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TOM TAT

Bai béo trwdc da trinh bay cac thi nghiém va mé hinh hoa umg X luu bién cia vat liéu compozit
nén polyme nhiét rén dang khéi (BMC - Bulk Molding Compounds). Trong bai bao nay, cac théng so
ctia mé hinh sé duoc nhan dang bang céc thi nghiém nén don va nén voi bién dang phang Dé danh
gia dé tuong hop, mé hinh da duoc &p dung cho mé phdng sé qué trinh dién ddy cia BMC trong
khuén. Pé&c biét, da st dung khuén véi vat cdn dé xem xét sw phirc tap cta dong chéy véi céac téc do
bién dang khac nhau. Két qué mé phdng sé duoc so sanh véi két qua thi nghiém nhén duoc véi cung
diéu kién chay déo. Két qua tot nhat nhan duoc khi gidi thich cho tac déng ctia ma sét gitka khuén va
mau BMC.

ABSTRACT

The previous paper deals with the tests and modeling rheological behaviour of BMC (Bulk
Molding Compouds). In this paper, the material parameters of the model will be identified by simple
and plane strain compression tests. For validation, this model is applied in a BMC fill process
numerical simulation. Especially, a die with barricade is used for simulation to observe the complex
flow situations with the different strain rates. Numerical simulation results are compared with
experimental ones obtained with the same flow situations. Best results are obtained when accounting
for a friction effect between the mould and the BMC sample.

I. PAT VAN PE div(v)=0 hay Tr(D)=0. (1)
Bai béo trude da dé cap mod hinh hoa ung Phuong trinh (ting xir ciia BMC ¢6 dang

XU ,1u’u bien cua vat litu BMC théng qua viéc

thict 1ap moi quan h¢ gitra tac dong co hoc va v_20 D (2)

hanh vi cua vat liéu bién dang. N6i mot cach = 3D,—

khac 1a xay dung mdi quan hé gita (g suat va
cac bién trang thai xac dinh gia tri cia no tai
mdi thoi diém qua trinh bién dang. Bai bao nay,
trinh bay phuong phap va két qua nhan dang

trong do, quan h¢ gitra tng Suit tuong duong va
tbc do bién dang twong dwong duoc biéu dién
dudi dang sau

mo hinh, cling nhu ket qua mo phong $6 qué 0, = 4Dy VO 1= 1y D explken) . (3)
trinh tao hinh cta vat liéu BMC trong khuon

voi myc dich dénh gia do twong hop clia md Vé6i (3) md hinh ung X (2) cia BMC c6
hinh dé xuat. dang cuoi cung:

I1. NHAN DANG MO HINH P :gﬂom exp(Kke,, )Der;—lg, 4)

2.1 Tém tit md hinh thude tinh

Mb hinh lru bién cia BMC [1], da duoc
xay dung trén co so cac gia thiet sau:

trong do, 3 hé sb dic trung cta vat liéu can
dugc nhén dang: f4,, k, n tuong tng la do

nhét tuong duong cua BMC, thong s6 hoa bé’n
do bién dang va hé s6 nhay cam cua ¢ng suat
- BMC ¢6 thudc tinh déo nhét V6i toe do bién dang.

- Ping hudng va khong nén dugc
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Phuong phap va két qua nhan dang mo
hinh (4) duoc trinh bay dudi day.

2.2 Phuong phap nhan dang mo hinh

Nhan dang m6 hinh ¢6 nghia la xac dinh
gi4 tri cua cac hé s6 dic trung cho vt ligu trong
phuong trinh thudc tinh (4). Cac hé s6 ciia mo
hinh dugc xac dinh bang phuong phap binh
phuong nho nhat phi tuyen trén co sO cac gia tri
ng suat va toc do bién dang do dugc. Phuong
phap nay cho phép chung ta nhan dugc két qua
t6t néu c6 mot s6 luong s6 ligu thuc nghiém
day du va khoang bién thién du rong cia cac
bién.

Phuong trinh (4) c¢6 thé viét dudi dang
{ng sudt va toc do bién dang twong dwong.

