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TOM TAT

Tién cang la mot ki thuat dang phat trién dé gia cong tinh céc chi tiét co
d6 cung tir 45 HRC tro 1én, nham thay thé cho qué trinh mai. So véi phuong phap
mai truyén théng, tién cang ¢6 mot s6 wu diém nhu linh hoat hon, ning suét cao
hon, chi phi thap hon va than thién véi méi truong hon. Tuy nhién, thach thirc
I6n nhat cua tién ctg 1a dam bao chat lwong bé mit chi tiét gia cong (d6 nham
bé mat) va giam thiéu sy mon dao cua dung cu cit. Do tién cang khéc biét dang
ké so vai tién truyén thong, nhiéu kién thirc va ly thuyét tir tién truyén thng
khong thé &p dung truc tiép.

Pé t6i wu hoa qua trinh tién cing, viéc lua chon dung cu cit (thdng sé
hinh hoc va vat liéu dung cu cét) va ché do cat (toc do cét, budc tién dao va chiéu
sAu cit) phai phu hop. Muc tiéu chinh cua nghién ctru nay 1a phan tich anh huong
ddng thoi cua cac thdng sb hinh hoc goc dao (goc nghiéng, goc trudc va géc nang
dao) dén d6 nham bé mit, d6 mon dao, luc cit va tdi uu hoa cac thong sé nay
trong qua trinh tién cang sir dung manh dao tiéu chuan.

Qua trinh thuc nghiém tién cung dugc thuc hién trén thép AISI 1055
(52HRC) bang dao hop kim gém pha TiN. Két qua cho thdy géc nang dao 1a yéu
t6 chinh anh huong dén d6 mon dao, d6 nham bé mit va lc cit trong tién cung.
Khi ting goc nang dao va gbc trude theo hudng am, dd mon cia dung cu cit giam
nhung d6 nham bé mit ting 1én. Tuy nhién, d6 nham bé mat s& giam khi géc
nang dao tiép tuc ting qua mot gii han nhat dinh. Pay 1a phat hién méi va co y
nghia quan trong trong nghién ctru tién cang.

Dua trén két qua nghién ciu, nén ap dung goc nang dao &m 16n (s = -
10°) dé ddng thoi giam do nham bé mat va d6 mon dao. Véi céc goc dao cit toi
vu duoc xac dinh, qud trinh tién cimg duoc cai thién dang ké, véi muc giam do
nham bé mit va d6 mon dao lan luot 1a 8.3% va 41.3% so vai cac goc dao tiéu
chuan.

Phuong phap thiét ké hé théng d6 ga duoc dé xuat cung cdp mot giai
phép hiéu qua dé thay dbi théng sé hinh hoc géc dao khi sir dung cac manh dao



tiéu chuan, nham cai thién qua trinh tién céc vat liéu ciing hoic khd gia cong
khéc.

Cac mé hinh toan hoc vé do nham bé mat, d6 mon dao va luc cit d3 duoc
xay dung. M hinh toan hinh hoc qué trinh tién citng moi dugce dé xuat co thé
dugc ap dung cing véi cac cong thirc va md hinh todn hoc khac dé tinh toan luc
cit, nhiét cat va do mon dao cuc bo cho tirng phan tir canh cét va cho toan bo quéa
trinh. M6 hinh todn hoc nay ciing c¢6 thé dugc sir dung dé phan tich va téi vu hoa
qud trinh tién cac vat liéu kho gia cbng khac.
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CHUONG 1:
G101 THIEU CHUNG

1.1 Ly do chon deé tai

Tién ciing, mot phuong phép gia cong méi, duoc sir dung dé gia cong
tinh cac vat liéu co6 do cing tir 45-70 HRC, thay thé nguyén cong mai truyén
théng. Do su khéc biét giira tién cing va tién truyén thong, nhiéu kién thic va ly
thuyét cua tién truyén thong khdng thé ap dung truc tiép cho tién ciing [1]. Chinh
vi vay, nghién cau vé tién cang van dang duoc ddy manh va tiép tuc phat trién.
1.2 Muc tiéu nghién ciru

Muc tiéu nghién ctru caa dé tai 12 phan tich anh huéng cua cac thong sb
hinh hoc goc dao dén 6 nham bé mat, @ mon dao, luc cat va tdi uu hoa cac
thong sé goc dao cho qué trinh tién cing st dung manh dao tiéu chuan. Céc
muc tiéu cu thé bao gém:

- Xay dgng mé hinh toan hinh hoc qua trinh tién cung.

- Xay dyng phuong phép thay d6i thong sb hinh hoc géc dao cho cac
manh dao tiéu chuan dé téi uu hoa cho qua trinh tién cang.

- Nghién ctru thuc nghiém anh hudong dong thoi cac thong sé hinh hoc
goc dao: goc nghiéng dao, goc trudce va goc nang dao dén do nham bé
mat, 6 mon dao va lyc cat trong qua trinh tién cing.

- Thiét 1ap m6 hinh toan d6 nham bé mit (Ra), d6 mon dao (VB) va luc
cit (F) cho qua trinh tién cing.

- Tbi wu héa cac thong sd hinh hoc géc dao cho qué trinh tién cing.

1.3 Nhiém vu nghién cieu
1.4 Pham vi nghién cau
1.5 Huwéng tiép cin va phwong phap nghién ciu
Phuong phéap nghién ctiu ly thuyét va thuc nghiém.
1.6 Y nghia khoa hoc va thuc tién ciia dé tai
Y nghia khoa hoc:



1.7

Nghién ciru di phén tich anh huéng ddng thoi cua cac théng sb hinh
hoc goc dao: goc nghiéng dao, goc trude va dac biét 1a goc ndng dao
dén d6 nham bé mat, d6 mon dao va luc cit, nhitng dac tinh quan trong
nhét trong qué trinh tién cing. Qua dé, xac dinh duoc xu huéng anh
huéng chinh ciing nhu dnh hudng tuong tac ciia ching dén d¢ nham bé
mit, 6 mon dao va luc cit.

Xay dung dugc cac md hinh toan thyc nghiém mé ta mdi quan hé gitra
d6 nham bé mat (Ra), d6 mon dao (VB) va luc cit (F) véi cac thdng sé
hinh hoc géc dao.

Xac dinh duoc cac thdng s6 goc dao ti wu cho qué trinh tién cing,
gilip giam d6 nham bé mat chi tiét va giam d6 mon dao so véi khi sir
dung goc dao tiéu chuan cua nha san Xuat.

