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TOM TAT

Bai bdo trinh by nghién civu toi wu héa qud trinh tién ciing thép hop kim SKDI11 sau nhiét
luyén bang dao gom c6 hé tro gia nhiét cam ving tiv (IAM). Thiét ké thuwc nghiém Box-Behnken voi
4 yéu 16 dau vao gom vén toc cat (V), lwong chay dao (f), chiéu sdu cdt (1) va nhiét @ gia nhiét (T)
diege sir dung dé danh gid cdc chi tiéu dau ra la lec cdt (F ), do nham bé mdt (Ra) va mon dao (Hs).
MG hinh héi quy bdc hai va phwong phdp bé mdt ddp vmg dwoc dp dung nham xdc dinh bién thién
ciia cdc dai lwong cong nghé va thong sé t6i wu. Két qua cho thdy nhiét dé gia nhiét c6 anh hirong
dén kha ndang giam lyc cat va én dinh qud trinh tao phoi, vin téc cdt quyét dinh dén chat lirong bé
mdt gia cong. Cac anh mé phong trwong nhiét, triong g sudt tiép xiic va bién dang phoi thé hién
vung gia nhiét cuc b lam giam tai co nhiét tac dung lén mat trudc cua dao, hé tro béc tach phoi
thuan loi hon. Xac dinh dwoc bo thong $6 161 wu véi V=220 m/phut, = 0,12 mm/vong, t = 0,35
mm va T = 540°C khi gia cong sé giam F, giam Ra va han,ché’ P{S. ,

Tw khoa: Tién cung,; Gia nhiét cam vung tie; Dao gom,; Bé mat dap vng; Toi wu hoa da muc
tieu; SKDI1.

ABSTRACT

This paper presents a study on optimizing the hard turning process of heat-treated SKD11
alloy steel using ceramic tools with induction heating (IAM). A Box-Behnken experimental design
with four input factors-cutting speed (V), feed rate (f), depth of cut (t), and heating temperature
(T)-was used to evaluate the output parameters. cutting force (F ), surface roughness (Ra), and tool
wear (Hs). A quadratic regression model and response surface method were applied to determine
the variation of technological quantities and optimal parameters. The results show that heating
temperature influences the ability to reduce cutting force and stabilize chip formation, while cutting
speed determines the surface quality. Simulation images of the thermal field, contact stress field,
and chip strain demonstrate the localized heating zone, which reduces the thermomechanical
load applied to the tool face, facilitating chip removal. The optimal machining parameters were
determined with V = 220 m/min, f = 0.12 mm/revolution, t = 0.35 mm, and T = 540°C, which will
reduce F, reduce Ra, and limit Hs.

Keywords: Hard turning, Induction-assisted machining; Ceramic tool; Response surface
methodology, Multi-objective optimization; SKD11. &
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1. PAT VAN PE

Qua trinh tién ctg thép hop kim sau
nhiét luyén doi hoi sy can béng chat ché gitra
nang sut, chat luong bé mat va tudi bén dung
cu. bdi vai thép SKD11 c6 do cung cao, tai
trong co — nhiét tai ving cat ting nhanh, luc cit
16n, phoi kho kiém soat va dao d& bi sit mé.
Dao gdém c6 uu thé vé do cing nong va kha
nang chéng mai mon, song ban chit gion cua
vat liéu nay khién dao nhay voi Gng suét tiép
xuc 16n va dao dong nhiét cuc bo [1], [4].

Cac nghién curu trude xac dinh gia nhi¢t
hd tro tai viing cat 1am giam sirc bén cét cua 16p
vat liéu bé mat, giam lyc cit, cai thién tinh lién
tuc ctia qua trinh boc tach phoi va nang cao chat
luong bé mit [1], [3], [5]. Gia nhiét cam Gng tir
tap trung nang luong vao vung lam viéc, thoi
gian ddp tng nhanh va phu hgp véi tich hop
trén hé thong méy cong cu. Khi tién két hop véi
dao gém va IAM thi diéu kién 1am viéc 6n dinh
tai ving tiép xtic dao — phoi, han ché kha ning
nut vo dung cu do sb¢ co — nhiét.

