Cong nghé vit ligu Composite
CONG NGHE COMPOSITE

Phan 1: Gi&i thiéu chung
I. Pinh nghia vdt ligu Composite

Composite 1 vat liéu to hop caa nhiéu loai vat liéu (thuong 1 hai loai). Su pha tron
c4c loai vat lidu nay véi nhau s& tao ra mét loai vat liéu méi ¢ ban chat hoan toan khéc so
v6i cac loai vat liéu thanh phan ban dau.

Thanh phdn cia vit ligu Composite gom co:

% Thanh phan phan bé lién tuc trong toan thé tich vat lidu goi 1a nén.

< Thanh phan phan b4 ngau nhién trong vat liéu goi la cét.

Tuy theo ban chat ciza vdt liéu nén ngui ta co thé chia vt ligu Composite thanh cac logi
khac nhau:

% Vat liéu Composite nén polymer: PMC.

< Vat liéu Composite nén vé co ceramic: CMC.

% Vat liéu Composite nén kim loai: MMC.

Trong phan nay ta chi dé cap dén loai PMC vi day la loai Composite duoc nghién ciu va
g dung nhiéu nhat trong cong nghé Vat lisu Composite.
Vat ligu Composite FRP
FRP (Fiber Reinforced Plastic) 1a mot trong nhiing loai PMC pho bién nhét trong céc loai
vat lisgu Composite. Day la loai Composite thudc chat déo nhiét ran (thermosetting plastic),
bao gom hai thanh phan chu yéu 1a polymer va cac loai soi gia cuong.

¢ Polymer: polyeste, vinyleste, epoxy...

¢ Cac loai sgi: soi thuy tinh, sgi cacbon, aramid (kevlar), polyeste...

% Céac chat xuc tac, chat xdc tién, phu gia...voi ty 1¢ trong luong tuy rat nho nhung

khong thé thiéu.

C6 kha nhiéu cong nghé Composite ndi chung va cong nghé FRP noi riéng. Mdi cong
nghé déu c6 nhiing gigi han nhat dinh trong tmg dung, n6 phu thudc vao kich ¢& san pham,
kiéu dang san pham, sb luong san xuat, sy gia cuong thich hop va loai resin st dung. Trong
moi ¢dng nghé déu phai c6 khudn, vi vay dya trén cac dic thu cuaa thiét ké va khuon, nha

san xuat can phai lya chon cong nghé cho thich hop.

Dura trén co sé nguyén Iy tao ra s@n pham, ta c6 thé phan bigt cac logi cong nghé sau:
% CoOng nghé duc tiép xuc (Hand lay-up, Spray up).
< Cong nghé dlc chuyén resin RTM (Resin Transfer Moulding).

% Cong nghé duc nén (Compression Moulding).

% Cong nghé cudn soi (Filament Winding).

% Cong nghé duc kéo (Pultrusion).

% COng nghé tao 16p lién tuc (Continuous Laminating).

L)
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Cong nghé vit ligu Composite

% COng nghé dlc bang vira thay tinh (Plasterglass).
% CoOng ngh¢ ép phun (Injection Moulding).
% CoOng ngh¢ ddc eép phun phan tng RRIM (Reinforced Reaction Injection
Moulding).
% CoOng nghé dtc chuyén chan khdng (Vacuum Assisted RTM).
% CoOng nghé do ly tm (Centrifugal Casting).
Trong phan nay chi trinh bay céng nghé duc tiép xtc (Hand lay-up, Spray up) la cong
nghé duoc ap dung rong rai nhat.
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Cong nghé vit ligu Composite

Phan 2: CONG NGHE COMPOSITE

Chwong I: Cong nghé lan tay Hand lay up
I. Gigi thi¢u cbng nghé

Khudn

Xir ly khuén

A 4

Quét gelcoat 1én khubn

\ 4

Trai vai thuy tinh 1én khudn

A

Tham resin

A 4

— Lan ép resin

Hinh 1-1 Quy trinh cdng nghé Hand lay-up
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Cong nghé vit ligu Composite

Pay la cong nghé ché tao theo khudn hé, hoan toan bang tay & tat ca cac cong doan tir
hoa tron nguyén ligu dén khi lay san pham ra tir khuén.
Cac cong doan trai vai thary tinh va lan tham ép resin dwoc lap di lap lai theo sé lugng 16p
duoc du kién cho dén khi dat dugc chiéu day cua san pham.

Roller
Gel Coat {

rold

Feinforcements

Hinh 1-2 Céng nghé hand lay-up

Dac diém cong nghé:

< Uu diém
- Thong dung dé lam.
- Lam dugc cac san pham c6 hinh dang phirc tap, kich thuéc Ion.
- Thay d6i cau tric san pham dé dang.
- Thiét ké twong dbi thoai mai.
- Vat liéu 1am khudn don gian, d& 1am, khong dit tién (g, thach cao).
- Khong doi hoi thiét bi, dung cu phuc tap.
- Khdng doi hai trinh d6 cong nhan cao.
- Chi phi dau tu thép.

< Khuyét diém
- Ning suat thap, lao dong nang.
- San pham chi lang bong mot mat (mat tiép xuc véi khuodn).
- Vi san pham lam bang tay nén chét lrong khong dong déu.
- Phai xtr ly co hoc sau khi liy san pham, gia cong co, cat bavia.

1.1. Chudn bjkhuén

Mit khudn phai hoan toan sach, khdng cd bat cir tap chat nao nhu: nuéc, dau, ma,
bui...trén mat khuon.
Panh bong bang sap.

Xoa 16p tac nhan tach khudn (dé dé lay san pham ra khoi khuon), sau d6 dé khd hoan
toan.
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Cong nghé vit ligu Composite

Néu chuan bi khudn khdng tét thi 16p tac nhan khéng dam bao vai trd bao vé hitu hiéu,
dong thoi dé bi dinh khudn.

1.2. Tao 16p gelcoat

Diéu kign tgo cac lép can dam bdo:

- Nhiét d6 moi truong tot nhét tir 18° + 25°C. Néu qué thap hoic qua cao déu khong tot.

- M6i truong phai sach, khdng qua am uét...d¢é tao thuan lgi cho qué trinh dong ran.

- Phai wéc lugng khéi hrong gelcoat can thiét, tranh du thira nhiéu.

- Phai 4n dinh gan ddng ty I¢ mau va luong gelcoat cho mot 16 hang san xuét cing mau,
nham dam bao d6 déng déu cho ca 16 hang.

- Ty ¢ phan tram x(c tac phai dam bao déu cho tat ca cac lan pha tron vai gelcoat.

- Sau khi pha tron phai sir dung ngay.

Cac lwu y khi quét gelcoat

- Lép gelcoat duoc quét bang chéi mém trén bé mat khuén.

- Khi quét chi str dung phan dau choi, quét nhe tay, lién mot vét thang dai khéng quéa 1m
theo mot chiéu.

- Khong quét tai lui chong 18n vét vira quét.

- Khong quét theo duong cong, duong tron.

- Céc vét tiép theo sdng song chi chom mi vét trude, khdng gbi dau qua nhiéu dé dam bao
chiéu dong déu cua l6p gelcoat.

- Bat dau quét tir chd kho trude: ranh, goc, canh...roi lan ra viing dé cho dén khi phu kin bé
mat khuén.

- Khi 16p tha nhat dong dac va dong ran gan hoan toan (khé nhung so tay con hoi dinh,
khong an ra tay) thi tién hanh quét 16p tha hai theo chiéu chéo hoic thang goc véi I6p tha
nhat dé dam bao tinh phu kin.

Chiéu day ly tuong cua lop gelcoat 1a ~ 0.45mm.

1.2.1. Tao laminate gia cwéng bang tay

Roller  Brush

Maold

Hinh 1.3 Tao cac l6p laminate bang tay
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Cong nghé vit ligu Composite

Trai vai thuy tinh va tham uot resin.

Sau khi 16p gelcoat dong ran (khd hoan toan nhung hit tay) thi tién hanh tao cac laminate
gia cuong.

Vai thay tinh bé mat tiép giap véi 16p gelcoat phai 1a loai tissue mém, min hoic loai MAT
mong mém (200 = 300g/m?).

Céc 1op tiép theo 1a MAT CSM két hop vai roving dét.

Resin dé tao 16p 12 loai khéng pha mau.

Chat xuc tac phai pha dang ty I&, khudy déu nhe nhang trong ca, géo, chau nhé theo chiéu
dap vao thanh. Néu resin c6 thém chat don thi phai khudy déu xuc tac trudc, rdi cho chat
don vao sau va khuay déu chat don. Sau khi pha xuc tac vao resin phai str dung ngay.

Quy trinh tgo céc lép gia cwong béang tay:

- Trai vai thiy tinh pha kin bé mat khuon, trén 16p gelcoat.

- DUng chdi co mém, con lan bong tham resin ¢4 hoa xuc tac trén vai thay tinh, déng thoi an
nhe hoic an con lan bong trong khi lan ép.

- Tai nhiing chd hep, dung géc con lan st lan ép. Qua trinh lan, ép nham lam cho resin tham
vao soi thay tinh, tao su lién két cac 16p va tranh bot khi.

- Sau khi lam xong Iép nay thi tiép tuc lam sang lép khéc cho dén khi dat chiéu day san
pham.

Can lwu y mgt sé diém sau:

- Bot khi s& lam yéu laminate, cho nén phai dam bao resin thdm w6t déu, lan ép that ky dé
tranh bot khi.

- Céc mdi ghép gbi dau caa vai thay tinh nén tir 3 + 5cm, nhung cac mbi ghép sau phai cach
xa moi ghép cua lop trudce, tranh tring lap caa cac mbi ghép.

- C6 thé trai lubn vai I6p vai thiy tinh, nhung khong duoc qua nhiéu, dé dam bao tham va
1an resin that tt.

- Véi chiéu day cua san pham 16n, thi sau mot s6 16p nén dé mot thoi gian cho ngudi bot roi
hay tiép tuc cac lop sau.

Chat lugng caa laminate & phuwong phép nay hoan toan phu thudc vao qua trinh lan ép tham
resin khdng bot khi, dam bao chat lrong resin va ty 1¢ xdc tac.

ll. Cobng nghé phun bdn Spray up
Trong phuong phép nay, qué trinh phu gelcoat trén khudn va tao céac 16p gia cuong duoc
thuc hién bang thiét bi goi 1a siing phun.
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Cong nghé vit ligu Composite

Fowving
told

Purmp

Feszin Cataly=t

Roving Chopper

Catalyst
ard
resin

Acceleratar
and Fesin

Pressure Foving  Pressure
tank Tank

Hinh 1-3 Céng nghé Spray up

Resin, chat xdc tac, va soi thuy tinh, nho ¢d dong hod do luong dung ty 18 dugc dua
dong thoi dén sting ban, tai day, soi thay tinh duoc dao cat ngan, resin va xtc tac duoc hoa
tron.

Sau d6 soi thuy tinh cat ngan va resin d4 hoa xuc tac, dudi ap luc cia khi nén qua hong
sting dugc phun ban 1&én bé mat khudn da co pha gelcoat. Bang cach nay tuan tu tao ra cac
16p cho dén khi dat dugc chiéu day san pham.

Sau khi dat chiéu day, két thdc viéc tao 16p thi ding con lan lan ép bé mat sau cing dé
lam phang cac resin va dau soi thay tinh du thira dé sau khi dong ran bé mit tro nén phang,
dep.

_Roving_____Resin
,&/.._.4___4_

Mold

Hinh 1-4 Tao cac I6p laminate bing phwong phap Spray up.
Resin dwot cung cdp dén sung phun theo hai cach:

- Céch thtr nhat: dung hai binh, mot binh chira resin hoa xuc tac, binh thir hai c6 cung
dung tich chua resin hoa chat xuc tién. Luong xUc tac trong binh thir nhat da dé dong ran
cho ca hai thé tich chira trong hai binh. Tir mdi binh c6 6ng dan riéng biét dé cung cap resin
cho sting phun. Hai loai resin duoc hoa tron bén trong co cau caa sing phun rdi dugc phun
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Cong nghé vit ligu Composite

ban clng soi thuy tinh 1én khudn. Cach nay c¢6 wu diém 1 c6 thé cung cap mot hrong resin
16n mdi 1an néu hoa tron hop ly, khéng phai sir dung voi phun phun xtc tac. Tuy nhién thiét
bi nay cd 16 phun nho, dé bi tic nghén nén thoi gian dong va déng ran khong chinh xac, can
nhiéu cdng lao dong, binh resin hoa xdc tac phai st dung trong thoi gian gisi han.

- Céch thw hai: chi c6 binh chtra resin hoa chét xdc tién con chat xuc tac duoc phun bang
vOi phun riéng biét. Trong khi phun resin thi chét xdc tac ciing duoc phun 1am nhiing phan
tlr xUc tac hoa tron vai phan tir resin dé khoi dau phan tng dong dac va dong ran. Pay la
phuong phép hoa tron phan tan phan tir bén ngoai. Uu diém cia phuong phép nay la cé thé
dinh luong duogc chinh xac nén su hoa tron déu va tét hon. Nhuoc diém 1a phai ¢ hé thong
vOi phun va cac 6ng mém.

Yéu té co ban dam bdo chat lweng laminate Ia:

- Pam bao chuan xac ty I8 resin - soi thay tinh, chat xc tac.

- Su d6ng déu chiéu day cac lop.

- Bot khi t6i thiéu.

- Toéa nhiét trung binh. Can luu y khong dé nhiét do laminate qua cao vi anh huong dén tuoi
tho khuon. Vi vay khi chiéu day I6n thi sau mot s6 16p nén dé cho nguoi dén nhiét do phong
roi méi tiép tuc tao cac 16p tiép theo.

Uu diém ciia phwong phép sing phun:

- Qué trinh tao 16p hoan toan tu dong, nguoi van hanh chi yéu diéu khién sing phun hudéng
vé mat khudn & khoang cach thich hop.

- C6 hiéu qua véi céc loai bé mat khudn ubn lwon, cong, phong...

- Ning suat cao hon han.

- Tiét kiém nhan cong.

- Tiét kiém resin va soi.

Nhuoc diém:

- Khé nhan biét timg 16p nén khé dam bao su dong déu chiéu day cac 16p.

- Poi hoi ¢éng nhan van hanh phai duoc dao tao huan luyén va hiéu biét ki mai loai thiét bi
phun khi st dung.
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Cong nghé vit ligu Composite

I11. Thiét bi va dung cu cho xwéng ché tgo san pham Composite

3.1. Nha xwoéng

Can thoang, rong, du anh sang, quat thdng gio, khéng am uét.

C6 mot quay phun c6 anh sang tot, c6 quat hat, da dién tich di lai quanh khuon.
C6 kho riéng véi ké, gia dé vat lieu, dung cu.

Pay du phuong tién an toan vé dién va phong chay theo quy dinh.

Néu str dung thiét bi phun thi phai c6 quay phun dé tao 16p gelcoat.

3.2. Thiét bj

May khi nén: phuc vu cho phun gelcoat. Tach khuén va cac cong cu str dung khi nén. Cong
suat va dung tich khi nén phai phii hop va cao hon luu luong tiéu thy.

Binh phun xit: loai cam tay, kém theo binh chira gelcoat, ding phun gelcoat dudi &p luc khi
nén.

May khuay: cam tay hoic ¢6 dinh, ding tron mau véi gelcoat.

May khoan ban: dé khoan céc chi tiét thich hop.

May cua long: phuc vu nhiéu cho viéc lam khudn.

May cat: cam tay voi cac dia dao cat dung dé cat got san pham.

May khoan cua: cam tay voi ludi cua tron c6 thé khoan cua cac 16 16n duong kinh dén
100mm, hoic khoan 16 binh thuong.

May danh bong: cam tay hoac dé ban danh bong khudn va bé mat san pham.

May ban dinh: chi yéu phuc vu l1am khudn.

May cua go: phuc vu cua go lam khudn va gia cuong.

May bao gb: phuc vu cho bao gb lam khudén va gia cuong.

May mai: phuc vu mai dung cy, c6 khi ca chi tiét san pham.

Hinh 1.6. G100-6 Gelcoat & Resin Spray Gun (Cup Gun)
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>

Hinh 1.9. G960 1L 2.5 Gelcoat & Resin Spray Gun
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Cong nghé vit ligu Composite

3.2.1. Thiét bj phun ban - siing phun

Thiét bi phun bén bao gom

- Co CAu cat soi thay tinh.

- Khoang hoa tron xdc tac va resin.

- Hong sing (mi¢ng sang).

Céc bo phan nay duoc gan lién hoan véi nhau tao thanh sting phun ban.
Mt sé logi sting phun:

Hinh 1.10. Mgt s6 loai dau phun
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Cdng nghé vt ligu Composite

3.2.2. Cac loai dung cu

3.2.2.1. Céc loai chdi co det

C6 chiéu rong thdng thuong 1a 2.5 + 7.5cm, dung dé quét 16p gelcoat trén bé mat khudn.
Chung dugc lam bang cac 16ng mém mai.
Véi cac bé mat 16n ¢6 thé ding con lan bang len dé tao 16p gelcoat.

Pé tao cé4c 16p laminate gia cuong ciing dung chdi det va con lan trén, hoic 1am bang
ldng cirng hon va loai chdi tron dai va cat ngan dé dé dang vira quét resin vira an, cham cho
resin thdm vao soi thiry tinh ma khong 1am soi bi x6 dat.

Hinh 1.11 Céc loai chdi trong cong nghé lin tay

3.2.1.2. Cac loai con lan

Str dung dé lan ép cac 16p laminate vira dé ching lién két chac hon vira loai trir bot khi.
Vit liéu lam céc loai con lan 1a 16ng ctru, niléng, soi cang, dang banh rang dai, soi polythen,
nhdm, plastic, sat thép...

Véi cong nghé phun ban thi con lan nhdm va plastic 1a thich hop.

Céc con lan mém thuong cd duong kinh 5 + 7cm, chiéu dai 15 + 20cm hoic dai hon, ¢6
I6i can bang kim loai, chudi cam bang gd hoic plastic, thuong dugc ap dung cho nhirng bé
mat rong 1én nhu tau thuyén, bé chua Ion...Nhiéu khi can duoc ndi dai dé nguoi cong nhan
c6 thé ding thao tac trén dién rong, cao, thuan tién va nang suét Ién.
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Cdng nghé vt ligu Composite

Cac con lin bang kim loai: nhém, sit thép thuong cé duong kinh 1.8 + 3.8cm véi chiéu
dai twong tng 7.5 + 17cm, d6i khi can loai duong kinh nho va ngan hon. Céc con lan kim
loai thuong duoc ghép tir cac vong dém riéng biét, phan cach nhau bang cac vong dém co
duong kinh nho hon va xung quanh 15i can bang kim loai, dau cam bang gb. Ciing c6 thé
lam bang céch tién cac truc thép tron véi budc rang thich hop va dau rang duoc 1am td va
nhan. Con lan kim loai ctiing va bén nhat nén duoc sir dung rat pho bién.

Con ¢6 loai con lan nhdm, c6 dang nhu banh xe véi ranh doc theo chiéu dai, duong kinh
tuong ty nhu con lan thép. Ngoai ra cac con lan bang plastic nhu nildng hozc polythen ciing
dugc su dung. hai loai con lan bang nhém va plastic thuong dugc ding lam phang bé mat
sau cung trong cong nghé stng phun.

Trong truong hop khudn cé ranh, goc, hbc, nguai ta st dung con lan kim loai véi duong
kinh nho, chiéu dai ngin hozc con lan chi c6 mot vong dém hozdc banh xe mong bang plastic
hoac kim loai dé c6 thé lan ép céc 16p.

Cac loai con lan néu trén thuong duoc trang bi vai nhiéu kich ¢& khac nhau dé thuan tien
trong su dung.

Tat ca cac loai chdi co, con lan phi kim loai déu dugc rira sach trong dung madi acetone,
con cac con lan kim loai ngoai cach rira bang dung méi con c6 thé dem dét ndng dé keo
nhua chay hét, sau d6 cao sach. Sau mdi ca lam viéc phai tién hanh rira sach ngay, néu
khong resin bam trén chdi co va con lan dong ran, khdng thé st dung duoc nira - day la
nguyén nhan gay lang phi dung cu rat nhiéu trong thuc té san xuat.

Gioi thiéu mot sb loai con lan duoc ang dung trong cdng nghé duc tiép xic

A

Hinh 1.12. Aluminum Quick Release Rollers
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Cdng nghé vt ligu Composite

Hinh 0-5 Deluxe & Quick Release Aluminum Paddle Rollers
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Cdng nghé vt ligu Composite

Hinh 0-6 Deluxe & Quick Release Slotted Aluminum Paddle

Hinh 0-7 Deluxe & Quick Release Aluminum Bubble Buster
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Hinh 0-9 Plastic Deluxe Rollers
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Hinh 0-10 Quick Release Plastic Bubble Buster

Hinh 0-11 Bristle Rollers
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Cdng nghé vt ligu Composite

Hinh 0-12 Roller Sleeves

Hinh 0-13 Aluminum & Plastic Radius (barrel) Rollers
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Cdng nghé vt ligu Composite

Hinh 0-15 Aluminum Economy Rollers
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Cdng nghé vt ligu Composite

Hinh 0-16 Plastic Economy Rollers

ATl ATt R R R

ATTTTVUVYVYY!

Hinh 0-17 Plastic Economy Rollers with Wire Handles
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Cdng nghé vt ligu Composite

[T

Hinh 0-18 Panel Rollers

3.2.3.3. Cé&c dung cu cat

Céc dung cu nay bao gom

- Dao: loai nho, mong, miii sic dung dé cat vai soi thay tinh trugc khi trai 16p. Loai nay cé
ngan bam sin dé khi mii dao cun thi dung kém bé theo ngan bo céi cii dé co miii dao mai.
Day la loai dao xén giay trong van phong.

- Kéo: chu yéu ding dé cit, sira vai thay tinh khi trai 16p cho phi hop véi goc canh caa
khuén. Cat bo cac chd bong khi khi lan ép, hoac cit bo cac canh su thira khi con wot, mém.

- Cua sat: khi Composite d& dong ran thi rat cang cho nén phai c6 cua sat dé cit bo cac chd
du thira nho, mong ngan; néu du 16n day, dai thi phai ding dén may cit cam tay.

- Pia cit mai: cac dia nay dwoc gan véi cac may cat, may cam tay véi cac duong kinh khac
nhau. Dia mai c6 do cing cao, mat sau dugc phu mot 16p bot mai tho cing. Ching co thé dé
cit got cac chd du thira hoic cac tim dai, day hoic cat dé tao cac 16 hong 16n trén san pham
nhu: cut éng, ca tron cua bon chira 16n...Ngoai ra con diung dé mai cac chd 16i caa
laminate, hoac mai bo cac chd bi tham wdt ¢é dé tham w6t cac chd tiép theo...May cit mai
va dia cat mai 1a dung cu duogc sir dung rat nhiéu trong cong nghé Composite FRP.

Mot s6 dung cuy cat

SCI-KV023

-:‘

SCI-KV095

Hinh 1.15. Scissors
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Hinh 1.17. Electric Cordless Cutter

Hinh 1.18. Industrial Cordless Fiber Cutter
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Cong nghé vit ligu Composite

Hinh 1.19. Electric Fiberglass Cutter

3.2.3.4. Cac dung cu khac

- Diia kim loai: loai det, ban nguyét, tron, rat c6 tac dung khi phai diia got nhin cac canh
sac, mép 16 tron, cac chd 16i vira va nho.

- Céc loai dao bay: duoc sir dung chi yéu cho viéc khudy tron resin voi chat don dang bot,
chat mau; sir dung trong viéc va, tram sira chira hoac trong qua trinh 1am khuon.

- Céc loai miii khoan: véi 16 nho thi diing miii khoan kim loai, nhung véi duong kinh 16n thi
ding miii khoan dang ludi cua tron chuyén dung. Néu khoan tir phia gelcoat vao, miii khoan
phai sic, phia dbi dién c6 dém gd, néu chiéu day Ion c6 thé dung nudc lam ngudi va bdi
tron.