Phét trién mot md hinh toén hinh hoc méi cho qué trinh tién ciing, mo
ta chinh xac hon ban chat qué trinh cit. M hinh nay c6 thé két hop voi
cac cong thirc va mo hinh khac dé tinh toan lyc cét, nhiét cit va mon
dao cho tirng phan tir ludi cit va cho toan bd qua trinh; ddng thoi co thé
sir dung dé nghién ctu tién cac vat lidu kho gia cong khéc.

Y nghia thuc tién:

Phuong phép thiét ké hé thong d6 ga duoc dé xuat cung cap maot giai
phap hiéu qua dé thay doi cac thdng sé hinh hoc géc dao cho cac manh
dao tiéu chuan nham tdi wu qua trinh tién cac vat liéu cang hay kho gia
cong khac.

Két qua t6i wu vé thong s6 hinh hoc dung cu cit duoc dé xuét 1am ting
tudi tho dung cu cét va chat lwong bé mit gia cong.

Céc két qua nghién ciru trong luan an ¢6 kha niang ung dung vao san
xuat thuc té nham nang cao hiéu qua cta qua trinh tién cing.

Cau trdc luan an

Luan an dugc trinh bay trong 7 chuong.



CHUONG 2:
TONG QUAN TAI LIEU

2.1 Gioi thiéu chung
2.2 Anh hwéng caa cac thong so6 ché dé cit khi tién cing
2.3 Anh hwéng caa thdng sé hinh hec dao cit khi tién ciéng
2.4 Pd nham bé mit khi tién cieng
2.5  Mai mon dao cit khi tién cirng
2.6 M0 hinh toan va téi wu qua trinh tién cing
2.7  Kétluan

Céc nghién cau vé tién ctg da phan tich kha day du vé anh hudng cua
ché d6 cét, qua d6 cho thay budc tién dao anh hudng 16n nhat d¢én d6 nham bé
mat, van téc cit quyét dinh tudi tho dao va chiéu sau cat ¢6 anh huong nhiéu nhat
dén luyc cit. Tuy nhién, nghién ctu vé anh hudng dong thoi cua cac goc dao, dic
biét 1a goc nang dao dén d6 nham va mon dao van con rat han ché. Dao hop kim
gém duoc xac dinh 1 lya chon tdi wu nhat ca vé khia canh kinh té 13n ky thuat.
Do nham bé mit va do mon dao dwoc xem 1 hai théng sé quan trong nhat dé
danh gia chat luong gia cong. Phuong phap thiét ké thi nghiém (Central
Composite Design-CCD), md hinh toan (Response Surface Methodology-RSM)
va t6i uu hoa da muc tiéu (Desirability Function Approach-DFA) 1a phuong phap
nghién cau hiéu qua va dugc st dung phé bién.

CHUONG 3:
CO SO LY THUYET QUA TRINH TIEN CUNG

3.1 Khai niém vé tién cirng

Tién ctng 1a qua trinh tién tinh cac chi tiét co do ctiing 45 HRC tro 1én
[67], [68]. Hinh hoc dao va ché d¢ cit 1a nhitng yéu t quan trong trong qua trinh
tién cang.
3.2 U'u diém va nhwgc diém caa tién cing

So véi mai truyén thdng, tién cimg co wu diém 1a ning suat cao, linh
hoat hon, chi phi thap va than thién véi méi truong hon.
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3.3 Vit liéu chi tiét va eng dung trong tién ciéng

Tién cing thuong duoc ap dung cho cac vat liéu kim loai c6 do cung tir
45 HRC tro 1én, bao gdom thép cung, thép 1am khudn, thép vong bi, thép gid, thép
hop kim va gang hgp kim.
34 Dung cu cit khi tién ciéng

Céc vat liéu dung cu cét chinh dwoc st dung trong tién cing la cacbit
thiéu két, gém va CBN. Mot s dic tinh co ban cua vat liéu dao bao gom: do
cting cao, kha nang chdng va dap tét, sy on dinh vat ly va héa hoc & nhiét cao.

Hinh hoc dao cit bao gém: goc nghiéng dao, goc trudc dao, goc nang
dao, ban kinh miii dao va hinh dang canh cit.

35 Céc thong s6 cong nghé (ché dp cat) trong tién cirng
Téc do cit (v), lwong chay dao (f) va chiéu sau cit (dw).
3.6 Céc chi tiéu kinh té-ky thuat trong tién ciing

3.7 Co ché hinh thanh phoi khi tién cirng
Mot hién tuong dic trung trong tién cieng la su hinh thanh phoi rang cua.

3.8 Luc cit trong tién cing

Luc cét tang khi gia cong vat ligu c6 do cung trén 45 HRC, thuong duoc
xem la gigi han duéi cua gia cong cing.
3.9 Nhiét cit trong tién cirng

Trong qué trinh cét kim loai, phan Ién ning lugng cét chuyén héa thanh
nhiét. Nhiét do viing cit rat cao (800-1200°C) va phu thugc vao vat liéu gia cong,
dung cu cit, ché d6 cit va hinh hoc dung cu. Nhiét d6 cao ndy anh huong truc
tiép dén hiéu qua gia céng va tudi tho dung cu.
3.10  Mai mon dao va co ché mon trong tién cing

Céc co ché mai mon dung cu cit co ban gom: mai mon co hoc (chinh)
mai mon khuéch tan, va mai mon bam dinh.
3.11  Tudi the dao trong tién cirng

Tudi tho dao trong tién cting phu thudc vao tiéu chi dé nham va dé mon
mit sau dao. Theo ISO 3685, dao hét tudi tho khi d6 nham bé mat (Ra) vuot qué
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1.6 pm hozc d6 mon mit sau (VB) dat 0.3 mm. Trong tién cimg, d6 nham bé mat
luén dugc vu tién hang dau.
312  Kétluan

Nghién ctru da trinh bay tong quan co s ly thuyét vé tién cimng, mot
phuong phap hiéu qua thay thé mai truyén théng khi gia cong vat lidu c6 do cimng
> 45 HRC. Tién cting wu viét nho ning suat cao, linh hoat, than thién moi truong
nhung gap thach thic tir hee ¢t xac dinh 16n va nhiét do cao gy mon dao nhanh.
Vit lidu dao phd bién 1 cacbit, gdm va CBN, doi hoi do bén nhiét va chéng mon
cao. Cac théng sb hinh hoc dao va ché do cat 1a yéu t quyét dinh chat luong va
hiéu qua qua trinh gia cong.

