Théng s6 goc dao titu ~ Thong sé géc dao  So sanh két qua

chuan ti uu ti uu
‘ Kr 91° 75°
Pau
. Yo -6° -6°
vVao
s -6° -10°
Piu Ra 0.836pum 0.767um 1 83%
ra VB 37.8um 22.2um 1 41.3%

6.5 Kétluan

Nghién ctru da phan tich duoc anh huong dong thoi cua céc théng s goc dao
(g6c nghiéng dao, goc trude va goc nang dao) dén dd nham bé mit, &6 mon dao va
lyc cat thdng qua viéc xem xét md hinh toan hinh hoc qua trinh tién ctiing két hop Véi
két qua thuc nghiém. Két qua cho thay vai trd cua cac thong sé goc dao trong tién
cting khac so véi tién truyén thong. Cu thé, trong tién cang, goc nang dao 1a théng sb

quan trong nhat, trong khi trong tién truyén théng, goc truéc c6 anh huéng nhiéu nhat.

Ba bai toan ti uu hoa trong san xuat thuc té théng qua quy trinh tién cting da
duogc giai quyét thanh cong. Voi thdng s6 goc dao tdi uu (Kr = 75°, yo = -6°, Va s = -
10°), két qua thuc nghiém cho thiy qua trinh tién cing duoc cai thién dang ké, véi do
nham bé mat va d6 mon dao lan lugt giam 8.3% va 41.3% so véi théng s6 goc dao

tiéu chuan cua nha san xuat (Kr = 91°, y, = -6° va s = -6°).
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Chuong 7:
KET LUAN & KIEN NGHI

7.1 Kétluan

Nghién ctru da phan tich duoc anh hudng dong thoi caa cac thong sé hinh hoc
g6c dao, bao gom géc nghiéng dao «r, goc trudc yo va dic biét 1a géc nang dao As dén
cac dic tinh quan trong nhét cua qua trinh tién cang nhu ¢6 nham bé mat, ¢6 mon dao
va luc cit. Dya trén phan tich két qua thi nghiém va mé hinh toan, cé thé rat ra cac

két luan chinh sau:

- Trong tién ciing, do budc tién va chiéu sau cat nho, qué trinh cat chi dién ra tai
ban kinh miii dao. G6c nang dao 1a yéu té chinh anh huéng dén goc trude cuc
bo trung binh vai 65.84%, tiép theo 1 goc trude, dong gop 31.43%, va goc
nghiéng dao chi chiém 0.98%. Do d6, dé t6i uu hoa qua trinh tién cang, nén
tap trung diéu chinh goc nang dao va goc truéc. GO nghiéng dao c6 thé bo
qua do anh huéng khong dang ké. Khi ting goc trudc va goc nang dao am, lam
tang goc trudc cuc bo cua cac phan tir canh cat ban kinh miii dao tham gia qua
trinh cat,

- Vai tro cua cac thong sé hinh hoc gdc dao la khac nhau gitra tién cang va tién
truyén théng. Trong tién cing, goc nang dao 1a goc c6 anh huong nhiéu nhat
dén d6 nham bé mat, @ mon dao va luc cat, tiép theo 13 goc trude va goc
nghiéng dao. Nguoc lai, trong tién truyén théng, goc trudc 1a théng sb ¢ anh
huong 16n nhat.

- P06 nham bé mat tang khi gdc trude va goc nang dao ting theo hudng am. Tuy
nhién, néu goc nang dao ting qua mot gidi han xac dinh, d6 nham bé mat s&
giam. PBay la mot phat hién mai va cé y nghia quan trong trong nghién ciru tién
ctng. Tir két qua nay, nén &p dung géc nang dao am 16n (4s = - 10°) dé giam
ddng thoi do nhdm bé mit va ¢6 mon dao.

- Do mon dao giam khi tang goc trude va goc nang dao theo hudng am.

- Anh huéng tuong tac giira cac théng sé goc dao 1a khong dang ké.
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- Luc huéng kinh (Fy) 1a thanh phan luc 16n nhat, tiép theo 1a luc tiép tuyén (F.)
va luc doc truc (Fx) 1a thanh phan luc nho nhat. Khac véi tién truyén théng, luc
tiép tuyén 1a thanh phan luc 16n nhat.

- Cac mé hinh toan thuc nghiém vé d6 mon dao, d6 nham bé mit va luc cét da
duoc xady dung.

