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TOM TAT 

Trong ky thudt tao hinh vdt lieu theo cong nghe Thixoforming,thi phdi ban ddu phdi dUdcgia 
nhiet trUdc khi tao hinh den trang thdi bdn long sao cho nhiet do dUdc phdn bd dong diu tren todn 
bg thi tich ciia phoi nung,cdccdu true tinh theco dang cau vd co dUdc tile pha rdn theo mongmuon. 
Trong qud trinh nung cam Ung thi mot so hien tUdng vdt ly se ldm dnh hudng den tinh chdt bdn long 
cua phdi. Trong bdi bdo ndy, nhom tdc gid sd dungphUdngphdp so vdi ly thuyet truyin nhiet,ket hdp 
vdi phUdng phdp mo phdng bdng phdn mem Comsol trong nhiiu dai tdn so nung trung binh khdc nhau 
de ddnh gid dnh hUdng tdn sd' nung di tU do di xudt tdn so nung thich hdp cho qud trinh nung cam 
dng, dp dung cho qud trinh tao hinh vdt lieu d trang thdi bdn long theo cong nghe Thixoforming, dong 
thdi di ldm cd sd cho viec phdt trien, thUdng mai hoa cong nghe ndy d quy mo cong nghiep. 

Tfl khoa: I^ thudt thixoforming, nung edm iCng, tdn sd nung ti li pha rdn-ldng, phUdng phdp 
so, phudngphdp mo phdng Comsol. 

Thixoforming technique requires casting metal alloys when they are partial liquid and partial 
solid before the material flow into the die cavity underpressure, 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 Comsol 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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\ NGHIEN CUU - TRAO D 6 I 

1. G l 6 l THI£U 

Ky thu^t tao hinh vat lieu d t r ^ g thai 
ban long cd hai hfldng cdng nghe: Rheoforming 
va thixoforming. Khac vdi phUdng phap rheo la 
di tfl trang thai Idng xudng trang thai ban long, 
phUdng phap thixo di tfl trang thai ran den ban 
long. Ky thuat t?o hinh theo thbco ddi hdi phdi 
ban dau phai dugc nung trUde nham tao ra mdt 
eau true tdt vdi ti Ie phan t r im long khoing 40-
50% - diy la mgt trong nhflng dilu kien quan 
trgng de tao ra nhflng tinh chat Uu viet eua sin 
pham so vdi eic ky thuat tao binh khac. Nhiet 
do nung phai dugc Idem soit mdt each chinh xae 
nh im dat d in sU ddng diu vl nhiet dd tren toan 
bd vat lieu.Trong pham vi cua bai bao nay, nhdm 
tac gia sfl dung phfldng phip gia nhiet ban dau 
eho phoi la phfldng phap nung cam flng, do 
phfldng phip nay, dflgc sfl dung pho bien rdng 
rai trong san xuatbdi vi phdi khdng tilp xuc trflc 
tiep vdi ngudn nhiet, s^eb, thdi gian nung nhanh 
v i ngudn nang lUdng dau vao dUde kilm soat 
de dang. Tuy nhiln, phfldng phap nung cam flng 
nay ed nhfldc dilm tdn tai la kha nang phan bd 
nhiet do tren vit h lu khdng ddng diu nguyin 
nhan do cac hien tfldng vit ly - hilu Ung be mat, 
hilu flng dau cudi xay ra trdng qui trinh nung, 
ma trdng dd hilu flng be mat l i mdt trong nhflng 
yeu td inh hfldng din qua trinh nung vi cu the 
la tan sd nung, n lu nung d tan sd eao se xiy ra 
hien tUdng chin voi, n lu nung d tan sd thap thi 
thdi gian nung se l iu l im anh hUdng din nang 
suat cua qua trinh tao hinh vit lieu. 

2. NOI DUNG NGHIEN CI?U 

gian v i trin hi t la dam bao do ddng deu tdt 
nhat vl nhiet do tren phdi nung, dd l i sfl dung 
phuong phap nung v i l im ngudi ddng thdi va 
dieu chinh tan sd thay doi tfl 21-24KHz de khao 
sit sU anh hfldng cua tan sd din phan bo nhiet 
do gifla t im va be mat phdL 

Phfldng phap nung va lam ngudi trin 
dfla vao ed sd ly thuyet sau: 

Qui trinh gia nhiet dflde dien ta bang 
phfldng trinh: 

Cfday: 
S(r, t) l i ngudn nhiet ben trong; 
p: Trgng Ifldng rilng; 
C : Nhiet dung rilng; 
k: Do dan nhilt. 