CHUONG 4:
MO HINH TOAN HINH HQC QUA TRINH TIEN CUNG
4.1 Gioi thiéu chung
4.2 M6 hinh toan hinh hoc qué trinh tién cirng
Tom tat md hinh toan hinh hoc qua trinh tién cirmg nhuw sau:
- G6c nghiéng dao cuc bo (Local cutting-edge angle):
K] =K, —©/ khi®/ <K,

K =0/ — K, khi®/ > K,

- Goc trudce cuc bo (Local rake angle):
i T . /A .
J_ “1(cin(= _ aJ —_ g
Y, = tan (sm ( > S} ) fanyo + cos ( > S} ) tan/ls)
- Goc trudce phép tuyen cuc bo (Local normal rake angle):

tany, = tany] cosA)
- Gbc nang dao cuc bo (Local inclination angle):

M =tan™! (—cos (g - ef) tany, + sin (% — Bj) tan/ls) khi®/ <K,

. I . T . .
M =—tan™?! (—cos (E — 61) tany, + sin (E — 81) tan/ls) khi ©’ > K,
- Phan béan kinh miii dao tham gia qua trinh cét got:
-1 r— dW
04 =K, — cos (T)



i (f
0p = K, + sin 1(5)

0. — K. — tan-1 <rsin(Kr —0,) — f)
B — fr ™

r—d,,

Géc trén mat truedc dao (The angle e£ in the tool rake plane):

j tan®/cos A .. m
0l = tan™! — _ khi®) < —
cosy, — tan®/sin y,, sin A¢ 2
j 1 tan®’cos A, .o
O, = tan — , +m khi®l > -
cosy, — tan®/sin y,, sin A 2

- Chiéu day I6p cit cuc bo:
Zonel:6, <6/ < 0p

. r—d,

Nepo_ - "W
n(ef)=r cos(K, — 61)
Zone2:05, <0/ <6,
t,(67)

LT N S
=r —\/rz + f2 —2rfcos <61 +§_Kr —sin~1 (;sm(el +E_Kr))>

- Dién tich 1p cat cuc bo twong ung:
dA) = t(87)rde véigiaso do

| 3

Chi tiét gia cong ng
Goc tnrde cuc bo

Goc sac cuc bo

Vat mép canh cat

Bo cung canh cat

Canh cét chinh

(7=0) Goce sau cuc bo

Hinh 4.2 M6 hinh ban kinh miii dao tham gia cit got trong tién ciing



4.3 So sanh md hinh toan va qua trinh cit thuc

Két qua so sanh cho thay md hinh toan 1a chinh xéc.
44  Kétluan

Nghién ciru da phat trién mot mé hinh toan hinh hoc méi cho qué trinh
tién cung. So véi cdc md hinh hién c6, mé hinh mai mo ta chinh xac hon ban
chéat caa qua trinh tién cang nho viéc xap xi ban kinh miii dao thanh ludi cat
chinh va ludi cat phu ma khdng bi gii han vé sb luong phan tir. Cac théng sb
cdng nghé dau vao, bao gom théng sé hinh hoc dao va ché do cit, déu duoc tich
hop trong md hinh. Dya trén mé hinh nay, c6 thé xac dinh vi tri cat got trén ban
kinh mili dao, cac thong sb hinh hoc goc dao cuc b, cing vai chiéu day 16p cat
cuc b cua cac phan tir canh cit ban kinh miii dao. Pay 1a nhitng thong sé quan
trong gitp phan tich, danh gia va t&i uvu hoa qué trinh tién ctng.

CHUONG 5:
QUA TRINH THUC NGHIEM TIEN CUNG

5.1 Gioi thiéu chung
5.2  Thiét bi-dung cu-thdng sé thi nghiém
5.2.1  Thiét bi thi nghiém

Qua trinh thuc nghiém tién cirg duoc thuc hién trén may tién CNC
BOEHRINGER DUS-400ti, ¢6 cong sut truc chinh 11kw va toc do quay tir 2
dén 3000 vong/phat. Thiét bi co do chinh xac 12 0.001 mm.
5.2.2 Dung cu cit

Dung cu cét sir dung trong cac thi nghiém la manh dao tiéu chuan 1SO
TNGA160408501525 6050, lam tir hop kim gém hén hop (70% Al203 va 30%
TiC) phu PVD-TiN (Hinh 5.2), dugc gan trén can dao tiéu chuan 1ISO PTGNR
1616H 16 (Hinh 5.3). Manh dao khi dugc lap véi can dao chuan c6 goc dao nhu
sau: goc trudc yo = -6°; goc nadng As = -6° va goc nghiéng dao K, = 91°.



Hinh 5.2 Kich thuéc manh dao TNGA160404S01525 6050 [102]

- WF |

~HF
T )
OTX KAPR[~g @\

LF

- B | - H |

Hinh 5.3 Théng sé cua than dao PTGNR 1616H 16 [102]
5.2.3 Mau thi nghiém

Mau thi nghiém, sir dung thép tron AISI 1055 dugc toi cang 52 +1
HRC (Hinh 5.4). Cac théng sé kich thudc caa mau thi nghiém nhu Hinh 5.5

Hinh 5.4 Mau thi nghiém
ST 147 3 130

o6
x

155
@51
T [
53

302

Hinh 5.5 Kich thuéc mau thi nghiém

5.2.4 Thong sé thi nghiém
- Gobc nghiéng dao: 60°< K, <90°
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- Goc trudce dao: -2°< y, <-10°
- GOc nang dao: -2°< As <-10°
5.2.5 Thong sé ché dé cat
Bang 5.5 Thong sé ché d6 cat dugc ¢b dinh trong thi nghiém
Vin tbe cit v (m/phut)  Budc tién dao f(mm/vong)  Chiéu siu cit dy (mm)

120 0.08 0.2

5.3  Thiét ké - ché tao h¢ thong ga thay déi goc dao

Hé thong dd ga dé thay doi goc dao duoc thiét ké trén phan mém
Solidwork (Hinh 5.6), ché tao trén may phay 5 truc DMG MORI DMUG5 mono
BLOCK va dugc kiém tra trén may do toa d6 (CMM) Hexagon GLOBAL
Classic nhu Hinh 5.7. Sau d6, cac chi tiét duoc xtr ly nhiét qua qué trinh toi

chan khong dé nang cao do bén.

! ~-:'.‘=.=!
Hinh 5.6 Qua trinh thiét ké hé thong do gé thi nghiém cho truong hop: y, = -6°,
As=-2°

Qua trinh thiét ké hé thong dd gé duya trén hé tiéu chuan “T-hand-S”,
bao gdm cac bude sau: Budc 1- Binh vi ludi cit chinh song song véi mat phang
co s& Pr va tao mot goc nghiéng dao K; véi truc x (truc may), diéu chinh goc
trude va goc nang dao. Sau d6, dinh vi ¢b dinh vi tri mii dao (diém trén dao cat
gan truc may nhat) o vi tri cach mit trén hé thong dd ga (mat phang co so) theo
tidu chuan ga dat dao 1a 25 mm va mat dau 1a 20 mm. Budc 2- Lip ghép can
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dao v6i manh dao. Buéc 3- Lip ghép miéng chém dao véi can dao. Budc 4-
Hoan tat hé thong dd ga.