2 n
Oy = glquq exp(kgeq )D ! (5)

trong do:
3 V., V.
O = Eg -0,
; ©)
Eoq T4/ 5 E £
37 =
2
Dy = 52 b
voi o'=c-Ztr 0')

Dé xac dinh cac hé sb trong (5), ta can
tién hanh cac thi nghiém nén don va thi nghiém
nén phang vdéi cac toc do bien dang khac nhau.
e Trong truong hop nén don, ta ¢ trang thai

g suat, bién dang va toc do bién dang nhu
sau :

1
- § O33sc 0 0
000 1
c=/000 :>gV= 0 _50-335c 0
0 0 oy 2
I o 0 3 0-33sc |
1 1
- E E33sc 0 0 - E D33sc 0 0
1 1
£ = 0 _ESSBSC 0 ’ 2 = 0 - E D3350
O O g33sc 0 O D33sc

Thay cac biéu thirc trén vao (6) ta s&
dugc biéu thuc tuong duong trong bai todn nén
don (sc-simple compression) nhu sau:

sC __ . [\SC _
O¢q = Oa3scs Deq -

eq
(7)
* Trong truong hop nén phang, ta c6 trang thai

g sudt, bién dang va toc do bién dang nhu
Sau :

N SC
D33sc va geq - 83350

000
c=|0 O22ps 0 =
0 0 oy
_[0_22;35 +o—33sz 0 0
3
o = 0 [20-22;35 _0-33;33] 0
= 3
0 0 2633ps ~Oaaps
L 3 .
811ps(:_833p5) 0 0
e=| 0 00 |
0 0 E33p
Dllps(:_DBSps) 0 0
D=| 0 0 0

0 0 Dgpe

Thay cac biéu thuc trén vao (6) ta sé
duge bi€u thie twong duong trong bai toan nén
phéang (ps-plain strain) nhu sau :

ps _ 2 2 1/2
O-eq - ( 022 ps + 0-33 ps 0-22 pso-33 ps )

DY :%DBSps va gp =%533p5 (8)

Vit liéu duoc st dung dé lam cac thi
nghiém nhan dang la BMC c6 chia 20% soi
thuy tinh (chiéu dai sgi 15mm, duong kinh sgi
13.7um) trén nén polymer nhiét ran. Silicone
duoc st dung lam chat bdi tron trong cac thi
nghiém nay.

Trudce tién, ta xac dinh so bd duogc cac
gia tri cta iy, N nho vao cac thi nghiém vai cac
tdc do bién dang khac nhau.

Thay i, n vao phuong trinh (5) ta s€ xac
dinh duogc k. Cac hé s6 trong mo hinh dugc higu
chinh sao cho sai sb caa cac hé s giira hai lan
tinh khong vuot qua gia tri cho phép. Gia tri cia
cac hé s6 nhan duoc nhu sau :
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Hoeq = 0.025 MPas, n = 0.25, k = 2.

2.3 Kiém tra d¢ chinh xac ciia nhan dang

Hinh 1 so sanh gilta két qua du bao cua
md hinh va ket qua thi nghiém nhan dugc tai
cac toc do bién dang trong duong khac nhau.

Puong nét lién biéu didn két qua nhan
dang mé hinh, duong néi hinh tron va vudng l1a
két qua thi nghiém twong ung vai thi nghiém
nén don (a) va nén phing (b). Puong cong mod
ta quan hé gira (ng suat va bién dang tuong
duong cho tat ca cac toc do bién dang xem xét.

Chung ta nhan thay, sy twong hop c6 thé
chdp nhan duoc gitra cac duong cong thuc
nghiém va mo hinh. Diéu d6 ching to tinh hop
1y cta cac gia thiét vé thugc tinh cuia vat ligu va
do tin cay cua phuwong phap ciing nhu két qua
nhan dang. Tuy nhién, tai phan dau cia céc
duong cong ta thay, do mo hinh khéng tinh dén
tac dong cua dan nhét (anh huong cua mién dan
hoi dén luu bién cia BMC) nén giita két qua
mo phong va thyc nghiém cé xu hudng phan
tach theo hai hudng ro rét.
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—o— Thi nghiém —0o— Thi nghiém
0.08 —— M0 hinh B 008 —— M0 hinh
< | =
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S 006 I Deq =0.1s 1S 006
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b ]
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Hinh 1. So sénh giita két QUa thi nghiém va duw bdo mé hinh : quan hé giia ing suar va bién dang
twong dwong voi cdc toc dé bién dang khdc nhau cho : nén don (a) va nén bang bien dang phang (b).

111. MO PHONG KIEM PINH PQ TUONG
HQP CUA MO HINH

Mo phong sb qua trinh bién dang cua vat
liéu BMC trong qua trinh dién day dbi véi bai
toan phun trong khuén da dugc nghién ctru kha
phd bién [2]. Tuy nhién, bai toan bién dang
dién day cua vat liéu trong khudn c6 vat can véi
bién dang phang chwa dugc nghién ciru day du.
Chinh vi vy, dé danh gia do twong hop, mé
hinh (ng xir dé xuét di duoc ap dung cho méd
phong sé qua trinh bién dang trong khuén co
vat can.
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Hinh 2. Hinh chiéu bang so dé nén BMC trong
khuon vdi vat can.

