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Tém tit

Gia cong vit liéu cé gia nhiét la giai phap gia cong hiéu qua trong ndng cao nang sudt va chdt
liwong san pham dwoc lam tir cac logi vit liéu khé cdt got, kha ndng tao hinh khé khan. Phiong phép nay
diege tmg dung rong rdi trong ca gia cong cé phoi (tién, phay, chudt .v.v.) va gia céng khéng phoi (rén,
ddp, vuét .v.v.). Gidi phdp gia cong c6 gia nhiét nay khdc phuc dwoc nhiéu nhwoe diém cia cdc phirong
phép gia cong truyén thong, ddc biét doi véi cdc vit lidu ¢é d¢ cimng cao, do dan nhiét thap, khd ndng
chéng mai mon ot va co tinh it thay déi dudi tic dong cia nhiét @¢ cao. Nghién ciu mé ta va khdi quat
hoa mot $6 van dé vé tinh gia cong vat liéu co su hé tro ciia gia nhiét ciing nhw anh hwong cua no dén do

chinh xdc gia cong hién nay trén thé gidi va nhitng van dé nghién ciru can dat ra & Viét Nam.

Tir khoa: Gia cong gia nhiét, vat liéu do cirng cao, tinh gia cong vat liéu.

1. Pit véan dé

Gia cong duogc hd trg bang cac ngudn nhiét
ngay cang dugc biét dén va sir dung rong rai nhu
la mot phuong phap gia cong mdi, cai thién tinh
nang gia cong cua nhitng kim loai va hgp kim cé
dd ctiing cao. Cong ngh¢ gia cong nay dugc nghién
clru va phat trién tir dau thé ky 20. Cac nghién ctru
da dua ra nhan xét: kim loai c6 xu huéng dé bién
dang hon khi gia nhiét, do d6 nang cao dugc tinh
ning cit got cua chung. Hién nay, gia cong hd tro
bé'mg nhiét d6 cao da dugc rng dung rong rai trong
cong nghiép san xuét cac san pham k¥ thuat thudc
cac linh vyc: vii try, hang khong, 6 t0, quéc phong,
y té, dién - dién tt - dién tu dong hoa ....

Co6 cac phuong phap gia nhiét: gia nhiét
b?mg cdm Ung tu, bﬁng dong dién, chum laze,
chum plasma... M&i phuong phap déu c6 wu,
nhugc diém nhét dinh va dwoc khuyén cio tng
dung trong cac truong hop gia cong cu thé. Trong
nhiing nim gan day, co nhiéu nghién ciru trong
linh vuc gia cong hd trg bang nhiét duoc cong bd
trén cac tap chi uy tin trén thé gioi. Tuy nhién, s6
lwong nghién ciru vé phuong phép gia cong trong
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mdi truong hd tro nhiét bang cam Gng tir con han
ché. Pé dat dugc hiéu qua cia qua trinh gia cong
hd trg bang nhiét 6 cao, cac nghién ctru vé co so
vat Iy ctia qué trinh cit khi gia cong co gia nhiét
(hé sb co rat phoi, mién bién dang, luc cit, nhiét
cét, mai mon dung cu, rung dong qua trinh ct )
va tac dong cua ché d6 cat dén chat luong san
pham co khi khi gia cong cit got co su hd trg cua
gia nhiét (d9 chinh xéc kich thudc, chat lugng bé
mat) la rat can thiét va co tinh ung dung cao & Viét
Nam hién nay.

2. Mt s6 phwong phap gia nhiét sir dung trong
linh vuc gia cong co khi

- Gia nhiét bang dong dién: phuong phap
gia cong nay duogc ap dung thanh cong dé cat di
16p kim loai day véi sy ton that kim loai t&i thiéu
va chat lugng bé mit gia cong tét. Thiét bi gia
nhiét don gian nhung rat kho kiém soat nhiét do.