Kiém tra kich
W Chudn bj phéi . Gia cong . thude

) N

Hinh 5.7 Quy trinh gia cong cac chi tiét dd ga thay ddi goc dao

5.4 Phén tich lwa chen phwong phap quy hoach thi nghiém
Nghién ctru stir dung phuong phap RSM va CCD (Bang 5.6).

Bang 5.6 Thiét ké thi nghiém duya trén CCD

Théng s6 goc dao Don vi Mirc

-a -1 0 +1 +a
Goc nghiéng dao (kr) Do (®) 60 66 75 84 920
Goc trudce dao (y0) Do (%) 22 =36 -6 -84  -10
Goc nang dao (4s) Do (%) 2 36 -6 -84 -10

55 Qua trinh thgc nghiém
So db thyc nghiém duoc trinh bay trong Hinh 5.9.

Hinh 5.9 So d6 thuc nghiém
10



551 Do luc cit

Luc cét duoc do theo ba huéng, bao gom luc doc truc (Fy), luc hudng
kinh (Fy) va luc tiép tuyén (F,) bang luc ké (Kistler Type 9257B). Qua trinh do
luc nhu Hinh 5.12.

Hinh 5.12 Po lyc cit tién ciing
55.2 Do dd nham bé mit (Ra)

Trong thi nghiém, d6 nham bé mit duoc do bang thiét bi MITUTOYO
SJ-210 (Hinh 5.14 va Hinh 5.15). Thiét bi c6 d6 chinh xac 0.001 um

Hinh 5.14 Ca-lip may do d6 Hinh 5.15 Po d¢ nham bé mat mau
nham thi nghiém
5.5.3 Do @9 mon dao (VB)

D6 mon dao duoc do bang kinh hién vi Oxion Inverso (Hinh 5.16) tich
hop phan mém Amscope. Thiét bi c6 do chinh xéac 12 0.01 pm..

Hinh 5.16 Qua trinh do mon dao
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56  Kétluan

CHUONG 6:
PHAN TICH KET QUA VA TOI UU HOA QUA TRINH TIEN CUNG
6.1 Phan tich mé hinh toan hinh hec qué trinh tién cing
Tién cang la mot qué trinh gia cong tinh véi te do cit cao, budc tién
dao nho va chiéu sau cit khong vuot quéa 0.2 mm [111-114]. Dya trén phan tich
md hinh toan hinh hoc qua trinh tién ciing cho thay qua trinh cit chi giéi han &
ban kinh miii dao, nhu Hinh 6.1.

Mit trude

Chiéu rong chamfer \ \ P
PrS—
2 | ] |
i R
N Goe thrdt cue by
i
X <
Gox chamfer *
Mat sau
ez
Goc sau cyc by
@ (b)
2 — ety yeeyey—— ———
o4 ™ ¥ o ol X 2359 ' P
Ke= 60 . . Ke=80 () 3, =-6(%) ), =-8 ("
L] B l ] t(6%) v-00s008 [ — J
Y3258 g oosp L
. £ X 3159
> = Y. 004116
~o R8T Caren | n
3o g o i 1
g @t o t(8’) ‘
o X625 g
g af v 3306 6 =
g - o
-
| 9/ vnn E 1
E n2 4 ‘
£ 3t
8 E on 1
14t X 1859 X-6253 B
> X000k t(84) v 111016 v 00003862 t(6°)
Y S —— — o et e
5 2 25 0 B 0 45 N B 60 6 PR B MR ATl N e ATe

Phin tik canh cét tham gia cit got 67 (%) Phan tir canh ct tham gia cit got 8/ ()

(o) (d)

(e

Hinh 6.1 Phan tich qua trinh tién cimg cho thi nghiém sé 10

(@) So dd nguyén ly; (b) Théng s6 hinh hoc dao ciia phan tir canh cit j
tai #=31.59°; (¢) Goc trudc dao cuc bo; (d) Chiéu day I16p cit cuc
bo; (e) Qua trinh cit dua trén md phong FEM
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Tai mdi diém cit, cac thdng sb hinh hoc dao va chiéu day 16p cit déu
thay doi (Hinh 6.1 (c, d)). Do chiéu day I6p cit rat nho, su tiép xdc giita phoi va
dao chi & mat vét (chamfer) cua canh cit, din dén goc trude cuc bo tre nén rat
I6n. Tir Hinh 6.1 (d), qué trinh cét dién ra tir 0* = 18.59° dén 6° = 62.59°. Tai
phan tir canh cat 6° = 23.59°, chiéu day I6p cét 1on nhat £(6®) =0.05 (mm).

Bang 6.2 Phin tich ANOVA cho goc truge trung binh (yave)

Source DF SeqSS Contribution AdjSS AdjMS F-Value P-Value
Model 9 73.7959 09.98% 73.7959 8.1995 6783.94 0.000
Linear 3 725213 08.26% 72.5213 24.1738 20000.32 0.000
Kr 1 07243 0.98% 0.7243  0.7243 599.22 0.000
T 1 23.1987 31.43% 23.1987 23.1987 19193.58 0.000
A 1 48.5984 65.84% 48.5984 48.5084 40208.15 0.000
Square 30149 0.20%  0.1496  0.0499 41.26 0.000
Kr*Kr 1 0.1483 0.20% 0.1426  0.1426 118.01 0.000
vy 1 0.0006 0.00%  0.0007  0.0007 0.60 0.458
¥R 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
Kr*y 1 0.7200 0.98%  0.7200  0.7200 595.70 0.000
Kr*d 1 04050 0.55%  0.4050  0.4050 335.08 0.000
T*R 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
Kr v A
N /
8l /

Mean of y_ave
8 R
\

Hinh 6.2 Anh huéng caa cac nhan t dau vao dén goc trudce trung binh
Yave
Bang 6.2 trinh bay két qua phan tich phuong sai (ANOVA) cho goc
truc trung binh. Két qua cho thiy nhan té anh hudng Ién nhat la goc nang dao
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VGi 65.84%, tiép theo 1a goc trude, dong gop 31.43%. Goc nghiéng dao chi
chiém 0.98% tac dong dén goc trudc cuc bo trung binh. Do d6, dé ti wu hoa
qua trinh tién cting, nén tap trung didu chinh goc nang dao va goc trudc. Goc
nghiéng dao c6 thé bo qua do anh hudng khong dang ké. D6 thi anh huong
chinh dbi véi goc trude trung binh duoc trinh bay trong Hinh 6.2. Khi ting goc
trude va goc nang dao am, lam ting goc trudc cuc b cua cac phan tir canh cat
tai ban kinh miii dao ,tham gia qué trinh cat.
6.2 Phén tich ket qua thuc nghiém qué trinh tién cieng
Céc két qua thuc nghiém dugc thé hién ¢ Bang 6.3.
Bang 6.3 Céc két qua thuc nghiém dura trén thiét ké thi nghiém CCD