- C4c loai x0, chau, géo, can: thdng thuong 1am bang nhya hoac kim loai vai dung tich khéc
nhau, théng thuong tir 4 + 20 lit, riéng géo c6 thé dung loai mdc nudc théng dung. X0, chau,
can ding dé chira resin va van chuyén dén chd thao tac. Gao cam tay dé muc resin thao tac
quét 16p. Riéng vai cdng nghé sting phun thi dung céac binh chira c6 thang chia dung tich.
Viéc Iya chon cdng nghé cd lién quan mat thiét voi viéc thiét ké san pham. Mot s dang san
pham dién hinh thuong gap trong thiét ké va nhitng kha nang cé thé hoac khong thé ap dung
cho cac dang san pham duoc trinh bay trong bang dudi day:
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Bang 0-1 Kha niing 4p dung céng nghé cho cac dang san pham khac nhau

Cdng nghé
Dang ) ) ] Blcép | oo 4o Plc Plc tiép xuc blcnén | Cubnsoi | PUCNEN Tién tao
san Dic diem san pham | Pdc chuyen phun phun (Hand lay- SO SO (Comprre dang
3 ; . (Pultru- . (Compres- | (Filament .
pham resin RTM | (Injection sion) phan@ng | up, Spray sion SMC) | Winding) s-sion (Preform
Moulding (RRIM) up) 9| BMC) | Moulding)
Ban kinh toi thieu ben 0.25 0.062 006 | 0.125 0.25 0.06 0.125 0.06 0.125
trong (mm)
B |Ld:
Khong
- Song song Puoc Puoc Khéng Puoc Puoc Puoc Puoc khuyén
khich
- Thang goc Pugc Pugc Khéng Pugc Duoc co thf." fac CLo tf}e; co thf fac
rol rac rol rol
C Khe trong khudn Khong Khong Khong Pugc Khong Pugc Pugc Dugc Khong
C6 the CO the
7 BUOC V6 7 nhung Co thé voi | nhung
D Nho ra trong 16i Cé thé IGi rit va Khong Dbugc Cé thé khong 16i gap khong Khong
Oi rat vao 2 2
khuyén duoc khuyen
khich khich
C6 thé voi b A a Pugc véi | CO thé voi R C6 thé
E | Cétdusi khuon tach | SOEVO 1 poe | “mang | Khuontach | SOMEVO | khong | veikhuon | Khong
o mang trugt iy mang trugt s
roi truot roi tach roi
F | Chiéu day thanh
- Tdi thieu (mm) 2.0 1.0 2.0 2.0 15 2.0 1.0 1.5 1.25
- Toi da (mm) 25 13.25 13 13 Trén 38 6 5 25 6
- Sai lech chicu day 0.25 0.13 0.25 0.13 0.5 0.13 0.25 0.13 0.13

(+mm)*
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Coéng nghé
Dang ) ) ] Plc ép Blc kéo Plc Puc tiép xdc picren | cubn soi Pacnén | Tién tao
san bic diém san pham | Pdc chuyén phun phun (Hand lay- ; : (Compre dang
pham resin RTM | (Injection (PL.IIUU_ phan @ng | up, Spray (_Compres— (F|_Iarr_1ent s-sion (Preform
Moulding | 5°" | (RRIM) up) sion SMC) | Winding) | gyic) | Moulding)
G | Gocnghiéng t6i thiéu
(d6)
- Chiéu sau dudi 6 inch 1 2 0-2 1-3 0-2 1-3 3 1-3 1-3
- Chiéu sau trén 6 inch 3 4 0-2 3 0-2 4 3 4 3
H Gon song bugc bugc Bugc Pugc bugc bugc Khé bugc Bugc
Khong
I Kim loai bén trong Puoc Puoc Puoc Puoc Puoc Puoc Puoc Puoc khuyén
khich
Khong
J nam Khé Puoc Khéng Pugc bugc bugc Khéng bugc khuyén
khich
Khong
K Gan Kho Dugc Dugc Dbugc Khong buogc Khong Puogc khuyén
khich
L Chir chim trén khu6n Puoc Khbéng Khoéng Khéng Puoc Puoc Puoc Puoc Puoc
M S6 va chit ndi Puoc Puoc Khéng Puoc Puoc Puoc Khéng Puoc Puoc
N | S6 bé mat nhin bong 2 2 2 2 1 2 2 2 2
Chét luong bé mit c6 g . .| Inung . o .. | RAttét- : : w
Py ' Tot -rattot | Xuat sac binh- | Xuatsac | Tot - rattot £y % Tot Tot Rat tot
thé dat dugc St Xuat sac
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4. Cac sw cé thweng gap va cach khac phuc

4.1. Nhdng truc trdc cda thiét bj phun ban

Cong nghé phun ban duoc ap dung nhiéu trong san xuat san pham Composite. Viéc
str dung thiét bi c6 hiéu qua doi hoi cong nhan phai nim viing cac co cau, chirc nang,
cach thao tac, bao quan, bao dudng thiét bi.

Néu qua ther nghiém khang dinh nguyén liéu dam bao chét luong thi nguyén nhan
cuia su truc tric thudc vé nguoi van hanh hoic thiét bi.

Nhitng truc trac cua thiét bi phun spray up thuong gap duoc néu trong bang sau:

Bang: Nhiing truc tric cia thiét bi phun bin, nguyén nhan va bién phap khic phuc

Sw co

Nguyén nhan va bién phap khic phuc

Phan tan phan tr
kém.

Kiém tra ap suat khi nén, chiéu dai va duong kinh 6ng mém, dau cut
phun mon, chup khdng khi mon, van kiém tra nghet, dong chat long
qua nhiéu, co cau dieu chinh khéng chinh xac.

X@o tron trong dong
xuc téc.

Van day hau nhu bi déng va rung, phin loc bj tac, khéng du luu lwong.

Phun xuc tac qua
muc.

Van m¢ qué rong, khép bat van.

XUc tac xao tron khi
c6 ap luc.

Mirc chat xUc tac qua thap, khéng khi nam trong 6ng.

Van xuc tac bi long.

Lo xo yéu do tudi tho, kiém tra dudng xuc tac bj hong.

Sui bot trong bom,
khi bi hat vao bom.

Dich chuyen xiphdng, tha bom truc tiép trong resin (gelcoat) néu do hé
thong xiphdng bi ro ri; bom qua nho, resin qua lanh hoac qué dac.

Co Cau cit soi khong
hoat dong hoac
cham.

Mat khi nén, khdng dua leu lwogng, bo diéu chinh khong hoat dong, banh
cao su qué chat.

Sang phun nho giot.
- Giot chat long.

- Giot chét x(c tac.

- Giot dung moi.

- Ty cong, ket, mon, can chinh lai vi tri ty; sing phun quéa muc; vo hoic
nat bi mon, néi bi léng.

- Mon, hong van khi; ty diéu chinh hong; sting phun qua muc; chd ndi
van hoic nit bi ket; dau stiing va than sting khdng thing hang; quat
kiém soat c6 thé bi dinh x(c téc.

- Van mon hoic bi tic; nat mon; ty hoic nim bi dinh dung mai.

Ong mém bi quanh.

Ct chat long kém, nat bi kém.

Chieu dai soi thiy
tinh cat khdng déu.

Dao cit kém, hong; banh cao su mon.

Mau cit thuy tinh
hep.

G6c dao cit chua daing; khi nén cho dao cat qué thap.

Soi thay tinh chay
sang mot bén.

Dao cit tudt khoi hang; cat chat long mon hoic bi tic.

Ty 1€ resin/sgi thuy

Khi nén cho b cat chua diéu chinh tot; khdng chd y tham uét hodc
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Sw cb

Nguyén nhan va bién phap khic phuc

tinh khong déu.

thAm w6t qua muec.

Lém dém néng.

Chét x(c tac hoic resin trao.

Khoang cit bi soi
thay tinh cuon.

Tbc d6 moto quéa cham: quat khi quéa cham: dién bi hu hong; thuy tinh
ban.

Sw cb

Nguyén nhan va bién phap khic phuc

Chét phun bi léch
sang mot bén.

Mot phan chup khi bi tic; cat hong; ty caa dong chat long bi udn, mon.

Mang loc bi tic.

V6n hat hoac mot phan bi déng; can nguyén liu.

Truc bom nho giot
va rung.

Bom cil.

Thoi gian dong va
dbng ran cham,

Kiém tra dong xdc tac va nguyén liéu. O nhiém dau hoac nuéc; kiem
tra o sting; kiém tra bot khi trong bom.

4.2. Nhdng khiém khuyét cga laminate

Bang: Nhiing khiém khuyét cia laminate thwong gap

Khiém khuyét

Nguyén nhan

Giai thich va bién phap khic phuc

Mau sic khac
nhau.

Laminate qua nong
hoac qua lanh.

Hoa, khudy xc tac tt; giam ham leong xdc tac;
giam resin « dong va soi thuy tinh am.

Ran - bén va dap
kém.

- Vi thuy tinh kém.
- Do tach khuon.

- L&p qué mong, resin
yeu.

- Kiém tra ty 1¢ soi thuy tinh so véi resin.

- Stra c4c chd go gé, giam céac chd uén luon cua
khuon. |

- Tang chicu day, kiem tra loai va co ly tinh ctua
resin.

Péng ran lau
hoac som.

C6 nhiéu nguyén nhan
khéc nhau.

- Kiém tra loai, ty I& xuc tac, nhiét do, chiéu day
laminate, thoi gian ddng dac va su 6 nhiem.

Cac lop khong
lién két
- Tu gelcoat.

- Gira cac l6p
gia cuong.

- O nhidm tap chat.
- Resin
- Vai voi thay tinh.

- Khéng ddng ran hoan
toan.

- Bui bam nhiéu trong gelcoat; gelcoat dong ran
qua lau; sap tach khudn hoa tan trong gelcoat.

- Tham w6t kém, dung resin khdng tét; nhiéu sap
trong resin.

- Dung MAT hoic soi cit ngan giita cac 16p.

- Kiém tra ham luong xGc tac, nhiét do.

Lép gelcoat 16m

C6 vat chat 1a trong

Kiém tra MAT, c6 thé co chd cé nhiéu chat tam

gon lan tan. laminate. hodc c6 mat xau hon mat kia; c6 vat la trong
resin.

Resin chay -

vong.

- Thay tinh - Nhiéu resin. - Kiém tra ty ¢ resin/sgi; tranh bj uét.

khong kho.
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- Thay tinh kho.

- Resin qué loang; thoi
gian dong dac lau.

- Kiém tra resin, kiém tra xdc tac, nhiét do.

Khiém khuyét

Nguyén nhan

Giai thich va bién phap khic phuc

Resin ran nut.

- Tach khuén qua som.

- Qué nong.

- Tach san pham khi chua déng ran
hoan toan.
- Qua nhiéu xuc tac, téa nhiét cao.

Tham resin kém.

- B6 nhat qua lon.

- Loai va dac tinh cua soi thuy
tinh.

- Kiém tra do nhét, do lanh, do am
cua resin.
- Kiém tra soi thay tinh.

Bong khi.

Khong khi xam nhap.

- Lin ép kém, thay tinh tham cham;
dd nhét cao; chat @on cao; r dong
resin.

San pham cong
vénh.

Khéng can ddi giita cac 1op.

Ap dung trai 16p ddi xang.

Soi tay tinh in
han trén 16p
gelcoat.

- Khi kéo san
pham ra.

- Sau khi kéo san

- Co rat cua resin hoac do nhiét.

- Lop gelcoat mong, chua déng
rin hoan toan, quy trinh tao
laminate c6 van dé.

- Bong ran cuc bo.

- Kiém tra ham luong chat xuc tac,
nhiét do; 16p gelcoat mong, déng ran
khdng hoan toan.

- Biéu chinh chiéu day gelcoat; kiém
tra x(c tac nhiét do; roving hoac vai
qué sat 16p gelcoat.

- Ham luong xuc téc qué thip; nhiét

pham ra. d6 qué thap, resin téa nhiét manh;
tdch khudn qué sém.

Lém dém nhe. Khéng hoa tron déu chat xuc tac. | Kiém tra thiét bi, x(c tac va resin.

Pom nong. - Qué nhiéu xuc tac. - Kiém tra xtc tac cho ding ham

- C6 nhiéu vuing resin.
- Laminate khong cén doi.

luong.

- Giam thanh phan resin.

- Kiém tra chiéu day & nhiéu chd khéac
nhau.

4.3. Nhdng khiém khuyét cda |6p phun gelcoat

Trong san xuat san pham Composite, cho du trong nhiing diéu kién tét nhat van co

thé xay ra nhiing sy cb, khiém khuyét khong thé luong trudc duoc. Pé d¢am bao co
nhitng bién phép hitu hiéu khac phuc cac su ¢d, can phai quan tam dén céc van dé sau:

- Khiém khuyét 4y la nhu thé nao? Xay ra o toan bo hay ca biét ngau nhién mot vai
chd? Toan bo san pham hay chi mot vai san pham?

- Khiém khuyét xay ra khi nao: thoi gian, thoi tiét, ¢ am khi phun, khi phun, khi 1am
laminate hay khi lay san pham khoi khudn?

- Khiém khuyét xay ra véi ciing mét thuing gelcoat hay véi cac thung khéac nhau? Trong
mot thiing thi ¢6 san pham nao tot ay khong?
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- Chd khiém khuyét ay c6 trung véi chd khiém khuyét trén khudn hay khong?
CO6 nhitng thdng tin trén, ching ta dé dang tao ra nguyén nhan va cé bién phap thich
hop dé khic phuc. Mot sé dang khiém khuyét thuong gap duoc trinh bay trong bang

dudi day:

Bang: Nhiing khuyét diém caa lép phun gelcoat

Khiém khuyét

Nguyén nhan

Bién phap khic phuc hoic giai thich

Bong khi.

Khéng khi xam nhap do
1an ép.

Kiém tra con lan; cai tién cach lan ép cho tot
hon.

Giop vay ca sau.

- Trudce khi tao 16p.

- Sau hoac trong
khi lan ép.

- Do chét xuc tac, dung
moi, nudc hoac phun qua
bi d6ng ran.

- Gelcoat loang, gelcoat
d6ng rin khong tét.

- Kiém tra su ro ri hoic su phun qué; khéng
duogc giam bang dung mai; kiém tra d6 6
nhiém tap chét; duy tri cac duong phun uét.
- Ap dung chiéu day w6t ti thiéu; mang
gelcoat khdng lién tuc; ty I€ xdc tac kong
chinh xac, qua cao hoic qua thap; thoi gian
d6ng dac quéa cham; nhiét do qua thap; thoi
gian thuc hién céac I6p khdng hop ly; khudn
bi am va do.

Vét mau.

Gelcoat chay x¢, gelcoat
déng ran qua muc.

Kiém tra tranh khong dé gelcoat twoi chay
x¢&; phun gelcoat tuoi sém hon; phun mang
mau mai phi 1én 16p con dang uot.

Gelcoat bi giop.

- Xuét hién ngay
sau khi tach khoi
khuon, nhét 1a khi
dat dudi nang.

- Xuat hién sau khi
san pham duoc lay
tur kKhuon.

- Chét xtc tac con dang
phan trng hoac chua
d6ng ran hoan toan; dung
mdi nude hodc dau; bong
khi.

- Chét xtc tac khong
phan tng; dung moi,
nudc hoac dau.

- Kiém tra ty I phan tram chat xdc téc,
khuay tron va su ro ri; kiém tra duong khi,
nguyén liéu va céc con lan; kiem tra viéc lan.

- Kiém tra muc chat xuc tac, chiéu day
mang; kieém tra duong khi, nguyén liéu va
con lan.

Bac phan.

- Pong ran.

- Tap chat 6 nhiém.

- Do khuon kém.

- It hodc qué nhiéu chat xdc tac 1am cho
khéng dong ran hoan toan, kiém tra muc
chat xuc tac, chiéu day mang gelcoat, nuéc
va dung moi.

- B& mat nhiéu bui ban tir khéng khi; lau
chuii chd d¢anh bong bing gié thim dung moi.
- Panh bong lai khudn va san pham dé dat
yéu cau tét hon.

Ran bé mat.

- Chat lrgng mang
gelcoat kém.

- Bi chan dong tir phia
cac lop.
- Chiéu day mang

- Hoi nudce hodc chat long 1an trong mang
gelcoat; kiém tra nuéc, chat xdc tac; kiém tra
nudc, dung moi; nhiét do.

- Kiém tra khi di chuyén hoic tach khuon.

- Dung dong hd do kiém tra.
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gelcoat qua lon.
- Khuon.

- Khuon bi khiém Khuyét.

Lb tro trong khi
phun.

- Tap chat 16n trong
gelcogt.
- Thiét bi phun.

- Bui trong sung phun hodc trong gelcoat;
nguyén liéu dé lau.

- Sing bi nghet, can lau chui; phan tan phan
tir bang khi chua chuan xac.

Khiém khuyét

Nguyén nhan

Bién phap khic phuc hoic giai thich

Ran do va dap
chinh dién

Do va dap.

Tréanh va dap.

Ran do luc cang.

- Ap lyc do cong vénh.

- Khuon.

- Chiéu day mang qué Ién; tach khudn sém,
laminate chua ddng ran hoan toan.
- Khudn bi khiem khuyet.

Khong két 16p
- Pham vi nho.
- Pham vi rong.

- Do tap chat 6 nhiém.
- Gelcoat dong ran qua
muc.

- Do 6 nhiém.

- Laminate khong can
doi.

- Kiém tra bui bam, dung méi.
- Kiém tra ty Ié chat xuc tac cao.

- Sép tach khudn nhiéu hozc trong gelcoat
1an sap.
- Soi thuy tinh kho.

Gelcoat bi I6m

- O nhiém ban.

- Nguyén nhan khéc.

- Kiém tra nudc, dung méi, hoic khuay tron
xuc tac chua ding; phun qué; resin nhiéu bui
bam.

- Nhiéu chat tim & soi thuy tinh; laminate
hoac mang gelcoat mong; laminate qué kho;
laminate d6ng ran cuc bo; khong khi xam
nhap vao laminate.

Do bdng duc

- Xuét hién trén
gelcoat khi Iy san
pham ra khoi khudn

- Sau khi lay san
pham tir khuén ra.

- Mat khubn khong
bong

- Sép tich tu nhiéu
trong khuon. ‘
- Polystyren tich tu dan

- Bui ban trong khuén.
- Dung mai hoac nudc.

- Chét xuc tac.

- PVA khong nhan
hoac udt; gelcoat hoac
laminate dong ran
khong tot.

- Banh bong khudn.

- Rua va danh bong lai khuoén.

- Banh nham hoic co bing chéi co va dung
mdi manh, doc canh bao vé dung méi truse
khi str dung.

- Lau sach khuén bang gié lau.

- Kiém tra vé dung mdi hoic nuéc, nudc thai
xam nhap.

- Chét xdc tac tir sing phun bay ra ngoai
khudn.

- Kiém tra k§ thuat phun; qua mic chat xtc
tac, hoac khdng dung ty I¢€ trong gelcoat va
laminate; chd 1au hon rdi hdy liy san pham
ra; kiém tra nhiét do (tdi thiéu 15°C); kiém
tra mirc 6 nhiém, nude, dau, dung mai.
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Khiém khuyét

Nguyén nhan

Bién phap khic phuc hoic giai thich

Puc hoac 16m dém
nhe ngau nhién.

- Gelcoat khéng phang.

- Hoa tron xuc tac
khong tot trong gelcoat
cling nhu laminate.

- Dung m6i xa&m nhap
vao gelcoat hoac
laminate.

- Nudc xam nhap trong
gelcoat hoac laminate.
- Chét xuc tac chua
dam bao.

- Phan tan khong tét.

- Hoa tron xuc tac can than, hoac diéu chinh
thiét bi dé hoa tron tdt; thiét bi nghet (do
bom nguyén liéu hoac khi nén); dat mac xdc
tac khdng chuén (cao hoic thap); sting phun
qua gan khuon.

- Kiém tra qua trinh lau chui; kiém tra mirc
xuc téc.

- Kiém tra duong nudce thai.

- Biéu chinh lai xtc tac.

Phai mau

- Gelcoat dong ran
khong tét

- Lau chui hoac dung
hoa chét chua dlng.

- Kiém tra dong ran va chiéu day gelcoat.

- Khéng sir dung chét lau chui kiém va acid
manh.

Soi thuy tinh in han
trén gelcoat - méo -
I6m.

- Pong ran chua hoan
toan.

- Do khuon.

- Do vai thuy tinh.

- Mang gelcoat qua
mong.

- Toa nhiét tu laminate
cao.

- biéu chinh xtc tac; cho 1au rdi hdy lay san
pham; khong dugc Iy san pham khi con
nong; kiém tra nhiét do; kiém tra 6 nhiém
nuée, dau, dung moi.

- Hoan thién lai khuon.

- Qua sat lop gelcoat.

- Tang chiéu day.

- Bé d6ng ran cham hon; thuc hién laminate
tng giai doan.

Mt ca.

- O nhidm nudc, dau.

- Khudn bi bui, ban.
- Mang gelcoat qua
mong.

- Nguyén liéu dac.

- Kiém tra dudng nudce thai; kiém tra sap
tach khuon; kiém tra dau bdi tron.

- Dung gi¢ lau.

- Biéu chinh chiéu day.

- Kiém tra nguyén liéu, tranh dé lau.

Gelcoat dong dac
trong thung chua.

- Do tudi.

- Biéu kién luu tri.

- Str dung thung it trudce; gitt nap day cho
Kin; luu trir luén phién.
- Ap dung gigi han cho phép luu trit.

Mau nbi 1dm dém.

- Do 6 nhiém.
- Vit la.

- Lau chui sach bom va duong 6ng dan.

- Giir nguyén liéu trong binh kin; han ché
phun qua muc; gitt khuén sach; siing phun
phai thang géc véi khuon,

Mau bi phan tach.

Cac phan tir mau bi
phan tach nhau.

Kiém tra 6 nhiém nudc hoac dung moi; thiét
bi dinh bui bam; phun nhiéu va khé (gitr cho
duong phun uét; 16p gelcoat chay x¢; ty 1€
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lugng phun cao tao thanh dong chay trén bé
mat khuon.

Lb hong nho Phan tan phan t khdng | Luong phun gelcoat cao; khong du ap luc dé
t6t, khong toan phan. | phén tan.
Bé mat nham. - Khi xam nhap. - Ap luc khi chua dung.

- XUc t&c khdng dung.
- Chiéu day lép
gelcoat.

- o nhét resin.

- Nudéc hoac dung maoi.
- Suli bot cua bom.

- Khudy tron qua
nhiéu.

- Kiém tra khi mua vat liéu.
- Qua day, can diéu chinh.

- B nhét chua chuan xéac hoic ding resin
ran; kiém tra khi mua vat liéu.

- Kiém tra & nhidm.

- Kiém tra bom va su ro ri khong khi.

- Chi khudy mét 1an mdi ngay, trong 10
phut.

Gelcoat bong som.
- Trong ltic dang
déng ran.

- Xuét hién sau khi

- Luong xuc tac cao
hoic thap.

- Mang gelcoat khdng
phang hoic quéa day.

- Gelcoat dong ran qua
lau.

- Pong ran khdng déu.
- Dung m6i xdm nhap.
- bong ran qué lau.

- Kiém tra thiét bi do lrong.

- Kiém tra chiéu day, dam bao chiéu day
ddng déu.

- Lop gelcoat phai dugc luu lai trong khuén
it nhat vai gio trude khi tao laminate; nén tao
cac 16p trong cung mot ngay.

- XUc tac phan tan khong déu.

- Kiém tra 6 nhidm céac chat nhu dau, nuéc. ..
- Tiénhanh tao laminate sém hon.

déng ran.
- Laminate d6ng ran - Kiém tra ty Ié xdc tac.
qué nhanh.
- Laminate d6ng ran - Chiéu day laminate khdng déu; kiém tra ty
khong déu. 1& sgi thuy tinh so vai resin.
Resin chay hodc bi | - Bot mau phan tach - Kiém tra nguén nudc.
phan tach. khoi resin.
- Do ng dung. - K§ thuat phun khong chuan, gy ra céc giot

va dong; khong cho phép phun qua va kho,
can giir cho duong phun uét.

L6m va vét. - Nhiéu gelcoat qua. - Picu chinh chiéu day.
- Ky thuat phun. - Dung khi nén phan tan phan tir gelcoat.
- D6 nhét thap. - Khong du resin; giam nguyén liéu mot cach
khdng dung.
- Sap khuon. - Ham luogng silicon qué cao.
- Nguyén nhan khac. - Chan @ong khuon truge khi déng dac.
Mém L&p gelcoat mém d& bi | Gelcoat déng ran khéng hoan toan; kiém tra

x0a.

ty 16 xdc tac, & nhidm va chiéu day.
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Khiém khuyét

Nguyén nhan

Bién phap khic phuc hogc giai thich

Vét mau khac nhau
(hién tuong da ga).

- Phun qué mic.

- Puong gbi dau khong
udt.
- bong ran.

- Khdng phun qué dé ngung dong.
- Phun duong gbi dau tét hon.
- Toan bd cac mang gelcoat dong rin nhu

mot 16p thuan nhét tét hon 1a déng rin ting
mang phun riéng biét.

Lom ddm nuéc.

- Thuong do tiép xdc
nhiét va do am qua
muc.

- Gelcoat dong ran
khong tot.

- Chi sir dung n‘guyén liéu dugc khuyén cho
ung dung cu thé; co ngot.

- Gelcoat chwa ddng chét lrong.

Gelcoat ngé vang
nhanh chong va
khéng déu khi dua
ra anh nang, nhiét
va do am.

- Polystyren hoac sap
tich tu dan trén khuén
va bam vao san pham.

- Gelcoat dong ran
khong toan phan.

- Gelcoat khéng dong
ran hoan toan do 6
nhiém dung moi, do
am dau.

- Gelcoat khéng dong
ran toan phan do nhiét
do.

- Gelcoat khéng dong
ran hoan toan do
nguyén liéu dé 1au.

- Bong troc som.

- Laminate chaa nhiéu
resin, ndbng qua muec.
- Gelcoat chay.

- Chiéu day mang
khong déu.

- Lau chai san pham
bang vai lau dinh kiém.
- Stng phun qué gan
mat khuon.

- Chi phun cé mot
mang don.

- Lau chui sach khudn dinh ky, thuong
Xuyén; khdong duoc lau l§hu6n Véi styren
hoac dung moi nhiém ban.

- Kiém tra chit luong gelcoat, ty 1& xdc tac.

- Kiém tra d6 4m hoic duong khi, dau hoic
tap chat trong dung moi.

- Khéng str dung gelcoat & nhiét do qua thip
(15°C).

- Can su diéu chinh nguyén liéu.

- C6 thé do chiéu day khdng déu, hoa tron
xUc tac khong deu.
- Can tuan theo k¥ thuat tao laminate.

- Do phun qué muc thanh dong hoac do 6
nhiém 1am cho bot mau bi phan tach.
- Tranh phun gelcoat thanh tia (dong).

- Khéng dugc dung chat kiém manh dé lau
chui.
- Gilr ding khoang céch phun.

- Phun nhiéu 16p.
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CHOONG I1: KY THUAT COMPOSITE
THEO CONG NGHE SMC

1. GIOI THIEU:
» SMC la dang tam phang lien tuc va la vat lieu composite co chda soi va cac

loai chat fion AG6c phan tan trong nhda nhiet ran. Nhoa trong tam SMC choéa i6oc
fiong ran, nhéng co o nhot rat cao. No fiddc fiong ran khi gia cong tao san pham
cuoi cung bang cach ep vao khuon.

> SMC co the dung fie san xuat cac boi phan va cac chi tiet composite co hinh
dang phdoc tap va théi gian fionh hinh trong khuon la t6dng fioi ngan. Do fio
composite SMC la rat tien 16i.

— Tinh fAa dang: thanh phan va loai sdi trong SMC co the fiieu khien mot
cach de dang fie san xuat ra cac san pham cuoi cung coitinh chat c6 ly khac nhau
phurhdp véi muc fiich s6 dung.

— Cac chi tiet fiong nhat: Cac chi tiet SMC col the: i6dc nen trong khuon vOi
cac gan, cac phan loi, phan uon cong, cac lo va cac phan long vao nhau. S6 dung
cac fac filem thiet ke nay, mot so cac bo phan col the lam fiong nhat gom mot
phan va mot so cac bo phan phu khac.

— Trong 1606ng nhe: SMC composite co trong 160ng rieng nho hon cac cau
truc kim loai. Ket qua la, cac chi tiet lam t6 SMC sel nhel hdn cac chi tiet lam to
kim loai neu cung the tich. Tz lel vel fiol ben tren khoi 166ng cua composite SMC
co the so sanh vdi nhieu chi tiet lam t6 kim loai.