- Gia nhiét bing laze (LAM): rat phu hop
cho qua trinh cit got va duoc tmg dung rong rii
trong gia cong. Gia nhiét bang laze phu hop cho ca
gia cong kim loai va phi kim, nhu vét liu gém.
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Chum laze c¢6 thé tuy chinh khi tién va phay, bao
gdm ca gia cong chinh x4c boi vi tinh linh hoat cao
cua chum tia tdp trung. Nhung khi ung dung cho
phay ph4 nhu phay mat ddu véi dao phay dudng
kinh 16n khi gia cong thd, chum laze can dugc dit
cach xa chi tiét gia cong dé co6 mot dién tich chiéu
rong hon va cin c6 ngudn laze ning luong cao gia
nhiét cho cac 16p kim loai ctua vat li¢u. Hon nita,
hi€u qua gia nhiét cua laze va hé sb phan xa cua
nguén laze 12 mot s& vAn dé can dugc xem xét
trong gia cong gia nhiét bang ngudn laze. Do do,
Ngudn sang laze ning luong cao ¢ gia kha cao (vi
du, mot ngudn laze 1,5 kWCO2 c6 gia hon
150.000%) va sy tiéu thu nang lugng 16n lam cham
lai qua trinh gia nhiét bang laze.

(’Principle of laser assisted mchininx‘]
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Hinh 1. So d6 gia cong hé tro bang laze [15]

- Gia cong hd§ trg nhiét bing Plasma
(PEM): da phat trién nhu mot phuong an kinh té
thay thé cho LAM va da nhan duoc su cha y dang
ké & Duc. Cac thi nghiém gia cong thyc hién bing
dung cu c¢6 phu Nitrit Bo 1ap phuong PCBN trong
tién gbm chi ra rang sy mon dung cu giam 40%.
PEM ciing dugc st dung khi tién vat liu si€u cing
¢6 thanh phan cacbit vonfram (WC). Mic du PEM
dugc tim thdy dé cai thién hiéu sudt gia cong,
nhung khéng c¢6 kha ning kiém soat ngudn nhiét
va hé théng do luong nhiét d6. Hon nita, mon va
tudi bén cua dung cu ciing rat khé duge xac dinh
khi gia cong bang phuong phap nay. PEM c6 mot
s0 han ché: Khong thich hop cho gia cong phay toc
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do thép va nhiét do cao s& din dén su tan chay cua
vat liéu gia cong (kim loai chay déo);

- Gia nhiét bing 16 nhi¢t: Cac nghién ctru
tham chi da sir dung phuwong phap gia nhiét bang
10 nhiét dé nghién ciru anh hudng cia nhiét do t6i
cac tidu chuan khac nhau cua vat lidu gia cong.
Céc nghién ctru cho thay thay rang toc d6 mai mon
va rung dong giam dang ké khi gia nhiét. Tuy
nhién, cac nghién citu nay chi st dung phuong
phép gia nhiét bang 16 dé chimg minh anh huéng
clia sy nung néng vat liéu gia cong dén tinh ning
cét got cua vat liéu chir khong duoc khuyén céo
cho cic tmg dung trong san xuét.

- Gia nhiét bang cam dng tir: 1a mot
phuong phap gia nhiét rat hiéu qua, sach, chi phi
thdp va 1a su lwa chon tdt trong truong hop phay
dung d6i voi nhitng kim loai va hop kim kho cat
got. Khong chi tmg dung trong cit got, ngudn
nhié¢t cam Gng to con dugc ung dung trong qua
trinh t6i. Thoi gian gia nhiét ngén thyc té din dén
hién tugng khong gi vat liéu va vi thé san pham
khong can mai. Tuy nhién phwong phap gia nhiét
nay khong thich hop cho gia cong tién boi thiét ké
cho qua trinh gia nhiét khong phu hop dé thyc hién

tat ca cac chuyén dong khi gia cong.

Hinh 2. Gia nhiét cho chi tiét gia cong véi cudn
ddy cam ung hinh ban nguyét [11]

3. Nguyén 1y gia cong hd tro bing gia nhiét do
cao

Mot cach dé cai thién tinh nang cit got cua vat li€u
dd ciing cao la thong qua ing dung gia nhiét phoi
ngay trudc khi gia cong hodc trong qua trinh gia
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cong. Cudng do cong sudt diu vao cia ning lugng
nhiét rat cao do ngudn nhiét thich hop. Do cimg
vat liéu gidm manh khi dugc gia nhiét & gia tri
nhiét do cu thé, phy thudc vao dic tinh vit liéu gia
cong. Kim loai dwoc mém hoa va d& dang cét got

boi qué trinh cét thong thuong nhu tién va phay.
Dé 4p dung thanh cong gia nhiét khi gia cong doi
ho6i ngudn nhiét tap trung va dugc kiém soat trong
khu vuc gia cong tiép xuc phia trude dung cu cat
(Hinh 3).