Ddi vdi nhflng vat h lu kim loai, chieu 
siu xae dinh dUdc diln t i phu thudc vao do dan 
nhiet, do tham thau cua vat Ueu vi tan sd cua 
ding diln: 

•• 503.3 1^ (2) 

Trong pham vi nghiln cflu niy, nhdm 
tac gia da khio sat nhieu phfldng phap nung 
eua nhieu nhdm tic gii khae nhau trin the gidi: 
Phfldng phap thfle nghiem nung tflng bfldc 3.1. M6 hinh vat ly 
de quy bdaeh thfle nghiim thdng sd nung can 
thiet,.. .va nhdm de xuat rieng eho minh phfldng 
phap nung hdp ly d l vfla tiet kiem vl mat thdi 

Ddi vdi hdp kim nhdm va ddng thi//^ = l ,dg 

dan nhiet X ty l l thuan vdi nhiet dd; ddi vdi hgp 

kimnhdmA356tbij=3.89xl0^+1.53xiCr^V(am) 

Him sai sd: 

E(aq)-;!;/>,z,t^TE(r,z)]^dniz+|j;G^(t)dt+|fq^(t)dt(3) 

3. PHUONG PHAP NGHIEN CUtT 

Mdt billet hinh tru hgp kim nhdm ed 
ban kinh R dUde dat theo phUOng thang dflng'^ 
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NGHIEN CLfU-TRAOeOl 

trong eae cudn diy cim Ung nhfl hinh 1. Nguon 

diln ben trong dflgc tao ra nhd sU cim flng diln g) Tinh kich thfldc bf ldeajSra 03*^ 
tfl. De nhin dflgc ty II pha Idng/ pha ran ddng 
diu vi do nhdt tdt, nhiet do thanh billet n in gifl 9) Tinh tiep tuc cho j 

= G * - | - a i ^ P i ' ' 

tfl 575-585°C khi kit thuc qua trinh gia nhiet. 

^*2aa22fczzz2^ 

Hinh 1. Md hinh vdt ly bdi todn ddn nhiit khong on 
dinh 2 chieu 

• Sfl dung phfldng phipsd d l giai quyet 
bai toin tdi flu: 

1) Dat gia thuyet ban diu: ^ ~ "p^uoigvoik^O 

2) Giii bai toan trflc tilp de xae dinh T'' flng vdi 

ktfl phfldng trinh truyin nhiet va cac dilu kien 

biln bang phUdng phip sai phin hflu han. 

3) Xic dinh hilu sd T^{r. z. tf) - TE 

4) Giai bii toan tiem can va cic dieu kien biln 
bang phuong phip sai phin hflu ban d l xac dinh 
1 V ' ' v a T ^ ' ' v a 1 \ ' ' = T^ 

5) Xic dinh gii tri Gradient cua ham sai sd: 

IvEk(q) 

6) Tinh gia tri V^^ va P2'' Comsol; 

10) Tang k=k+l, trd Iai bfldc 2 cho tdi khi T''<E. 

De viec tinh toin dUge trd n in nhanh 
chdng vi chinh xac; Viec tinh toan vdng lap theo 
phUdng phip CGM day la mdt phUdng phap lap 
dung trong giai cae bii toan tdi Uu, thUc nghiem 
difa tren cd sd phUdng phap Gradient tim Idem 
cflc tri, phfldng phap nay dflde flng dung bdi vi 
nd khdng chi ed tinh hilu qua eao ma cdn do d^c 
trflng tfl hilu ehinh eua b in than phfldng phap. 
Ddi vdi thuit toan lap, viec xac dinh hUdng va 
kich thfldc cua bfldc la cdng vile quan trgng 
nhat. VI phfldng ehieu thi nd liln quan din gra
dient eua ham sai sd E. Cdn vile tdi flu hda kich 
thflde eua bfldc xic dinh dflgc bang each giai bai 
toin do nhay va giai bai toan truyin nhiet dflgc 
14p trinh trin phan mim Matlab. 

3.2. Sfl dung phUdng phap mo phong bang 
phain mem Comsol d l giai quyet bai toan 

Comsol Multiphysies la mgt trong nhflng 
phan mim ndi tilng trong lanh vflc md phdng da 
vat ly. Vdi kha nang liln kit cac dang bii toan 
md phdng khac nhau, Comsol cd kh i nang flng 
dung trong cae linh vflc nhfl: Dien - tfl trfldng, 
ca khi, nhilt, lflu ehat va hda hgc. 

Vdi khi nang md phdng nhfl trin, Comsol 
die bilt thich hgp trong cae nghiln cflu chuyen 
sau, giflp eac nghiln cflu nay tiet kiem chi phi 
cflng nhfl thdi gian thfl sai. 

