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TOM TAT

Vat liu composite dg bén cao di dwoc nghién cizu va ing dung phé bién trén thé gisi
nhing van con kha han ché ¢ Viét nam. Mgt trong nhiing rao can lén nhdt chinh 1a gia thanh
cua thiét bj ché tao mau vat liéu qud cao. Do dé, viéc ché tao va thir nghiém thiét bi tao mau
composite dg bén cao nhw carbon/epoxy hay glass/epoxy dang bang tam bang phwong phdp
thi cong (CPME-1) Ia rdt hizu ich cho viéc hoc tap, nghién ciru trong cdc truong dai hoc lién
quan dén vat ligu ¢ Viét Nam. Thiét bi duroc thiét ké va ché tao trén co sé cac yéu cau ki thugt
ciia noi hap (Autoclave) tgo mau tiéu chuan. Uu diém ciia CPME-1 12 nho gon, an toan, dé si
dung va dac biét 1a gia thanh rat thap, chi bang khodng 1/8 gia thanh cua noi hap tiéu chudn
tu"(mg ing. Két qua thur nghiém kéo, uan cua cac mau carbon/epoxy duroC ché tqo tir thiét bj

ndy dat tr 80% 4 dén trén 95% so Véi mdu dwoc ché tao tir noi hdp tiéu chudn. Do do, thiét bi
nay budc dau chi dap vng yéu cau cho giang day va hoc tdp chuyén nganh vat liéu composite.

Tir khoa: Vat liéu composite; carbon/epoxy; noi hap; thiz nghiém; CPME-1.
ABSTRACT

Advanced composite materials have been studied and applied widely in the world but still
limited in Vietnam. One of the reasons for this problem is the high cost of a machine. Hence,
the equipment for the manufacture of carbon/epoxy prepreg composites (CPME-1) was
fabricated and tested. CPME-1 can be used for study and research in the universites of
Vietnam. Design of CPME-1 was based on the operation principle of the Autoclave machine.
The advantages of CPME-1 are safe, small and easy to use. Additionally, it’s low cost
compared to the price of Autoclave (about 1/8 times). The tensile test and flexural test results
of carbon/epoxy prepreg composites were made by CPME-1 show that these values received
from 80% to 95% compared to standard values. Therefore, this equipment initially only meets
the requirements for teaching and study of the composite material field.

Keywords: Composite materials; carbon/epoxy; autoclave; test; CPME-1.

chwa dugc tiép can nhiéu. Vé6i uu diém nhu

1. DATVANDE nhe, 46 bén cao, hé s6 dan nd nhiét thap, rat

Vit liéu composite dd du nhap va phat
trién rat manh mé & Viét Nam, duoc ung dung
nhiéu trong cac linh vuc céng nghiép va dan
dung. Trong nhimg nam gan déy, vat liéu nay
duoc st dung voi mot ti 1é rat 16n trong nganh
dong tau du lich va dénh ca. Tuy nhién, do la
nhitng vat lidu co dic tinh co hoc tuong dbi
thip, con cac loai siéu nhe, siéu bén nhu
composite tir soi carbon va nhua epoxy van

bén vitng véi nhidu diéu kién khi hau va céac
phan ung hdéa hoc thi céc san pham tir
carbon/epoxy dugc sir cha yéu trong nganh
hang khong vii try, quan su, y té, thé thao. O
Viét Nam, cac san pham tir composite siéu
nhe, siéu bén hau hét 1a nhap khau tu cac
nudc ¢6 nganh cong ngh¢ vat licu phat trién.
Cho dén nay, c6 rat it cong trinh nghién ciu
trong nudc vé loai vat lidu nay.
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Mot trong nhirng dang phd bién cua vat
liéu composite tir soi carbon va nhua epoxy
la dang bang tim, nghia 1a cac soi carbon
ddng phuong duoc dét thanh tdm mong va
tam sin nhua epoxy (hinh 1). Carbon/epoxy
dang biang tam duoc luu gitt & nhiét khoang
-19°C dén -22°C.

Hinh 1. Composite carbon/epoxy bang tam

Cac san pham hoic miu tho tir céc
composite carbon/epoxy dang bing tam duoc
ché tao nho hé théng ndi hap tiéu chuan nhu
hinh 2. Trong hé théng ndy, mau ther duoc
hat chan khong, sau d6 duoc tao ap luc va
gia nhiét [1]. Hién nay, gia thanh caa bo ndi
hap tiéu chuan tai Viét Nam c6 gia thanh kha
cao, mot bo dung tich 30 lit cé gia trén
15.000 usd. Biéu nay cho thay ching chi phi
hop dé trang bi cho cac phong thi nghiém
trong diém hoic nghién ciu chuyén sau vé
vat liéu composite. Do dé, can phai nghién
ctru thiét ké va ché tao ra dugc thiét bj co gia
thanh thap, c6 thé trang bi cho cac phong thi
nghi¢ém thong thuong hoac khéng chuyén sau
vé vat liéu. Thiét bi ché tao mau composite
carbon/epoxy dang bang tim bang phuong
phép thu cong phién ban 1 (CPME-1) c6 thé
dap tmg duoc nhu cau trén.
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Hinh 2. Hé théng néi hdp tiéu chuan

