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TOM TAT

Trong kj thudt tgo hinh vit liéu theo cong ngh¢ Thixoforming,thi phéi ban ddu phdi dugc gia
nhi¢t trudc khi tac hinh dén trang thdi ben long sao cho nhiét do dudc phan bd dong déu trén toin
b thé tich ciia phii nung,céc cdu tric tinh thé c6 dang cdu vi cd dugc ti ¢ pha rin theo mong mubn.
Trong qud trink nung cdm iing thi mot s6 hign tudng vt Iy sé lam dnh hudng dén tinh chdt bdn long
ciia phéi. Trong béi bdo ndy, nhém tdc gia sit dung phyong phéap s& voi Iy thuyét truyén nhiét, két hop
vdi phucng phdp mo phdng bing phdn mém Comsol trong nhifu dai tdn s nung trung binh khdc nhau
€ ddnh gid dnh hudng tdn s6 nung Jd€ tir d6 dé xudt tdn s§ nung thich hop cho qud trinh nung cim
ng, dp dung cho qud trinh tqo hinh vit ligu 8 trang théi bdn Iong theo cong nghé Thixoforming, dong
thii d€ lam co sd cho vige phdt trién, thuong mai héa cong nghé nay & quy moé cong nghiép.

Tit khéa: Ky thudt thixoforming, nung cim ing, tén s§ nung, ti ¢ pha rdn-16ng, phuong phdp
s6, phudng phdp mé phéng Comsol.

ABSTRACT

Thixoforming technique requires casting metal alloys when they are partial liquid and partial
solid before the material flow into the die cavity under pressure, the temperature distribution must be
uniform within the billet at the end of heating, in order to obtain a good microstrucre. In induction
heating process, some physical phenomena cause effects to the charateristics of partially liquid billets.
In this paper, the intergrated method, combining the Comsal software simulating method and theoretical
heat transfer methods for range medium frequency is proposed to determine the effects of heating
frequency to induction heating process in oder to apply thixoforming techique in industry.

Keywords: Thixoforming technique, induction heating, heating medium frequency, practical
methods, the Comsol software simulating method.
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1. GIGI THIEU

Ky thuét tao hinh vit liéu & trang thai
ban long cé hai hudng cong nghé: Rheoforming
va thixoforming. Khic véi phuong phép rheo Ja
di tif trang théi 16ng xuéng trang thal ban long,
phuong phap thixe di tit trang thi rdn dén bén
long. Ky thuit tao hinh theo thixo doi héi phoi
ban d4u phai dugc nung trudc nhim tao ra mét
cfu tric t6t voi ti 18 phdn trim 1dng khodng 40-
50% - day la mét trong nhing diéu kién quan
trong d# tao ra nhiing tinh chét uu viét cha sin
phém so v6i cac ky thujt tao hinh khac. Nhiét
6 nung phai duge kiém sodt mét cich chinh xéc
nhim dat d€n su ddng déu v& nhiét 49 trén toan
b¢ v4t liéu. Trong pham vi ciia bai bdo nay, nhém
tdc gid st dung phuong phép gia nhiét ban dau
cho phoi Ia phuong phdp nung cdm dng, do
phuong phap nay, dugc st dung phé bién réng
rdi trong sin xudtbdi vi phoi khong tiép xic truc
tiép vdi ngudn phiét, sach, thoi gian nung nhanh
va ngudn ning ligng ddu vao dugc kiém sodt
dé dang. Tuy nhién, phuong phip nung cim ting
nay cd nhugc diém t6n tai 1a khd ning phan bg
nhiét d6 trén vit liéu khong déng déu nguyén
nhén do céc hién tiong vitly - hiéu ting bé mat,
hiéu dng déu cudi xy ra trong qud trinh nung,
ma trong 46 hiéu (ng bé mit 1a mdt trong nhitng
yéu t6 anh hudng dén qué trinh nung va cy thé
la t&n s8 nung, néu nung & tin 6 <ao s& xdy ra
hién tugng chan voi, néu nung 4 tin s6 thap thi
thoi gian nung sé 1au lam anh hudng dén ning
sudt clia qué trinh tao hinh vit liéu.

2. NQI DUNG NGHIEN CUU

Trong pham vi nghién citu nay, nhém
tac giz da khdo sit nhiéu phuong phip nung
cfa nhidu nhém tic gid khic nhau trén thé giéi:
Phuong phép thuc nghiém nung titng budc
dé quy hoach thic nghiém théng sé nung cdn
thiét,...va nhom dé€ xudt riéng cho minh phuong
phép nung hop ly d€ vita tiét kiém vé mat thoi
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gian vi trén hét 1a dam bio d ddng déu tot
nhét vé nhiét d¢ trén phoéi nung, dé 1a sit ding
phuong phap nung va lam ngudi dong thoi va
diéu chinh tdn sd thay d6i tif 21-24KHz dé khio
st su anh hudng cda tin s6 dén phin bd nhiét
46 gifta tim va b& mét phoi.