STT % () 7.0 4() FMN) FRMN) FMN) FXN) Ra(um) VB(um)
1 84 36 -3.6 4719 13492 9091 169.40 0.279  44.04
66 -3.6 -3.6 4552 123.68 8444 15652 0.730  44.82

(5]

3 84 -84  -3.6 47.11 12286 86.24 15733 0.594 35.98
4 66 -84 -36 4602 11823 8328 151.76 0.866 32.24
5 84 -3.6 -84 4547 122,67 B85.13 156.08 0.720 31.24
6 66 -36 -84 4167 11644 8268 14876 0.899 32.00
7 84 -84 -84 4328 117.09 B83.17 150.00 1.004 30.12
8 66 -84 -84 4270 119.69 8276 151.65 0.890 23.54
9 90 -6.0 -6.0 4600 119.87 84.80 153.87 0.836 37.80

10 60 -6.0 -6.0 41.64 11728 8l.14 14856 0.995 20.27
11 75 -20  -6.0 39.19 12871 86.89 160.16 0.766 42.11
12 75  -100 -6.0 4307 11637 8L.79 148.62 1.020 27.70
13 75 -6.0 -2.0 50.69 139.00 902.28 17438 0.252 50.26
14 75 -6.0 -10.0 4826 12533 8747 16027 0.767 22.20
L5 75 -6.0 -6.0 5067 118.66 87.13 15569 0.870 31.85
16 75 -6.0  -6.0 5175 11992 8559 156.16 0.833 32.01
L7 75 -6.0 -6.0 5072 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 75 -6.0 -6.0 52.07 11844 B85.11 15486 0919 31.63
20 75 -6.0  -6.0 50.83 11856 8545 15473 0.876 31.92

6.2.1 Phan tich va mé hinh toan d§ nham bé mit
Tir Bang 6.4, phan tich cho thiy goc nang dao anh huong nhiéu nhét
dén d6 nham bé mat véi 32.54%, tiép theo 1a goc trude va goc nghiéng véi
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11.88% va 9.97%, twong tng. C4c hé s6 bac hai As* As va twong tac «r *As, Kr
*v, €O anh huong dang ké dén do nham bé mat véi 31.95 %, 6.6 % va 3.39%,
twong tng.

Bing 6.4 Phan tich ANOVA cho d6 nham bé mit (Ra)

Source DF SeqSSs Contnibution  Ady 85 AdMS  F-Value P-Value
Model 9 0.803015 97.89% 0.803015 0.089224 5149 0.000
Linear 3 0.446212 54.39% 0446212 0148737 8583 0.000
K 1 0.081797 9.97% 0.081797 0081797 4720 0.000
¥a 1 0.097448 11.88% 0.097448 0097448 5623 0.000
Ag 1 0.266966 32.54% 0266966 0266956 15400 0.000
Square 3 0.270963 33.03% 0270963 0.090321 5212 0.000
K 7K, 1 0.006131 0.75% 0.001256 0.001236 0.72 0.415
Yo Vs 1 0.002692 0.33% 0.000026 0.000026 0.02 0.905
he®he 1 0.262140 31.95% 0262140 0262140 15127 0.000
2-Way 3 0.085840 10.46% 0.085840 0.028613 16.51 0.000
Interaction
K5, 1 0.027848 3.39% 0.027848 0027848 16.07 0.002
K5 1 0.054120 6.60% 0.054120 0.054120 31.23 0.000
Vo Shs 1 0.003872 0.47% 0.003872 0003872 223 0.166
Error 10 0017329 211% 0.017329 0001733
Lack-of-Fit 3 0.013506 1.65% 0.013506 0002701 353 0.096
Pure Error 5 0.003823 047% 0.003823 0000785
Total 19 0.820344 100.00%

Anh hudng chinh va tuong tac cua cac théng s goc dao dén dd nham
bé mit dwoc thé hién trong Hinh 6.3. Khi gbc trudc va goc nang dao ting theo
huéng 4m, d6 nham bé mit tang. Tuy nhién, néu goc nang dao ting vuot qua
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mét gii han nhat dinh (/s = -8.1°) nhu Hinh 6.3(a), d6 nham sé& giam. Day la
mot phét hién méi va dang chu ¥ trong nghién ciru Vé tién cing.

Hién tuong trén co thé giai thich nhu sau: khi goc ning dao va goc
trude am ting, dan dén ting goc trudc cuc bd theo hudng am va goc sau cuc bo
tuong tmg, trong d6 sy ting do goc nang dao chiém wu thé (diéu nay di dwoc
phan tich trong m6 hinh toan hinh hoc qua trinh tién cang & trén). Géc trude
cuc bo 4m tang 1am tang chiéu dai tiép xdc giira phoi va mat trude dao, dong
thoi tang ty s6 nén phoi (chip compression ratio - CCR), gay rung dong va lam
d6 nham bé mat tang. Két qua nay twong tw nghién ciru cua Singh va cong su
[22]. Nguoc lai, viéc ting goc sau cuc b lam giam dién tich tiép xdc gitra mat
sau dao va bé mat vira gia cong, giam ma sat do hién twong dan hoi (spring-
back) cua vat liéu gia cong [115], do d6 giam rung dong va cai thién do nham
bé mat, twong tu nhur nghién ciru ciia Senthikumar [116]. Bén mét gidi han nao
do, tac dong tich cuc do tang goc sau cuc bd 16n hon tac dong tiéu cuc do tang
goc trude cuc bo, khién do nham bé mat giam.

D6 nham ciing giam khi goc nghiéng dao ting, két qua nay phu hop Véi
nghién ciru cia Sharma [25] va Zerti [61]. Nguyén nhan 1a khi thay ddi goc
nghiéng tir 60° dén 90° s& thay ddi vi tri cat trén ban kinh mili dao, dong thoi
giam goc trude cuc bd cua cac phan tir canh cat nhu phan tich & trén, dan dén
giam do nham bé mat. Tuy nhién, Neseli va cong su [24] lai cho thay goc
nghiéng dao va do nhdm bé mit c6 cing xu hudng ting. Sy khéc biét nay cé thé
do qué trinh cit dién ra & ban kinh mii dao hoic & canh cit chinh.