— Sd on fionh ve kich thédc: Cac chi tiet lam t6: SMC cho thay co s6 on fionh
ve kich th6dc hén la cac chi tiet lam t6 composite nhéa nhiet deo trong mot
khoang rong ve nhiet fio va fiieu kien moi trédng. The tich thay fioi theo fi6ong
cong cung co the fiddc fieu khien bang cach them vao mot soi phu gia lam giam
co ngot. Hon the ndia, he so nd nhiet cua composite SMC co the i64c fileu khien
khoép vai thep va nhom, vi the cac chi tiet lam t6 SMC col the t66ng hdp voi cac
chi tiet lam t6: nhom hay thep.
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> Cac 0ng dung cua ky thuat nay: lam cac hop fiieu khien, may the duc, coa
may giat, ghe, mat ban, vo may tinh, pano coa....

> Qua trinh san xuat composite SMC co the fi6dc phan chia thanh ba giai fioan
chinh la: Tao hon hép, u, va ep vao khuon. Trong giai fioan tao hon hép, tam SMC
fi6oic san xuat bang cach bao soi gida hai tam mang mong. Trong tam SMC cuoi
cung chda mot so thanh phan nho: nhoa, xuc tac, chat fion, va chat lam day. Trong
giai fioan ton tré! (u) fio Nhdt cua nhda ben trong fiddc cho phep tang cao vi the tam
SMC co the cam 66 trooc khi co the fida vao gia cong. Tuy thuoc vao thanh phan
trong phase nhda ma giai floan u co the td vai ngay cho fien vai thang. Trong giai
fioan ep khuon, tam SMC 60c cat va fiat vao khuon nong. DO0i tac dung cua nhiet
fio va ap suat, fiau tien tam SMC chay va fiien fiay khuon va sau fio fiong ran tao
thanh bo phan cong. Trong phan dng fiong ran xay ra trong khuon, cac phan t6 nhoa
fiboc fiong ran tao mang khong gian ba chieu.

2. THANH PHAN:
Cac thanh phan chinh trong tam SMC la nhda, s6i, va chat fion. Mot so thanh

phan khac nh0 xuc tac, chat lam day, chat 6c che, chat roc khuon va phu gia lam
giam co ngot fibdc dung voi mot 166ng nho. Tuy nhien chung fiong vai tro rat quan
trong trong suot giai fioan l6u tré' va ep khuon.

VD: mot cong thdic SMC nho sau:

- polyester bat bao hoa 10.5
- styren 134
- phuigia giam co ngot 3.45
- chat fion 40.7
- chat lam day 0.7
- Xuc tac 0.25
- chat roc khuon 1.0
- chat 6c che -

- s0i thuy tinh 30.0
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2.1 Nhda:

» Cac loai nhda n6oc dung trong tam SMC thédng la nhoa polyester khong
no, Vinyl ester va nhoa epoxy cung i66c dung. Tuy nhien, thoi gian ep khuon cua
nhda epoxy lau hén so voi nhda polyester va vinyl ester. Trong thoi gian gan iay,
nhda phenol cung fiddc dung trong SMC, nhoa phenol trong SMC lam giam kha
nang chay, giam sd sinh khai va on fiinh nhiet cao hon tam SMC lam t& polyester.

» Cac loai nhta ddc dung trong SMC nh6 polyester hoac vinyl ester i66c
tron vai styren voi thanh phan t6 30-50% ve khoi 166ng. Phu thuoc vao loai nhda va
thanh phan styren trong fio ma 0 nhiet fio phong fiol nhot cua hon hop vao khoang
300 fien 3000 cp. Voi ham 166ng styren cao se tao s6 tham 00t tot gida nhda voi soi
vi fio nh6t cua hon hép thap. Tuy nhien, ham 166ng styren vt qua gidi han cho
phep thi se lam giam c6 tinh va cac tinh chat nhiet cua nhda sau khi fiong ran.

» Trong thdi gian gan fiay cac loai nhda ghep gida polyester khong no voi
urethane cung fi6dc s6 dung. Trong cac loai nhda ghep nay, polyester co trong
166ng phan to thap phan 6ng voi diisocianate voi so hien dien cua styren. Phan dng
nay tao ra mot polymer mach thang co trong 100ng phan t6/ cao hén ton tai trong
dung dich styren. Polymer mach thang nay co the fiong ran v6i xuc tac thong
th6ong. No nhét va tinh chat c6 ly cua nhda gep co the fiieu khien fiddic bang cach
thay foi cau truc hoa hoc cua polyester va diisocianate. Ngoai ra loai nhda nay con
co mot 6u filem noa la co ham 166ng styren thap ( d60i 25%).

2.2 S0i:

» Loai so0i n6oc dung trong cong nghe SMC thédng la E-glass. Mot so loai
sOi khac nho la S-2 glass, carbon, Kevlar 49 i6éc dung col gidi han. Trong soi cac
loai sbi fiol thi E-glass co mal fiun fian hoi thap nhat va co khoi 166ng rieng t6dng fioi
cao. Tuy nhien, gia thanh cua noire hon cac loai sOi gia c6ong khac. Do fio E-glass
fido’c chap nhan trong cong nghe SMC.

» Ca hai dang s0i ngan (khong lien tuc) va soi dai (lien tuc) fieu i60c dung
trong cong nghe SMC. S@i ngan ( fionh hodng té do trong tam phang) thoding fiddc
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dung trong cac 6ng dung yeu cau tinh chat fiang hoéng ( can bang tinh chat theo mai
h6ding). So6i dai, fionh héong troc tiep trong tam phang, tao ra san pham co fio ben va
mo fiun rat cao theo hédng fionh hédng cua sbi; tuy nhien, fio ben va moi fiun theo
h6éng ngodc lai la todng fioi thap. Ne cai thien fio ben va mo fiun theo phddng
ngang thi ngdoi ta dung ket hop gida sbi ngan va s6i dai, trong trédng hdp nay soi
ngan fiddc Aionh hodng td do trong cau truc fiocnh hééng cua soi dai.

» Trong cong nghe SMC thi sbi dai thodng dung la sdi roving va sdi ngan thu
fiddc bang cach chat sdi roving, kich thédc cua séi ngan khoang chéng 1 inch.
Thanh phan séi trong SMC rat de fileu chanh theo yeu cau cua 6ng dung. Thanh
phan soi cao vao khoang 50 — 70% ve khoi 160ng, i60c dung fie san xuat cac chi
tiet can fio ben va mo dun cao. Chat fion sel khong fi6éc them vao tam SMC co chda
nhieu hén 60% sbi. Thong thoding, fio nhot cua tam SMC cao sel lam giam kha nang
chay cua nhoa trong khuon , vi the lam han che qua trinh fiien fiay khuon. SMC
oo thiet ke theo dang s@i 6 trong fio va Aiddc fionh nghéa nhé sau:

o0 “SMC-R” trong fio R la s&i ngan fionh h6ding to do.

0 “SMC-CR” trong fio C la chg s6i lien tuc fionh hé6ng va R la sdi ngan fionh
hodng to do.

o “XMC” trong fio X la so fian cheo nhau cua sdi dai trong tam SMC.

Vi SMC-R va SMC-CR thi cac con so viet theo sau chz thanh phan cua loai
sOi filo ben trong. Thi du: SMC-R40 la tam SMC co chéa 40% s6i ngan fionh hodng
t0 do; SMC-C30R10 la tam SMC co chda 30% soi dai va 10% s0i ngan. Thanh phan
sOi trong XMC vao khoang 70% va phan lon la s6i lien tuc. Trong XMC cung co the
chda mot 166ng nho s6i ngan fionh hodng ngau nhien fie cai thien tinh chat c6 ly
theo phédng ngang. Goc fian cheo gida cac soi dai khoang 5-7°.

11.2.3 Chat fion:

»  Chat iion trong SMC co mot so chdc nang sau: lam giam fio co ngot cua
nhoa, cai thien kha nang fiien khuon bang cach lam cho qua trinh chay tot hén, va
lam tang chat 160ng be mat san pham. Cac chat fion cung lam giam gia thanh cua
san pham , vi the cac chat fion re hdn nhda va co thei thay the cho nhoa.

Trang 37



Cdng nghé vit ligu Composite

»  Calci carbonate la chat fion thodng fiddc dung trong cong nghe SMC.
Kaolin clay, talc,bot thuy tinh va aluminium trihidrate (Al,03.3H,0) la cung f6oc
dung nho chat fion. Aluminium trihydrate la laoi chat fion co kha nang chong chay
cao bdi vi nédc trong phan té se fiddc giai phong ra 6 nhiet fio 220°C. Vi vay no
fiddc dung trong san xuat cac thiet bo fiien, trong xay déng ...

» Ty le gida chat fion va nhda trong tam SMC tuy thuoc vao fiol nhot cua
nhoa, no sel anh hééng fien qua trinh tham 66t sdi va tinh chay trong khuon. Thong
thdoong khi ham 166ng sdi cao thi nen dung tz le fion tren nhda tha. VD: SMC-R30,
SMC-R50, SMC-R65 thi tz le tren la 1.5, 0.5, 0.

»  Cac loai chat fion co kha nang dan fiien thgnh thoang dung trong SMC gia
cd0ing sOi thuyi tinh fie lam giam s6 tich ténh fien.

11.2.4 Xuc tac:

» Choc nang cua xuc tac la khdi mao phan 6ng fiong ran 6 nhiet fiol cao. Cac
xuc tac thoding s6 dung la peroxide héu c6, nho t-bultyl perbenzoate (TBPB), chung
bo phan huy & nhiet fio ep khuon va sinh ra goc t6/ do. Cac goic t& do nay phan 6ng
vOi styren va polyester lam pha huy lien ket fioi carbon-carbon, do fio kh6i mao cho
phan dng fiong ran.

» Toc fio phan huy xuc tac cho ra goc to do tang len theo s6' tang nhiet fio
xung quanh khuon. Toc fio phan huy cua xuc tac n6dc o theo ty, , la thoi gian ma
xuc tac phan huy het mot noa.

» Mot loai xuc tac khac n66c s6 dung trong cong nghe SMC la cac hdp chat
azo. Cac xuc tac nay it nguy hiem hén cac xuc tac peroxide so ve mat hoat tinh.

» Nac fiilem fiong ran cua he nhda-xuc tac thééng fAddc xac finh bang cach
kiem tra thdi gian gel SPI. Trong ph6ong phap kiem tra nay, 10 gam nhoa vOi xuc
tac trong mot ong nghiem tieu chuan. Ong nghiem nay fi66c ngam trong bon néoc O
nhiet fio 82°C, nhiet fiol tang len trong hon hdp fiédc theo doi bang mot nhiet ke fiat
trong ong nghiem. T& 160Ng cong nhiet fio theo thoi gian, ta nhan fiddc thdi gian
gel. Nhiet sinh ra t0 phan 6ng fiong ran tang theo sl tang nhiet fio cua hon hop, no
xuc tien cho qua trinh phan huy xuc tac. Ket qua la, toc fio fiong ran tang len va
nhiet fio cung tang len, béi vi nhiet sinh ra té phan dng fiong ran khong fidéc khuech
tan ra moi trédng xung quanh. Nédng cong thdi gian gel SPI cho thay fignh nhiet
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(exothermic), tai fio no cho ta biet phan 6ng fiong ran fia hoan thanh. No doic cua
fiznh nhiet xac fiocnh Addc toc fio flong ran, no phu thuoc chu yeu vao hoat tinh cua
xuc tac. Thoi gian ma 6 fio nhiet fiol tang len 5.5°C so vdi nhiet fio cua bon nhiet
fidoic xem nho thdi gian bat fiau gel.

> Mot cach dung fiel giam thdi gian fiong ran cua nhoa la tron mot 166ng nho
xuc tac 6 nhiet o thap, nhd TBPO, va voi mot 166ng xuc tac 0 nhiet fio cao nho
TBPB. Hel xuc tac kep lam giam fiang ke thoi gian gel va thdi gian filong ran

T(°C)

Nhiet fio cao hon 5.5 ) D
pd
Nhiet fioi be pdoc
A A: thdi gian fat nhiet fio
P be
h - B: thdi gian gel
P C > C: thdi gian fat fiem
2 4 6 8 10 12 g

2.5 Chat 6c che:

»  Chat 6c che 66c them vao hon hdp nhda lam SMC voi mot 166ng theo
yeu cau cua san pham nham mui fiich ngan hay giam phan 6ng fiong ran co the xay
ra trong qua trinh tron, u va I6u tré. Nieu nay lam tang thoi gian I6u cua tam SMC
trooc khi fiva vao ep tao san pham. Khi tam SMC 60 fiat vao trong khuon nong,
phan 6ng flong ran fiau tien xay ra cham la do chat 6c¢ che; nhdng no chz anh h6dng
trong mot thdi gian ngan ket qua la goic t6/ do sinh ra nhanh td chat xuc tac. Boi vi
nong fo cua chat 6c che giam, va van toc phan 6éng fiddc xuc tien trong khuon.
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»  Hydroquinon va parabenzoquinon la hai chat 6c che thé6ng f6oc dung
nhat trong cong nghe SMC. Bdii vi chat 6c che lam giam toc fiol fiong ran va phu hdp
vOi so' tang fio nhot 6 giai fioan fiau cua qua trinh ep khuon, sé chay trong khuon co
the fieu khien fiooc bang cach I6ia chon chat xuc tac va chat 6ic che dung chung voi
nhau.

2.6 Chat roc khuon noi:

» Choc nang cua chat roc khuon la ngan sé ket dinh gida nhda va be mat
khuon, vi thel co the loi san pham td khuon. Chat roc khuon noi fi6c tron trong
phase nhda va thtéong cho hieu qua tot. Tuy nhien, fioi vdi nhding chi tiet lang thi
can phai phun chat roc khuon len be: mat khuon trééc¢ khi théc hien ep.

» Loa chon chat roc khuon la dda vao filem chay cua chung, nhiet iio chay
cua no phai thap hon nhiet fio cua khuon. Thoédng dung chat roc khuon la kem
stearate (mp 130°C) va calcium stearate(mp 150°C). Chung co the sé dung & nhiet
fio khuon len fien 155-165°C. Ca hai loai chat boi trén nay co dang bot & nhiet fio
phong nhong hoa tan de dang trong nhda. Chung f6dc them vao vai mot 166ng nho,
th6dng nho hon 2% tren tong khoi 166ng cua hon hdp. Neu dung qua nhieu chat roc
Khuon ngoai thi sel lam giam fiol ben keo cua san pham.

2.7 Chat lam day:
» Vai tro cua chat lam day la lam tang fio nhét cua nhda vi the tam SMC co

the cam fi6oc, cat, chong, va fat len be mat khuon. o) trang thai nay, nhda choa
AGAc flong ran, nhong fio nhdt vao khoang 30x10° fien 100x10°cp. O fiieu kien nay,
tam SMC kho va cam thay khong dinh, nhéng co the uon fiééc.

» Cac loai chat lam tang fio day cho nhda polyester va vinylester la oxid va
hidroxide cua kim loai kiem nhom 2A nho : MgO, CaO, Mg(OH),. Cac oxide va
hidroxide nay phan 6ng vai nhda qua hai giai fioan. N6dc cho trong vi du dédi Aay.

» Muoi trung hoa hinh thanh trong phan éng nay co trong I66ng phan td cao
hon nhda. No co the trd lai phan 6ng voi muoi baz lam tang trong 100ng phan t6 va
vi thel lam tang fio nhét cua phase nhoa .

» Oxid va hidroxide kim loai phan 6ng ngay lap toc voi nhda khi A6oc tron
vao trong thanh phan nhoa. No nhét cua hon hop tang len nhanh tai thdi fliem bat
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flau va fiat moc ma tai o fiol nhot khong tang nda, sau mot khoang thoi gian va
fiooc goi la thoi gian u. Toc fiol u co the fieu khien fiodic bang cach them vao cac
chat lam tang fiol nh6t khac nhau. Cuing co the lam tang fio: nhot bang cach tang fio
am cua nhda. Tuy nhien, neu fiol nhét tang len qua nhanh sau khi tron hdp, thi soi
khong fi6dic tham 66t nhoa tot vi vay lam giam tinh chat c6 ly cua san pham.

» Khi tam SMC fi66c gia nhiet trong khuon thi fio. nhdt giam, vi cac phan to
trong 166ng cao cua muoi trung hoa bo hoa tan thanh cac phan té nhda 6 nhiet fio
cua khuon. O giai fioan fiau trong khuon, trédc khi fiong ran, nhda phai col fio nhot
thap fie co the chay tot trong khuon. Ngooc lai, thi khuon khong fi6oc fiien fay,
hoac tao bot khi trong san pham. Va no cung fioi hoi mot ap suat nen 16n fie ep san
pham.

» Ap suat khuon va fio nh6t giam mot khoang trong suot qua trinh ep, phu
thuoc vao fiol nhot cuoi cung cua tam SMC trédc khi ep. No nhdt cuoi cung thi phu
thuoc vao loai va ham I66ng chat lam day. Trong vi du chat lam day la mage oxide
va mage hidroxide fi6oc dung cho he nhda co ngot thap. Mage oxide & nong fio
thap, lam tang fiol nhot fiau cao hén mage hidroxide. Tuy nhien, sau fio thi toc fio
tang fio nhot thap hén trong qua trinh lam chin.

» Mot ghi nhd quan trong la fio nhét cuoi cung cua tam SMC vao khoang
50x10° fien 130x10%p thi se tao ra san pham tot. Neu fio nhdt cuoi cung nho hén
50x10°cp thi nhda col khuynh hédng tach rdi s6i trong qua trinh ep khuon, con neu
Ao nhot 16n hén 130x10%p thi nhda kho! fiien Aay khuon.
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Thoi gian lam “—T" Trong khuon

Nong ra
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Lam day \
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2.8 Phu gia giam co ngot:

»  Phu gia giam co ngot la cac loai bot nhda nhiet deo, chung i66c tron
trong nhoa polyester va vinyl ester fie: fiieu khien fiol co ngot cua composite SMC.
Ca hai loai nhéa nay giam fiol co ngot theo chieu dai td 5-9% bdi vi co sd ket hdp co
ngot do fiong ran trong khuon va co ngot nhiet do lam nguoi 6 ngoai khuon. Ben
canh fio, sd thay fioi kich thtdc cua san pham, co ngot co thel lam bien dang mot sol
mat nhdo dai, ngan, loi, lom, ..

> S0 co ngot trong composite SMC co the giam fiang ke bang cach them
vao 10-20% nhda nhiet deo nhod polyvinyl acetate, polycaprolacton, polyacrylate
copolymer, cellulo acetate butyrate, polystyren va polyethylen. Polyvinyl acetate la
co hieu qua fieu khien co ngot cao nhat; tuy nhien, no khong chap nhan mau tot.
Polyethylen va polystyren la co hieu 6ng fileu khien co ngot thap nhat nhéng chung
chap nhan cac loai bot mau rat tot. Mot soi loai nhda nhiet deo 66c hoa tan trong
styren trodc khi tron voi nhda nen. Mot so loai nhda khac id6dc tron troc tiep vao
trong nhoia nen. Cac loai nhoa choda phu gia giam co ngot con i6dc goi la loai nhoa
colfio co ngot thap.
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»  Theo Atkin thi cac phu gia nhda nhiet deo phan tan va hinh thanh phase
phan tan thd hai trong nhoa nen tai thoi filem filong ran manh me. Phase nhoa nhiet
deo nay hap phu mot 166ng nho styren va nhda nen choa fiong ran. So' gian nd nhiet
cao cua nhoa nhiet deo va ap suat hoi cua stryren hap phu trong no khang cd' lai s6
co ngot do fiong ran cua nhda nen. Cac lo nho! li ti iddc hinh thanh trong phase nhda
nhiet deo do s6 trung hop cua nhoda va cua styren con dé. Khi cac san pham ep
khuon fi6dc lam nguoi 6 ben ngoai khuon, ca nhda nen va nhda nhiet deo phan tan
trong no co lai. Tuy nhien, nhiet fio chuyen thuy tinh cua nhda nen fia fiong ran cao
hon nhiet fio chuyen thuy tinh cua nhda nhiet deo, toc fio co rut nhiet cua nhda nen
fia iddc fiong ran la it hdn so vai phase nhda nhiet deo. S6 khac biet gida hai toc fiol
co ngot gay ra cac lo hong va hinh thanh cac vet rang nét li ti 6 tai be mat tiep xuc
gida hai phase, cac lo hong va vet ran nay se bu vao phan co rut nhiet cua nhda
fiong ran.

» Ross va cong s6 thi cho rang cac phu gia giam co ngot co ket qua vOi
mot 166ng 16n styren va nhoa hoat tinh cao. Ham 166ng styren la quan trong bdi vi
no gian nd cung voi phase nhda nhiet deo nen bu lai Addc s6 co ngot do trung hop.
Nhoa hoat tinh cao cho phep hon hép ran chac cua phase lien tuc trong tr6éng hop
fiol long ran thap. Nhiet o tang nhanh tai filem hoan tat fiong ran, tai fay so gian
nd nhiet tang nhanh va hinh thanh cac lo nho li ti trong phase nhda nhiet deo.

2.9 Mau:

Cac mau hou c6 va vo c0, 6 dang bot va fi66c them vao tam SMC fie tao mau
cho san pham. Mau vo c0, nho titan oxide hoac sat oxide, col khoi 166ng rieng cao,
hap phu dau thap va on fionh nhiet cao hén cac loai chat mau héu co.

2.10 - Cac loai phul gia khac:

Mot so loai phu gia id6dc cho vao phase nhda nho : chat chong chay, chong
UV va tang va fiap. Mot so phui gia rat can thiet io la phu gia lam tang va fiap nho
cac elastomer nho acrylonitrine va styren-butadien copolymer, noi cai thien i66c so
hap thu nang 166ng va fiap. Cac loai chat tang kha nang va fiap nay thodng them
vao phase nhoa 6 dang long. Tuy nhien, trong composite fia flong ran, chung ton tai
d66i dang cac hat cao su rieng biet co kich th6dc to 5-25um va lam cho nhda nen
dai nho la nhoa khang va fiap cao PS.

Trang 43



Cdng nghé vit ligu Composite

3 SAN XUAT TAM SMC:

Cac booc trong san xuat tam SMC la: tron, tao hon hop, u va I6u trd. Phase
nhda Ad6ic chuan bo trong giai fioan tron. S6i d6ic them vao phase nhda trong giai
fioan tao compound, sau fio nhdia tham 60t s6i trong giai fioan lam céng. Ca hai cong
fioan tao hon hép va lam céng cho SMC-R va SMC-CR la iigoc thdc hien tren may
SMC (hinh 2.6), fioi vbi XMC, hai cong fioan nay fidéc tien hanh tren may cuon sdi.
Cuoi cung, giai ioan u fiddc dung fie' lam tang fio nhot cua phase nhda trong tam
SMC fien mot gia tro phu hép cho viec gia cong tren khuon.

3.1 - Tron hop:
Nhieu thanh phan trong cong théc SMC 60c chia thanh hai phan:

1. Phan (A) ch6éa nhda, phu gia giam co ngot, xuc tac, chat 6c¢ che, chat roc
khuon va phan 16n chinh.

2. Phan (B) choa chat lam day trong nhda choéa co fio nhét cao, bot mau va
phan con lai cua chat fion.

Cac thanh phan trong moi phan f60c tron phan tan trong mot may tron manh
liet. Trong phan thd nhat, nhda nhiet deo fiddc them vao nhda nen trodc tien va tron
rung flong mot khoang thdi gian bao fiam chung fia phan tan fieu trong nhda nen.
Phan B f6oc tron voi phan A ngay lap toc tréoc khi phase nhda i6dc chuyen vao
may SMC. S dung chan khong trong suot qua trinh tron fie: giam s6 hinh thanh bot
khi ben trong phase nhda.

Mot so cong théc tham khao trong ky! thuat SMC:

Thanh phan SMC-R30 SMC-R50 SMC-R65
Nhoa 100 100 100
Nhoa nhiet deo 15 15 0
Phu gia

Xuc tac 1 1
Chat roc khuon 5 3 3
Chat fion 100 20 0
Chat lam day 5 6 6

Soi 97 145 204
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3.2 - Tao compound:

Phase nhda fiddc fio hoac phun len tam mang polyethylen day khoang 0.05mm
0/ tai hai dao fionh 166ng. Col the fiieu khien AGdc fio day cua nhda tren hai tam mang
bang dao nay. Soi lien tuc fiddc fida qua may chat dai theo yeu cau. Cac s6i ngan
nay réi tren tam mang fiodc phu nhoia 6 ben d66i mot cach to' do. Noi voi san pham
SMC-CR thi 16p sdi lien tuc Adodc fat tren [6p sdi ngan xap sep té do. Mang ethylen
0 trein fia ABGC phu mot 10p nhda mong Addc gan ket voi mang dodi fia co nhda va
sOi. Cau truc sandwich nay fi6dc keo qua bo phan ep lam cdng, 6 o soi Aiddc tham
00t vbi phase nhoa.

3.3 - Cong ifoan ep lam cHnq:

Caong filoan nen ep thodng fddc thdc hien voi mot chuoi truc rong voi khoang
cach gida hai cap truc giam dan cho fien bo phan cuon. Cac truic nay fiddc lam bang
thep hoac nhom va i66c phu mot 16p Teflon va co the tao nham hoac xoan fie lam
tang s6' tham 66t. Ap suat nen gida hai truc lam cho qua trinh tham 66t gida nhda va
sOi tot hon. Mot so truc, trong fio, fiac biet la truc cuoi fiddc gia nhiet 0 ben trong fie
fileu khien nhiet fio tren be mat. SO tang nhiet fio cua tam SMC lam cho fiol nh6t
cua nhoa giam va lam giam thoi gian u. Noi nhot cua nhoa giam lam tang fio tham
60t gida sbi varnhda. Mot hay nhieu truc trong phan nen ep nay co sé dung thiet bo
cham loi cho 16p mang polyethylen cho phep cac bot khi thoat ra. Keo tam SMC qua
mot truc can 16n & cuoi bo phan ep co the lam giam hdn néa cac bot khi bang cach
ep chat lam cho khong khi fii ra ngoai.
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Quy trinh san xuat tam SMC
3.4 - Giai fioan u:

Cuon SMC f6édc u trong mot moi troéng fiodic kiem soat. Nhiet fiol u khoang
29-32°C, thdii gian u td1 1-7 ngay tuy thuoc vao s6' ket hdp cua nhda va chat lam day.
Sau giai fioan u nay, cuon SMC fi6oc di chuyen ra khoi phong ul va co the fiem vao
gia cong hoac cat gidi tiep 0 nhiet fio phong trong mot vai ngay hoac vai thang. Thoi
gian cat gi6 phu thuoc vao sO ket hdp gida chat 6c che va chat xuc tac hoac nhiet
fio.