Phuong phap nung va lam nguéi trén
dua vio co s6 Iy thuyét saw:

Qua trinh gia nhiét dugc dién ta bing
phuong trinh:

/]
P =22 (ke o) + 2 (kcmy ) +5620(1)
& day:

§(r, t) 12 nguén nhiét bén trong;
p: Trong lugng riéng;

CP: Nhiét dung riéng;

k: B§ dan nhiét.

Déi v6i nhitng vt liéu kim logi, chiéu
sau xac dinh dudc dién td phu thude vao do dan
nhiét, 6 thim thiu cla vat lidu va tin s6 cla
ding dién:

8=5033 }L
wef

D6 vii hap kim nhém va dong thigs, =1,d6
d4n nhiét ¥ t7 1 thuan vdi nhiét d6; d6i v6i hop
kim nhom A356 thiz=389x10% +153x107°T (@-m)

2

Ham sai s6:
H60)= 2§ 0t - et ) 0+ OHC3)
3. PHUONG PHAP NGHIEN CUU
3.1. Mé hinh vat ly

Mot billet hinh try hgp kim nhém ¢6

ban kinh R dugc dat theo phuang thing ding®
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trong cac cudn diy cdm iing nhut hinh 1. Nguén
dién bén trong dugc tao ra nhé sy cdm ting dién
tit. D€ nhin dugc ty 1¢ pha 1ong/ pha rin déng
déu va &9 nhét t8t, nhiét do thanh billet nén git
tit 575-585°C khi két thic qué trinh gia nhiét.

o —PV
Hinh 1. Mo hinh vét I bai todn ddn nhiét khing on
dinh 2 chiéu
+ Sit dung phuang phapsé dé gidi quyét

bai todn t8i vu:

6= Go()
1) Dit gid thuyét ban déu;[ O mgvéik =0
8 i q’= qo(t) ¢
2) Gidi bai todn truc tiép d¢ xdc dinh T* Ung véi
K
[2\; tii phuong trinh truyén nhiét va cic didu kién

bién bing phuong phap sai phan hitu han.
3) Xéc dinh higu s8 T*(r, z,t;) - Ty

4) Gidi bai todn tiém cin va cic diéu kién bién
bing phuong phap sai phan hitu han dé xic dinh
CRCE AT AR A
5) Xdc dinh gid tri Gradient ctia ham sai s6:
YEX(G)
VEX(q)
6) Tinh gid tri P, % va p,%
7) Gidi bai todn 46 nhay va cac didu kién bign véi

AG=P* o
Ag=PK bang phuong phdp sai phan hitu han

déxic dinh T, *va 7,
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8) Tinh kich thudc budca, va e, ¥

k+1 Gk k P %
9) Tinh tiép tuc cho{Gkﬂ A + alk- 1k
T =g+ P,

10) Tiang k=k+1, trd lai budc 2 cho té¢i khi Tree.

Pé€ viéc tinh toin duge tré nén nhanh
chéng va chinh xéc; Viéc tinh todn vong lip theo
phuong phip CGM déy 1 mét phuong phép lip
ding trong gidi cic bai todn 51 un, thue nghiém
dya trén co s& phuong phap Gradient tim kiém
cye tri, phuong phép nay duogc dng dung béi vi
no khong chi ¢6 tinh hiéu qua cao mé con do dic
trung td hi¢u chinh ctia ban than phuong php.
Déi véi thuat todn lap, viéc xdc dinh hudng va
kich thudc ctia budc 1a céng viée quan trong
nhit. V& phuong chi€u thi né lién quan dén gra-
dient cia ham sai 6 E. Con viéc t6i un hoéa kich
thutde clia bude xdc dinh duge bing céch giai bai
todn dd nhay va gidi bai todn truyén nhiét dugc
1ap trinh trén phin mém Matlab.

3.2. Sii dung phuong phip mé6 phéng bing
phédn mém Comsol € giai quyét bai todn

Comsol Multiphysics la mét trong nhiing
phén mém néi tiéng trong linh vuc mé phéng da
vat Iy, Vo1 kha nang lién két cic dang bai todn
mé phéng khéc nhau, Comsol c6 kha ning ting
dung trong céc linh vic nhu: Dién - tit trudng,
cd khi, nhiét, luu cht va hoa hoc.

Véikha nang mé phong nht trén, Comsol
ddc biét thich hap trong cic nghién ciu chuyén
sdu, gidp cac nghién cdu nay tiét kiém chi phi
ciing nhu thdi gian thit saj.