M® hinh todn méi quan hé gitra @6 nham bé mat véi cac thdng s géc
dao nhu sau:

Ra=3.581 - 0.0654 -+ 0.1495 7, - 0.0806 As + 0.000117 x> + 0.00024 y.2

6.1
- 0.02373 4*- 0.002731 70 - 0.003808 xrds - 0.00382 70 As (6.1)
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Hé s tuong quan ciia phuong trinh hdi qui (6.1), R? 12 97.89%, cho
thiy mé hinh c6 kha niang du doan chinh x4c cao. Anh huong cia cac goc dao
dén d6 nham bé mat va bé mit dap wng cia do nham bé mit vai géc nghiéng va
g6c nang dao, trong d6 goc trude dugc giit ¢ dinh thé hién Hinh 6.3 va 6.4.

Interaction Plot for Ra
Fitted Means.
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Hinh 6.3 Anh huong cua goc nghiéng va goc nang dao dén d6 nham bé
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Hinh 6.4 B& mit dap tng caa d6 nham bé mit theo goc nghiéng va goc
nang dao

6.2.2 Phén tich va mo hinh toan d9 mon dao

Tir Bang 6.5 cho thdy goc nang dao ciing 1a nhan t6 chinh anh huong
dén mon dao vai 60.06%, goc trude 1a 23.37% va goc nghiéng dao 1a 4.2%.
Céc yéu té khac 1a khong dang ke.
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Bang 6.5 Phan tich ANOVA cho d6 mon dao (VB)

Source DF Seq 5SS Contribution  Adj S8 AdMS  F-Value P-Value
Model 9 878361 94 60% 878361 97.596 19.45 0.000
Linear 3 8§13.702 87.63% 813.702 271.234 5406 0.000
K 1 39.013 4.20% 39.013 39.013 778 0.019
Yo 1 217.004 23.37% 217.004 217.004 43325 0.000
Ay 1 557 684 60.06% 557684 557684 11115 0.000
Square 3 30.764 3.31% 30.764 10.255 2.04 0.172
KK, 1 0314 0.03% 1.478 1.478 0.29 0.599
7o Ve 1 6.932 0.75% G382 9382 1.87 0201
hFhe 1 23518 2.53% 23518 23518 4.69 0.056
2-Way 3 33.895 3.65% 33.895 11.298 225 0.145
Interaction
K™, 1 17.582 1.8%% 17.582 17.582 3.50 0.091
K5 1 1.022 0.11% 1.022 1.022 0.20 0.661
Yo s 1 15.290 1.65% 15290 15290 3.05 0111
Error 10 30.173 5.40% 30.173 5.017
Lack-of-Fit 5 49108 529% 49108 9822 4612 0.000
Pure Error 5 1.065 0.11% 1.065 0213
Total 19 928.534 100.00%

Nhu trong Hinh 6.5, 6 mon dao giam khi goc trudc va géc nang dao
tang theo hudng am, trong khi géc nghiéng dao giam tir 90° tgi 60°. Nguyén
nhan cua hién tuong nay la do ting goc sau cuc bo khi giam géc nghiéng dao,
tang goc trude va goc nang dao nhu da dugc phén tich qua mé hinh toan hinh
hoc & trén. Sy ting goc sau cuc bo din dén giam dién tich tiép xic va ma sat
giira bé mit vira duoc gia cdng va mit sau dao do su dan hdi caa vat liéu gia
cong (spring-back of workpiece), diéu nay gilp giam mon mit sau dao.
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M© hinh toan méi quan hé gitra d mon dao mat sau vai cac yéu té dau
vao duoc thé hién qua phuong trinh (6.2) Véi hé s6 twong quan R?=94.6%, cho
thiy muc do twong thich cao cia md hinh toan.

VB =126.8-0.92 % + 9.96 3, + 8.05 As + 0.00401 x°+ 0.142 y5°

6.2
+0.225 A5 - 0.0686 K yo - 0.0166 Kr As + 0.240 95 As (6.2)

Main Effects Plot for VB
Fitied Meams

Er ] x

Maan of VB

” /
io
& ] a0 -2 - -3 -1 - -3

Hinh 6.5 Anh huong chinh cua cac nhan té dau cao dén do mon dao
mit sau (VB)

6.2.3 Phan tich va md hinh toan luc cit

Tir Bang 6.1 cho thay luc huéng kinh (Fy) 1a thanh phan lyc 16n nhat,
tiép theo 1a lc tiép tuyén (F,) va luc doc truc (Fy) & thanh phan luc nhé nhét,
phu hgp véi cac nghién ctru trude d6 nhu cia Khamel [8], Azizi [117] va
Bouacha [118]. Hién twong nay c6 thé Iy giai dua trén phan tich hinh hoc lui
cit va ddc diém qué trinh tién cing. Do ban kinh mili dao 16n (r = 0.8 mm) va
chiéu sau cit nho (dw = 0.2 mm) nén qua trinh cét chi dién ra tai ban kinh mii
dao dan dén luc hudng kinh (Fy) ¢6 gié tri 16n hon cac luc khac

Bang 6.6 cho thiy goc nang dao cé anh hudng 16n nhat dén luc cét voi
25.02%, tiép theo 1a goc trudc va goc nghiéng véi 14.26% va 10.04%, tuong
ng. Mac du ¢6 s anh hudng tuong tac giita cac goc dao dén lyuc cat, tuy nhién
khong déng ké (2.56 — 4.15%).
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Bing 6.6 Phan tich ANOVA cho luc cit (F)

Source DF SeqS8S Contribution AdjSS AdiMS F-Value P-Value
Model 9 762.048 95.52% 7T762.048 84.672 2370 0.000
Linear 3 393520 49.33% 393.520 131.173 36.72 0.000
K 1 §0.132 10.04% 80.132 80.132 2243 0.001
Ve 1 113.801 14.26% 113.801 113.801 31.86 0.000
As 1 199.587 25.02% 199587 199.587 55.87 0.000
Square 3 291.768 36.57% 291.768 97.236 2722 0.000
KK, 1 81986 10.28% 66961 66.961 18.74 0.001
o™ Vo 1 26617 334% 15262 15262 427 0.066
ha®hs 1 183.165 22.96% 183.165 183.165 5127 0.000
2-Way Interaction 3 76.761 9.62% 76761 25587 7.16 0.007
K™y, 1 33120 4.15% 33120 33.120 927 0.012
K% hs 1 20.408 2.56% 20408 20408 5.71 0.038
VYo s 1 23232 291% 23232 23.232 6.50 0.029
Error 10 35.723 4.48% 35723 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%

Anh huong cua cac thdng sé goc dao dén lyc cét duoc thé hién trong
Hinh 6.7 cho thay lyuc cat giam khi géc nang dao va goc trudc ting theo hudng
am. Tuy nhién, khi goc nang dao ting qua mot gidi han nhat dinh (4 = -7.2°) thi
lyc cit tang. Dya trén phan tich mé hinh toan hinh hoc qué trinh tién cang, hién
tugng nay co thé dugc giai thich nhu sau: khi ting goc nang dao va goc trudc
theo hudng &m dan dén ting goc trudc &m cuc bo va goc sau cuc bd twong Gng.
Diéu nay din dén lrc phap tuyén va luc ma sat mit trudc dao ting nhung cac
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luc nay tac dung I8n mit sau giam va dat can bang tai As = -7.2°, véi luc cit nho
nhat.