4 KY THUAT GIA CONG EP THANH PHAM:

4.1 Gidi thieu:

Ep khuon la ky thuat lau fi6i nhat trong cong nhiep gia cong nhda. Truyen
thong, th6dng sO dung ep nhoda nhiet ran nhd phenol va alkyl 6/ dang bot va hon hép
cao su. Tuy nhien, cong nghe ep phun co gidi han la hoac cho nhda nhiet deo hoac
cho nhda nhiet ran.

Cong nghe ep khuon co mot so thuan 16i hén cong nghe ep phun. No i60c
gia cong trong cac thiet b fion gian khong col ranh, runner hoac cong. Ket qua la,
vat lieu it bo lang phi trong gia cong. Co the: gia cong de dang 6 ham 166ng s6i cao,
sOi dai trong khi phtong phap ep phun gidi han 6 méc ham 166ng s6i thap va o dai
s6i nho hén 3mm. Vi vay, tinh chat cd ly cua cac san pham composite lam td phé6ng
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phap ep khuon la rat tot. Ap suat khuon trong phodng phap ep khuon la nho hon
trong phd6ng ep phun vi vay phééng phap ep khuon phu hép cho viec gia cong cac
san pham co dien tich be mat 16n hén trong phd6ng phap ep phun.
4.2 khuon trong ké thuat SMC
a. Nhiem vu: Tao hinh san pham
b. Yeu to quyet fiocnh ket cau khuon
= Hinh dang san pham
= Tinh chat vat lieu
= Yeu cau qui trinh cong nghe
c. Khuon ket hdp (khuon nen)

Bang cach s6 dung ca dang khuon am va dddng, ng6di ta thoc hien khuon
nen. Vi khuon nen, viec hép khuon rat quan trong khi san xuat cac phan chinh xac.
Cac khuon nay thoding fi60c quet nhda va gia c6ong trooc khi fiong chat lai. Nhda
do nooc ep het ra, lam giam cac cho trong, san pham se bong lang 6 ca hai mat.
Khuon nen col the bien fioi fie dung bdm hoac phun nhda vao khuon.

Mals modd halr
-

Shear adgs

b

Stop block

)

Famale rmola Pl
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d. Vat lieu lam khuon trong ké thuat SMC
- Kim loai

Kim loai la vat lieu can thiet trong che tao khuon composite, nhat la cac
khuon yeu cau san xuat lau dai, ben, chac. Khuon kim loai dan nhiet cao nen de
dang gia nhiet va giai nhiet cho khuon trong qua trinh gia cong. Noi cung chou fiddc
kha nang mai mon cao, vi vay co the sd dung khuon nay fie san xuat lien tuc ma
van fiam bao kich th66c san pham. Cac kim loai th6dng dung trong san xuat khuon
la nhom (Al), fiong (Cu), kem (Zn), thep..

Bang tinh chat nhiet cua mot so vat lieu kim loai

Tinh chat Be Mg Al Ti Fe Cu

Nhiet fio chay (°C) 1277 | 650 660 | 1668 | 1536 | 1083
He so dan nhiet (W/m.K) 146 153 222 171 75 393
He so gian nd nhiet (um /um/ 0.29 | 068 | 059 | 0.21 | 0.30 | 0.41
°C) 1883 | 1046 | 900 | 519 | 460 | 385

Nhiet dung rieng (J/kg.K)

- Nhom (Aluminum)

Nhom col he soi gian nd nhiet t66ng to' nho vat lieu composit dang tam mong
va gap khoang 2 lan so v6i thep. Khuon nhom de bo an mon hoa hoc khi sé dung voi
PVC va mot so chat tao xop. Nhom la kim loai mem deo, fio. cong khong cao, do fio
trong mot soi trdding hop can fio ben va fio cong cao ngudi ta thay nhom bang thep.
Ngoai ra, nhom col the hop kim hoa vdi mot so kim loai khac tao thanh AlZnMgCu
co he so dan nhiet 16n gap 4 lan so vai thep va co ty trong khoang 2.75.

Khuon nhom thédng fi6dc sd duing trong khuon thoi, khuon nhiet fiocnh hinh,
khuon mau,...

- Nong (Copper)

Hop kim fiong co the sO dung thay the nhom, cac loai nhé fiong-niken, fiong-

beri fid0C sO dung chu yeu trong khuon thoi. Mac dui col fiol cdng cao hon nhieu so
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vbi nhom nhéng hép kim fiong van khong fiu fiol ben va kha nang chéu mai mon nho
thep fioi vOi cac khuon san xuat lau dai trong ep phun vat lieu composite.
- Kem (Zinc)

Hop kim kem vbi iong, nhom, magie i00c dung pho bien fie san xuat cac
khuon s6 dung trong thoi gian ngan. Loai nay mem, de uon va cac goc canh phai
fibdc bao ve bang cach chen vat vao fiel tranh 6ng suat tap trung. Tinh chat cd hoc
cua hdp kim kem se giam nhieu & nhiet fiol khoang 100°C. Vi tinh chat del gia cong,
de lam khuon nen hép kim kem la vat lieu quan trong dung lam khuon composite
va khuon fiuc. Khuon kem fiddic s6 dung voot qua 500.000 lan tuy thuoic vao maoc fio
phdc tap cua khuon va sai so cho phep.

Hau het cac kim loai nhdé nhom, fiong va hop kim kem la nhdng nguyen lieu
re tien dung cho cac loai khuon lam viec 0 ap suat thap va khuon fiuc. Cac loai
khuon th6éng thay la: gian nd hoi, bot xop hoa hoic, khuon thoi, nhiet fionh hinh, fap
tay, sung phun, ... Cac kim loai nay cung fiddc s6 dung cho mot so ph6ong phap lang
kim loai trong lam khuon. Nay la qua trinh cua s& lang kim loai nong chay tren
khuon chinh bang thep hoac tren tru. Lop phu ke fien id6c lay ra va fiddc lam nguoi
dan fie tang fio ben. Cac khuon va cac tru nay i6dc s dung lai fie san xuat nhieu
khuon giong nhau.

- Thep

Thep la loai vat lieu quan trong, dung lam cac khuon san xuat lau dai vOi fio
chinh xac cao, san pham chat 166ng, chiu idé¢c mai mon va co fio ben nhiet cao. Ta
co the l6a chon cac loai thep khac nhau déa vao tinh chiu mai mon, chong soc va
kha nang gia cong. Ngodi ta thoding phan biet thep lam 3 loai: thep khong hép kim,
thep hdp kim va thep co cong duing fiac biet.

¢ Thep khong hop kim

Thep khong hdp kim la thep chz col carbon, ham 166ng carbon trong thep rat
khac nhau co thei len t6i 2%. Thong thé6ng ham 166ng carbon trong thep thap thi
thep co fiolben va fiap tot, thep co nhieu carbon chou mai mon cao.

¢ Thep hbp kim

Thep hdp kim la thep co them cac nguyen tohép kim (ham 166ng cac nguyen
to hop kim them vao phai < 5%). Nhdng nguyen toi nay fiédc them vao fie khac
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phuc cac khuyet fiiem cua thep carbon. Thep nitril hoa iddc s6 dung fiei chong lai
s mai mon cua vat lieu composite. Hon nda, chung cung chou fiddic an mon va on
fionh 6 nhiet fio 427°C. Ne cai thien tinh gia cong cua thep, fioi khi ngddi ta them
cac nguyen toi nhd 16u huynh, chi, mangan fiong thdi ket hép vdi qua trinh u va
thodng hoa trong qua trinh gia cong. Selen fi66c cho vao thep khong rz fie cai thien
tinh gia cong va fio cong.

Tac dung cua cac loai thep hop kim

Kim loai % Tac dung
Nhom <2 Hoi trd' cho qua trinh nitrat hoa, chat khé oxy hoa
Crom 0.3-4 | Giatang fioicong, chou fiddic mai mon va chong an mon.
Chi 0.05 - 0.3 | Cai thien kha nang gia cong
Mangan 0.3-2 | Giatang fioicong va chou fidéc mai mon
Molypfien 0.1- 0.5 | Gia tang flo cOng, tang fo ben nhiet, ben rao.
Niken 0.3-5 | Tang fiol cbng, fiol delo dai va chou iddic mai mon
Photpho 0.05- | Tang kha nang gia cong, fio cdng, chou mai mon
Silion 0.15 | Tang fioi cong, fio deo dai, chong an mon

Lou huynh 0.2 -3 | Cai thien kha nang gia cong cung vOi mangan
Vanadium | 0.07 - 0.3 | Tang fio cdng, fiol deo dai va chou fiddic mai mon
0.1-0.3

Noi chung, thep co ham 166ng carbon va crom cao fi6oc dung lam khuon loi
(lam coc khuon), khuon ep phun, khuon ep nen, dao cat ky thuat, fiau fiun.

. Thep fac biet

Thep fiac biet cung la thep hop kim, trong fio ham 166ng cua mot so nguyen
to hdp kim se cao hén trong thep hép kim thong théong tuy theo muc fiich va cong
duing rieng. Loai thep cong, de gia cong va deo dai thi thich hép cho lam khuon. Hai
nguyen to hop kim i6oc s6 dung nhieu trong loai thep fiac biet la crom, mangane.
Noi voi thep lam khuon cho composite ta nen chu y loai thep ngoai chou fioc fio
cdng, fio ben phai chou Aiddc an mon hoa hok.
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e. Gia co khuon
% Muc fiich gia co khuon: lam tang fio cdng chac cua khuon, khuon khong bo
cong venh, iam bao kich thédc khuoin chinh xac.
s Vat lieu gia co.gom co : kim loai, go, PMMA, PVC xop, ....
« Neu vat lieu gia co khong t66ng hop tot vdi nhda polyester khong no thi
vat lieu filo phai cong hon vat lieu composite (kim loai, go).
« Neu vat lieu t66ng hdp tot véi nhda polyester khong no thi ta dung PMMA,
PVC xop,.. (chat phan coc).
Mot so nha nghien cou fia cho thay rang anh h6dng cua cac thong so khuon
fien tinh chat c6 ly cua san pham phang. Cac ket qua nghien céu fid6ic tom tat ddi
fay.
Thoi gian flong ran: Mallick va Raghupathi fia cho thay rang thdi gian fiong
ran khong t66ng fiong gida cac 16p. Vi the tao ra cac 6ng suat khac nhau ngang qua
san pham day.

Bang 3.5 : Cac thong so ¢6 ban trong quy trinh ep

Thoing so khuon: Thong so thiet bo
Nhiet fiol khuon Thiet ke khuon

Ap suat khuon Goc troot

Toc o fiong khuon Van

Hinh dang khoi nguyen lieu He ep

Thong so vat lieu: N66ng phan chia
Cong thoc pha che nhoa Ban ve

Hoalt tinh nhoia-xt-6c¢ che Vat lieu lam thiet bo
Thoi gian u Be mat cuoi cung

No day cua tam SMC
Nhiet Aol cua tam SMC
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Tinh chat c6 ly cua san pham SMC:

Tinh chat

Gia tro

No ben keo(psi)

12.000 — 20.000

Modun keo(psi)

0.9x10° — 2x10°

No ben uon 25.000 — 40.000
Modun uon(psi) 1.25x10° - 10x10°
No ben nen(psi) 15.000 — 30.000

No ben va fiap(ft.Ib/in) 8-20
No cong Barcol 40 - 80
Ham 166ng s6i(%) 35

4.3 Quy trinh gia cong ep nen:
Quy trinh gia cong theo phdéng phap ep nen fié6c phan ra thanh ba cong fioan

nho sau:
a) Coing fioan chuan bo:

Chong tam SMC cho phui hdp vbi fiol day yeu cau va fiat vao khuon fia gia
nhiet. Tam SMC fi66c cat theo hinh dang va kich th66¢c mong muon té cuon SMC fia
fidoc u ong nhat, mang ethylen iddc lot ra 6 moi mat va chong tren nhau tré6c khi
cho vao khuon.

No6ng kinh cua moi 16p fivdic chon che phu khoang 60-70% be mat khuon.
Khoi 166ng cua khoi nguyen lieu fi6éc xac fionh trodc khi fiat vao khuon, vi khoi
|66ng cua khoi nguyen lieu cua mai san pham la phai nho nhau. Vo tri cua khoi
SMC fiat trong khuon la mot yeu to quyet fionh fien chat 166ng san pham vi no anh
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h6ding fien s’ fionh h6dng cua sbi trong khuon, so 166ng cac lo trong va soi fian cheo,
b) S6' fiong khuon:

Sau khi Aat khoi SMC vao nda khuon ddoi, néa khuon tren fi6dc fiong nhanh
fien vo tri tiep xuc voi khoi nguyen lieu. Roi giam toc fiol iong khuon lai khoang 5-
10mm/s. Cung vai sO tang nhiet fio cua khoi nguyen lieu, fio nhot cua tam SMC
giam. Ap suat khuon tiep tuc tang cho fien khi fiong khuon hoan toan, tam SMC
chay ra va fiien fiay khuon, khong khi sel thoat ra ngoai qua cac canh hoac van. Neu
nhod khuon fiong qua cham, thi 16p tren be mat cua khoi nguyen lieu fiong ran tré6.c
khi fien khuon hoan toan. Trong tréong hop khac, neu toc fiol iong khuon qua
nhanh thi khong khi coi the bo giél la. Vi the, toc fiol fiong khuon cuing la mot thong so
anh hoding fien tinh chat cua san pham sau cung.

Ap suat khuon nam trong khoang 1-40MPa va phu thuoc vao hinh dang san
pham, fio chay dai, va fiol nhot cua tam SMC tai nhiet fiol khuon. Thédng, nhiet fio
cua be mat khuon vao khoang 149°C. Ca hai nda khuon la rat nong va thoéng fioc
duy tri thay fioi trong khoang +/- 5°C so vdi nhiet fiol yeu cau. S6/ chay trong phéong
phap ep khuon nay la t66ng fioi nho hén phddng phap ep phun. Tuy nhien, fiay van
la mot thong soi quan trong, no quyet fionh fien chat [66ng san pham. Ngoai ra, thong
so nay cuing fiieu khien fi6oc hien t6oing tao bot khi va sd filnh héong s6i trong san
pham, do fiol nol anh hd6ng fien tinh chat c6 ly cua san pham.

¢) SO fiong ran:

Sau khi fien fiay, khuon van con fiong cho fien khi tao AG6c san pham ran chac.
Thai gian flong ran th6ong keo dai vai phut va phu thuoc vao mot so yeu to nho
hoat tinh cua nhdia-chat xuc tac-chat dc che, fio day san pham va nhiet fio. khuon.
Tai cuoi thoi niem fong ran, khuon tren A66¢c mo ra va san pham Adéc lay ra khoi
khuon d6di bang hoi. Phan san pham nay fi6dc lam nguoi ben ngoai khuon, trong
khi fiol lam sach cac manh véi con lai trong khuon va phun chat roc khuon ngoai tren
be mat khuon chuan bo cho chu trinh ep tiep theo.

Phan san pham fi6dcc lam nguoi ngoai khuon, no tiep tuc flong ran va co ngot.
Bai vi, ap suat gidl khong con fie: chong lai hien t66ng nay, san pham col thei bo cong
veio hoac sinh ra 6ng suat noi la do mdc fio nguoi lanh cua cac phan trong san pham
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khac nhau; tuy nhien, cac hien t66ng nay chiu anh h6éng rat nhieu t6 khau thiet ke:
san pham.

Trong nhdng nam gan fiay, fie cai thien hieu suat trong gia cong ep khuon hoac
nang cao chat 166ng cua san pham. Qua trinh san xuat tien hanh theo ba bdéc sau:

1. Gia nhiet trooc khoi nguyen lieu: khoi nguyen lieu i66c gia nhiet tro6c
fien nhiet fio d6di nhiet fio fiong ran thi sel lam giam thdi gian ep va tang hieu suat
gia cong. Co the gia nhiet khoi nguyen lieu bang fiien tré ben ngoai khuon vi the
toan boikhoi nguyen lieu A66c gia nhiet mot cach nhanh chong 6 cung mot nhiet fio.

2. Dung ap suat chan khong: Ong dung chan khong trong suot qua trinh
chay cua tam SMC trong khuon fiong fie: lam giam hien bot khi trong san pham
giam hien t6dng ro tren be mat, va cai thien Adoic tinh nang cé ly cua san pham.

3. Dung l6p phu trong khuon: Lop phu trong khuoin fiddc dung fiel che chan
sO bien dang tren be mat trong san pham ep, nhé gén song tren be mat, ro, va lom.
Phoong phap thoong dung nhat la phu toan bo khuon mot 16p polyester mem deo
hoac polyester gep v@i urethane day td 0.2-0.5mm gida hai chu trinh ep ke tiep,
fiong khuon lai va fiong ran 6 ap suat khuon binh th66ng. L&p phul fiong ran nen can
them thoi gian, vi the lam tang thdi gian mot chu ky ep. Phédng phap thé hai la phu
khuon dung ap suat cao fie: phun 16p phu vao nen khong can mé va fiong khuon.

d)Chu trinh fiong ran:

Phan 6ng fiong ran xay ra trong khuon chuyen tam SMC thanh san pham cong
bang cach tao lien ket ngang gida cac phan t6. No flong ran fiodc xac fionh bang sol
|66ng lien ket ngang, no anh hoédng fien tinh chat co6 ly cua san pham. Thong
thodng, fio ben keo, modun, khang nhiet va hoa chat tang len theo sl tang soi lien
ket ngang. Thoi gian can thiet fie san pham fiong ran fi6dc goi la chu trinh fiong ran.
Trong qua trinh ep khuon, chu trinh fiong ran la mot giai fioan chinh cua chu trinh ep
khuon. Vi the, giam chu trinh fiong ran thi lam tang hieu suat san xuat. Giam thdi
gian fiong ran bang cach thay fioi thanh phan trong cong théc phoi tron cung nho
hoat tinh cao cua he nhda-xuc tac-chat dc che, hoac thay fioi cac thong soi gia cong
nho nhiet fio khuon.

4.4 - Anh ho6ng cua nhiet fio:
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a) SO phan bo nhiet fio va thoi gian fiong ran:

Khi khoi nguyen lieu fi6oc fiat vao khuon, nhiet fioi cua 10p be mat tang
nhanh fien nhiet fiol cua bei mat khuon, trong khi fio nhiet fiol cua cac 16p trong thi
tang len t66ng fioi cham. Vi the, th6dng qua trinh fiong ran bat fiau & 16p ngoai va
h6dng vao trong. Nhiet sinh ra t6 phan éng fiong ran & moi I6p thuc fiay qua trinh
khoi mao fiong ran cac 16p trong va lam tang nhiet sinh ra cua khoi nguyen lieu.
Tuy nhien, phan dng fiong ran van tiep tuc, nhiet sinh ra t0 phan 6ng fiong ran cac
[6p trong khoing di chuyen ra ngoai be: mat khuon vi fio dan nhiet cua vat lieu SMC
la rat kem. Do tinh khong can bang gida nhiet fio sinh ra va truyen nhiet ra 16p
ngoai tao ra so tang nhiet fio trong 10p trong va co the cao hén nhiet o cua khuon.
Khi phan 6ng fiong ran gan hoan thanh, nhiet sinh ra giam va nhiet fio cua 16p trong
giam cham fien nhiet fio khuon.
b)Nac tinh chay:

SO chay cua vat lieu SMC trong khuon la hien t60ng phdc tap; tuy nhien, no la
fiac filem quan trong nhat quyet fionh tinh chat cua san pham. No khong nhéng quyet
fionh fien pham vi chay trong khuon, ma con anh hédng fien fio fiotnh hddng cua soi,
phan boi soi, sO roi tren be mat, va fio bien dang tren be: mat san pham.

c) S6 fionh hébng soi:

Theo quan niem thi s6 ficnh h6dng sdi trong vat lieu SMC la té do, bdi vi san
pham the hien tinh fiang hoding vadi tinh chat cd ly can bang theo cac htdng trong
san pham composite. Tuy nhien, fioi vbi cac san pham co tinh chay phdc tap, trong
qua trinh ep tao hinh san pham thi se dan fien qua trinh fionh hédng sbi, so fionh
hodng nay lam cho san pham manh hén theo hdéng s6i fiotnh h6éng, nhdng yeu hén
theo h6dng ngdac lai.

5 khuyet fiiem:

Qua trinh ep tao san pham col the tao ra rat nhieu khiem khuyet tren be mat va
trong san pham. Nhong khuyet fiiem tren be mat nho la: gon song, lo va co rut, tao
ra be mat khong phurhdp voi 6ng dung. Cac khuyet tat tren be mat col the khac phuc
bang cach son ben ngoai khuon hoac phu mot I6p phu tren be mat khuon trong suot
qua trinh ep san pham. Cac khuyet tat ben trong san pham nhé la: bot khi, vet nhan,
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va s fionh hodng sbi, co the anh hdding fien tinh chat ¢6 ly cua san pham. Chung co
the i00c nhan thay bang cac ky thuat nhé: pho tia X, sieu am.
5.1 Hien t60Nng ro:
> Ro la ket qua cua cac bay khi 6 trong khoi san pham. Cac bot khi sinh ra
trong qua trinh tao hon hép va tao tam SMC, chung ton tai trong phase nhda, tren be
mat lien dien gida nhoa va sbi, va gida cac bol sdi. Khong khi cung bo gidl lai trong
[6p tiep xuc cua khoi nguyen lieu SMC hay nhé trong qua trinh fiong khuon. Trong
qua trinh chay, cac bot khi i66c keo ra cac van va goc cua khuon, co the dung chan
khong fie tranh bot khi nay. Tuy nhien, neu fio. nhét cua SMC & nhiet fio khuon la
qua cao hoac toc fio fiong khuon khong fiung thi cac bot khi trong san pham se tang
len. Cac khoi hoac cac van khong t6dng thich trong khuon cung lam tang bot khi
trong san pham.
> Co thel giam cac bot khi trong tam SMC theo mot soi cach nhé: tron hon

hdp nhoa trong ap suat chan khong,kiem soat s6/ tang fio nhot cua phase nhda trooc
khi tao compound, tang fio tham 00t cua nhda vao trong sbdi 6 cong fioan nen ep kho
bot khi. Bdi vi co rat nhieu bot khi tren be mat lien dien nhoa va sdi. Chung ta co
thel them cac phu gia vao trong phase nhoa fiel lam giam sdic cang be mat tren lien
dien va vi thel col thei cai thien fi6dc fio tham 66t va tang kha nang loai bot khi tren
be mat soi.
.6 Ou fAiem

Sol fia dang:Kiem soat fiddc 166ng sbi trong tam SMC nen kiem soat fiddc tinh
nang co ly.

S6 fiong nhat: San pham f66c fionh hinh trong khuon nen de dang tao gan, lo va
cac chi tiet phu khac.

Trong 166ng nhe:: San pham SMC co trong 166ng nhel hén cac chi tiet kim loai.

On fionh kich thodc: San pham SMC co fion on fionh kich théoc trong cac fieu
kien nhiet flo va moi tréding khac nhau..

Co thei fiieu khien fiddic fioi co rut bang cach them vao cac phu gia thich hop.

Ky thuat ep nen co thuan 161 hén cac ky thuat ep phun la: Tiet kiem vat lieu.
Gia cong fi66ic san pham I6n.De! gia cong voi ham 166ng s6i cao.Thiet bo fibn gian
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CHOONG I111: KY THUAT HUT CHAN KHONG
1 Gidi thieu:

Ky thuat hut chan khong la ph60ng phap tao san pham composite gia c66ng
sOi trong khuon fién cho ca khuon fidic hay khuon cai. Thiet bo lam cho san pham tao
hinh theo khuon la mot mang mem deo. Khi hut het khong khi tai khong gian gita
mang va khuon thi ap suat khi quyen sel tao ap léc fieu len bel mat ngoai lam cho
nhda, sdi fAonh hinh trong khuon. Ap suat tao ra nh6 mot may hut chan khong co ap
I6c khoang 0.068 — 0.1 MPa la fiu cho fiol chat va fiol fiocnh hdéng tot hén so vai
phdbng phap fiap tay. Ve thdc chat quy trinh nhanh hén fiuc khuon thong thédng
nhong thoic tei fioi khi can lam cham hén fie kip hut va khong bo fiong ran nhda trééc
khi nhoia kop tham vao sdii.

Co mot so 1i ich sau cho viec s6 dung phd6ng phap hut chan khong.

= Do colap léc duy tri trong suot thdi gian fionh hinh trong khuon, nhda bo ep chat
nen loang fieu do fio co the sd duing 166ng s6i thuy tinh cao hén, lam cho cé tinh
cua san pham tot hén.

» Viec khdl bot khi tot, de dang hén so voi fiap tay lam cho san pham tot ngay ca
khi cong nhan co tay nghe: thap.
Nau t6 thap hén so vdi cac phédng phap ep bang ap 16c hoac chan khong khac
Tuy nhien ky thuat nay khong kinh te khi chg s6/ dung mot khuon. Cac san pham
co kich th6éc 16n co the fiddic san xuat hang loat. Cau truc sandwich fia fiddc 6ng
dung mac du co s6 khong fiong fieu mot chut ve be day loi. Co nhieu ky thuat va
thu tuc khac nhau trong quy trinh hut chan khong.

2. THIET B0 VA DUNG CU
2.1 Khuon:

» Trong ky thuat hut chan khong, cong cu kha fidn gian khi so sanh voi cac ky
thuat fiuc khuon khac. Loai khuon fiddc 16a chon can co vao be mat nao cua san
pham can fiddc kiem soat chinh xac. Vi du: neu ep mot mai che, phan ben ngoai
cua no can phai nhan, ta l16a loai khuon rong (khuon lom) fiel tao hinh, khi lay ra san
pham se co mat ngoai tao hinh giong voi bei mat trong cua khuon. Ngddic lai khi lam
mot mat ghe thi phai dung khuon fidic (khuon loi).
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> Vi vat lieu id6c bat flau ep khuon & pha long va ap suat A6dc duy tri trong
suot qua trinh tao hinh, fiong ran, do vay chat 166ng san pham cuoi phu thuoc rat
nhieu vao be mat khuon.