** Cdc budc thyc hién trén phin mém
Comsol:

Trong nghién cdu nay, module truyén
nhiét va tit tridng sé dugc tng dung nhim mé
phéng qué trinh gia nhiét bing ti trudng cé tin
$6 cao cho vat dic. Qui trinh mé phong dugc
trinh bay nhu hinh 2.
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Khat bic thudc
tinh vt I1¢u

¥

Module
“Truyen nhitt”

oo K6t qus phan b
nhidt 43

Hinh 2. Quy trinh md phéng gia nhit bdng tif tritdng trong phdn mém Comsol

4. KET QUA VA THAO LUAN

Trong nghién edtu nay, nhém téc gia sé thay déi tdn s6 nung, cu thé 1 sé khao sat d6 chénh
nhiét d¢ gilta tim va bé mit phoi nung khi ta dat tdn s nung f= 21 KHz; f, = 22 KHz; f, = 23 KHz,
f, =24 KHz.

4

Muc dich ciia viéc thay d6i dai tin s6 nay Ia xdc dinh dnh hudng cla tin s6 nung trong qua
trinh nung cam ting hé hgp kim nhom trong khedng tdn s6 nung trung binh, cu thé [a trong thi
nghiém ndy, nhém téc gid nung phéi tai 4 di€m tén s6 13 21 KHe, 22 KHz, 23 KHz va 24KHz vé trong
di€m tin 56 nay, nhém téc gia sé khio sét 46 chénh nhiét 44 giita diém c6 nhiét 46 cao nhét va diém
c6 nhiét @6 thap nhit.

«+ Khi f,= 21 KHz, 46 thi biéu hi¢n o chénh nhiét d6 nhu sau:

P © w0 t{mm) — & . rmm}
a) Cao d z=0mm b) Cao dd z=30mm
Hinh 3. Mat cdt 3D phan bo nhiét d6 tai cdc cao do khdc nhau &
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3

XAt 44 suey th da, Toms €Y
5 ¥ E 8 8D
Nt o4 s 1l bbb, T 10}
g 88 2 8D

- m m m om
oot gnn wme. Cily) o gias eong. (g}

a) Thi gian 101 da b) Thoi gian t6i thidu
Hinh 4. D3 thi quan hé gitta nhiét 4 nung vd thoi gian khi mé phong

- .
. .
. g«
1]
. .
. .
T = = e = = = e e w wm m = o=

Thit gins oung. t (gHix) This gan swug. 1 iy}
a) Mo phong Comsol b) Mb phong s6
Hink 5. D6 thi quan hé giita d§ chénh nhiét d6 va thdi gian khi mo phing

aen

< Khif, = 22 KHz, d6 thi biéu hién d6 chénh nhiét 46 nhu sau:

a) Cao df z=0mm b) Cao d¢ z=30mm
Hinh 6. Mt cit 3D phan bd nhiét dg tai cdc cae d6 khdc nhau

g=
i=
i~
g! - —m—
io oF
Ts gina muag. t (pidy) LT T nuvemccan
) Thot gian t6i du b} Tho'i gian t6i thiéu

Hinh 7. Dj thi quan hé giiia nhiét d§ nung va thoi gian khi mo phing
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.
Thid glan nang. t glly) Thin glam ming. ¢ (gidy)

a) Moé phéng Comsol b) Mb phdng s6
Hinl: 8, D6 thi quan hé giia do chénh nhiét d6 va thoi gian khi mé phdng

% Khi f, = 23 KHz, d6 thi bién hién &6 chénh nhiét 46 nhu sau:

@) Cao do z=0mm b) Cao dp z=30mm
Hinh 9. Mat cét 3D phan b6 nhiét dp tai céc cao do khdc nhau

- &=
€ F
iZ i-
{- 1. S
I~ I oo
g % i-
4 LA 7.
v m m w m m w o o m wm m m m = m
Tht glan onag. 1 iy Thitgian mamp, £ (g4Y)
a) Thoi gian t6i da b) Thoi gian 167 thigu
Hinkh 10. D6 thi quan hé gidia nhiét d¢ nung va thdi gian khi mo phéng
- ®
, . .
. g .
” , :
. o - oy ° . - w LJ - e 0 t ]
¢ ® om = -
:' Thifglan nang. t (stiy) Ttnasmm it
a) Mo phing Comsol b) Mo phing s¢

Hinh 11. D6 th quan hé gidn do chénh nhiét do va thai gian khi mo phong
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+% Khi f, = 24 KHz, dd thi biéu hién d¢ chénh nhiét 46 nhu sau:

: .
oy

P
.