2. THIET KE VA CHE TAO THIET BI
2.1 Yéu cau kinh té, ky thuat

Thiét bi CPME-1 dugc thiét ké, ché tao
dua trén cac yéu cau kinh te, k¥ thuat sau:

e Tuy theo loai nhya epoxy ma muc nhiét
d6 va ap suat can dé xay ra qua trinh luu
hoa la khac nhau. Theo [2], nhiét d6 su
dung cho ndi hap c6 thé trén 540°C va &p
sudt dén 85psi (0,586N/mm?). Trong
nghién cau nay, nhiét do dwoc diéu
chinh vé cép trong dai 0 — 120°C, 4p suat
tir 0 — 0,25N/mm?).

e Thiét bi dam bao ché tao dugc tam mau
¢6 kich thudc 16n nhat 1a 200mm (dai) x
140mm (rong) x 15mm (day), kich thudc
nay du dé cat thanh 5 mau thir tiéu chuan.

e Thiét bi phai dam bao an toan, nhé gon.

e Thiét bj d& ché tao, st dung, bao dudng,
stra chira.

e Giathanh thap
2.2 M@ hinh thiét bi

Trén co s¢ cc yéu cau kinh té ky thuat
dat ra, so d6 nguyén ly chung cia CPME-1
dugc thiét 1ap nhu hinh 3.
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Hinh 3. So dé nguyén ly ciia CPME-1

Trong so do hinh 3, mau carbon/epoxy
(6) dugc dat gitra nira khudn trén (3) va nua
khuén dudi (2). Toan b khudn duoc dat trén
bé d (1) va duoc két ndi voi ngudn dién
220V (7) dé gia nhiét cho khuén. Luc ép Ién
mau duoc thiét ké bang mot co ciu tac dung
gian tiép vao khuén trén va dugc dd bai
khung (4), (5). Mau duoc dit vao va tach ra
khoi khudn nhd viéc thao lap nira khudn trén.
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2.3 Tinh toan, lwa chon thiét bi
Lwa chon vat liéu:

Vit liéu lam bé d& khuon va gia do phai
dam d6 bén twong dbi cao, lién két d& dang,
& day chon thép C45 (giGi han bén 750MPa,
gidi han chay 360MPa). Vit liéu lam khuon
trén va dudi phai dam bao do cting, do bén
nhiét cao, tinh dan nhiét tét va hé sé dan no
nhiét thip, ¢ day chon thép SA516Gr70 (gi6i
han bén kéo 485-620MPa, d¢ dan dai 17%,
hé s6 dan ng nhiét 12um/m-°C, hé sé dan
nhiét 52 W/m-K). Tam gia nhiét cho khudn
dugc lam tir t6 hop vat liéu Niken-Crom. Dé
dam bao tinh an toan, cach nhiét, cach dién
gitta khuon véi bé do, 1o xo va nguoi St
dung, st dung mot tim 16t bang vat liéu
composite chiu nhiét day 5mm.

Nguyén ly gia nhiét:

Hién nay, viéc gia nhiét dugc thuc hién
theo nhiéu phuong phap khic nhau nhu
phuong phap cam ng, hd quang, dién tro,
dién moi, plasma,... Vi yéu cau kinh té, k¥
thuat da dat ra, khuon trén va khuén dudi cua
CPME-1 dugc gia nhiét bang phuong phap
nung néng bang dién trg gian tiép nhu hinh
4. Theo phuong phap nay, bo phan bién ning
luong dién thanh nhiét duoc sir dung la day
@6t kin, 1a loai c6 phan tir nung néng dat
trong vo boc bang kim loai dé bao vé khoi
tac dong cta moi truong dugc nung ndng,
phan tir nung néng duge dinh vi trong chat
cach dién nhung dan nhiét (bot MgO). O day,
vat liéu dién tro 1a Niken-Crom, dién ap sur
dung 1a 220V, c6ng suat 12 400W.