» Vat lieu lam khuon tuy thuoc vao rat nhieu yeu to t0 so chi tiet N6dc ep, loai
nhda fodc s6 dung, nhiet fio fiong ran, be: mat can thiet san pham cuoi, va thdi gian
fiong ran. Rat nhieu loai vat lieu lam khuon co the f66ic s6 dung, thong th66ng cac
vat lieu nay gom: thep, khuon bang epoxy hoac phu epoxy, go, thach cao, nhom, vat
lieu ket hop (go, kim loai...)

» Them vao cac vung nhda tao hinh tren fio, khuon con can phai mé rong
them cac phan nhd mat bich, mat phang fie gan mang fionh hinh, cac lo hut chan
khong... fioii khi con can them cac thiet bo gia nhiet ben trong.

> Viec phan bo cac filem hut chan khong nham tao ra sé' loang fieu cua dong
nhoda chay tren toan bo san pham. Vi dong nhda chay theo cac vong tron fiong tam
do fio fioi luc can phai hol tré bang con lan cao su fie ida nhda fien cac goc xa cua
san pham.

2.2. Cac bo phan, vat lieu lam kin khi

» Nho fia mo ta 6 tren, ky! thuat hut chan khong sé dung mot mang phul kin
tren khuon rai rut khi trong khuon ra. Ap suat khi quyen xung quanh ep chat khuon
trong théi gian fiu fie polymer hoa. Ne cho qua trinh nay co hieu qua, quan trong
nhat la chan khong fi6dc duy tri trong suot qua trinh fiong ran. Ne fiat tdi Aieu nay
rat nhieu phdééng phap fiddc s dung fiel lam kin mang, bao fiam khoing cho khong
khi xam nhap vao ben trong.

» Thiet bo th66ng Addc sd dung nhat se co mot vat lieu nhay fi66c sd dung
lam mat lien ket gida mang va khuon. Ong cao su iddc s6 dung nho A6GNg hut chan
khong co the fi66c fiap bang mdi Silicon tai chol vao fie fiam bao kin khi. Sau khi
fiong ran xong, mang fi6oc lot ra khoi khuon va de dang lam sach.

> Mot thul thuat thé hai la s6 dung gan ket c6 khi, tai vo tri xung quanh khuon
tao ranh thoing th6dng co kich thédc roing 1.2 cm sau 1.2 cm. Sau khi fiat mang can
than fie tranh hien t60ng cang khong fieu, fiat mot boi phan la ong cao su co fi6ding
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kinh ngoai la 1.2 cm nam len tren ranh (mang nam gita ong va khuon) va fiong chat
vao ranh.

» Nhieu hel thong khac cung fiddc s0 dung gom co: hut 2 mat, bang nhay
nhiet fiac biet dung gia cong tam phang mong, fioi khi dung cac thanh go fiat len
tren mang va kep lai bang kep ché C. S6 16a chon phddng phap rat rong rai va phu
thuoc chu yeu vao kich th6éc san pham, loai khuon, so san pham trong mot khuon
va mot sol fiieu kien kinh te. Muc fiinh chinh la lam sao fie rut khi ra hoan toan con
s6 dung ph6dng phap nao thi khong quan trong neu nhé nol co hieu qua.

2.3. Cac vat lieu rut trich khi.

> Mang fie cach ly khuon vdi khong khi xung quanh trong qua trinh rut chan
khong thodng bang PVA, PVAc, hoac cac mang mem deo toong td. VOi viec rut
chan khong fiong thdi véi tac dung nen ep cua khi quyen ben ngoai co khuynh
hodng la mang ep to' lam kin gay can tré cho dong khong khi ben trong khong fien
lo thoat fi6dc. Ket qua la lam cho tui bo rum lai va tai cac vo tri nay mang khong ep
chat nddc san pham.

» Ne han che tac hai nay, mot I6p trung gian fiéoc fiat giva 16p vat lieu va
mang. Cac vat lieu vai tho, 166i, vai thuy tinh det théa, mat thuy tinh rat thich hép
cho coing viecc nay. Chung fid6c xem nho vat lieu rut khi vi cho phep khi rut trich ra
qua chung va khong cho mang té lam Kin.

» Ne han che cac vat lieu trich khi khong dinh vao san pham, co the them mot
I6p mang co cac lo gida san pham va vat lieu trich khi. Ky thuat nay cho phep thoat
khi va nhoa thda, khong gay kho khan cho viec lam sach sau khi fiong ran xong.
Mang nay lam cho viec tach phu lieu khoi khuon mot cach nhel nhang it ton cong.

> Mot vat lieu khac fiddc s dung fiddc xem nho “l6p vai tach”, fio la 16p vai
det day khoang 0.01 — 0.02 mm fi66ic phu silicon hoac vat lieu khong dinh khac, 16p
vai tach th6dng co mau (th6dng mau hong) fie giup del nhan khi tien hanh lam sach.

3.4 Vat lieu lam mang.

e Taco the I6a chon rat nhieu cac vat lieu sé dung lam mang ngan khoing khi
vai san pham. Thoédng thi viec I6a chon vat lieu nao se tuan theo tinh kinh te. Khi
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san xuat soi 166ng 16n ta chon mang co the s6 duing lai nhieu lan con khi chz san xuat
mot vai san pham ta chon loai mang re tien nhat.

e Phb6ng phap gia cong fid6c s6 dung cung quyet fionh viec chon 16a mang. Vi
du: neu san xuat 1 san pham s6 dung phd6ng phap fiong ran bang tia céc tim hoac
anh sang mat trdi, khong can nhiet iio cao co the chon vat lieu fidn gian con neu s6
dung nhiet fiol cao hoac autoclave thi can loai mang on fiinh hon.

e Mot filem can l6u y la fie cho san pham fi6oc fieu va co chat 166ng tot,
thodng ta phai quan sat va tr6 giup quy trinh (vi du' nhda lan khong fieu, bot khi
khong rut het) bang con lan. Vi vay ta phai chon loai mang trong suot. Mot soi vat
lieu trong suot th6dng s6 dung co: mang cellophane, mang PVA, mang PVC mang
PET, mang PE..

— Mang Cellophane: t66ng fioi re, thich hép cho san pham phang it cong.
Tuy nhien chung dei rach, khong chéu nhiet, khong phu hép cho san pham co fiddng
cong kep.

Mang PVA: thoong day khoang 0.08mm, fi6dc s6 dung cho nhieu loai
nhda khac nhau do re tien, mem deo. Tuy nhien chung la vat lieu tan trong né6c

nen khong phu hop vai nhda phenolic la cac nhda thoat hdi ndoc khi fiong ran.

Mang PVC: id0c s6 dung voi fio day khoang 0.1 — 0.2 mm chung re hén

PV A nhong co kha nang 6c che viec filong ran cua mot soi nhoa.

Mang PET: th6dng f66ic sé dung vai fio day 0.1 — 0.2 mm. Mang nay co
kha nang chou nhiet rat tot, tao be: mat bong fiep. Tuy nhien gia thanh hien nay qua
cao.

— Mang PE: s6 duing voi fio day khoang 0.2 mm. Mang nay co gia thanh re
nhong no khong the chiu iddic nhiet fioi toa ra trong qua trinh fiong ran. No chz co
the sd duing cho san pham mong va 166ing xuc tac dung rat it.

Khi s6 dung phéong phap fiong ran trong autoclave, cac mang can fidoc lam
to vat lieu chou fidng tot hdn. Co rat nhieu loai lam tdi cao su tong hdp fiddic s6 dung
trong phdong phap nay.
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3.5. Kep vai cb cau kep

Rat nhieu thiet bo col the fiddc sd dung fie kep mang vao khuon khi khuon co
cau truc khong thich hdp vai viec s6 dung past hay bang dinh. Khi san xuat nhieu
can phai can nhac hieu qua kinh te ve! gia thanh va nhan cong fie chon toi 6u gia
thanh va soéc 16c. Cac thiet bo nay col the la khung sat hoac nhom véa voi chu vi cua
khuon, chung co the kep bang kep chd C (cao), kep fion khuyu, kep lo xo hoac vai
loai todng to. Chung co the gan lien fiei co the kep nhanh trong vai giay. Bat fiau hut
chan khong ngay khi kep va lam kin xong.

3.6 Thiet bo hut chan khong

— Nho fia giai thich mau chot ky! thuat cua hut chan khong la rut khi trong vung
gida mang va 16p san pham, nho fiol ap suat khi quyen khoang 0.1MPa se tac fiong
len toan bol cac vung tren mang ep chat san pham trong suot qua trinh fiong ran.
Neu rut khong het khi hoac bo thung, san pham se khong fi6dc ep chat va khong co
chat 166ng tot. Neu khuon bé ro hoac may hut chan khong khong phu hdp fieu gay
tac hai ke tren. Bol qua viec roi rz cua khuon vi col the té khac phuc sba chda ta phai
I6a chon may hut chan khong cho phu hop.

— Viec Iéa chon may hut chan khoing tuy thuoc vao kich th66c va kha nang cua
may. May phai fiu soc tao Ad6c ap suat chan khong toi thieu la 635 mm thuy ngan.
Ap loc ben ngoai ep vao se khoang 0.08 MPa. May hut cung phai iiu [6n fie fiap 6ng
fiooc cho so khuon can van hanh fiong thoi.

_ Tai fliem noi gida fiddng hut vdi khuon can phai fiat mot bay nhoa fie nhda
d6 khong hut vao may bom.

Cac thong soi ky thuat cua may hut chan khong:

o0 Nhan hieu : BECKER
N6Oc san xuat: Noc
Van toc: 1420 vong/phut
Cong suat: 2.2 KW

0
0
0
o Lou l6dng : 100m*/gio|
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3.7. Cac duing cu khac

Ngoai cac duing cu, vat lieu ke tren con can mot so dung cu nho fie giup cho
viec van hanh nhanh chong va co 16i hon. Cac cong cu nay gom cac cong cu cam
tay va cac thiet bo phu tro.

- Con lan: Bang cao su hoac kim loai dung fie lan nhoa do td trung tam ve
phia fi6dng hut va bay khi.

- May say cam tay: s6 dung trong tr6dng hop muon rut ngan thoi gian gia
cong tren san pham I6n.

- Cac cong cu x6 ly san pham: dao, ludi cao, cba, may mai, khoan....
- Binh fidng an toan: fie fidhg MEKP, acetone, chlorua methyl, styren va
cac dung moi hdu co, giay, khan, vai khoi fie lam ve sinh.
* quy trinh thao tac
1. Kiem tra khuon sach se, co bo thung mang khong: Khuon phai fidéc
kiem tra tho6ng xuyen fiel tranh cac tréong hdp be mat khuon bo nét, roi ... cac fiau
noi hut chan khong bo roi rz.
2. Thoa kyi chat thao khuon: SO dung chat thao khuon nho : wax, PVAc.
Nay la quy trinh rat quan trong trong nhéing lan fiau tien can phai fianh chat khuon
nhieu lan fie tranh tr6dng hop san pham sau khi fiong ran b bam dinh vao khuon
gay hong khuon va san pham
3. Trai cac tam SMC: tam SMC fi66c fionh 166ng san va cat theo hinh dang
khuon fiel co the fiat vao khuoin va khong bo qua do.
4. Trai 16p 166i trich khi.
5. Kiem tra chui sach cac chat thao khuon quanh ludi trich khi, fiap 16p gan
kin mang (cao su bang, fiem) quanh khuon, tren vung vda lam sach. Kiem tra ky,
cac lo hut khi phai hoan toan thoing.

6. Trai l6p mang qua toan boi cac phan voa lap fat.

7. Kiem tra xem fia hoan toan kin chéa, kep chat mang lai

8. MO van hut chan khong. Kiem tra lan cuoi xem khi coibo roi rz hay khoing
9. M@ van cho nhdia vao td to va gidl lai mot it nhda tren fiau van

10. Dung con lan giup cho nhoa té gida phan bo fieu ve: phia cac lo hut.
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11. Quan sat dong chay fie fiieu chgnh ap suat chan khong phu hép nham
tranh hien t66ng mat nhda nhieu qua cac lo hut hoac nhéa khong tham vao cac goc
xa do ap suat chan khoing thap.

12. Kiem tra lai cac filem tiep xuc va be mat cua mang, co nhan hay thung
khong, neu co loi thung chui sach va s6a chda ngay bang cach dan bang keo nhay
suat. Sau khi xong sel thay ngay.

13. Ché cho san pham fiong ran. Col the fat trong lo say, phdi nang hoac
dung may say fie: fiong ran nhanh hén.

14. Sau khi san pham fiong ran, thao mang, thao san pham va cac phu
kien. Lam sach khuon can than cho san pham sau.

Tren fiay la quy trinh hut chan khong & nhiet fiol binh th66ng. Neu s6 dung
cac phdbng phap khac nhd: fiong ran bang tia céc tim, fiong ran trong autoclave... thi
quy trinh sel co thei fiddc thay fioi cho phu hép hon.

[| vty =

Mo hinh kyi thuat dung chan khong b6m nhéa filen khuon
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Charge on maold, prepared by tape® Molded part at remalding
metihiod

Fag. 4 Melding and semolding of experumental decklid

ASMC
Application Surface Structural
Qrantstion *quasi- *quasi- unidires-
iseirapic™ ' isotrapic™ ' tional

Dransity gicm 1,64 1,654 1.47 1.47
Young's modulus | GPa M 5} 33 T2
Tensile strength MPa 231 454 347 582
1 Wiith AWMU progemies depand much on anentabon of firbres and set up of indimdusl plies

The given figures represent typecal values for a matenal suited for body panel applicatiaons
2 Vahues aven lar single phes and unidirectional amnsntaben
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Door with Magnesium Frame and Aluminum Outer
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i
4
.
Massa0hsems Instiuie of Technokegy Mel.
Cambridgs, Massachusstis i e
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Chwong IV. CONG NGHE RTM VA VARTM

I. NONH NGHO0A

RTM (resin transfer molding) la ph6ong phap dung ap suat thap fida nhéa vao

trong khuon kin, tao san pham composite co s kiem soat chat che ve hinh dang

preform (s0i) va nhda. San pham co ham 166ng soi cao chiem 40-50%. RTM co the

tao san pham t6 fién gian, tinh nang thap fien san pham phdc tap co tinh nang cao,

t6 san pham co kich thodc nho fien kich thé6c rat 16n. Phédng phap rat thuan 16i khi

fida vao san xuat 10n.

Phan s6i gia c66ng fiddc fionh hinh san (preshape) va fiat vao trong khuon

trooc. Mot A6dng ong noi phan khuon voi nhda fie bdm nhda tham 66t phan soi gia

c60ng trong khuon, sau fio xay ra phan dng fiong ran nhoa.

Naic fiiem phdéng phap:

Ou Aiem:

SO dung nhoa co fio nhét thap khoang 100 - 000 cP. He nhda thong
th6dng bao gom 2 thanh phan: A (nhda) va B (xuc tien), ty le tron tuy
theo he nhda. Hai thanh phan nay fiddc tron bang thiet b tron tinh 6 ap
suat thap.

San pham coi the fi6Gc gia co bang cac khung, loi, hoac cac preform.

RTM tao san pham fiep, khong co fidding cat bavia nen tiet kiem Rd6c
nguyen lieu, nhieu mat lang va quan trong la it gay hai cho mai tréong.

Coa the tao ra nhdng san pham lon bang cach fiéa nhieu fiau phun nhoa,
tuy nhien phai tinh toan vo tri fiat Aiau phun fie: iam bao tham nhda fiong

fieu.

Chi phi fiau td t6dng foi thap (so vdi tinh nang san pham).

Nhooc fiem:

Chi phi khuon mau cao.
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- Toc o gia cong mot san pham keo dai.

- Muon tang nang suat thi phai dung nhiet fie fiong ran va dung nhieu
khuon.

- Can phai fiieu chenh t& le xuc tac chinh xac. Tranh fiong ran ngay fiau
tron fioi vOi he flong ran nguoil.

V0i cac 6u filem tren, ngay nay 0 cac n6oc phat trien cong nghe nay idoc 6ing
dung rong rai trong c0 sO ha tang, t0 fiong hoa fiac biet la trong nganh hang khong
va lonh vdic quan fioi.

Co nhieu pht6ng phap to6ng t6 nhd RTM: VARTM, RIM, HSRTM ...Trong tai
lieu nay se gidi thieu them phoong phap VARTM.

VARTM (vacuum assisted resin transfer molding)

Trong phodng phap nay ngoai viec dung ap suat fie fida nhda vao trong khuon
con co so hal trd cua chan khong. Chan khong se hut nhda td ong nhap lieu fiong
thdi cung fiay bot khi ra ngoai.

So vbi phodng phap RTM, VARTM co mot so fiac filem sau:

- San pham ca the! fionh hinh tren khuon fién va mot mat i6dc phu bang
mot tam mang nhda trong giup de dang quan sat qua trinh tham nhda

vao soi.

- Phun nhoa ket hop voi chan khong giup cho viec tham nhoa vao soi tot

hén va khoi bot hieu qua hon.

- Nang suat thap hon do sé dung ap suat chan khong
1. MO TA QUY TRINH CONG NGHE

1. SO NO HE THONG

He thong gom cac cum chéc nang:
- He'thong bon (ngan choa)

- Hei thong xylanh fionh 166ng (bém fidnh 166nQ)
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- He thong bém tron
- He thong chan khong (VARTM)
- He thong van chuyen hdng

- Khuon va he thong khep khuon va chuyen fioi khuon

Dau tron

=~

Cho thoat
khi

/
fy

™\ /~ Soi thay tinh

Khuon
Nhua Xlic tic ( dong trudc khi bom nhya vao)
— -

f

Hinh: Mo hinh cong nghe RTM

Hinh: Mo hinh cong nghe VARTM

1.1  Giai fioan chuan b

- Nat cac van fionh hddng sao cho cac thanh phan (xuc tac — nhda) tuan hoan
ve ngan choa.

- M0 heithong bom fionh 166ng

- Tien hanh fio tz lel cac thanh phan hoi 16u
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- Hieu chznh bém fionh 166ng fie Aat ty lei can thiet

1.2 Giai fioan théc hien
- Chuyen van fiocnh h6éng cho chay xuong khuon, fiong théi mé bdm tron.
- MO0 heithong hut chan khoing.
- Khi nhoa fiien fiay khuon:

1. Chuyen van chuyen h6dng cho ve trang thai hon hop.

2. Khoa van.

3. MO cheifiol ve sinh bom tron.

MO HINH DAY CHUYEN RTM

' Lo séy Tam ép T
4 ‘ dinh hinh ™) 20
2 BOM nhyaL =

o ELG SO tré:
2

o7 o b6 phan kep
‘46 15 o]} o
gag Lop soi dyeikhuon ap lwc

Khuon thép
cho RTM

Tam ép dinh

Sol'i8 nhiat

dinh hinh
SOl Bdm nhya

Thth
pham

1.3 Vesinh
Sau khi nhoia bom fiay khuon ta phai tien hanh he thong bém tron. Viec ve sinh
fiboc thoc hien bang cach chz cho nhoa vao he thong bom tron va xa ra ngoai.

2. KHA NANG THIET KE VA HINH DANG HINH HOC CUA SAN
PHAM
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Nhin chung RTM col the lam fi66c san pham col tat ca cac hinh dang hinh hoc.
Tuy nhien, co mot so san pham khi lam bang ph66ng phap gia cong khac sel co hieu
qua kinh te hon.

RTM col 6u fiiem trong viec tao cac san pham 16n vi ap suat fien khuon thap
do6i 10 psi (0.703 kg/cm?). Trong phddng phap VARTM ap suat con thap hon. Vi
vay, l6ic kep khuon sel thap. Ngoai ra, RTM con thich hdp fie tao san pham co fio
sau va it/khong ba via do khuon kin, fio nh6t thap nen tham 66t del dang va giam
thieu cac cho rong trong san pham.

Tuy nhien fioi v6i phan co hinh dang phdc tap (co gan, ranh) nen han che s6
dung RTM. Ne khac phuc kho khan nay ta col the thay fioi thiet ke, neu san pham
co gan se thay bang phan col loi (tang céng cho san pham), tao cau truc ba chieu. Vi
ap suat phun thap nen co the s dung xop co ty trong thap 0.064 — 0.0096 g/cm® ma
khoing gay bien dang.

Trong mot vai tr6dng hop fiac biet, phai dung phdéng phap RTM (mot manh
khuon trong khi cac ph6dng phap khac phai dung khuon nhieu manh) nhé phan phia
trobc cua xe hdi (hinh).

Cac phui tung gan gida phan composite va cac boi phan khac thdong la mot kho
khan foi vOi vat lieu composite. Trong RTM, cac phu tung nay phai iddc fida vao
trong khi thiet ke preform, phai gidi tinh lien tuc trong khoi ket cau fie bao fiam 6ng
suat phan bo hép ly. Ngoai ra cac RTM con co the gan dinh va ket hdp vdi cac chi
tiet kim loai khac. Trong khi phtong phap ep khuon (compresion molding), nhding
chi tiet nay phai chu y t6i vo tri Aat chinh xac va kiem soat s6 di chuyen cua soi
trong khi ep.

3. THIET B0 GIA CONG
3.1 Khuon (Tooling)

Trooc khi thiet kel khuon, phai xem xet méc fiol yeu cau cua no. Viec thiet ke
phai can bang cac yeu to nh6 tinh chat cua khuon, chi phi va théi gian che! tao
khuon. Viec can nhac nay se lam giam cac phat sinh col the co fioi voi ket qua cuoi
cung.
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Khuon s6 dung trong phéong phap RTM co nhieu thuan 16i. Do ph6dng phap
thdc hien 6 ap suat kha thap, nen lam giam chi phi va fio phéc tap cho khuon. Khi
I6a chon vat lieu va ph6dng phap lam khuon, can phai xem xet cac yeu to nh6 chieu
dai cua bo khuon va chat 166ng be mat khuon mong muon. Co the s6 dung khuon
lam bang epoxy, nikel, hdp kim, thep .... Tuy nhien, khuon phai kin trong qua trinh
filen nhoa.

v" Khuon epoxy:

- Khuon epoxy co nhieu thuan 18i nhé giam chi phi, khang hoa chat, tiet
kiem thdi gian, khoi 166ng thap, it s6 dung may moc.

- Be mat trong cua khuon lam t& epoxy co chat 166ng, chong tray x60t. Co
the co nhdng phan rdi trong hai manh khuon.

- Be day khuon khoang 1 inch (2.54 cm), khuon fiddc gia co bang vai, sOi
va van ep fie tang cong. Cac i6dng lam nguoi hay gia nhiet id6ic gan 0
mat sau khuon.

- Kha nang truyen nhiet kem. Noi v6i khuon epoxy phai chu y khi 16a
chon hel nhoa fie tranh s6 toa nhiet qua moc co the gay ho be mat

khuon.

- Gidi han so dung khuon epoxy khoang vai ngan san pham. Tuy theo fio
phoc tap cua san pham ma gidi han nay co the giam xuong do khuon bo
mai mon va bo noét vol khi fiat preform.

- Co hai phodng phap lam kin khuoin: fioi v6i cac san pham co hinh dang
fién gian, chz can ghep hai manh khuon lai. Noi vdi san pham co hinh

dang phdoc tap dung vong cho O fie lam kin khuon.
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Composite
Laminate

Composite
o1\ Laminate

Core Core

0-Ring Seal Pinch-ofl
Hinh: Phédng phap lam kin khuon
- Khi thoat ra t6 moi ghep khuon, hay co lo thoat khi tren khuon. Lol thoat
khi (vent) th6dng fat 6 tren cao (fiel khi del dang thoat). Vent khi fiddc
lam ve sinh sau moi san pham, do fio no phai i60c thiet ke fie del bao
doéoing.
v" Khuon nikel:
- Bel mat khuon tot va ben hén khuon epoxy. Truyen nhiet tot hén va chou
ap suat cao hon
- Chou fi6dc nhiet fio cao ngay ca khi phan 6ng toa nhiet qua nhieu nen co
the dung fiong ran nong.
- Khuon col the: lam mot noa to nikel mot nda to epoxy. Tuy nhien hai nda
khuon kho an khop vai nhau.
- Kho them loi thoat khi hdn so véi khuon epoxy.

- Chu ky s6 dung mot khuon co the len fien 20.000 — 40.000 san pham

v" Khuon fiuc térhop kim
Kim loai la vat lieu can thiet trong che tao khuon composite, nhat la cac khuon
yeu cau san xuat lau dai, ben, chac. Khuon kim loai dan nhiet cao nen de dang gia
nhiet va giai nhiet cho khuon trong qua trinh gia cong. Noi cung chou id6c kha nang
mai mon cao, vi vay co the sdl dung khuon nay fiel san xuat lien tuc ma van fiam bao
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kich thodc san pham. Cac kim loai th6éng dung trong san xuat khuon la nhom (Al),

fiong (Cu), kem (Zn), thep...

Bang 1. Tinh chat nhiet cua mot so: vat lieu kim loai

Tinh chat Be Mg Al Ti Fe Cu

Nhiet fio chay (°C) 1277 | 650 660 1668 | 1536 | 1083

He so dan nhiet (W/m.K) 146 153 222 171 75 393

He so gian ndl nhiet (um /um/°C) | 0.29 |0.68 |[0.59 [0.21 |0.30 |0.41

Nhiet dung rieng (J/kg.K) 1883 | 1046 |900 519 460 385
Nac fiiem:

N66c s6 dung khi san pham co kich théoc trung binh.
Khoithem lol thoat khi hén so véi khuon epoxy nhéng de hén khuon nikel

Noi vOi kem va nhom phai can than trong khau thao khuon vi khuon co
nhieu lo xop lam dinh san pham. Nhom la kim loai mem deo, fio cdng
khong cao, do fiol trong mot so tréong hop can o ben va fiol cong cao
ngudi ta thay nhom bang thep.

Hop kim kem vai filong, nhom, magie 6oc dung pho bien fiel san xuat
cac khuon so! dung trong théi gian ngan. Tinh chat c¢d hoc cua hép kim
kem sel giam nhieu & nhiet fio khoang 100°C. Vi tinh chat dei gia cong,
de lam khuon nen hép kim kem la vat lieu quan trong dung lam khuon

composite va khuon fiuc.