Truc chinh _\'guén gia
mady phay nhiét cam
ng tr
Cim bién
do lwdmg
Cudn cam ving
Dao

Hé théng thu

nhin dit liéu e i

Hinh 3. Thiét ldp thi nghiém gia cong hé tro bang gia nhiét cam g dién tiv

Trong mé hinh thi nghiém nay, ngudn
nhiét cam Ung dugc tao ra boi sy bién d6i cua
dong dién cam tng bén trong phdi . Sy bién doi
dugc bat dau & cudn day lam viéc quan quanh
hodic & mét phia cua phdi. Dong dién xoay chiéu
AC duogc dua vao cudn day va tao ra dong dién
cam ung bén trong phdi. Dong dién cam ung
trong phdi sinh nhiét lam nhiét d phdi ting 1én.
Gia tri dong dién sir dung dugc xac dinh boi tir
thong (tir truong dugce tao ra boi dong dién trong
cudn day) phu thuoc vao do thim tir (tinh dén
dién cta dudng lyc tir) va dién tro suat (dién tro
riéng dong dién) ciia phoi. Cac thong sd vé rung
dong qué trinh cit, luc cit duge do ludng cam
bién thong qua cac thiét bi thu nhan dir lidu va
duoc hién thi trén may tinh.

Tir ngudn nhiét hd tro bang cam ung tir
trong qua trinh gia cong, dé xac dinh duoc su
phan bd nhiét trong chi tiét gia cong, trong phoi,
dung cu thi ta giai phuong trinh truyén nhiét
(3.1):
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Trong do:

0 — nhiét do tai diém khao sat M(x,y,z)

t — thoi gian

A — hé s truyén nhiét (trong trudong hop
chung phu thudc vao 0)

C,— nhiét dung thé tich ctia vat thé

Phuong trinh (3.1) ciing co thé viét dudi
dang phuong trinh Fourier:

@+@+@:l.@ (32)

ox* oy’ o0z a ot

Nghiém cta phuong trinh cho dudi dang:

(x=x) +(y=y) +(z=2)
4.-a-T

0= q e (3.3)

8(75-()L~t)3’2

Trong do6:

q — cuong do téa nhiét cua diém ngudn
tic thoi tai x', y, z tai thoi diém T = 0 (Lugng
nhiét tong thé phat sinh tai x', y’, z' 1a gpc)

pe — khdi lugng nhiét riéng

o — hé s khuéch tan nhiét

A — tinh dan nhiét

Dbi voi phuong phép gia cong cit got
thong thuong, nhiét sinh ra tir 4 ngudn: trong
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mién tao phoi Qq (do cong ma sat giira cac phan
tir cia vat lidu gia cong trong qua trinh bién
dang), trén bé mat tiép xUc cua phoi va mat trude
cua dao Q., trén bé mit sau tiép xtic v&i mat cit
Qp, nhiét sinh ra do cong dat phoi Qgs. Phuong
phap gia cong cit got c6 hd tro gia nhiét dwoc bd
sung ngudn nhiét rat cao tir bén ngoai Q.. Ngudn
nhiét dugc truyén vao phoi Qu, dung cu Q,, chi
tiét gia cong Qup va moi truong Q. Vay diéu
kién can bang nhiét trong trudng hop nay la:
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Qn +Qd1 +Qc +QtZ +Qd4 :Qn +Qn +Qob +Qpr
(3.4)

Céc bai toan truyén nhiét vao phoi, chi
tiét gi cong, dung cu cit, moi truong déu la
nhitng van dé con nhiéu khoang tring.

Day la nhitng bai toan truyén nhiét rat
phirc tap va viéc giai quyét nhitng bai toan 1a mot
trong nhitng ndi dung nghién ciru tiép theo cua
cong trinh nay.

4. Khio sat nghién ciru anh hwéng cia gia cong gia nhiét do cao dén tinh gia cong vat liéu khi cit

got.

Do nhimg lgi ich ma céc phap gia cong gia nhiét mang lai nén ching dugc dé cap rit sém tir

nhimg nim vao cudi thé ky 19. Nhung dén dau thé ky 20, cung vé6i su phét trién cua khoa hoc cong nghé,

céc nghién ciru phat trién véi cac cong trinh clia cac tac gia dén tir cac qudc gia trén thé gidi . Muc dich

chinh cta cac nghién ciru vé cong nghé gia cong nong 14 tim ra anh hudng ctia qué trinh gia nhiét dén cac

thong s6 co 1y cta qua trinh cét, dén chét luong chi tiét gia cong.