- Véi thdng sé goc dao téi vu (Kr = 75°, 0 = -6°, va s = -10°), két qua thuc
nghiém cho thay do nham bé mat va do mon dao giam lan luot 8.3% va 41.3%
so véi thdng sb goc dao tiéu chuan caa nha san xuat (Kr = 91°, yo = -6° va As =
6°).

Phuong phap thiét ké hé théng d6 ga duoc dé xuat mang lai mot giai phap hiéu
qua dé thay do6i thong sé hinh hoc goc dao cho cac manh dao tiéu chuan, nham cai

thién qué trinh tién cang.

Mot mé hinh toan hinh hoc méi vé qua trinh tién cing da duoc xay dung, mo
ta chinh xac ban chat caa qua trinh nay. Két qua phan tich caa mé hinh toan hinh hoc
phl hop véi két qua thuc nghiém. M6 hinh dugc dé xuat c6 thé duoc két hop vai cac
cdng thirc va md hinh toan hoc khac dé tinh toan luc cat, nhiét cat va do mon dao cuc
bo cho mdi phan tir canh cat va toan bd qua trinh. Ngoai ra, mé hinh con c6 thé ap
dung cho nghién cuiru tién céc vat liéu kho gia cong khac.

7.2 Huwéng phat trién

Trén co s cac két qua nghién ciru di dat duoc, cac hudng nghién cau tiép theo
c6 thé mo rong nhu sau:

- Tién cing véi cac loai vat liéu cung khac nhu AISI 52100, AISI D2, AlSI

H13...

- Tién cang bang céac dung cu cat khac, vi du nhu PCBN.
- Nghién ctu anh huéng tong hop caa théng sé hinh hoc dao va ché do cat dén

luc cat, nhiét cat, @6 mon dao va d6 nham bé mat.
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PHU LUC

Bang 1 Thong sé may CNC BOEHRINGER DUS-400ti

Chiéu dai 3420 mm
Chiéu rong 1925 mm
Chiéu cao 1600 mm
Trong luong 3000 kg

Téc do quay téi da 3000 vong/phut
Hanh trinh truc x 1000 mm

Hanh trinhtrucy 420 mm

Trong luong phéi 500 kg

Dién nang tiéu thu 57.5 kW
Ngudn dién 400 V

Bo diéu khién SINUMERIK 840D
Do chinh xac 1/1000

Bang 2 Pic tinh thiét bi do do nham bé mat MITUTOYO SJ-210 178-390 [112]

Thudc tinh

Théng s6

Luc dau do - Detector measuring force:

Goc dau kim - Stylus tip angle:

Ban kinh dau kim - Stylus tip radius:

Khéi lugng - Mass:

Traverse:

Pham vi do - Measuring range:
Chiéu dai cap - Cable length:
Pham vi - Range:

Kim - Stylus:

Ban kinh truot - Skid radius:

122

0.75 mN

60°

2 Um

5009

17.5 mm, 5.6 mm [S-type]
16 mm, 4.8 mm [S-type]
Im

360 um

Diamond Tip

40 mm



Luc do - Measuring force: 0.75 mN

Nguon - Power supply: Qua AC adapter (DC 7.5V 1.5 W)
Ban kinh - Radius: 2 um
Hé don vi - Inch-Metric: Metric

Bang 3 Thong sé cua cam bién do luc Multicomponent Dynamometer Kistler Type
92578 [111]

Thudc tinh Ponvi Théng sd

Pham vi - Range Fx, Fy,Fz kN 5. 5
Fz for Fx and Fy<0.5 Fz Fz kN -5...10
Qua tai - Overload Fx,Fy,Fz kN —7.5/75
Fz for Fx and Fy<0.5 Fz Fz kN —7.5/15
Ngudng - Threshold N <0.01
Do nhay - Sensitivity Fx, Fy pC/IN =75

Fz pCIN =37
Do tuyén tinh - Linearity, all ranges FSO <=1
Do cang - Rigidity CX, cy kN/um >1

cz kN/pm >2
Tan sb tu nhién -Natural frequency fn(x,y,z) kHz ~3.5
Tan sb tu nhién (c6 gan d6 ga) -Natural frequency  fn (X, y) kHz =23
(mounted on flanges) fn(z) kHz ~3.5
Nhiét d6 hoat dong - Operating temperature range °C 0..70
bién dung - Capacitance Fx,Fy,Fz pF ~220
Tro céch ly - Insulation resistance (20 °C) Q >1013
Tré cach 1y dat - Ground insulation Q >108
Chuan bao vé - Protection class EN60529 - IP67
Khéi luong - Weight kg 7.3
Dién tich kep - Clamping area mm 100x170
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