Main Effects Plot for F
Ftted Means

Kr [ A

Mean of F
g

&0 TE 0 9 13 3 9 & 3

Hinh 6.7 Anh huéng cia cac yéu té dau vao dén luc cit (F)
Phuong trinh hdi qui bac hai md ta méi quan hé gitra cac yéu té dau
vao va luc cit nhu sau:
Fr=-171.2 +5.067 & - 9.53 yo - 0.23 s - 0.03249 1>~ 0.6250 7.>

0.1034 A2 + 0.0220 & yo - 0.0093 & s - 0.0344 7, A (R?=95.43%) (63
Fy=35.1+2.62 k- 2.16 yo + 6.64 As - 0.00976 2+ 0.111 > (6.4

+0.712 A2+ 0.0894 - 7o + 0.0708 & As + 0.329 yo s (R?=93.19%) '
Fo=-39.0+3.071 & - 3.18 o+ 0.61 4 - 0.01666 12 - 0.1486 7> (6.5)

+0.1974 A2+ 0.0321 K 70 + 0.0381 & s + 0.0857 y0 s (R2=94.35%)
F=-483+5325 kr - 6.26 o + 5.36 s - 0.02697 152 - 0.1811 o2 66)

+0.6273 A3 + 0.0942 & yo + 0.0739 16 As + 0.296 yo As (R*>=92.52%)

6.3 So sanh céc két qua thi nghigm va md hinh toan.
6.4  Tbi wu héa qua trinh tién cing
6.4.1 Giéi thiéu phwong phap toi wu

Nghién ctru sir dung phuong phap ham muc tiéu (Desirability Function
Approach-DFA). Do d6 nham bé mit va d6 mon dao 1a hai dic tinh quan trong
nhat ctia qué trinh tién cimg, trong khi d6 lyc cit nho khong ¢ ¥ nghia nhiéu vé
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mit t6i vu ning lwong. Vi vay, trong nghién ctru ndy chi téi uu cac théng sb
hinh hoc goc dao cho dd nham bé mat va do mon dao.
Néu muc tiéu 1a tdi thiéu hoa dap tng dau ra Y;, thi ham muc tiéu d; nhu
sau 1 khi ¥; < Low;
nghl — Yi )r
= ¢ | =—————] khiLow; <Y; < High; .
(Highi — Low; thowi = h 18N (6.9)

0 khi Y; > High,

i

Néu muc tiéu 1a mong muén cu thé (Ti) nao d6, thi ham muyc tiéu d; nhu
0 khl Yi < LOWi

sau:
(Yi — Low;

r
T, = Lowi) khi Low; £ Y; < T;

. (Highi_y")r khiT, <Y, < High
High,—7;/ =T = High

0 khi ¥; > High;

(6.10)

6.4.2 Phat biéu bai toan tbi uu

a. Baitoanl

MGt trong nhitng muc tidu chinh cta nghién ciiu 1a t6i uu cac thong s6
goc dao dé dat duoc do nham bé mit nho nhat c6 thé, mot yéu té quan trong
trong qua trinh tién cang vi vay phuong trinh (6.9) dugc &p dung.

Trong d6 dap ung dau ra Y; 1a &6 nham bé mat (Ra) theo cong thirc
(6.1), n = 1 (sb dap ung dau ra).

Rang budc bai toan 1a:0.25 um < Ra < 1.6 pm; 60° < %< 90°;

=20 < 9o <-100; -2° < A5 <-10°

Ap dung phuong trinh (6.9), ta c6 két qua t6i wu nhu Hinh 6.10, cac
thong sé goc tdi wu 1a goc nghiéng dao #r = 75°, goc trude yo = -5.7° va goc
nang s = - 2°. Va gid tri d6 nham bé mat nho nhat 1a Ra = 0.252 pm.
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W . Kr Y A
. Hig 90.0 -20 -20
D100 gy 750 [5.70] [20]
Predict  Low 60.0 -100 -100
Ra

Minimum
y = 02512
d-to0 == X—— ——————————————————— 1

Hinh 6.10 Téi uu hoa d6 nham bé mit (Ra)

b. Baitoan 2

Mot muc tiéu quan trong khéc cua nghién ciru 1a toi uu hoa cac thong
sb goc dao nham dat duoc dong thoi d6 nham bé mit va o mon dao mong
mudn trong tién cang, Vi vay phuong trinh (6.10) dwoc st dung.

Trong d6 dap ung dau ra Y; 1a d6 nham bé mat (Ra) va do mon dao
(VB) theo cdng thuc (6.1) va (6.2), n=2 sb dap ung dau ra.

Rang buoc bai toan 1a: 0.25 uym <Ra < 1.6 um, 0 um <VB< 0.3 um

60° < 1< 90°; -2° <y, < -10° -2° < As < -10°

Ap dung phuong trinh (6.10), ta c6 két qua téi vu nhu Hinh 6.11, céc
thong s6 goc tbi wu dat 1a géc nghiéng dao x; = 75°, goc trudc y, = - 6° va goc
nang As = - 10°. Va cac gia tri do nham bé mat va do6 mon dao téi vu dat dwoc 1a
Ra =0.767um va VB = 22.2um.

hew ke ¥

o High £ 20 20
= Tsi 750 G

Predict  Low &0 100 100

™ T

Composie o~ \_
Desiifty
D- Q9987
v
Targ 250
y = 25,0541
d =099786
..Z :_,_.—;/ U — |
Ra I et M= S U |
P p——— =
arg 07340
y= a7
4 =095

Hinh 6.11 Téi vu héa ddng thoi &6 nham bé mat va do mon dao
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c. Baitoan3

Mot muc tiéu khac cta nghién ctu 1a t6i wu cac thong sé goc dao dé dat
dong thoi o nham bé mat va do mon dao & muc nho nhét. Vi vay phuong trinh
(6.9) dugc ap dung.