V6 cach nhiét  Chat cach dién,
dan nhiét

Day dién tré
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Hinh 4. So d6 phirong phdp gia nhiét

Lwa chon cam bién va diéu chinh nhiét:

Lwa chon cam bién nhiét c6 so dd
nguyén 1y nhu hinh 5. Trong d6, dau cam
bién (1) duoc dat bén trong tim khudn (5)
qua mat 16 khoan. MUt ctia ddu cam bién tiép
xuc truc tiép voi tim khudn. Tin hiéu nhiét tur
dau cam bién dwa vé& bo xir Iy (2) va duoc
diéu chinh nhd nam diéu chinh nhiét do (3).
Khi vian nam diéu chinh nhiét do, thong qua
bo xir Iy va céc tiép diém (4), ngudn dién cap
cho day dién tro sé thay doi twong tng. Bo
cam bién nhiét nay c¢6 kha niang diéu chinh
nhiét d6 vo cap trong dai tir 0 dén 120°C.
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Hinh 5. So' d6 nguyén |y cam bién nhiét
Lwa chon co cdu tao ap lyc:

Co céu tao ap luc 18n khudén gom mot 10
X0 va bd phan diéu khién luc nén nhu hinh 6.

Co ciu diém chinh luc nén

~——

Lo xo nén

64

Hinh 6. So dé co cau tao &p luc

Lo xo la loai chiu nén béng vat liéu thép
carbon trung binh voi tmg suit xoan cho phép
1a 600 - 800 MPa. Lo xo dugc thir nghiém dé
xac dinh luc nén, két qua cho théy luc nén toi
da 13 2500N tng véi khoang chuyén vi 3 1mm.
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Vi luc nén nay cho phép tao ap luc 1én khuén
tuong duong véi ap luc tao ra trong 16 hap tiéu
chuan (hinh 7). Khi can diéu chinh ap luc cua
khuon tac dung 1én mau, ta chi can diéu chinh
quay can dich chuyén di xudng mot doan
tuong tng véi khoang chuyén vi cua 1o xo d
dugc thur nghiém.
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Hinh 7. Két qua thi nghiém nén 16 xo
2.4 Ché tao thiét bi

Sau khi tinh toan, lya chon duoc cac bo
phan nhu d3 dé cap ¢ phan 2.3, tién hanh lap
rap cac bd phan lai vdi nhau dé dugc mot thiét
bi hoan chinh (CPME-1). Ban v& c4u tao cia
CPME-1 dugc thé hién & hinh 8. Toan bo thiét
bi bao gdm cac chi tiét sau: 1- chan dé, 2- bé
d& khuon, 3- khuon dudi, 4- khudn trén, 5- 16p
cach nhiét, cach dién, 6- bo gia nhiét, 7- 10 X0,
8- chét dinh vi 10 xo0, 9- khung d&, 10- dai ¢,
11- truc vit, 12- tay quay, 13- tim gia cuong,
14- bd diéu chinh nhiét, 15- vi tri két ndi voi
ngudn dién, 16- tim mau, 17- vi tri dat cam
bién nhiét.

T ban v& cu tao, tién hanh ché tao thiét
bi theo cac budc sau:

e Ché tao phan khung va bé d& bing
phuong phép han.

e Ché tao tim khuon trén, khuon dudi va
va bo phan gia nhiét gan véi hai nua
khuon.

e Ché tao bo phan tao va diéu khién &p luc
gom 10 xo, co cdu dinh vi, co cu tay
quay — truc vit.

e Lip rap nira khuon dudi, bo phan tao &p
luc vao khung va bé da.

e Lip rap cam bién nhiét vao hai nua
khudn, nim diéu chinh nhiét do vao b¢

dd va két ndi véi ngudn dién.

San pham CPME-1 di ché tao thé hién &
hinh 9. Mit trudc cta thiét bi (hinh 9a) 1a mat
khong bi che kin nham thao tac dwa miu vao
va lay ra d& dang, dong thoi cling thuén tién
cho viéc quan sat mau va do do dich chuyén
ctia 16 xo. Mit sau (hinh 9b) ¢6 lap tAm che cb
dinh voi khung d& nham chin su dich chuyén
ctia nira khuon trén va tAm mau, trén tim che
lap hai nim diéu chinh nhiét d6 cho hai nira
khuon (khéc véi vi tri thé hién trén ban vé ciu
tao ¢ hinh 8).
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Hinh 8. Cdu tgo thiét bi CPME-1

b) Mat sau
Hinh 9. Thiét bi CPME-1

a) Mat truoc
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3. PANH GIA KET QUA

Vé chit luong san pham, CPME-1 di ché
tao d4p (mg duoc cac yéu cau kinh té, k¥ thuat
dat ra. Céc kich thudc dung vaoi ban vé. Gia tri
ap luc duoc tao ra theo gia tri d6 nén cua 1o xo
nén co6 thé diéu chinh vé cap tir 0 dén 3 Imm.
Nhiét d6 duoc diéu chinh & mét sb gia tri khac
nhau va két qua do kiém tra nhiét do truc tiép
trén hai khudn ding véi chi bdo ghi trén nim
diéu chinh nhi¢t do. Gia thanh cia toan bd
thiét bi khoang 8,5 triéu dong.