Bang 1. Tém tit mét sé cong trinh nghién cieu vé cdc phwong phdp gia cong hé tro bang gia nhiét

Phuwong Phuwong A .
L. L. Vit liéu phoi/dung
STT | phap gia phap gia

Keét qua nghién ciru

. A cu cit
cong nhiét
1 | Tién[2] | Laze Inconel 718/ V6i viée ting nhiét d6 chi tiét 1én dén 620°C va
2006 Carbide giam 25% nang lugng cét thi tudi tho dung cu
tang tir 200% - 300% va cai thién do nham bé
mat
2 Tién [3] Plasma Inconel 718/ Cai thién d6 nham bé mat 250%, giam luc cat tir
2003 Carbide 30% - 50% va tang tudi tho dung cu cit lén
170% so v6i gia cong thong thuong
3 | Tién[4] | Laze Inconel 718/ So sanh véi phuong phap gia cong thong
2008 Carbide thuong, gia tri luc cit khi gia cong gia nhiét

bang Laze giam 24% - 46%. Vi vay do day phoi
tang 40% trong diéu kién nhiét d6 800°C.

4 | Tién[5] |Ngonltraga | Thép khong
2014 Oxyacetylene | gi/Carbide

V6i su gia nhiét & nhiét do 400°C thi tbe do boc
tach vat liéu nhanh nhat. Mat khéc, tdc do cét
31lm/p 1a tde do cét toi wu dé dat dugc nham bé

mit t6i thiéu.

5 | Tién[6] | Dong dién Hop kim Ti-
2014 15333/Carbide

Nghién ciru chi ra rang, lyc cit giam trong
khoang tur 80% - 85% khi gia nhiét khoang
300°C.
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6 | Tién[7] | Laze Thép 42CrMod4/ Ung suat vat lidu giam khi gia nhiét téi 700°C.
2011 Carbide Luc cit giam t6i 40%.
7 | Phay [8] | Camungtix | AISID2/ cubic Béng cach gia nhiét cho chi tiét gia cong trong
2008 boron nitrate PCBN | khoang tir 50°C— 150°C, nhdam bé mat giam khi
so sanh véi gia cong tai nhiét do phong.
8 | Tién [9] Laze Inconel 718 / Gém | Cai thién chét luong bé mit chi tiét san phém
2010 SiAION phu trén 25% va toc do boc tach vat liéu ting
carbide khoang 800%.
9 | Tién[10] | Laze SKD11 Cai thién nham bé mat 50%
2014 Gia cong gia nhiét la mot phuong phéap hi¢u qua
10 | Tién[11] | Cam Gng tr | Ti— 5553 Pham vi nhiét d6 chi tiét gia cong trong khoang
2011 tr 300 — 640°C
Gia tri luc cét ty 1€ nghich véi su gia ting nhiét
d6. Lyc cét giam 13% khi gia nhiét & 500°C so
véi nhiét do phong.

Mot s6 van dé nghién ciru khac

Miroslav Neslu§an va dong nghiép [11]
da nghién ctru vé bién dang sau khi gia nhiét va
anh huong cta nd dén qua trinh cat. Cac trang thai
nhiét do co sw anh huong rat 16n dén cau trac, do
cling va tng suat du cua vat liéu. Két qua xir Iy
nhiét khac nhau din dén bién dang khac nhau va
lam thay ddi kich thudc chi tiét gia cong. Nghién
clru v6i qua trinh cét lién truc nhu mai hodc tién
ctmg, két qua nghién ctru chi ra rang: Kich thudc
trung binh cao nhat ting & céu tric bainite va
martensite chua toi; Su bién dang chi tiét gia cong
trong sudt qué trinh gia nhiét c6 anh huong dén sy
on dinh qua trinh cit va tinh ddng nhat cta bé mit;
Qué trinh ram gitip hdi phuc tng sudt bé mit chi
tiét gia cong.

Yang, Jihong va dong nghiép [12] da két
hop phuong phap thuc nghiém va phuong phap
phan tir hitu han 3D dé dy doan ving anh huong
nhiét khi gia cong gia nhiét bang laze ciia hop kim
Ti6AI4V.