•5* Cac budc thUc hiln trio phan mim 

7) Giai bii toan ddnhayvi cic dilu kiln biln vdi Trong nghiln cflu nay, module truyin 
r^Q ^ p k nhilt va tfl trudng se dUge flng dung nham mo 

_ \ bang phfldng phap sai phan hflu han P?^'^^ ^"^ "̂""̂ ^ ^ ^ "^*^* ̂ ^ S tfl trUdng cd tan 
\.^r^? u ^ fc V ^ fc - so eao eho vat due. Qui trinh md phdne dUdc 
de xac dinh Ti va T^ trinh bay nhU hinh 2. 
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NGHIEN CIJU-TRAO D O I 

TNAkfmoHr t i 

\ 
HhipmbMnh 

vionWUtft/dmg 
mA phong ' 

mAhlnh 

tStm tra m6 hkih 

lE)9tv^cau 

MANnhmd 

1 
Chia tutii md 

Mnh 

3z^ 

r T 
Ket qui m6 

ph6ng 

Hin/i 2. QiJ)* trinh md phdng gia nhiet bang tii trUdng trong phdn mim Comsol 

4. KET QUA VA THAO L U A N 

Trong nghien cflu niy. nhdm tac gia se thay ddi tan sd nung, cu th i l i sl khao sat do ehinh 
nhilt do gifla t im va b l mat phdi nung khi ta dat tan sd nung i= 21 KHz; f̂  = 22 KHz; f̂  ̂  23 KHz, 
f, = 24 KHz. 

Muc dich cua viec thay ddi dai tan so niy l i xae dinh anh hudng eua tan sd nung trong qua 
trinh nung cam flng he hgp kim nhdm trong khoang tan sd nung trung binh, eu the la trong thi 
nghiem nay, nhdm tac gia nung phdi tai 4 dilm tan so l i 21 KHz, 22 KHz, 23 KHz vi 24KHz va trong 
diem tan sd nay, nhdm tae gia se khao sat do chinh nhilt do gifla dilm cd nhiet do cao nhat va diem 
cd nhilt dd thap nhat. 

• Khi f = 21 KHz, dd thi bieu hiln do chinh nhilt dd nbu sau: 

a) Cao do z=Omm b) Cao do z=30mm 
Hinh 3. Mat cat 3D phdn bd' nhiet do tai cdc cao do khdc nhau 
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NGHIEN CLfU-TRAOB6I 

1 -
i' 

a) Jhdi gian tot da W I**' S""" ' * ""'& 
Hinh 4. Bo fW qimnU gitta nhiet do nung vd thdi gian khi mo phong 

<jj Mo phong Comsol b) Mo phong so 
Hinh 5. B6 thi quan he glOa da ehenh nhiet do va thdi gian khi mo phong 

• BChi f = 22 KHz, do thi bieu hien do ehenh nhiet dp nhij sau: 

a) Cao do z-Omm b) Cao do z-30mm 
Hinh 6. Mat cat 3D phdn bo nhiet do tai cdc cao do khdc nhau 

f 
THAI E<u •OBR. • (EUV) TkMdMaB^ttfiy) 

a) Thdi gian toi da b) Thdi gian tdi thiiu 
Hinh 7. Dd thi quan he giUa nhiet do nung vd thdi gian Ichi md phdng 
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NGHIEN CLfU-TRAODOI 

11>M|l>Baug.t|fU}) ThM|lniBnB.i|gUr> 

a) Mo phong Comsol b) Md phdng so 
Hinh 8. Dd thi quan hi giUa do chinh nhiet do vd thdi gian khi md phdng 

• Khi fj = 23 KHz, do thi bieu hiln dg ehinh nhiet do nhfl sau: 

a) Cao do z=Omm b) Cao do z=30mm 
Htnh 9. Mat cat 3D phdn ho nhiet dd tai cdc cao do khdc nhau 

iZ 
>. 4 

I> 
T 

1" 

^ ^ 
^̂ ^̂ '̂  

^ ^ 
^ . ' ^ —J—-

^ 
TMI gbu warn, I UUf) TtM K1«B M B I , i l |»y) 

a) Thdi gian toi da b) Thdi gian toi thiiu 
Hinh 10. Do thi quan higiHa nhiet do nungvd thdi gian khi md phong 

TUI f l u nnac r <iUy> 
TUIglaBHaB.t(|UM 

a) Md phong Comsol b) Md phdng so' 
Hinh 11. Doth; quan he giUa do ehenh nhiet do vd thdi gian khi mo phdng 
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NGHieN CLfU - TRAO DOI 