Thep la loai vat lieu quan trong, dung lam cac khuon san xuat lau dai
vOi fio chinh xac cao, san pham chat 166ng, chou fiddc mai mon va coi fio
ben nhiet cao. Ta co the 16a chon cac loai thep khac nhau déa vao tinh
chou mai mon, chong soc va kha nang gia cong. Khuon thep co gia thanh
cao nhong chu ky s6 dung la 500.000-1.000.000 san pham/khuon

3.2 May ep (press):
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RTM la phé6ng phap gia cong 6 ap suat thap nhong lai tao fiddc san pham co
16i vel mat kinh te fiac biet la nhéng san pham I6n. San pham gom nhéing phan coi fio
sau va phan co xop 6 ben trong ... May ep se co hinh dang cua san pham. Ldc ep
phu' thuoc vao ap suat fiien fiay khuon va dien tich san pham.

May ep ngoai viec tai ap suat phun nhda, no con co vai tro fiong-mé khuon va
gio' khuon kin trong suot qua trinh phun. Co the dung ch66ng trinh mo phong bang
may tinh fie tinh toan ap suat can thiet fie filen khuon.

Coa nhieu loai may ep ap suat thap dung RTM :

- May ep tui khi (airbag press): s dung nhieu tui cao su fie tao ap loc len
khuon. May ep nay thich hép cho nhdng san pham nho hay tao san
pham mau (prototype). Tuy nhien khuyet fiiem cua may ep nay la khong
the nang nda khuon tren len khi thao khuon vi vay phai dung them mot
may ep xylanh ap suat thap fie. keo ndéa khuon tren len nen chi phi se

tang len.

- May ep thuy l6c: he thong kep va tam phang fieu fiddc fieu khien bang
thuyi 16, toc fio nhanh hén nhong chi phi cao hén may ep tui khi. Khi
dung may ep ap suat cao cho nhdéng san pham nhe phai than trong trong

viec kiem soat ap suat fie tranh qua ap.
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He thong may ep phu lam tang nang suat
3.3 He thong chan khong:

Chdc nang cua cac thiet b trong he thong:

May bom chan khong Tao moi tréong chan khong cho he thong

Van 1 chieu Tranh hien t66ng mat ap khi may ngdng hoat fiong

Binh chda chan khoing Giup duy tri ap 16c chan khong trong khoang thoi
gian gia cong

Bay nhoa Tach nhoa do ra khoi he thong chan khoing

3.4 San xuat va fnonh hinh soi

Do van toc fiien flay khuon nhanh va nhda chay trong khuon theo dong nen de
lam xo! lech hoac cuon sOi. Thong th6dng ng6di ta th6dng dung sdi dang roving,
dang det va dang s6i mat lien tuc. Khi dung dang mat ng6di ta co the: fionh v va gan
ket sGi bang nhda nhiet deo (khoang 3 — 5% theo khoi 160Nng).

Sdi sau khi fionh 166ng fiGdc sap xep vao trong khuon.
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Air Exhaust

Eincer Exhaust | 4|

Fan ||
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Mo hinh tao preform bang phun s6i

% Nonh hinh sbi:

Ne théc hien fionh hinh s6i tré6c khi cho vao khuon ngoéi ta dung soi dang mat
fiodc ket dinh bang nhda nhiet deo. Qua trinh fionh hinh Addc thdc hien theo trinh to
gia nhiet, fitnh hinh. Noi véi san pham co cau truc khong gian 3 chieu ngodi ta
thoong dung cac loai xop tao cac san pham sandwich.

% Thiet bo tao preform:

Sdl phat trien cua phodng phap tao hinh (preforming) hieu qua la yeu to quan
trong trong phdéng phap RTM. Viec I6a chon chinh xac ky thuat tao preform, vat
lieu gia c6ong (reinforcement) va thiet bo tao preform se quyet fionh sé thanh cong
cua cong nghe RTM.

Co nhieu phddng phap tao preform: cat - dan, sung phun, ep, det quan

v' Cat — Ghep (Cut and sew):

La phédng phap dung it thiet bo nhat nhéng nang suat thap. Phédng phap bao
gom: cat sOi bang tay va ban cat, hay co the iédc lam td fiong bang cach them vao
fiau cat bang thep. Sau fio dan preform bang tay hay t6' fiong. Qua trinh td fiong fie
tao nhong san pham 6ng dung trong khoing gian vu tru nhéng ky! thuat tao preform
nay rat ton kem va chg thich hép lam cac san pham nho va phdc tap fioi hoi tinh
nang cao.

v Sung phun (Spray-up):
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Phodng phap nay tao preform co dang 166i, nang suat cao. Thiet bo 16n nen
chiem nhieu dien tich nhong chi phi thap. Phééng phap nay col thel tao iddc san
pham rat 16n. Tuy nhien sung phun chz tao preform co sdi ngan nen tinh nang san
pham khong cao.

v Dap (stamping)

La phdong phap tao preform co nang suat rat cao. Tao preform toisoi lien tuc
nen cd tinh san pham cao. Tuy nhien preform tao ra phai fi66c sda chda (cat got)
sau khi ep.

v Det, quan (braiding, filament winding):

La phddng phap tao san pham co hinh dang fidn gian.

Det: tao san pham theo 3 chieu nen san pham co fiol ben keo va o cdng cao.

Quan: tao san pham col ¢6 tinh tot theo mot phd6ng, fionh hinh chinh xac hon.
Nang suat thap hon ph6dng phap det nhong thiet bo phdc tap hén nen gia thanh cuing
cao hon.

Tuy nhien ca hai phtong phap nay tao preform qua chat nen lam nhda kho
tham 00t hon.

3.5. Thiet b phun nhoa:

Mo hinh fién gian nhat cua RTM la s6 dung he nhdéa mot thanh phan (one-
component resin system) va mot binh ap suat fie. phun nhoa (hinh 5.28). Noi voi
nhoa fiong ran 6 nhiet fio phong, binh ap suat phai iddc lam ve sinh sau mai lan
phun e loai bo nhda fa flong ran con lai trong he thong. Bon chda nhda nen lam
bang thep khoing rz hoac nhéa (tranh gay ra mot so phan éng khong mong muon vi
bon co chda tap chat).

Cach tot nhat fie lam tang nang suat va giam chu ky lam vei sinh thiet bi la
dung nhéa 2 thanh phan (two-component resin system) (Hinh 5.29). Hai thanh phan
sel fiddc tron vbi nhau bang thiet bo tron tinh (static mixer) trééc¢ khi phun vao khuon.
Thdi gian tron phai tinh toan fie: hon hdp phan tan tot vao nhau ma khong gay ra
phan 6ng fiong ran trong thiet bo tron. Sau moi lan phun may tron phai fi66c ve sinh.
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Thiet bo phun nhda vao khuon gom hai loai: sung phun dang cam tay (hand-
held gun) va fiau phun co: fionh (fixed injection nozzle).
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Trong thiet bo phun nhéa ngoai idéng nhda fii vao khuon con co fi6éng dung
moi va khong khi khoi fie lam sach fiau tron sau moi lan phun. Noi vdi fiau phun co
fionh ta phai dung n6dc lam nguoi khi khuon col gia nhiet fie tranh fiong ran xay ra 6
fiau phun.

Tuy nhien kho khan cua phddng phap la phai x6 ly 166ng nhda va dung moi
sau thaii ra khi lam sach fiau phun. Can phai tach rieng va chong cat fie thu hoi dung
moil.

4. LAM SAN PHAM MAU BANG PHOONG PHAP RTM (PROTOTYPING
WITH RTM)

RTM la s6 16a chon tuyet voi fie lam san pham mau cho cac phdéng phap khac
vi tao fiddc san pham co fio chinh xac cao ma gia thanh t66ng fioi thap.

Khi tao san pham mau, nhéa sé dung phai col hoat tinh thap fie keo dai thoi
gian fien fay va thoat khi. Khuon lam t6/ epoxy hay cac vat lieu tré6 khac nho go,
thach cao. Tao preform bang ph6éng phap “cut and sew”. Kich thodc san pham to
nho fien rat 16n co cau truc 3 chieu phdc tap.
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Bang 2: Tinh chat vat ly cua mot so vat lieu RTM (nhda Dow 411—-C50 vinyl

ester)
S6i thuy tinh (% | No  ben keo | Modulus keo (Mpsi)
(ksi)
R-35 37.7 18.0 1.24
R-40 43.1 24.5 1.48
R-50 48.2 26.2 1.66
C-10/R-40 (0°) 49.3 35.5 2.08
C-20/R-30 (0°) 50.6 37.7 2.68
C-40/R-20 (0°) 57.3 70.0 3.67
C-10/R-40 (90°) 49.3 19.3 1.56
C-20/R-30 (90°) 50.6 15.7 1.46
C-40/R-20 (90°) 57.3 10.0 1.38

5. NANG SUAT
Chu ky lam san pham RTM co the fiieu chznh fie fiap 6ng cac yeu cau ve nang
suat.
v" Chu kyi dai (nang suat thap):

- Gia thanh va fio phoc tap cua thiet bo se giam fiang ke.

- Dung khuon epoxy va nhta mot thanh phan col thoi gian fiong ran 1-2
gio. Sau khi nhoa fiien fiay, co the nghieng hay lac khuon fie tang qua
trinh tham 66t.

- Noi voi san pham qua lon, tren khuon sei co coa quan sat fie kiem tra
sO tham 66t. Vi thoi gian dai ta sel co thdi gian lam sach thiet bo trong
khi ch6 san pham fiong ran.
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Tong quat, neu thoi gel la ty thi thdi gian fiong ran se lai 4-5X tge, tOC
la neu thdi gian la 1 gidi ta co the thao khuon sau 4-5 gid.

v" Chu ky ngan (nang suat cao)

Tao san pham co kich thééc véa va nho

Thay fioi hoat tinh cua nhda, dung nhda hai thanh phan va tang fio
phoc tap cua thiet bo.
- Khuon lam t& kim loai va phai i60c gia nhiet

Co hai van fiel co the anh h6dng fien nang suat la qua trinh fiong ran them
(postucure) va xd ly phe! lieu. Mot vai hel nhéa fioi hoi phai co qua trinh postcure fie:
fiat tinh chat c6 ly toi 6u, khi fio day chuyen phai bao fiam gid co fionh fie khong lam
thay fioi kich thédc san pham. Viec kiem soat phe! lieu co y nghda 16n trong viec bao
fiam tinh kinh te trong cong nghe RTM.
I11.  PHOONG PHAP THOC HIEN

QUI TRINH CONG NGHE
S fio tren co the dien ta tom tat nho sau:

Tao preform

A 4

Tron hdp

Chuyen nhoa

vao khuon

.| Taohinhvafiong |,
ran trong khuon
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Déng rin
trong khudén Thdo khndn

Chuyén nhya

Bong Kinig vao khudn

FPreform

Hinh 19. S6 fio bieu dien qua trinh tao san pham RTM
S6i thuy tinh (preform) fiddc fat vao khuon. Nong khuon. Nhoa fia tron véi xuc
tac A6dc chuyen vao khuon, qua trinh fiong ran xay ra trong khuon. Tuy theo yeu
cau khuon col the fiddc gia nhiet hoac fiong ran 6 nhiet fio. phong. Quy trinh cong
nghe RTM fiddc mo ta theo sb foi tren vOi cac giai fioan sau:
- Chuan bo preform:
+ Tao hinh dang va ficnh hodng preform.
+ Kha nang tham 60t cua preform.

- Chuan bo khuohn:
+ Ve sinh khuon.
+ Thoa chat roc khuon.
+ Phu I6p be mat (peel ply) la 16p s6i co kha nang tham nhoa tot (de
tham nhda) cho phep phan phoi nhda filong nhat. Tren cung se la 10p
phan bo SCRMP (Seemann composite resin infusion moldind
process) co dang 1006i giup nhoa di chuyen nhanh hon va fiong fieu
hon. Lop nay khong dinh vao khuon khi fiong ran nen co the lay ra
khi thao khuon.
+ Chuyen preform vao khuon.
+ Nong khuon.

- Chuyen nhda vao khuon:
+ Kiem tra nhoa, xuc tac fiong ran.

+ Kiem tra he thong chuyen nhda, fiau tron.

Trang 84



Cdng nghé vit ligu Composite

+ Nhiet fio khuon (neu can).
+ Chuyen nhda vao khuoin.
- Nong ran:
+ Kiem tra nhoa fiien flay khuon.
+ Kiem tra nhiet fio khuon va bien phap giai nhiet cho khuon.
+ Thdi gian fiong ran.
- Thao khuon
+ Nhiet fio khuon.
+ Cach lay san pham.
MOT SO HINH ANH VE CONG NGHE VARTM

FIGURE 73 SCRIMP®  from asde

Foil
Met
Pesl ply

Reinforcement

Mould

Figure 2-Vacuum tube m the VARTM process

Trang 85



Cdng nghé vit ligu Composite

igure 3- SCRIMP laver channeling resin

Ong chan khong

Wu=lc Regian

Foymier
Kk

e e rmm—

Modeling, processing and characterization

Mo phong qua trinh tham 66t nhda
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MOT SO HINH ANH VE CONG NGHE RTM
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Chwong V: Cong nghé Pultrusion
. Giéi thigu.
1.1 Giéi thiéu cong nghé pultrusion.
Quy trinh pultrusion 1a mot quy trinh lién tuc, tu dong, ding dé san xuat cac san
pham FRP dang profile (vi du thanh hinh chir U, thanh hinh chit I, thanh hinh chix O...).
San pham cé dugc céc tinh chat vat ly, tinh chat hoé hoc t6t va c6 kha nang thay thé cac
san pham profile 1am tir cac vat liéu truyén thdng nhu sat thép, nhém, gd....

Hinh 1.1: mot s san pham caa phuong phap pultrusion .

Mot vai dac trung cua phuong phap pultrusion nhu sau:

e San xuit duoc céc profile c6 hinh dang phirc tap voi do dai lién tuc.

e Ty lé phé liéu thap.

e Su phan bd cua vat liéu gia cudng véi vi tri chinh Xxac.

e CO thé chon lya rong rai cac loai nhya va vat liéu gia cuong dé san xuat.
e Cuong do lao dong tir thap dén trung binh.

e Gi4 khudn tir thap dén trung binh

e Tbc @6 san xuét phu thudc vao hinh dang profile va vat liéu sir dung.

Pultrusion d4 két hop thanh céng nhiéu loai nhua soi khac nhau dé san xuét ra cac
san pham profile c6 tinh chat dao dong trong khoang rat rong do d6 dap tng duoc yéu
cau vé tinh chat caa vat liéu trong rat nhiéu ang dung.

Quy trinh pultrusion ce bdn nhw sau.
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Cac cudn soi binh hinh so bo
Bé nhua l Khuon nhiét Thiét bi kéo
[/

Thiét bi cét

;

2000000000099
g.»:i%sa.»%::;
4 ’: P P
595555259554

Qui trinh ce bdn hoat dong nhw sau:

Quy trinh pultrusion bt dau bang cach kéo mot bd soi dai lién tuc qua mot bé
nhua dé thim uét bd soi. Cong doan nay doi hoi nhya phai thim w6t hoan toan bén
ngoai lan bén trong cua soi.. Tiép theo, bd soi dd dugc thim nhya sau d6 dugc kéo
xuyén qua bo phan dan huéng vao khuén dinh hinh so bo dé sap xép vi tri soi phii hop
véi thiét ké san pham va b6 soi s& ¢6 hinh dang tiét dién mat cat ngang nhu mat cét
ngang caa 16 khuén ( vi du hinh chi 1). Tiép theo, b6 soi-nhya da dugc dinh hinh s&
duoc kéo xuyén qua khudn nhiét dé phan tng dong ran trong nhua xay ra, chuyén nhyua
tir trang théi 1ong thanh trang thai ran. Bay gio, hon hop soi-nhwa tré thanh composite
ran chic, ¢ hinh dang 12 mot thanh dai vai tiét dién mat cit ngang nhu tiét dién mat cat
ngang cua khudn. Tiép theo, thanh composite duoc kéo ra khoi khudn dé 1am ngudi.
Cudi cung, thanh composite dugc cét thanh cac doan thanh c6 chiéu dai theo yéu cau.
Dén day 1a két thic quy trinh san xuat san pham composite pultrusion.

Hinh 1.2: md hinh thuc té caa may pultrusion.
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&

Hinh 1.3: m'éy pultrusion ding dé ché tao Thanh dam.

1.2 San pham

San pham cua cong nghé
pultrusion la céc profile
hinh chtr I, chit U, chir va,
chtt L, hinh tron, hinh
vudng ...cac profile nay
thuong dung trong céc két
cau cong trinh xay dung

Céc loai profile nay thuong dung
dé thay thé cac profile 1am tor vat
liéu truyén thong nhu thép, nhom.
Trén hinh bén cé céac profile dung
thay thé cac profile thép hinh
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vubng, profile thép hinh tron, ng nudc, mang nudc...

Day la cac loai profile ding dé
1ap rap két cau cua cac loai
cua, tu...cac loai profile nay
thuong 1am bang vat liéu
nhém. Tuy nhién, céc profile
pultrusion c6 thé thay thé cac
profile 1am tir vat liéu truyén
thdng nhém ma tinh chat san
pham khéng hé thua kém
nhém.

1.3. Ung dung caa san

pham
Pham vi ttng dung cua san pham composite pultrusion kha rong. Gém cac nganh sau:
> Nganh dién : 32 %
> Nganh xaydung: 17%
> Nganh céng nghiép : 17%
> Nganh van tai : 10%
> Nganh giai tri : 7%
> Nganh khac : 17%
ither
17%

Electrical

Recreation a2%
T
Industrial
17%  Transport Builcing &
1 02, Construction
17 %
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Sau day 1a mét sé hinh énh minh hoa cho cac #ng dung ciza composite pultrusion

Trong tng dung nay vat
liu FRP pultrusion duogc
str dung 1am két cau cong
trinh xay dung thay thé
cho céc loai thép két cau
truyén théng. Uu diém
cuia vat lieu FRP
pultrusion trong ung
dung nay la: do bén uén,
bén kéo cao, dé thi cong
lap dat, chdng pha huy
moi, bén méi truong va
gia ré hon vat liéu kim

loai truyén thong.

Trong trng dung nay, vat
liéu composite pultrusion
dugc dung lam tay vin
cia thanh cau thang
ngodi troi. Uu diém khi
dung vat liéu FRP
pultrusion cho tng dung
nay la tranh bi hu hai do
mdi truong, mot diéu ma
cac vat liéu truyén théng
nhu kim loai khd coé
duoc.
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Trong wng dung nay vat liéu
FRP pultrusion dugc dung lam
két cAu cua cau ¢ tai trong nhe.
Uu diém caa FRP pultrusion
dung trong rng dung nay la: vat
liéu nhe dé thi cong lap dit noi
hiém tro, chi phi thiap hon cau
g6, bétdng, sit. Chi phi bao
dudng thap do bén méi truong
cao, bén co hoc cao.

R

rong it lig
pultrusion dugc dung 1am cot budm
cho tau thuyén. Uu diém cua vat liéu
FRP dung trong tng dung nay la:
chéng an mon caa nuéc bién, chéng
moi do gid ngoai bién, vat liéu nhe
gilp cho thuyén nhe va chay nhanh
hon.

Trong wng dung nay vat liéu
FRP pultrusion dugc st dung
lam tam lop tran nha va tim 16t
4 san chiu luc thay cho bétong.
Uu diém cua vat lieu FRP
pultrusion trong rng dung nay la
tinh bén chic va tinh cach nhiét
cua vat liéu FRP pultrusion .

. g

Trang 93



Cdng nghé vit ligu Composite

Trong tng dung nay vat liéu FRP
pultrusion dugc su dung lam cén
cua Cac vat dung gia dinh va can
cuia cac vat dung thé thao nhu: can
cay lau nha, can xén, can chdi, can
cua gay danh goén, can cuaa gay khac
cdn cau. Uu diém cua vat lieu FRP
pultrusion trong cac wng dung nay
la @ bén chac, vat ligu nhe.

|

e 501 e 1
h i g T BRI PP e, il

Trong ung dung nay vat liéu
composite pultrusion duoc s
dung 1am éng di cap cho cac loai
day cap dién, cap vién thdng su
dung trong méi truong dat ngam
ciing nhu ngoai troi, nham bao vé
cho day cap khong bi hu hai. Uu
diém cua vat liéu composite
pultrusion dung trong wng dung
nay la d6 bén moi truong cao, it
can bao dudng, o bén co hoc cua
duong bng cao.
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Trong tng dung nay, vat liéu
FRP pultrusion dugc su dung
lam day cép treo cho cac
cdng trinh cau treo. Uu diém
cua vat liéu FRP trong tng
dung nay la: 6 bén kéo cua
FRP pultrusion khong thua
gi thép, FRP khéng bi an
mon béi tdc dong cua moi
truong mua, gio, chéng tac
dong cua tia UV biang phu
gia chéng UV.

Trong tng dung nay vat
lieu FRP pultrusion duoc
str dung lam vat liéu thiét
Ké trang thiét bi noi that
trong may bay. Uu diém
cua FRP pultrusion trong
ung dung nay la tan dung
uu thé ty 16 do6 bén trén
trong lugng cao hon nhom,
thép. Tinh chat nay gidp
may bay nhe hon va tiét
kiém nhién liéu

Trong tng dung nay vat liéu
FRP pultrusion duogc st dung
lam két cau cho cac cong trinh
bién nhu gian khoan dau. Uu
diém cua FRP trong @ng dung
nay la: ty trong nhe gilp giam
ap luc cho cong trinh, d6 bén
cao, chéng an mon cia nudc
bién, chi phi bao dudng thap.
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IV Quy trinh c6ng nghé pultrusion
Thiét bi bao gdm c6 6 bo phan chinh : b phan cip sgi, bé nhya, khudn dinh
hinh, khudn gia nhiét, may kéo, may cit.

Roving

Veil
Dan

Khuon . -
hwrong dinh EKhuon - Cat
) hinh MU —

Be nhya

IV.1 B§ phan cap si

B6 phan cdp soi la
phan dau caa quy trinh
pultrusion, lam nhiém vu du
trit cung cap cac loai sgi cho
hé théng. Tai day cac loai
sgi  nhu roving, mat,
fabric,veil duoc kéo qua cac
thiét bi dan huéng theo ding
yéu cau san pham. Vi
pultrusion la quy trinh lién
tuc nén cac loai soi thuong
cung cap dudi dang cudn tir
15-25 kg. M&i bo phan cap
soi ¢6 thé chuya tir 15-45
cuon soi.

Soi roving duoc kéo
theo phuong tiép tuyén véi
cudn va sau dé hudng toi bo phan gom soi trudce khi soi di vao bé nhya hodc khudn
dinh hinh. Soi dugc kéo ciang qua cac hé théng dan huéng hoic cac truc. Néu soi duoc
kéo theo phuong truc tdm cua cudn soi thi soi s& bi xoan. Céc soi khi kéo can phai diéu
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chinh sao cho d6 kéo cang cua sgi phai dong déu dé tranh su kéo cang khong dong déu,
su Co Sat gitra cac soi. Dat sau bo phan cap soi roving 1a cac bo phan cap soi dic biét

ding dé cung cép céc loai sgi nhu Mat, Fabric, Veil.
IV.2 B phan thAm nhya

=
)
-
'.:l_
“

-

L

!

’

Hau nhu moi quy
trinh pultrusion déu duing
bé thdm nhya dé thim
nhwa vao trong cau trdc
sol.

Trong bo phan nay ,
soi dugc dan qua mot
chudi cac truc lan hoic
thanh nham lam cho soi
duoc kéo cang va dan trai
déu trén bé mit truc. Su
kéo cang giup sg¢i khdng bi
chin xudng, soi s& khong
bi rdi vao nhau va ciing dé
dé diéu chinh hudng soi.
Su dan trai giup dién tich
bé mit soi tiép xGc nhua
nhiéu hon, gilp soi thdm
Ién bé mat nhiéu. Pac biét
& bé mat tiép xdc cua soi
véi soi, nhya sé dugc gitr
lai nhiéu hon do suc cang
bé mit. Ngoai ra céc truc
nay con coé tac dung nén ép
soi, gilp cho nhya dugc
nhao tron va nén ép sau
vao bén trong sgi. Téc do
tham wét soi phu thudc vao
viéc xtr 1y so bo bé mat soi
va cbng thuc nhuya. Viéc
thim u6t ciing bi anh
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huong béi cac chat hd trén bé mat soi, su con sot lai cua cac chat boi tron trén bé mait
vai va cudi ciing 1a cac chat két dinh bén trong Mat, Veil.

3. Khuén dinh hinh

C6 hai loai khudn dugc st
dung trong pultrusion la khuén dinh
hinh va khudn gia nhiét. Su dinh
hinh thuong dugc hinh thanh sau
quy trinh tim nhya. Mot vai truong
hop roving, mat vao khudn dinh

' hinh trong diéu kién khd truéc khi

truéc budc tam nhua, 16p Veil kho
nay cé tac dung bao boc I6p nhua
bén ngoai la ting thé tich nhua
trong bd sgi . Khuén dinh hinh
thuong két ndi voi khubn gia nhiét
dé dam su két ndi chinh xac buédc
dinh hinh va gia nhiét.

Kich thudc khe trong khudn

dinh hinh dé tranh kéo cang soi qua muc. Trong giai doan nay soi yéu va dé dan dén
dut soi, mat va fabric c6 thé bi x6 Iéch. Khuén dinh hinh ciing duoc thiét ké dé loai bo
lugng nhua du thira, diéu nay ngan can &p luc thuy tinh cao bét thuong tai cong vao

khudn gia nhiét.
4. Khubn gia nhiét
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Khuén gia nhiét phai duoc dat viing chac trén khung caa may pultrusion dé
chéng lai hrc kéo. Luc kéo thuong trong khoang 6-8 tan, tuy nhién nhitng may san xuat
cac bo phan rong 1,52m cao 0,6m c6 thé yu cau luc kéo 18n dén 8-20 tan, khubn phai
duoc 1ap rap thiang hang, dlng tam vai luc kéo.

Sy diéu khién nhiét do khudn la thdng sé quan trong nhat trong quy trinh
pultrusion. Profile nhiét d6 khudn s& diéu khién toc d6 polymer héa cua hé théng nhua
va vi tri cua diém gel dbi véi khubn. N6 ciing anh huong profile toa nhiét cua nhwa qua
cac do day khac nhau cua san pham pultrusion .