a) Cao d6 z=0mm

=

ey

b) Cao d¢ z=30mm

Hink 12, Mgt cdt 3D phan bd nhigt df tai céc cao do khdc nhau

i - !' - /
i- i- S
[ P- e
e &=
i- 7
s m m m om o m o= L w o= w om
T ginn nune, ¢ (2ldy] I b guan mung. ¢ (pkis )
a) Thoi gian 16i da b) Thoi gian t6i thiéu
Hinh 13. DS thi quan hé gida nhiét d6 nung va thés gian khi mé phéng
" "
. i
. .
o m m @ om o om w S - -

Thitglas sung. 1 (g7
a) Mé phong Comsal &) M6 phing s6
Hinh 14. DJ thi quan hé gifta dj chénh nhiét d6 va thei gian khi mo phéng

Thot giso sung. t1ghy)

Khi thay d6i t4n s nung tuong ing trong khodng tir 21 KHz dén 24KHz, két qué dé thi cho
thiy khoang chénh nhiét d5 nhiing tim va bé mat phoi khong lén (khoing 4°C), véi khoang chénh
nhiét dd nay ddm béo cho ti1¢ phén tram pha rin va pha 16ng gin bing nhau vi bing khoang 50%.

Do trong qué trinh nung cim tng ciing s& xudt hién hién tugng biéu itng bé mit. V1 hiéu ding
nay, khoang 86% ning luong s& tap trung trén 19p bé mit cha cu¢n day dan va phéi. Lép nay duge
goi 1a 44 thim sdu 8. Mifc 4 hiéu ing bé mit phu thudc vio céc dic tinh tén s6 va vat lidu (dién
trd sust p va dé tit thim tuong d6i p ) clia day dan. Khi tin s§ nung cao hoic khi nung phoi voi bin
kinh tuong d6i lon thi hiéu ¢ng bé mat s& xudt hién cang rd rang. .
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Tt cong thiic (2) ta théy, gid tri cia &
th&m sdu thay d&i v8i cin bac hai cta dién tro
sudt va ty 1¢ nghich vdi ciin bac hai cta tan s6 va
d6 tit thim tuong d6i. V& mit todn hoc, do thim
sau § 1a khoang cich tli bé mét chia cun diy din
vio t61 161 clia n6 mi dong dién giam theo cip s
nhan “1/€” gia tri clia n6 & bé mit,

Til cong thic (2) nhan thdy ring do
thim sau ¢6 gia tri khac nhau v6i cac logi vat liéu
va 1a mdt ham theo tin s6. D6 thim tlf p cla vét
li¢u phi tii tinh 14 tuong duong v4i khong khi va
duoc chi dinh mot gid trila 1.

5, KET LUAN

Khi nung vit liéu bing hgp kim Nhom
béng thiét bi nung cam iing cd tdn sd nung tit
21KHz - 24KHz - Khoidng tin s6 nung trung
binh, thi 46 déng déu v€ nhiét d§ trén todn bé
thé tich cta vat nung khong bi anh hudng boi
tin s§ nung cita thiét bi.

Trong nung cam ung, gia tri clla mat do
dong dién t6i da 13 & trén bé mit clia chi tiét va
s& giam mét cich nhanh chéng khi né di su vao
bén trong tim. Hién tugng nay, dudc goi la hiéu
ing bé mit. Do hiéu ding bé mit nén nén hiu hér
nhiét lugng déu tip trung 1én b& mat cha chi tiét.
Khodng 86% nhiét lugng dugc tip trung § 16p bé
mit va duigc goi 1a chiéu siu thdm, chiéu sau nay
sé giam khi tdn s6 tang. Nham dat 15 da hiéu
sudt dong dién v& 61 thidu hye tif truong, thi cic
thiét bi nung hién nay déu dugc thuong mai héa
trong khodng tin s6 ti 15-30KHz, vdi khodng
tan s8 nay s& cho phép két ndi nhidu hé théng 1o
nung lai véi nhau.
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Céc thiét bi thuong mai thudng hoat
dong & tan s515KHz -30KHz - Day 13 tin s6
nung trung binh, & khoang tén s6 nung nay tac
déng cia dong dién 14160 nhét va céc [uc dign ti
nho nhat. Vi thé tin sd ciing ldm cho hé thdng
cting rin hon. Su phén b8 nhiét 46 khong dong
déu doc theo ban kinh caa vat liéu dudc goi la do
giam nhiét 6if bé mit dén tdm. Trong khoang tin
s6 nung niy, 46 déng déu vé€ nhiét do cha phéi
trong qué trinh nung dugc dam bao hay néi cich
khdc tdn s6 nung trung binh khong anh hudng
dén 46 dong déu vé nhiét d6 trong toan bj thé
tich cira vat pung, %
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