Nghién ctru nay, tdi wvu hoa qua trinh
tién c6 hd trg nhiét cam ng tir gia cong thép
SKD11 bang dao gbm bang dir liéu thuc nghiém
va mo phong. Bai bao phan tich anh hudéng cua
V, f, t va T d&én F_, Ra va Hs; sit dung md hinh
hoi quy bac hai, be mat dap img va mo6 phong
dé xac dinh bo thong s6 cong nghé t6i wu.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUu
2.1. Poi twong nghién ciru va cau hinh thi

nghiém

Vat liéu phoi 1a thép hop kim SKDI11
c6 do cung 58—60 HRC, dung cu cat ALO, phu
TiN, ho tro nhiét IAM véi dai tan 20—40 kHz
va mién nhiét do 350-600°C. Thiét ké thuc

nghiém dugc xay dung theo Box-Behnken véi
4 yéu t6, 3 mitc v6i tong 27 t6 hop thi nghiém.
Céc chi tiéu danh gia gom F_, Ra va Hs, trong
khi Minitab dé phén tich hoi quy va DEFORM-
3D dung m6 phong truong nhié¢t — co hoc tai
ving cét.

Bang 1. Piéu kién va cac dai luong nghién curu

Noi dung Gi4 tri/mién khao sat
Vit liéu phoi SKDI11 513111{ t((jn, 58-60
Dung cu cit Dao gbm AL O, phu TiN
H¢ gia nhiét [AM Cudn cam 5 vong
Dai tin ngudn 2040 kHz
Nhiét d6 khao sat 350-600°C
Thiét ké thuc nghiém 27 thi nghiém
DAu ra theo ddi F,Ra, Hs
Phan mém phan tich | Minitab; DEFORM-3D

2.2. Phwong phap xir Iy s6 liéu va t6i wu héa

Quan hé gifra cac bién dau vao va céac
dap ing dau ra mo ta bang mo hinh hoi quy bac
hai:

Y =B, + ZPixi + ZPixi® + EP,xix,

Trong d6: Y 1a dép tng can du doan; x;
1a céc bién m hoa tuong tng v6i V, f, tva T
BO, B, Bivap,lacac hé sb hoi quy cua mo hinh.
Dbi véi bai toan t6i vu hoa nhiéu myc tiéu dé
giam dong thoi F_, Ra va Hs su dung:

D - (ch x dRa x st)(l/3)

Gié tri D cang 16n thi to hop thong sb
cong nghé cang co chét lwong cao. M6 hinh hoi
quy luc cat F_dat h¢ s6 xac dinh R2 = 0,97 voi
p<0,01 thé hlen su bién thién cua luc cit trong
mién nghién ciru.
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3. KET QUA

3.1. Anh hwéng ciia nhiét d§ gia nhiét va
lwgng chay dao deén luc cat

Hinh 1 thé hién xu hudng bién thién ctia
F_theo T tai ba mirc f. Khi nhiét do tang tur
350°C 1én 550°C, F, giam ¢ ca ba muc f; sau
ngudng nay, F_tiang nhe trd lai tai 600°C. O
mirc = 0,10 mm/vong, F_ gidm xap xi tir 410
N con 340 N; tai f = 0,20 mm/vong, F_ giam
tir 460 N xudng 385N. Két qua xac dinh T lam
giam stic can cat, f1am gia ting tai trong co hoc
1én hé thong cit.
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Hinh 1. Anh hwong ciia Tva fdén F.

Gia tang nhiét do tai 16p kim loai bé mit
lam giam Gng suat chay cuc bo ciia phoi, qua
trinh boc tach phoi thuan loi hon va ép luc phap
tuyén 1én mit trude cia dao giam xubng. Khi
nhiét d0 tang qué cao thi dao va phdi gia cong
lam viéc trong mién nhiét cao s& giam 6n dinh
tiép xtic 1a nguyén nhan cta xu hudng ting nhe
F_6600°C.

3.2. Anh huéng ciia van tdc cit va nhiét do
dén do nham bé mat
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Hinh 2. Anh hieong ciia V dén Ra
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Hinh 2 cho thdy Ra giam khi ting V tir
100 1&én 220 m/phut, sau d6 tang tai 280 m/phut.
Gia tri Ra giam tir 1,38 pm xubng 0,91 pm khi
V tang dén 220 m/phat phan anh sy chuyén tiép
tir trang thai tao phoi kém 6n dinh sang trang
thai cat ém hon, bé mat sau gia cong dong déu
hon. Khi tiép tuc ting V 1én 280 m/phut, Ra
tang 1én 0,95 pm giy anh hudng bat loi cua
nhiét cit va dao dong hé théng & mién tdc do
cao.