Khudn thuong duoc gia nhiét bang cac cap nhiét dién hoic bang dau néng. Viéc
d6ng ran nhiét bang hai phuong phap cip nhiét nay kha cham bei thép cong cu lam
khuén c6 téc do truyén nhiét kém va han ché sy d6ng ran ¢ong nhat. Nang luong nhiét
can dé dong ran composite phai duoc cap qua mat ngoai cia composite. Viéc dua nhiét
vao yéu cau phai lam déng dic toan bo composite. Khi composite pultrusion c6 bo phan
day thi viéc cap nhiét phai 1au hon va diéu nay lam cham téc do caa quy trinh. Viéc
tang toc do gia nhiét dé tang toc do kéo 1a giai phap khdng can thiét cho van dé nay va
két qua dua dén 1a sy d6ng ran qua nhanh cua l6p ngoai véi su qua nhiét & 1op bé mat
va lam nat mit ngodi cua san pham. Diéu kién nhiét do khudn co thé diéu chinh bing
cach dat vao trong khudn cac cap nhiét dién va diéu nay co thé gilp ta diéu chinh nhiét
d6 tirng doan cuaa khuon.

Can phai 1am lanh ngay tai ¢au vao caa khudn dé tranh nhya bi gel sém. Nhu d&
dé cap profile nhiét do trong Khudn 1a théng sé quan trong nhat dé diéu khién téc do
quy trinh. Nguoi ta ciing da dung song radio dé gia nhiét so bd cho quy trinh. Viéc sir
dung s6ng radio cung véi phuong phap gia nhiét khudn truyén thdng co6 thé 1am tang
dang ké téc do cua quy trinh. Céng nghé nay bi han ché 1a khong dugc dung dbi véi
composite sgi cacbon.
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5. May kéo

May kéo dung dé kéo profile pultrusion trong toan b quy trinh. Cac van dé can
quan tam trong may kéo 1a luc kéo va toc do kéo. Toc do kéo nhanh thi toc do cua quy
trinh nhanh. Tuy nhién téc d6 kéo con phu thudc nhiéu vao cac qué trinh déng rin cua
nhua trong khuén.

6 . May cit
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May cat 1am nhiém vu cit profile pultrusion thanh doan c6 kich thugc theo yéu
cau. Bé dam bao toc do caa quy trinh, khi cat bo phan cét s& di chuyén cung véi téc do
kéo cua quy trinh.

V. Céc yéu té anh hwéng dén ché dé gia cong trong pultrusion
V.1 Qué trinh chuyén trang thai cia nhwa trong khuén

Trong nhitng nam gan day da co viéc st dung cua nhua epoxy va phenolic trong
cdng nghé pultrusion. G.a Hunter caa cong ty shell d so sanh tinh chat caa cac hé nhua
nhu sau.

Hunter cung cap mot md hinh ¢6 ba viing trong khudn pultrusion. Khi so séanh
cac hé théng nhua can chl y dén dién bién bén trong khudn, profile nhiét d6 cua khuén
va nhua, va sy chuyén trang thai caa nhya khi nd bat dau di qua khuén. M@ hinh cho
thay ba ving cua khudn nhiét va sy chuyén pha ciia nhya tir trang thai long o ving 1
sang trang thai gel & viing 2 va thanh trang thai ran ¢ ving 3.

Trong ving 1, tai day vat liéu vao khudn & nhiét ¢6 phong, truong ng khi né hap
thu nhiét va day chinh 1a nguyén nhan khién ap suét & viing nay tang lén.

Khi vat liéu tién vao viing 2 hay con goi 1a ving gel, n6 hap thu nhiéu nhiét hon,
bit dau tao lién két ngang giita cAc mach polymer va chuyén trang théi tir long nhét
sang trang thai vat liéu dic khdng chay, va sau d6 gidong nhu cao su.

Khi chuyén vao ving 3 mat do ndi ngang tang Ién, vat liéu chuyén sang trang
thai ran, sy co thé tich bat dau xuét hién 1am giai phong &p xuét va hinh dang san pham
co lai tach roi mat trong cua khubn. Trong viing nay, vi sy tach cua bé mat san pham va
bé mat khubn nén ma sét truoc 12 rat thap.

Dua trén do day khe cua khuén va téc do quy trinh ma dau muai hinh vién dan sé
gian ra hoac thu nho lai

Tam g-ﬂ llll.il?t K'r'l.'lllg gel
o e f
% DIE ~ rd
? —+4 = Phalong ::_?f/ Pha rin —_— (
by CIE i : = /
L < : : -
f ZONE 1 ZOMNE 3
{ : Lue xé nhét S e, ) Luc ma sat trweoc
HE i zoNE 2 TUw
Luc ket dinh

Hinh: md hinh chuyén trang thai cia nhya trong khuon
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V.2 Luc kéo

Trong viing 1 chi sinh ra lyc xé nhét. Trong ving gel (ving 2) luc két dinh - bat
dau xuat hién trong khéi vat liéu va vat liéu chuyén sang trang thai gan nhu cao su,
khoi vat liéu dang gel nay bam sat vao thanh khuén va day chinh l1a nguyén nhan gay ra
lwc masat dang ké. Khi sang ving 3 nhua cting va co lai 1am bé mat san pham tach khoi
bé mit khuén 1am cho lwc masat giam dang ké. R6 rang 1a luc kéo 1a do luc masét sinh
ra giira bé mat tiép xdc cua nhya va khuén va diéu nay duoc quyét dinh bai kich thugc
viing gel. Bac biét khi tbc o quy trinh tang Ién 1am kich thudc ving gel dai ra va két
qua 12 lyc kéo tang 1én dang ke.

V.3 Ap xuit

Hunter d& chiing minh rang ap xuat that thoét trong ving 3 trudc khi vat liéu
duoc 1am lanh. Vi vay khdng c6 su co do giam nhiét nhung do co thé tich 1a do dong
ran nhya.

Vi vay su tuong tac cua ap xuat va do co thé tich giit mot vai trd quan trong
trong dong luc hoc pultrusion. Ap xuat khong di gay nén van dé troc 16p. o co khdng
du gay nén luc kéo cao qua muc. Toc do co rat nhya tac dong dén téc do giam ap xuat
va hai diéu nay diéu nay bi quyét dinh bai téc 6 dong ran nhwa. Vi vay su can bang
nhay cam gitta 4p xuat, tbc do dong ran va do co rat phai dat dugc dé quy trinh
pultrusion dién ra nhanh hon.

Hé s6 gidn n& nhiét cua vat liéu 1am khuén ciing dugc chl ¥ dén. véi su chénh
léch nhiét @6 khoang 120 d¢, duong kinh cua phan c6 nhiét do cao nhat cua khuén
pultrusion c6 s& 16n hon 0,3% so véi dau vao.

V.4 Dy co rat

Hunter d4 tién hanh cac thi nghiém vé do co trén nhya polyester va epoxy. Két
qua cho thay rang nhua polyester hau nhu co gap hai lan nhya epoxy. Tuy nhién Hunter
béo céo rang profile cua do co quan trong hon db co.

Polyester tiép tuc gian nd sau dién gel, sau d6 tbc do co tang nhanh va hinh
thanh trén profile cua d6 co mot mui nhu bup mang. So vadi epoxy, nhua epoxy co trudc
khi n6 gel va tiép tuc co véi toc dd déu déu cho dén khi né déng ran hoan toan. Thong
tin nay d& dua ra mot quan niém méi gitp hiéu ro hon dac tinh pultrusion caa nhya
epoxy so véi nhua polyester.

Trong hau hét cac quy trinh san xuat composite, viéc ap dung ap xuat trong khi
d6ng ran pha luén ludn cé loi cho pham chét cua san pham. Pultrusion khéng ngoai Ié
véi quy luat nay va viéc tang lén cua &p xuat trong khuédn pultrusion cho dén khi nhua
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d6ng ran hoan toan 14 rat c¢d ich cho pham chat san pham. Twong tu nhu vy ap xuat
trong pha gel dam bao ring san pham duoc gitr chat vai bé mat khuén va vi vay bé mat
phing lang s& duoc tao ra vi &p xuét gidp ngan can sy troc ra caa 16p bé mat.

Vi vay tir viéc so sanh két qua, n6 chi ra mot diéu hién nhién rang profile do co
cuia polyester tét hon so véi epoxy trong diéu kién gel va déng ran duéi &p xuat. Ngoai
ra tbc do co tang dot ngot sau khi gel caa polyester cd loi cho viéc 4p xuat gidm nhanh
va vi vay luc ma sat cting giam nhanh.

Véi epoxy, nhya bat dau co cing voi su tién trién caa qua trinh gel va gel dudi
diéu kién suy giam cua &p xuat. Vi vay nhiéu ap xuét bi mat trong thoi gian gel boi su
co thé tich. Sau khi gel téc d6 co rat cham. Vi vay luc ma sat chi gidm dan dan. Vi vay
ving gel caa nhua epoxy khéng du &p xuat dé chéng lai sy bong troc & bé mat. Diéu
nay giai thich tai sao van dé nay thuong xuyén bat gap khi nhua epoxy dugc thay thé
truc tiép cho nhwa polyester ma khong chid ¥ dén van dé dong ran va co thé tich. Hunter
d4 dé nghi mot giai phéap don gian dé bu dap cho dic tinh co rat nay cua epoxy. Su hién
dién cua chat don dudi dang soi hay bot trong hé théng nhya ciing lam giam mot phan
su co thé tich caa nhua.

Ngoai ra 4p xuét tir viéc gian nd nhiét ciing twong tng voéi thé tich caa don va soi
gia cuong. Viéc tang lugng gia cuong trong ty Ié nhua soi s€ lam giam khuynh hudng
co va dong thoi 4p xuat ciing tang. Tham chi du nhwa epoxy c6 co truéc khi vao ving
gel, 4p xuat van da dé tranh bong tréc bé mat. Biéu nay giai thich tai sao ty 18 sgi/nhya
cao thuong co lgi cho nhya epoxy trong quy trinh pultrusion hon nhya polyester.

3F  GEL POINT !
‘ i 22.8° C QUENCH
2t :
| o e e
= ’/"" 1
w )7 i
e / 70° C HEAT SOAK H
< / i
T off :
o M :
= | INITIAL CURE C'I"'C:LE
2 ——— SECOND HEAT CYCLE
;_2_ STARTING VOLUME - 0.098 ML
NET VOLUME LOSS - 0.55 ML
3 VOLUMETRIC SHAINKAGE - 6.04 %

1 i L i A i b i L L A L 1 1 5
0 6 12 18 24 30 36 42 48 54 60 66 72 78 B84 90
CURE TIME,. MIN

Hinh : sy thay doi thé tich trong khi dong ran cia nhwa polyester
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GEL POINT
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Hinh: su thay ddi thé tich trong khi déng rin ciia nhwa epoxy

V.5 Nhiét do khudn

Trong pultrusion c6 thé sir dung céc thi nghiém dé xac dinh ché do cai dat nhiét
d6 dé san xuat cac san pham cd chat lwgng nhu mong muén. Ché d6 cai dat dua trén
nhiét @6 phan (ng trong qua trinh déng ran.

/—N'hiét do dong rin

s cnl an . Nhiet do nhwa
Nhiet do khuon o

S \ \u\
o
e .3 e g e am
2 “Diem cal nhiét do
E o0 =
0=
Rit dau gel iem xay ra dong ran
Zone 1 Zone 2 Zone3
[ = = = ]
L L] Ll L I. Ll L
0 15 Jo 45 ] 75 L1
V1 fri khuon

Hinh: profile nhiét d¢ nhwa va profile nhiét do khuén

Hinh 5.4 md ta profile nhiét &6 nhua va profile nhiét d6 khuén doc theo chiéu
dai cua khuén. Trong qua trinh cai dat profile nhiét do khuén can phai chi téc do thay
ddi nhiét do tir dau khudn dén diém xay ra dong ran, tbc do ting nhiét o cua profile
khdng dugc qua nhanh so vai téc do truyén nhiét cua nhya vi néu nhiét do ting qua
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nhanh 1am chén léch nhiét do qué Ion giita I6p bé mat va op giira caa profile, 1am sinh
ra hién twong dong ran khudn dong déu, qua nhiét trén bé mat profile, co tinh san pham
khong tét.

Nhiét do cai dat khudn tai diém xay ra d6ng ran can phai thap hon nhiét do dong
ran vi phan tng dong ran toa nhiét 1am cho nhiét d6 ting cao dot ngot tai diém dong
ran. Sau khi qua diém dong ran nhiét d6 khudn giam voi téc d6 cham dan va nhiét
lugng con lai s& gitp nhwa déng ran hoan toan.

Nhiét do tai dau vao caa khudn can gitr ¢ nhiét do phong dé cho profile c6 du
thai gian 6n dinh kich thudc va gian né nhiét.

Hinh 5.5 biéu dién cac profile nhiét do khuén, tim gia nhiét, nhya va profile
d6ng ran cua nhya doc theo chiéu dai khudn san xuét profile hinh chix |

200 1
180 09
150 0.8
e
g 1o or
ol
= 120 06
: p
100 05 ¥
=
&0 04
&0 03 E
a2
20 a1
{. \ L — T L] L] = L] ﬂ
a 10 20 3 40 50 &0 Fjil ] 40 100 110 120 13 140 150
Vi tri khuén
—_Tm gia nhigt — Nhigt d Khuin ____Nhigtdpvitlitw > Mic do dong rin

Hinh: cac profile nhiét @ khudn, tim gia nhiét, nhwa va
profile déng rin cia nhya doc theo chiéu dai khuén

Néu nhiét do cai dat quéa cao: vi du di véi pultrusion epoxy nhiét do khong
duoc vuge quéa 225°C trong ving néng nhat caa khudn va composite. Tai nhiét d6 nay
quéa trinh vong hoa noi phan tir s& xay ra bén trong hé théng nhua epoxy va nhua s&
khéng can chat dong ran dé kich thich qué trinh déng ran. Tinh chét co hoc va vat Iy
ctia nhua s& bi giam cap dudi diéu kién nay.
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Néu nhiét do cai dat thap, tbc do dong ran s& giam xudng va diéu nay lam cho
kich thudc caa ving gel tang 1én. Bdng thai toc do co va téc do suy giam &p xuét bi
giam va diéu nay dua dén két qua kich thudc ving gel 16n va &p xuat trong ving gel 16n
va diéu nay l1am tang luc kéo. Khi nhiét d6 khudn tang, diéu kién bat dau l1am gidm luc
kéo. Hinh 5.6 md ta méi quan hé caa luc kéo va nhiét d6 cai dic trong hé nhua epoxy.

800

700

PULL LOAD, LB

500 B~

400 1 1 1 I L
140 150 160 170 180 180 200

DIE CONTROL TEMPERATURE, °C

Hinh: twong tac giira luc kéo va nhiét do khuén

Pbi véi nhitng profile mong(duéi 12,7 mm), thoi gian truyén nhiét vao nhua
ngan cho nén téc do tang nhiét do cua profile nhiét do khudn s& nhanh, chiéu dai khudn
ngan, kich thuéc vung gel ngan, luc kéo thap va diéu quan trong la tbc do quy trinh s&
nhanh hon profile day.

Péi vai nhitng profile day trén 12,7 mm, can gia nhiét so bo bang tan sé radio dé
ngan chan su cracking bén trong nhua. Tuy nhién, téc d6 kéo s& thap hon nhiéu so Vi
profile mong. Trong truong hop ndy Phuong phép gia nhiét so b bang tan sé radio 1am
tbc do quy trinh pultrusion nhanh hon ma khéng l1am cracking.

Gia nhiét so bo 1am giam su chén Iéch nhiét do gitta bé mat va trung tam cua
composite, thoi gian cap nhiét cho nhua giam xudng, kich thuéc ving gel nho hon dua
dén giam lyc kéo. Viéc ting toc do quy trinh s& mang &p xuat , kich thuéc ving gel tro
lai diéu kién binh thuong. Day 1a 1y do tai sao phuong phap gia nhiét so b bang tan sé
radio 1am cho toc do quy trinh nhanh hon ma khéng phai tang lec kéo qué cao. Hinh 5.7
biéu dién mo hinh dong rin bang séng dién tir.
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Ehuon Sg1-Nluea

. "™ Dinh hinh

gl 4 May phat
Chien kéo song dién tir

Hinh: m6 hinh dong rin bing soéng dién tir

V.6 Téoc d§ dong ran

Nhu da trinh bay ¢ trén toc do co thé tich chiu sy anh huéng cua tbc do déng rin
nhua. Téc do co thé tich cao 1am &p xuét giam nhanh va giam lyc masat. Tur nhitng
diém nay, viéc nhua c6 toc d6 d6ng ran nhanh 1a rat quan trong. Piéu nay lam cho
chiéu dai vang gel ngan hon va do d6 téc do quy trinh ciing nhanh hon.

Tbc @6 dong ran polyester thay doi bang céch thay doi lwgng va loai xic tac
peroxide dung dé khoi mao cho phan tng. Viéc thay doi téc d6 dong rin caa epoxy la
khong don gian.

Viéc lva chon tac nhan déng ran cho nhya epoxy dua trén co sé cua nhitng thong
s6 biéu hién can c6 trong san pham composite. Thai gian song caa nhya ciing tac dong
dén su chon lya ndy. Chét xtc tién nhiét ciing ¢ thé duoc sir dung trong truong hop
nay. Tuy nhién hiéu qua lam ting téc d6 dong rin caa chat xdc tién co thé 1am giam
thoi gian séng cua nhya.

Néu téc do déng ran cham ma kéo véi toc do cao s& dua dén hau qua la nhya chi
dong ran & 16p bén ngoai, khong kip dong ran 16p & bén trong. viéc nay dua dén két
qua xuat hién su tach 16p bén trong composite, 1am giam pham chét caa composite
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Delamination Due
to Under Cure

Hinh: su tach l6p do kéo véi téc dd qua cao

V.7 Thé tich vat liéu gia cwong

M&i quan hé tdng quéat gitra ham luong soi va luc kéo trong hé nhyua epoxy duoc
biéu dién trong hinh. Trén duong cong tai trong ta thiy c6 mot doan nam ngang rong
khoang 2% so véi truc ham luong soi. Day 1a khoang ham leong sgi t6i uu cho san
pham pultrusion epoxy dang que c6 duong kinh 12.7 mm. Bén duéi khoang téi uu, sy
bong troc xuat hién trén bé mat san pham vi &p xuat khong du tai diém gel. Bén trén
khoang téi wu, 4p Xuat qué cao trong viing gel va sau ving gel 1am ting luc kéo qué
muc .

Ca hai hé nhya epoxy va polyester phan @ng tuong tu dbi véi cac loai vat liéu
gia cuong khac nhau. Dbi vai hai hé thong nhya ndy, ham luong vt liéu gia cuong toi
thiéu “dé chdng lai su bong troc” khi st dung mat va roving thap hon so vai khi sir
dung tat ca 1a roving .

1000
1/2° DIAMETER ROUMND
PROCESSED AT 12 /MIN
112 ¥LE. BINGLE END ROVING
47-54 EMDS
800 I~ 45 % cLAY
m
]
n -
L4 H H
o 600 - TOO LOW, I oeTiMuMm TGO HIGH,
= SLOUGHING H RANGE : LOADS ARE
=l - -
rt oCCuURs H - EXCESEIVE
=
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400 —
H H
200 | 1 | 1 | S 1 L] |
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GLASS CONTENT (NON-COMBUSTIBLES), % BY WT.*

"OF WHICH APPROXIMATELY £ % IS RESIDUAL CLAY

Hinh 5.9 : anh hwéng caa thé tich vat liéu gia cwang dén luc kéo
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V.8 Tron nhya

Khi céc thanh phan nhu xdc tac, xuc tién, pigments, chat tro nhét, chat trg phan
tan, don duoc thém vao nhya, hdn hop dugc tron véi thoi gian ngan nhat c6 thé. Chat
déng ran duoc dé ra ngoai hén hop cho dén khi hon hop sin sang dé cho vao bé nhya
thi mai duoc thém vao. Viéc tron cac vat liéu don nén tron vai luc cit xé cao va nén
han ché thoi gian tron vi khi tron né sinh ra mot luong nhiét dang ké trong nhwa. Chi
khi trudc khi bat dau st dung, chat dong ran méi dugc thém vao va duoc tron voi toe
d6 tron rat thap. Sau khi hé théng bt ¢au hoat dong, nhua bé xung nén duoc thém vao
dé ¢am bao t6 do cua quy trinh. Néu téc do tiéu thu nhwa 1a 2 galon mai gio thi thém 2
galon mdi gio. Thi sy thém vao nay sé& tro gidp thoi gian song cua nhwa va pha loang
nhwa cu voi nhura moi thuong xuyén. Néu bé nhya nho, hiéu qua pha loang cua vat liéu
thém vao s& cao. Dya trén kich thudc cua bé, cong nghé nay sé lam tang thoi gian song
ctia bé nhya lén dén 800% hoic hon. Mat bé chira nhua lén c6 thé dugc tron va dat bén
canh day chuyén san xuat. Bé chira nay khdng c6 chat déng ran co thé on dinh trong 3
ngay. Chat déng rin chi c6 thé dugc tron voi nhua trong bé chira tai mot bé nho khac
trudc khi duoc cho vao bé nhya caa hé thong.
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CONG NGHE'RRIM

I. NONH NGH0A

RRIM (reaction reinforced injection molading) la phddng phap fiddc cai tien to
phddng phap RIM.Phtong phap RIM la phddng phap dung ap suat cao phun hon hop
nhoda hai thanh phan vao trong khuon kin.

Phoong thoc cai tien hon so vai phtong phap RIM 6 cho la coi s dung them sGii
gia c6ong fiel tang them fac tinh cd ly cua san pham. Phdéng phap RRIM, sdi gia
c60ng N6Oc tron chung voi nhoa va fddc phun fiong thdi vao trong khuon thong qua
he thong bdm fionh 166ing va fiau phun tron.

RRIM co the tao san pham t6d fidn gian fien san pham phoc tap, cac san pham
co tinh nang cao, co kich tht6c voa phai va thédng fiddic sé dung trong nganh cong
nghiep o to.

Phoong phap RRIM la mot 16a chon phu hop khi can san xuat voi so 166ng san
pham I6n trong thdi gian ngan.

SO 16a chon hon hop nhoa hai thanh phan can phai fiap 6ng tuan theo nhong
fileu kien sau:

- Toc o phan dng hay fiong ran t66ng fioi nhanh.

- No nhét cua san pham tao thanh phai t66ng fioi thap va tang nhanh theo

thoi gian.

- Tuan theo cac rang buoc ve kinh te, may moc thiet bo.

- Nat fioi ben c6 ly va tinh tham my nhat fionh.

- Chu ky san pham t66ng foi ngan fie san xuat so 166ng nhieu.

Thong thoding hon hép phan dng f6oc 16a chon la Polyol val Isocyanate fie tao nen
san pham thuoc dong Polyurethane (viet tat la PU)

Mot hinh thdc khac (bien the: cua cong nghe RRIM) la SRIM véi fiiem khac biet ¢
ban la 6 cong nghe! SRIM, sdi fid6c tao hinh trédc(do fio co the fionh htdng soii
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trodc, tao ket cau sdi, tang fiol ben co ly khac phuc nhodc iiem RRIM) va soi fiddc
fida vao khuon trooc roi moi phun hon hdp nhoa vao khuon.

Mot vai san pham dung cong nghe RRIM:

K/ﬁ

Photo: Hennecke GmbH

Train bath

Nac fiiem phodng phap:
Ou fiiem:
- S0 dung hon hép nhda hai thanh phan co fio nhot t0ong fioi thap khoang
100 - 1000 cP. He nhda thong th6ong bao gom 2 thanh phan: A (Polyol)
va B (Isocyanate), ty lei tron tuy theo yeu cau chat 166ng cua san pham

va t¢ le thong th6ong la tz lel 1:1.
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- Ne fiinh 166ng tz lel hai thanh phan tron chinh xac can co so' trd giup cua
mot thiet b fiac biet fio la he thong boém fionh 166ng voi fio chinh xac
cao.

- RRIM tao san pham fiep, khong co fidding cat bavia, lang ca hai mat va
san pham san xuat ra la san pham cuoi cung va quan trong la it gay hai

cho moi tréong.

- Cong nghe RRIM va SRIM la cong nghe cua toc fio, chu ky san pham
thodng la 2 phut nen rat thich hép cho cac fién hang san xuat vOi so
1606Nng 16n.

- Do phan 6ng gida Polyol va Iso la phan 6ng toa nhieu nhiet giup tro
giup tien trinh gia nhiet & khuon.Tuy nhien van can cung cap nhiet cho
khuon fie bao fiam s6 toc fio nguai gida be mat san pham va loi khuon.

- No t6/ flong hoa cua qui trinh RRIM va SRIM rat cao.

- Rieng cong nghe SRIM co thel khac phuc nhodc filem cua cong nghe
RRIM ve tz lei s6i gia coong(co the tang len 50%) va sdi Addic fionh hinh
tro0c nen co the tao ket cau sOi va nang cao fioi ben cd ly cua san pham.

Nhooc fiiem:

- Chi phi fiau t6 he thong may moc, khuon cao.

Han che ve chung loai nguyen lieu fiau vao( hon hép nhda hai thanh
phan)

Rieng cong nghel SRIM choa tao fidoc be mat lang bong, can phai gia
cong be mat them.

Kich théoc san pham co phan bo han che, th6dng dung fiel tao cac san
pham co kich c6 trung binh.

Cong nghe RRIM co han che! la chz dung f66c sdi gia c60ng rat ngan,

d66i dang bot hay sdi ngan fie bao fiam hon h6p nhda séi khong bo nghet
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trong fiding fii cua he thong nen tinh cé ly cua san pham tren cong nghe
RRIM co phan han chei ve fiac tinh c6 ly.

1. MO TA QUY TRINH CONG NGHE

1. SO NO HE THONG

He thong gom cac cum chdc nang:

He thong bon choa Polyol va Isocyanate (ngan chda)
He thong bdm xylanh fionh 166ng (bédm fionh 166nQ)
He thong bom tron

Nau phun tron

Khuon va he thong fiong khuon.

Polyol va lIsocyanate id6c bao quan rieng re trong hai bon chda. Lou y rang

Isocyanate la chat nhay cam voi hoi nooc.

S0i gia c6dng théding ndoc tron chung voi Polyol.

Nho! he thong bém fiieu hoa ap 16¢c varbém fionh 166ng ma 166ng nhda fiddc fida vao

fiau tron voi 166ng rat chinh xac nham fiam bao tz le: hon hop phan 6ng.
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Flow diagram of a RRIM machine

WACLULUT QUrmip
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Hinh: Mo hinh cong nghe RRIM
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SCHEMATIC DIAGRAM

CLAMPING PRESS

» » b, 4

RESIN-INJECTION D PART

AIR OUT
o0

MACHINE RESIN IN
N
MOLD
& &

CLAMPING PRESS
WOVEN FIBER- \
PLACED IN MOLD PRIOR TO
INJECTION

Mo hinh cong nghe SRIM

- Nat cac van fionh hddng sao cho cac thanh phan (xuc tac — nhda) tuan hoan
ve ngan choa.