Hinh 2 mé ta so dd nén phing BMC
trong khudn v6i mau co kich thuéc ban dau
80x80mm. Hai vat can hinh try tron c6 duong
kinh 30mm, dwoc bd tri ¢b dinh & gitta dong
chay va d6i xung véi mau bién dang. Thi
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nghiém nay dwoc thyc hién véi khuén co dé
dudi bang kinh day chiu lyc trong subt cho
phép ghi lai hinh anh cua vat lidu chuyén dong
trong qué trinh ép nhd vao mot camera toc do
cao. Ngodi ra, cling nhd quan sat nay ta c6 thé
Kiém tra ma sat va thudc tinh khong nén dugc
cua vat liéu bang cach do kich thuéc mau trudc
va sau khi bién dang.
3.2 Piéu kién bai toin

Bai toan dugc thuc hién trong diéu kién
tbc do bién dang la hing s twong ung:
D,;=10", 3.10™" s™ véi hé s6 ma sat giira vat
lidu va khuon 14 2.10° N s mm?®. Gia thiét vé
dong chdy nuat (plug) hinh thanh bén trong
khuoén dudi tac dong cta ma sat thuy tinh da
dugc tinh dén. Qu4 trinh mé phong duoc thuc
hién bai phan mém phan ti hitu han duoc thiét
ké riéng dé du bao tng xtr dong chay cua vat
liéu composite nhur SMC, GMT [3,4] va cling
¢6 thé ap dung cho vat liéu BMC.
3.3 Két qua va thao luan

Hinh 3 so sanh két qua md phong va thuc
nghiém cua lyc doc truc F3 trong truong hop
nén st dung khudn véi vat can trong mat phang
V6i cac toc do bién dang khic nhau: D,, =107,
3.10" s trong ca hai truong hop c6 va khong
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c6 ma sat. Két qua mo phong cho ta su twong
hop kha t6t, diéu d6 chang to tinh hop 1y va kha
dung cia moé hinh dé& xuit. Két qua tot nhat
nhan dugc trong treong hop co tac dong ma sat
gitra khuoén va mau BMC.

Hinh 4 gi6i thiéu két qua nhan duoc so
sanh giira thi nghiém va mé phong. Hinh 4a mo
ta két qua thi nghiém khi BMC duoc nén véi
téc do bién dang D,; = 10™ s™ tai cac trang
thai: ban dau & = 0, trung gian &3 = 0.4 va Kkét
thic qué trinh dién day &; = 0.8. Chung ta nhan
thiy kha niang dién day cua vat liéu trong khuon
1a kha tét, bdi tron duge dam bao.

Hinh 4b giéi thiéu két qua mo phong
truong van toc ciia BMC trong qua trinh dién
day vao khuon c6 vat can,

Chung ta nhan thiy truong van toc gan
nhu d6i xtng theo hudng dong chay. Véi diéu
kién boi tron thich hop, kha ning dién diy cua
BMC trong khudn 1a tot ngay ca khi co vat can.
Ta ciing nhan thiy trén do thi tai mic do bién
dang & > 0.4 tng suat ting dot ngot hon trong
ca hai truong hop thi nghiém va mé phong, do
1a do BMC bat dau tiép xuc véi vat can.
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Hinh 3. So sanh giita két qua mé phong va thuc nghiém cua luc doc truc Fy trong thi nghiém nén
phang vdi khuén cé vit can. Hai truong hop moé phong dwoc xem xét: cé va khéng co tac dong cua ma

sat thuy tinh.



TAP CHI KHOA HQC & CONG NGHE CAC TRUONG PAI HQC KY THUAT & SO 71 - 2009

ban dau
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Hinh 4. Dong chay ciia BMC trong khudn: a) két qud thi nghiém, b) két qua mé phong truong
vdn toc (doi xing).

IV. KET LUAN Két qua mé phong s6 ciing cho thiy rd
tinh hgp 1y cua mo hinh dé xuat khi so sanh ket

Két qua nhan dang mé hinh cho thay ro qua thi nghiém va mé phong,

su tuong hop tot gitta mo hinh dé& xuat va két

qua thi nghiém nhan dugc trong truong hop Mo hinh d& xuét co6 thé ap dung dé tinh
dong chay phuc tap cua BMC, dac biét trong toan du bao rng xt ctia mot I6p BMC trong qua
truong hop c6 anh hudng cia ma sat tiép xtc trinh tao hinh.
gitra BMC va khuon.
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