J. Luo, H. Ding, A. J. Shih [13] di tién
hanh thi nghiém trén hé thong gia nhiét cho dung
cu cat khi phay ranh. Thi nghiém khac nhau dugc
so sanh véi cac thiét lap tuy chinh dé gia nhiét cho
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dung cu cit. Cong nghé nay la tap trung vio gia
cong vit liéu khong dan dién nhu chit dan héi, cao
su va nhya. Vat liéu khong dan dién duogc biét dén
v6i diém nong chay thap hon nén chung ta khong
thé 4p dung gia cong gia nhiét truc tiép vao chi
tiét. Két qua tir nghién ctru cho thy, gia nhiét vao
dung cu cit s& lam cho vat liéu mém hon va nang
cao do chinh xac gia cong hon nhiéu so voi gia
cong thong thudng.

5. Két luan va dé xuit hwéng nghién ciru

Nhu véy trén thé giéi da co nhidu nghién
ctru vé phuong phap gia cong c6 hd tro gia nhiét.
Céac nghién ctru di dua ra két luan day la mot
hudng nghién ciru mai va trng dung hiéu qua trong
nén cong nghiép san xudt hién dai véi su phat trién
khoéng ngung cia nhitng vat liéu méi c6 do cung
cao, trong d6 c6 vat liéu lam khuén SKD. Nhung
cac nghién ctru chi tap trung chi yéu ¢ cong gia
nhiét bang laze. Nhom tac gia dé xudt hudng
nghién ctru quéa trinh cit got c6 hd tro gia nhiét
bing cam tng tir dé nghién ctru ddc diém cua mot
cong nghé méi vé gia cong cit got va danh gia chét
lwong san pham chi tiét gia cong va tir 46 dwa ra sy
so sanh v&i cac phuong phap cong nghé cat got
khac c6 gia nhiét.
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Nha san xuét dat ra rat nhidu muc tiéu: nang
cao chét luong san pham, giam thoi gian chu ky
san xuat, giam gia thanh san pham. .. trong d6 chét
luong san phém duoc dat ra hang dau. Dé dat dugc
céc muyc tiéu trén, d6i v6i cac kim loai, hop kim ¢6
d6 cung cao, kho cit got, nhi€ém vy nghién clru s€
tap trung vao mot sb nodi dung sau:

- Nghién ctru tinh chat vat liéu khi gia
nhiét: d6 ctg, do bén, cau trac mang tinh thé kim
loai, su chuyén bién pha vat ligu. Tur d6 xac dinh
khoang nhiét 6 an toan vira dat duwgc muc tiéu gia
cong vira khong lam thay ddi tinh chat co 1y cua
vat liéu;

Tai liéu tham khao
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- Nghién ctru co s vat Iy khi cit got nhd sy
trg giup cua nhiét do (cong nghé nung nhiét bing
cam ung tir): hé $6 co rut phoi, luc cit, nhiét cét;
su mai mon dung cu cit, 6n dinh cua qua trinh cit;

- Nghién ctru anh huong cia ché do cong
nghé khi cit dén chit luong bé mat chi tiét gia
cong khi cit got c6 gia nhiét.

Nhitng van dé nay s& 13 co s& t6i vu hoa cac
thong s6 cong nghé dé qué trinh gia cong vat lidu
cling c6 gia nhiét dat yéu cau ky thudt voi chat
lugng bé mit tot, ning suét cao, giam chi phi san
xuat va dugc ap dung rong rai & Viét Nam.
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RESEARCH ON MACHINABILITY OF MACHINING ASSISTED BY HEATING

Abstract

Thermal — Assisted machining (TAM) is useful machining solution to improve capacity, quality
and formability of products made from high strength materials which are extremely difficult in machining
by traditional processes. This method is widely used in cutting manufacture with chip formation such as
turning, milling, drawing and so on; also in sheet metal forming processes. Machining assisted by
heating over come conventional machining’s disadvantages with high strength materials, low thermal
conductivity, good abrasion resistance, little change of mechanical properties at elevated temperatures.
This paper reviews the researches in the world based on the influences of high temperatures on
machinability and formability of machining assisted by heating and proposes the problems and solutions
should be concentrated to study in Viet Nam.

Keywords: Thermal — Assisted machining, high hardness material, machinability.
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