Dé d4nh gia hiéu qua ctia thiét bi CPME-1,
tién hanh ché tao hai tim mau thir tir vat lidu
carbon/epoxy dang bang tim (USN-125) &
cung dleu kién nhiét do 80°C, ap suét
0,12N/mm? va thoi gian 180 phut. Mot tam su
dung cho thir nghiém kéo [3] va mot tAm sir
dung cho thir nghiém uén [4] (hinh 10). Tam
gdm 16 16p (mdi 16p c6 chiéu day 0,125mm),
tuong ung voi chiéu day 1a 2mm, duoc ép lai
v6i nhau bang tay & nhiét d6 thuong.

b) Tdm mau sau
khi tach khudn

a) Mau dang ché tao
trong khuén

Hinh 10. Ché tao mdu thi tir CPME-1
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Hinh 11. Mdu thez tiéu chudn

Mau thir nghiém kéo duoc ché tao va xac
dinh Gmg suit, mé dun dan hdi theo tiéu chuan
ASTM D — 638, tuong Ung dbi voi tho
nghiém udn 1a tiéu chuan ASTM D — 790
(hinh 11). MAu thir sau khi ché tao dugc tién
hanh thir nghiém trén may kéo nén van nang
CHT Vi luc kéo 2000KN tai phong kiém
nghiém thudc Vién nghién ctru ché tao tau
thuy, Truong Dai hoc Nha Trang (hinh 12).
Diéu kién thir nghiém udn: tdc d6 uon la
2mm/phut, khoang céach giita hai gdi 1a 60mm,
nhiét d¢ 28°C, do am 60% va kéo: toc do kéo
la Imm/phut, khodng cach gitta hai ngam kep
1a 60mm, nhiét 46 28°C, d6 4m 60%.

Hinh 12. Thi nghiém mau

Két qué thir nghiém udn duoc thé hién &
hinh 13 va bang 1. K€t qua thir nghiém kéo
dugc thé hién ¢ hinh 14 va bang 2.
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Hinh 13. D6 thj thir nghiém usn
Bdang 1. Két qud thiz nghiém udn
Giatri Giatri Sai
Thong s6 thir  |tham khao| so,
nghiém [5,6] %
Ungsuat, | 191574 | 1300 |14.40
MPa
M6 dun dan
héi, GPa 92,72 110 15,71
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Hinh 14. Do thj thi nghiém kéo
Bdng 2. Két qud thir nghiém kéo

Giatri | Giatri . A
. : : Sai so,
Thongsé | thir | tham khio (:/ 0
nghiém [7] 0
Ung suat,
MPa 594,41 600 0,93
M6 dun dan
hdi, GPa 55,37 70 20,90

Két qua thir nghiém udn cho thiy ca gia
tri (g suat udn va mo dun dan hoi déu dat kha
cao, trén 84% so voi gia tri tuong Ung cua
mau chuan. P6i voi thar nghiém kéo, gia tri
g suét dat rat cao, gan bang véi gia tri ing
suét tiéu chuan (99,07%). Tuy nhién, mé dun

dan hoi dat gia tri kha thap so v6i gid tri tidu
chuén (chi trén 79,1%). Cac gia tri ing suat va
md dun dan hoi ciia miu thir ché tao bang
CPME-1 déu thap hon gia trj tiéu chuan twong
tmg 1a do viéc xép 16p dugc thuc hién bang
tay, phuong s¢i gilta cac 16p khong hoan toan
song song voi nhau va diéu kién nhiét do, do
am khi ché tao giita mau chuan va mau nghién
ctru khac nhau.

4. KET LUAN

Thiét bi CPME-1 duoc thiét ké phu hop
yéu cau thuc té, chu yéu dua trén cac co so 1y
thuyét vé co hoc va nhiét. San pham da ché
tao dap ung tdt cac yéu cau kinh té, ky thuat
dit ra. Thiét bi cling dugc dénh gia thong qua
viéc ché tao va thir nghiém co tinh (kéo va
ubn) cia mau thir bang vat liéu carbon/epoxy
dang bang tam & diéu kién nhiét d6 80°C va &p
suat 0,12/mm?. Két qua thir nghiém cho thiy
hau hét cac gia tri dat dugc con thép so voi
mau chuan. Do d6, can tiép tuc nghién ctu
ché tao thém cac miu & cac diéu kién nhiét do
va ap suat khac dé c6 danh gia chinh xac thiét
bi. Tuy nhién, v6i nhimng két qua da dat dugc,
CPME-1 hoan toan c6 thé 4p dung cho hoc tap
va nghién clru & cac phong thi nghiém khong
chuyén vé vat liéu.
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