Trong d6 dap ung dau ra Y; 1a d6 nham bé mat (Ra) va do mon dao
(VB) theo cdng thic (6.1) va (6.2), n = 2 s6 dap tmg dau ra.

Rang buoc bai todn 1a: 0.25 um <Ra < 1.6 um; 0 um <VB< 0.3 um

60° < k< 90°% -2° <1y, <-10° -2° < As < -10°

Ap dung phuong trinh (6.9), ta c6 két qua téi wu nhu Hinh 6.12, cac
thong s6 goc tdi wu dat 12 géc nghiéng dao xr = 60°, goc trudc ys = -10° va goc
nang A, = - 10°. VVa céc gié tri d6 nham bé mit va d6 mon dao tdi wu 1a Ra =
0.582 ymva VB = 17.5 um.

o7sss fgh
Predkt Low

/

-
AL

Hinh 6.12 Téi uu hoa dong thoi d6 nham bé mit va dé mon dao

6.4.3 So sanh g6c dao tidu chuin va gdc dao tdi wu

Tu Bang 6.10 ta thdy két qua thuc nghiém d6 nham bé mit va do mon
dao dat duoc tir goc dao téi wu da giam 8.3% va 41.3%, tuong &ng so VGi théng
s0 goc dao tiéu chuan.
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Bang 6.10 So sanh két qua thuc nghiém céan dao tiéu chuan véi két qua

101 vu

Théng sb goc dao tiéu Théng s goc dao So sanh két qua

chuin t0i wu t6i ru
K 91° 750
Dau
a _60 _60
vao Yo
As -6° -10°
Pau Ra 0.836pm 0.767pm 1 8.3%
ra VB 37.8um 22.2um l 41.3%

6.5  Kétluan

Nghién ciru di phén tich duoc anh huong dong thoi cua cac théng sb
g6c dao gom goc nghiéng dao, goc trude, goc nang dao dén do nham bé mit, do
mon dao va luc cit thong qua phan tich mé hinh toan hinh hoc qué trinh tién
ctring va két qua thi nghiém.

CHUONG 7:
KET LUAN & KIEN NGHI

7.1 Nhirng két qua da dat dwoc

Nghién ciru da phan tich dugc anh huong dong thoi cua cac théng sb
hinh hoc goc dao, bao gém géc nghiéng dao «r, gbc trudc y, va dic biét 1a goc
nang dao s dén cac dic tinh quan trong nhat cua qua trinh tién cimg nhu d6 nham
bé mit, @ mon dao va luc cit. Dya trén phan tich két qua thi nghiém va mé hinh
toan, c6 thé rut ra cac két luan chinh sau:

- Trong tién ctg, do budc tién va chiéu sdu cat nho, qua trinh cit chi dién
ra tai ban kinh miii dao. Goc nang dao 1a yéu t chinh anh huong dén géc
truéc cuc bo trung binh vai 65.84%, tiép theo 1a goc trude, dong gop
31.43%, va goc nghiéng dao chi chiém 0.98%. Do do, dé téi wu héa qua
trinh tién ciing, nén tap trung didu chinh goc nang dao va goc truge. Goc
nghiéng dao c6 thé bé qua do anh hudng khong dang ké. Khi tang goc
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trude va goc nang dao 4m, lam ting goc trudc cuc b cua cac phan tu
canh cit ban kinh miii dao tham gia qua trinh cit.

Vai trd cia cac thong s6 hinh hoc goc dao 1a khac nhau gitra tién cing
va tién truyén thdng. Trong tién cung, goc nang dao 1a goc ¢ anh huong
nhiéu nhit dén d6 nham bé mat, ¢6 mon dao va luc cit, tiép theo 1a goc
trude va goc nghiéng dao. Nguoc lai, trong tién truyén thdng, goc trudc
1a théng s6 ¢6 anh hudng 16n nhat.

Do nham bé mit tang khi goc trude va goc nang dao ting theo hudng
am. Tuy nhién, néu goc nang dao tang qua mot gidi han xac dinh, do
nham bé mit s& giam. Day 1a mot phét hién méi va cé y nghia quan trong
trong nghién cau tién cing. Tir két qua nay, nén &p dung goc nang dao
am 16n (s = - 10°) dé giam dong thoi do nham bé mat va d6 mon dao.
Do mon dao giam khi tang goc trude va goc nang dao theo hudng am.
Anh huong tuong tac giira cac thong sé goc dao 1a khong déng ke.

Luc hudng kinh (Fy) 1a thanh phan luc 16n nhat, tiép theo 1a hec tiép tuyén
(F2) va luc doc truc (Fy) 12 thanh phan lyc nho nhat. Khac véi tién truyén
thdng, luc tiép tuyén I thanh phan lyc 16n nhét.

Cac mo hinh toan hoc thuc nghiém vé do mon dao, d6 nhdm bé mit va
lyc cit da dugc xay dung.

Vi thdng s6 gac dao ti wu (Kr = 75°, y, = -6°, va 1s = -10°), két qua thuc
nghiém cho thiy d6 nham bé mat va d6 mon dao giam lan luot 8.3% va
41.3% so véi thdng sé goc dao tidu chuan cia nha san xuat (K, = 91°, y,
= -6° v s = -6°).

Phuong phép thiét ké hé thong do ga dugc dé xuat mang lai mot giai

phép hiéu qua dé thay ddi théng s6 hinh hoc géc dao cho cac manh dao tiéu
chuan, nham cai thién qué trinh tién cang.

Mot mé hinh toan hinh hoc méi vé qué trinh tién cing di dugc xay dung,

mo ta chinh xac ban chét cia qua trinh nay. Két qua phan tich cia md hinh toan

hinh hoc phu hop véi két qua thyc nghiém. M6 hinh dwoc dé xuat c6 thé duoc
két hop vai céc cong thirc va md hinh toén hoc khéac dé tinh toan luc cat, nhiét
cit va ¢6 mon dao cuc bd cho mdi phan tir canh cét va toan bo qua trinh. Ngoai
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ra, md hinh con c6 thé &p dung cho nghién ciu tién cac vat liéu kho gia cong
khac.
7.2 Hwéng phat trién
Trén co s cac két qua nghién ciru da dat dugc, nghién ciu tiép theo ¢6
thé mé rong theo cac hudng sau day:
- Tién cting vai cac loai vat liéu cing khac nhu AISI 52100, AISI D2,
AISI H13...
- Tién cang véi cac loai dung cu cat khac nhu PCBN.
- Nghién ctu anh huong tong hop ciia cac théng sb hinh hoc dao va ché
dd cat dén lyuc cit, nhiét cit, 6 mon dao va dd nham bé mat.
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