• Khi f = 24 KHz, do thi bieu hien do ehenh nhiet do nha sau; 

a) Cao do z^Omm b) Cao do z=30mm 
Hinh 12. Mat cat 3D phan bo nhitt do tai cdc cao do khdc nhau 

TUt • ! • . • • » . I (tlly) I li« sun n o t . I (lbs I 

a) Thdi gian toi da b) Thdi gian toi thieu 
Hinh 13. Do thi quan he giUa nhiet do nung vd thdt gian khi mo phong 

a) Mo phong Comsol b) Mo phong so 
Hinh 14. Do thi quan he giaa do chinh nhiet do vd thdi gian khi mo phong 

Khi thay doi tan so nung Wong ling trong khoang til 21 KHz den 24KHz, ket qua do thi cho 
thay khoang ehenh nhiet do nhiSng tam va be mat phoi khong Idn (khoang 4°C), v6i khoang ehenh 
nhiet do nay dam bao cho ti le phan tram pha ran va pha long gan bing nhau va bang khoang 50%. 

Do trong qua trinh nung cam ilng ciing se xuat hien hien tilong hieu ilng be mat. Vi hieu ling 
nay, khoang 86% nang luong se tap trung tren 16p be mat cua cuon day d in va phoi. Ldp nay duoc 
goi la do tham sau 6. Mile do hieu ilng be mat phu thupc vao cac dac tinh tan so va vat lieu (dien 
trft suat p va dp til tham tuong doi (i,) cua day din. Khi tan so nung cao hoac khi nung phoi vdi ban 
kinh tuong doi Idn thi hieu ilng be mat se xuat hien cang ro rang. 
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Tfl cdng thfle (2) ta thay, gia tri eua do 
tham sau thay doi vdi can bae hai cua diln trd 
suat va ty 11 nghich vdi can bac hai eua tan sd va 
dd tfl tham tfldng ddi. Ve mat toan hgc, do tham 
sau 5 la khoang each tfl be mat eua eudn day dan 
vao tdi Idi cua nd ma dong dien giam theo cap so 
nhan "1/e" gia tri cua nd d b l mat. 

Tfl cdng thfle (2) nhan thay rang do 
tham siu ed gia tri khac nhau vdi eic loai vat lieu 
va la mdt ham theo tan so. Do tham tfl \i cua vat 
lieu phi tfl tinh la tfldng dfldng vdi khdng khi v i 
duge chi dinh mdt gia tri la 1. 

Cic thilt hi thfldng mai thfldng boat 
dgng d tan sdlSKHz -30KHz - Day l i tan so 
nung trung binh, d khoang tan sd nung nay tae 
ddng cua ddng diln l i Idn nhat va cae Ifle dien tfl 
nhd nhat. Vi t h i tan sd cung lam cho he thdng 
cflng ran hdn. Sfl phin bd nhilt do khdng ddng 
diu dgc theo b in kinh cua vit lieu dflde ggi l i dd 
giim nhilt tfl b l mat d in t im. Trong khoang tan 
so nung niy, do dong diu vl nhiet do cua phdi 
trong qua trinh nung dugc dam bao hay ndi each 
khae tan sd nung trung binh khdng anh hUdng 
den do dong diu ve nhiet do trong toin bd t h i 
tieh eua vat nung.'J* 

5. KET LUAN 

Khi nung vit lieu bang hdp kim Nhdm 
bang thilt bi nung cam flng ed tan sd nung tU 
21KHz - 24KHz - Khoang tan sd nung trung 
binh, thi dp ddng diu vl nhiet do tren toan bg 
tb i tieh eua vat nung khdng hi anh hfldng bdi 
t in so nung eua thiet bi. 

Trong nung cim flng, gia tri cua mat do 
ddng dien tdi da la d tr in b l mat cfla ehi tilt va 
se giam mdt each nhanh chdng khi nd di siu vao 
ben trong t im. Hiln tflgng niy, dflgc ggi l i hieu 
flng be mat. Do hilu flng b l mat n in nen hau bet 
nhilt lugng diu tip trung lln be mat cua chi tilt. 
Khoang 86% nhiet Iflgng duge tap trung d ldp b l 
mat va dflde ggi l i chieu sau tham, ehilu siu niy 
se giam khi tan sd tang. Nhim dat tdi da hieu 
suit ddng diln vi tdi thieu Ifle tfl trUdng, thi cac 
thilt hi nung hien nay deu dflde thUdng mai hda 
trong khoang tan sd tfl 15-30KHz, vdi khoang 
tan sd nay se cho phep kit noi nhilu he thdng Id 
nung lai vdi nhau. 
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