Hinh 3 thé hién twong tac gitra Vva T
d6i v6i Ra. Bé mat dap tmg V 1a bién chi phdi
manh hon, T diéu chinh mién lam viéc én dinh.
Ving Ra thap hinh thanh & mién V twong doi
cao két hop véi ving T trung binh dén cao, phu
hop xu hudng t6i wu trong bai toan da muc tiéu.
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Hinh 3. Biéu d6 bé mat ddp iing RSM ciia Ra theo
VvaT

3.3. Phén tich truwong nhiét, ing suit va bién
dang phoi

M6 phong sb ving cit st dung dién
gidi vai tro cua IAM trong qua trinh tién cung
bang dao gdm (Hinh 4). Ving lam viéc hi¢u
qua trong khoang 450—550°C tao ra mién nhiét
6n dinh quanh khu vuec tiép xtac dao — phéi lam
giam suc bén cét cua 16p vat liéu bi boc tach
nhung chua vugt qua pham vi cong nghé cua

nghién ctru.
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Hinh 4. Phan bo nhiét do viung cat trong qua trinh
tién co ho tro nhiét cam ung tur

Hinh 5 thé hién tng suit tiép xac 16n
nhat tip trung ¢ miii dao, sau d6 giam nhanh
theo chiéu dai tiép xtic. Quy ludt nay phu hop
v6i ban chat truyén tai lyc trén mat trude dung
cu, ving gan diém vao cét chiu tai phap tuyén
va ma sat 10n nhét, cac vung phia sau dong vai
tro dan hudng phoi. Mién gia nhiét cuc bo lam
suy giam muc tng sudt cuc dai tai ving tiép
xuc, hd tro giam nguy co st mé dao gom.

Hinh 6 m6 ta bién dang phoi trong qua
trinh boc tach dudi tac dung cuia tai co hoc va
ngudn nhiét cam Gng. Phoi hinh thanh theo
dang gon song phi tuyén, bién d6 udn giam dan
vé cudi chiéu dai phoi phan anh qua trinh phan
doan phoi van tn tai nhung déu hon nho tac
dong lam mém cuc bd cua nhiét. So vdi trang
thai tién cung khong hd tro nhiét, IAM tao diéu
kién dé phoi tach ra 6n dinh hon va giam xu
huodng tich tu tai trong dot ngot trén ludi cit.
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Hinh 5. Phdn bé truong vmg sudt tiép xiic trén mdt

dao trong quda trinh tién co IAM
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Hinh 6. M6 phong bién dang phoi khi tién cé IAM
4. TOI UU HOA PA MUC TIEU

Trén co s& dong thoi giam F,RavaHs
bai toan toi wu héa da muc tiéu bo thong sd
cong nghé & mién V trung binh — cao, f nho, t
trung binh va T khoang 540°C dam bdo l¢i ich
giita ning suét gia cong, chat lugng bé mit, do
bén dung cu va phu hop xu hudng bién thién
trén cac do thi va mo phong.

Bdng 2. Bj théng s6 t6i uu

Théng s6 diu vao Gia tri t6i uu
Van toc cit V (m/phut) 220,0
Luong chay dao f (mm/vong) 0,12
Chiéu sau cat t (mm) 0,35
Nhiét 6 T (°C) 540,0

Két qua ¢ Bang 2, nhan thdy mién tbi
uu khong tring véi gia tri cuc han cua timg yéu
t6 riéng 1¢, ma 1a nghiém can bang gitra cac dap
g cong nghé. Van toc cit 220 m/phut tuong
g v6i ving Ra dat mirc thap; luong chay dao
0,12 mm/vong duy tri luc cit & mirc vira phai;
chiéu sau cit 0,35 mm bao dam 6n dinh boc
tach vat li€u; con nhié¢t do 540°C tao hi¢u ting
gia nhiét du manh dé giam luc cit ma van gitlr
hé théng lam viéc on dinh.

5. KET LUAN

Nghién ctu lam co s¢ thyc nghi¢m,
mod phdng cho qua trinh tién ciing thép SKD11
bang dao gém co hd tro nhiét cam Gng tir. Két
qua xac dinh nhiét d§ gia nhi¢t lam giam luc
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cét, cai thién qua trinh hinh thanh phoi va giam
tai co nhiét trén bé mat dung cu.

Van tdc cit chi phdi manh d6i voi chit
luong bé mit. Trong mién khao sat, Ra giam
khi tang V dén khoang 220 m/phut, sau do6 ting
nhe khi tiép tuc nang V. Cac két qua mé phong
truong nhiét, truong Gmg suét va bién dang phoi
déu xac dinh IAM lam thay déi tich cuc trang
thai tuwong tac dao — phoi trong tién cuing.

B thong sb toi wu 1a V = 220 m/phit,
f=0,12 mm/vong, t = 0,35 mm va T = 540°C
ap dung vao qua trinh tién s& giam lyc cit, cai
thién do nham bé mit va han ché mon dao, m&
rong tiém ning Gng dung dao gbém trong gia
cong thép hop kim cing. <
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