- MO heithong bom fionh 166ng

- Tien hanh fio tz lel cac thanh phan hoi 16u

- Hieu chznh bém fionh 166ng fie Aat ty lei can thiet

7 Graphics: Hennecke GmbH

Fig 6: Functional diagram of the filler preparation system

1 Polyol storage

2 Polyol feed pump

3 Filler extraction station

4 Vacuum turbine

& Mixing tank with special stirrer

6 Electronic scale with forrmulation compulter
7 Transfer pump for the polyolfiller rmix

8 AEROMAT — GU gas-loading device

9 Work tank with automatic refilling system
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2. CAC YEU TO QUAN TRONG TRONG QUI TRINH:
2.1 BOm fionh 160ng:

Thiet bo bom fonh 166ng s6 dung bo khuech fiai gom co 3 phan:

+ 1) Nong ¢6 bodc

+ 2) Bo khuech fai

+ 3) BOm fionh 160Nng
Cac tin hieu xung phat t6 bo fiieu khien may fiddc bien fioi bdi bo
khuech fai sel kich cho bom hoat fiong (bang cach s6 dung fong c6
booc). Nac fiiem cua qua trinh nay la co the fiat fidoc fio chinh xac rat
cao. TOng xung rieng le t66ng 6ng vbi mot bodc nho trong bdém fionh
|66ng. Tan so xung ( tuy loai may ma co the fiat t6i 10kHz) quyet fionh
toc flo bd6m va do fio, quyet fionh ca nang suat.

N6oc fiieu khien bang hel thong maly tinh
nen tinh t6 filong hoa cao

Hon hdp nguyen lieu fiddc vi fionh 166ng
them mot lan noa tai fiau tron.

2.2 Nau tron:(Mixhead)
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Chdc nang cua fiau tron: chu yeu la tron va phun hon hop nhéa hai thanh phan
vOi toc o cao vao khuon.

N66c fiong boi vai he thong bom fonh 166ng.

Hien nay col rat nhieu loai fiau tron tuy theo muc fiich va yeu cau cua san
pham, vi du: Aau tron 2, 4 fiau.

3. KHA NANG THIET KE VA HINH DANG HINH HOC CUA SAN
PHAM

RRIM con thich hdp fie tao san pham co fio sau va it/khong ba via do khuon
kin, fio nhot thap nen tham 66t del dang va giam thieu cac choi rong trong san pham.

Trong mot vai troong hop fiac biet, phai dung phddng phap RRIM (mot manh
khuon trong khi cac ph6dng phap khac phai dung khuon nhieu manh) nhé phan phia
trobc cua xe hdi (hinh).

Cac phu tung gan gidia phan composite va cac bo phan khac th6ong la mot kho
khan fioi vOi vat lieu composite. Trong SRIM, cac phu tung nay phai i6é6c fida vao
trong khi thiet ke preform, phai gio! tinh lien tuc trong khoi ket cau fie bao fiam éng
suat phan bo hop ly. Ngoai ra cac SRIM con co the gan dinh va ket hdp véi cac chi
tiet kim loai khac. Trong khi ph6ong phap ep khuon (compresion molding), nhding
chi tiet nay phai chu y t6i vo tri Aat chinh xac va kiem soat sd' di chuyen cua s0i
trong khi ep.
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4. THIET B0 GIA CONG
4.1 Khuon (Tooling)

Trooc khi thiet ke khuon, phai xem xet moc fio yeu cau cua no. Viec thiet ke
phai can bang cac yeu to nh6 tinh chat cua khuon, chi phi va théi gian che! tao
khuon. Viecc can nhac nay se lam giam cac phat sinh co the co fioi vOi ket qua cuoi
cung.

Khuon s6 duing trong ph6ong phap RRIM co nhieu thuan 16i. Khi I6a chon vat
lieu va ph6ong phap lam khuon, can phai xem xet cac yeu to nhd chieu dai cua bo
khuon va chat 166ng bel mat khuon mong muon. Co the s6 dung khuon lam bang
epoxy, nikel, hdp kim, thep .... Tuy nhien, khuon phai kin trong qua trinh fiien nhoa.

Tuy nhien, do fiac filem qua trinh la phun hon hdp nhéa voi ap suat 16n vao
khuon nen can chu y thiet ke bo phan ngam khuon.

v" Khuon epoxy:

Khuon epoxy co nhieu thuan 18i nhé giam chi phi, khang hoa chat, tiet
kiem thdi gian, khoi 166ng thap, it s6 dung may moc.

- Be mat trong cua khuon lam t& epoxy co chat 166ng, chong tray x60t. Co
thel co nhdng phan rdi trong hai manh khuon.

- Be day khuon khoang 1 inch (2.54 cm), khuon fid6c gia co bang vai, sOi
va van ep fie tang cong. Cac i6dng lam nguoi hay gia nhiet id6ic gan 0

mat sau khuon.

- Kha nang truyen nhiet kem. Noi véi khuon epoxy phai chu y khi 16a
chon hel nhoa fie tranh s6 toa nhiet qua moc co the gay ho be mat

khuon.
- Gibi han s6 dung khuon epoxy khoang vai ngan san pham. Tuy theo o
phdc tap cua san pham ma gidi han nay co thel giam xuong do khuon bo

mai mon va bo not vol khi fiat preform.
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- Co hai phodng phap lam kin khuoin: fioi v6i cac san pham col hinh dang
fién gian, chz can ghep hai manh khuon lai. Noi voi san pham co hinh
dang phdoc tap dung vong cho O fie lam kin khuon.

Composite
01\ Laminate

Composite
Laminate

Core Core

0-Ring Seal Pinch-ofl
Hinh: Phédng phap lam kin khuon

- Khi thoat ra té moi ghep khuon, hay co lo thoat khi tren khuon. Lol thoat
khi (vent) th6dng fiat 6 tren cao (fiel khi del dang thoat). Vent khi fiddc
lam vel sinh sau moi san pham, do fio no phai i60c thiet ke fie del bao
doéoing.

v" Khuon nikel:

- Bel mat khuon tot va ben hén khuon epoxy. Truyen nhiet tot hén va chou

ap suat cao hon

- Chou fi6dc nhiet fio cao ngay ca khi phan 6ng toa nhiet qua nhieu nen co

the dung fiong ran nong.

- Khuon co the: lam mot noa to nikel mot nda to epoxy. Tuy nhien hai nda

khuon kho an khop voi nhau.
- Kho them loi thoat khi hdn so véi khuon epoxy.
- Chu ky s6 dung mot khuon co the len fien 20.000 — 40.000 san pham

v" Khuon fiuc térh6p kim
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Kim loai la vat lieu can thiet trong che tao khuon composite, nhat la cac khuon

yeu cau san xuat lau dai, ben, chac. Khuon kim loai dan nhiet cao nen de dang gia
nhiet va giai nhiet cho khuon trong qua trinh gia cong. Noi cung chou id6c kha nang

mai mon cao, vi vay co the sdl dung khuon nay fiel san xuat lien tuc ma van fiam bao

Kich thoéc san pham. Cac kim loai th6éng dung trong san xuat khuon la nhom (Al),

fiong (Cu), kem (Zn), thep...

Bang 1. Tinh chat nhiet cua mot so: vat lieu kim loai

Tinh chat Be Mg Al Ti Fe Cu

Nhiet fio chay (°C) 1277 | 650 660 1668 | 1536 | 1083

He so dan nhiet (W/m.K) 146 153 222 171 75 393

He so gian ndl nhiet (um /um/°C) |{0.29 |0.68 |[0.59 [0.21 |0.30 |0.41

Nhiet dung rieng (J/kg.K) 1883 | 1046 | 900 519 460 385
Nac fiiem:

N66c s6 dung khi san pham co kich théoc trung binh.
Khoithem lol thoat khi hén so véi khuon epoxy nhéng de hén khuon nikel

Noi vOi kem va nhom phai can than trong khau thao khuon vi khuon co
nhieu lo xop lam dinh san pham. Nhom la kim loai mem deo, fio cdng
khong cao, do fio trong mot so tréong hop can o ben va fiol cong cao
ngudi ta thay nhom bang thep.

Hop kim kem vaoi fiong, nhom, magie 6dc dung pho bien fiel san xuat
cac khuon so! dung trong théi gian ngan. Tinh chat ¢d hoc cua hép kim
kem sel giam nhieu & nhiet fio khoang 100°C. Vi tinh chat dei gia cong,
de lam khuon nen hép kim kem la vat lieu quan trong dung lam khuon
composite va khuon fiuc.

Thep la loai vat lieu quan trong, dung lam cac khuon san xuat lau dai
vOi fio chinh xac cao, san pham chat 166ng, chiu fiddc mai mon va coi fio

ben nhiet cao. Ta co the 16a chon cac loai thep khac nhau déa vao tinh
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chéu mai mon, chong soc va kha nang gia cong. Khuon thep co gia thanh
cao nhéng chu ky: sdi dung la 500.000-1.000.000 san pham/khuon
4.2 Ngam khuon (press):

Ngam khuon coi vai tro fiong-mé khuon va gidl khuon kin trong suot qua trinh
phun. Do cong nghe phun RRIM(phun voi ap 16c 16n 12 Mpa), SRIM(3-4 MPa) nen
can co he thong ngam khuon chat.

Co the duing cac loai ngam sau :

- May ep tui khi (airbag press): so dung nhieu tui cao su fie tao ap loic len
khuon. May ep nay thich hép cho nhdng san pham nho hay tao san
pham mau (prototype). Tuy nhien khuyet fiiem cua may ep nay la khong
thel nang ndia khuon tren len khi thao khuon vi vay phai dung them mot
may ep xylanh ap suat thap fie. keo ndéa khuon tren len nen chi phi se
tang len.

- May ep thuy l6c: he thong kep va tam phang fieu fiddc fiieu khien bang
thuyi 16, toc fio nhanh hén nhdng chi phi cao hén may ep tui khi. Khi
dung may ep ap suat cao cho nhéng san pham nhe phai than trong trong
viec kiem soat ap suat fiel tranh qua ap.
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He thong may ep phu lam tang nang suat

4.3 San xuat va nonh hinh soi

Do van toc fiien fay khuon nhanh va nhda chay trong khuon theo dong nen de
lam xo lech hoac cuon s6i. Thong th66ng ngddi ta thodng dung s6i dang bot foi voi
RRIM.Rieng fioi vdi cong nghe SRIM, ta phai fionh hinh s@i tré6c nen col thel dung
dang mat (ng06di ta co the fionh vo va gan ket sdi bang nhda nhiet deo).

Sdi sau khi fionh 166ng fiGdc sap xep vao trong khuon.

Air Exhaust

Binder fiye
Flexible Hose Exhaust | 4 |
X Spray Fan :T|
Roving Cutter . i
: ey
Roving _ \Mo -@
|| ..-/ Preform 9
|| f petemn Turntable
Y
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Mo hinh taio preform bang phun sdi trong cong nghe SRIM
% Thiet bo tao preform:

S6 phat trien cua phoong phap tao hinh (preforming) hieu qua la yeu to quan
trong trong ph6dng phap SRIM. Viec I6a chon chinh xac ky thuat tao preform, vat
lieu gia c6ong (reinforcement) va thiet bo tao preform se quyet fionh sé thanh cong
cua cong nghe SRIM.

Co nhieu phddng phap tao preform: cat - dan, sung phun, ep, det quan

v' Cat — Ghep (Cut and sew):

La phédng phap dung it thiet bo nhat nhéng nang suat thap. Phédng phap bao
gom: cat sOi bang tay va ban cat, hay co the i6dc lam td fiong bang cach them vao
fiau cat bang thep. Sau fio dan preform bang tay hay t6' fiong. Qua trinh td fiong fie
tao nhong san pham 6ng duing trong khoing gian vu tru nhéng ky! thuat tao preform
nay rat ton kem va chg thich hép lam cac san pham nho va phdc tap fioi hoi tinh
nang cao.

v Sung phun (Spray-up):

Phodng phap nay tao preform co dang 166i, nang suat cao. Thiet bo 16n nen
chiem nhieu dien tich nhong chi phi thap. Phééng phap nay col thel tao iddc san
pham rat 16n. Tuy nhien sung phun chz tao preform co sdi ngan nen tinh nang san
pham khong cao.

v Dap (stamping)

La phtong phap tao preform co nang suat rat cao. Tao preform toisoi lien tuc
nen c6 tinh san pham cao. Tuy nhien preform tao ra phai id6c s6a chda (cat got)
sau khi ep.

v Det, quan (braiding, filament winding):

La ph6éng phap tao san pham co hinh dang fién gian.

Det: tao san pham theo 3 chieu nen san pham co fiol ben keo va fio cdng cao.

Quan: tao san pham co c¢6 tinh tot theo mot phdéng, fionh hinh chinh xac hon.
Nang suat thap hén phédng phap det nhdng thiet bo phdc tap hén nen gia thanh cung
cao hon.
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Tuy nhien ca hai phtong phap nay tao preform qua chat nen lam nhda kho
tham 60t hon.
4.4 Nau phun nhéa : (Mixhead)

Do he thong sO dung nhoa hai thanh phan, hai thanh phan sel i6dc tron voi
nhau bang thiet bo tron tonh (static mixer) tr6dc khi phun vao khuon. Théi gian tron
phai tinh toan fie hon hdp phan tan tot vao nhau ma khong gay ra phan éng fiong
ran trong thiet bo tron. Sau moi lan phun may tron phai fi66ic ve sinh.

Cach tot nhat fiel lam tang nang suat va giam chu ky lam ve sinh thiet bo la
dung nhda 2 thanh phan (two-component resin system) (Hinh 5.29).

Thiet bo phun nhda vao khuon gom hai loai: sung phun dang cam tay (hand-
held gun) va fiau phun co: fionh (fixed injection nozzle).

Trong thiet bo phun nhéa ngoai idéng nhda fii vao khuon con co fi6éng dung
moi va khong khi kho fiel lam sach fiau tron sau moi lan phun. Noi véi fiau phun co
fionh ta phai dung n6dc lam nguoi khi khuon col gia nhiet fie tranh fiong ran xay ra 6
fiau phun.

Tuy nhien kho khan cua phddng phap la phai xd6 ly 166ng nhda va dung moi
sau thai ra khi lam sach fiau phun. Can phai tach rieng va chong cat fie thu hoi dung
moil.

Trang 124



Cdng nghé vit ligu Composite

5. LAM SAN PHAM MAU BANG PHOONG PHAP RRIM
(PROTOTYPING WITH RRIM)

RRIM la s6 l6a chon tuyet voi fie lam san pham mau cho cac phéong phap
khac vi tao id6c san pham coifiol chinh xac cao ma gia thanh t6éng fioi thap.

Khi tao san pham mau, nhda sé dung phai col hoat tinh thap fie keo dai thoi
gian fiien fay va thoat khi. Khuon lam t6/ epoxy hay cac vat lieu tré khac nhd go,
thach cao. Tao preform bang phdéng phap “cut and sew”. Kich thddc san pham to
nho fien rat 16n co cau truc 3 chieu phdc tap.

6. NANG SUAT

Chu ky lam san pham RRIM mang fiac fiilem sau:

Chu ky ngan (nang suat cao)
- Tao san pham co kich thééc véa va nho
- Dung nhda hai thanh phan va tang fiol phéc tap cua thiet bo.
- Khuon lam t& kim loai va phai i60c gia nhiet

Co hai van fiel co the anh h6dng fien nang suat la qua trinh fiong ran them
(postucure) va xd ly phe! lieu. Mot vai he nhéa fioi hoi phai co qua trinh postcure fie:
fiat tinh chat c6 ly toi 6u, khi fio day chuyen phai bao fiam gid co fionh fie khong lam
thay fioi kich thodc san pham. Viec kiem soat phe! lieu co y nghda 16n trong viec bao
fiam tinh kinh te trong cong nghe RRIM.
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IV. PHOONG PHAP THOC HIEN QUI TRINH CONG NGHE SRIM
QUI TRINH CONG NGHE SRIM
SO Ao tren co the dien ta tom tat nho sau:

Tao preform

A\ 4

Tron ho|
Chuyen nhoa P
vao khuon
.| Tao hinh va fiong
ran trong khuon
Chuyén nhua Bdng rin
Pdng khudn 3 ih G " trong khudén Thdo khndn

FPreform e 2

i
3l

Hinh 20. S6 fioa biedu diean quat trinh taio salin phadm SRIM

S6i thuy tinh (preform) fiddc fat vao khuon. Nong khuon. Nhoa fia tron voi xuc
tac A6dc chuyen vao khuon, qua trinh fiong ran xay ra trong khuon. Tuy theo yeu
cau khuon co the fi66c gia nhiet hoac fiong ran 6 nhiet fio. phong. Quy trinh cong
nghe RTM fiddc mo ta theo sb foi tren voi cac giai foan sau:

- Chuan bo preform:
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+ Tao hinh dang va ficnh hdng preform.
+ Kha nang tham 60t cua preform.

- Chuan bo khuon:
+ Ve sinh khuon.
+ Thoa chat roc khuon.
+ Phu I6p be mat (peel ply) la 16p s6i co kha nang tham nhoa tot (de
tham nhda) cho phep phan phoi nhda fiong nhat. Tren cung se la 10p
phan bo SCRMP (Seemann composite resin infusion moldind
process) co dang 100i giup nhoa di chuyen nhanh hon va fiong fieu
hon. Lop nay khong dinh vao khuon khi fiong ran nen co the lay ra
khi thao khuon.
+ Chuyen preform vao khuon.
+ Nong khuon.

- Chuyen nhda vao khuon:

+ Kiem tra nhda, xuc tac fiong ran.

+ Kiem tra he thong chuyen nhda, fiau tron.
+ Nhiet fio' khuon (neu can).
n

Chuyen nhoa vao khuon.

- Nong ran:
+ Kiem tra nhoa fiien fiay khuon.
+ Kiem tra nhiet flol khuon va bien phap giai nhiet cho khuoin.
+ Thai gian fiong ran.
- Thao khuon
+ Nhiet fio khuon.

+ Cach lay san pham.

Trang 127



Cdng nghé vit ligu Composite

Chwong VI: Céng Nghé Quan Sei (Finlement winding)

l. GIOI THIEU PHUPONG PHAP QUAN SQIl

- Heé théng nhwa va soi gia cwdng dwoc cung cap lién tuc [8n mét 16i quay.

- GO6c nap soi dwoc xac dinh béi mbi quan hé gitra truc quay va sw di chuyén
ctia bd phan chuyén déng ngang

- Soi dwoc kéo cang, tao &ng suat, do d6 lam gidm bot khi —> san phadm cé
co tinh tét.

- Nhya dwgce dong ran & nhiét dd thwdng hodc co thé dwoc gia nhiét tuy
thudc vao quy trinh san xuét va polymer dwoc sir dung.

- Thao san pham, hoan tat san pham.

- Filament Winding la qué trinh cudn sgi, mot dai soi lién tuc ( soi don hoac
soi xe ) d& dwoc tAm nhwa Ién bé mat ctia moét 16i quay da dwoc tao hinh
chinh xac, sau d6 dwoc lwu héa & nhiét dd phong hodc gia nhiét dé tao ra
san pham. Trong khi 18i cubén quay, mét dau cap soi dinh vi chinh xac trén bé
mat I8i. Ldi quan co thé 1a hinh try, hinh tron hodc b4t ky hinh dang nao ma
khong bi ghd ghé lwon song déu dwoc.

- D6 bén co hoc cta sdn phdm khdng nhirng phu thudc vao thanh phan cua
vat liéu ma con phu thudc vao cac théng sb cta qué trinh nhw : géc cubn, do
cang soi, thanh phan hoa hoc cta nhya va théi gian dong ran.

- Soi str dung 1a loai soi bén lién tuc nhw sgi Carbon, Soi thay tinh.... Cau
tric tao ra c6 tinh chat bén hon thép va co trong lwong nhe hon nhiéu so voi
thep.

- Ngay nay, hau hét cac may diung trong phwong phap Filament Winding dwoc
diéu khién tw ddng véi nhiét do lam viéc va dé tw do cao hon, soi duwoc xép
theo vi tri mong muén theo yéu cau thiét k& san phadm c6 hinh dang phirc
tap. Hwéng cla soi sé quyét dinh dén dd bén cla vat liéu composite.
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. QUY TRINH SAN XUAT

M6t quy trinh s&n xuét composites bang phwong phap quéan sgi bao gdm 6 giai
doan nhw sau:

Mandrel
preparatio

(2

Filament
winding

Curing

Mandrel
removal

Finishing

Quality
Inspection

7

Giai doan chuan bj 16i quan

Giai doan quén soi

Giai doan dong ran cho san pham sau khi quan
Giai doan lay I8i quan ra khdi sdn pham

Giai doan hinh thanh san pham cudi cung

vV V ¥V ¥V V V

Giai doan kiém tra chét lvong

Trong phan nay, ta chi gi&i thiéu 4 giai doan dau: giai doan chuan bi I6i quén,
giai doan quéan soi, giai doan déng ran cho san pham sau khi quan va giai doan
thao 16i.

Il. 1.Giai doan chudn bj 16i quan

B& phan dé quéan I&p soi da dwoc thAm nhwa 1én trén dé dwoc goi 12 16i
quan. L8i quan la mdt bd phan quan trong vi nd tao ra hinh dang cia san
phdm. Nhirng 16i quan thwéng dwoc dung trong phwong phap quan soi chd
yéu loai cat c6 khd nang hoa tan trong nwéc, thach cao ddi véi nhirng san
phadm c6 dung tich nhd, loai 18i gdm nhiéu khic doan, c6 thé gap lai dwoc doi
v&i nhirng san phdm dang hinh éng, ddi vé&i san pham khéng théao 16i nhw
nhirng thung chra chat 16ng hay khi nén thi thwong dwoc 1am bang kim loai ¢
thé chju dworc tai.

Loai 16i lam tw cat c6 thé hoa tan bang nwéc dwoce dung trong truéng
hop motor rocket va I&p phan cach hau hét luén luén 1ap s&n véi 16i. Truc quén,
bd phan diéu chinh va nhirng thiét bj khac dwoc 1&p sén, dung dich cat cé thé
hoa tan trong nwéc dwoc dac vao khudn. Khi cat dong ran, hai nira cla 16i sé
dwoc rap lai va gan chat véi nhau. Hai ntra I&p phan cach dwoc ndi véi nhau
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bang cao su chwa lwu héa ma ching cé thé dong rén déng thdi véi nhau. Bé
mat I&p phan cach g ghé va dugc lam sach bang dung méi. Dung mét loai gel
coat d& pha 1&n bé mat chat phan cach déng vai trd nhw 1 mét chat két dinh
gitra |&p phan cach va composite. Cach sir dung mang két dinh trong 1&p nhuwa
gel coat tr& nén thong dung hon. Piéu nay cho phép ta cé thé diéu chinh dwoc
do day cta I&p két dinh vé&i nhivng dac tinh 1&p lai nhwng gia thanh rat cao.

Déi véi loai 16i lam tlr thach cao cung cAp mot bé mat chiu lwc cao bang
cach quét Iop thach cao trén mét thié bi cé khd nang di chuyén hodc c6 kha
nang gap lai. Thach cao déng ran, sau d6 phu Ién I&p Teflon hodc mét loai
mang phan céach, cung véi qua trinh déng rén thiét bj thao d&, thach cao bi v&
va lay 1&p mang phan cach ra va dé lai dwéng nét bén trong.

Péi véi loai 16i c6 dang khic doan, cé thé gap dwoc l1a trwdng hop dac
biét va dat, nhung gia thanh sé dwoc diéu chinh bédi sdn phdm ap dung cao vi
kha nang st dung dwoc va qué trinh quan lién tuc. Chuan bj bé mét truéc khi
quan bao gbm qua trinh mé khudn va I&ép gel coat Ién dé bé mét bén trong lién
tuc. L&p gel coat trong trwérng hop nay dung dé tao ra chuwéng ngai mém déo
dé ngan chan 16 hé & tng suét thap.

Péi vai loai 181 dang éng dwoc ding trong mét vai ng dung nhw 12 18i
kim loai dang tron, trong d6 composite dwoc day hodc kéo ra sau khi dong ran,
diéu nay yéu cau thiét bj phai c6 chat lwgng cao khong gay van dé khi st dung.
Thiét bi ma crom dé c6 do cirng va c6 bé méat bong lang dé gitp qué trinh thao
16i dé dang. S dung mét day méng dat theo chiéu dai 16i 1a diéu can thiét va co
Q.

Lép kim loai bén trong cla thing chra khi c6 mét dé bén —ti trong cao
thuan lgi dé quan mot composite I&¢p méng khéng thdm nwéc. Day 1a mét loai
16i khéng can thdo d& sau khi déng rédn. Theo quan diém nay, khi c6 trong
lwong phan t& thap ap lwc I&n nhw Helium hodc Hyrogen co6 thé dwoc chira
dwng ma khéng bi ro ri. L&p kim loai bén trong l1a mét phan quan trong trong
binh chra khi. Sw chuan bj 16i 1a thay ddi loai chéat két dinh gitra I&p kim loai
bén trong va I&p composite bén ngoai.
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Il. 2. Giai doan quan Soi

Qua trinh quan dwoc bat ddu nhw sau : mét lwong gém nhiéu bo soi hodc
soi roving dwoc kéo tr mot day cac cudn soi, gdm nhiéu dau soi tlr cac cudn
soi, dwoc kéo qua mang nhang nhya ( da c6 xic tac va cac thanh phan can
thiét nhw mau, chat khang tia UV...). Khi bat dau van hanh may, cac dau soi
dwoc cong nhan thao tac cho kéo qua mang nhwa, dao gat nhya dw va qua
cac lwoc chia soi. Soi dwoc kéo cang va cho qua dau hwéng soi, sau dé cong
nhan sé cb dinh dau soi vao 16i quan va cho may van hanh. Qua trinh quan lién
tuc lam cho céac vong soi ké tiép sé gitr cho soi dwoc cd dinh trén 18i quan
dwoc siét chat cho dén khi hinh thanh san phdm, sau d6 thdo 16i quan ra va
tiép tuc qué trinh déng ran dé dwoc san pham cudi cung.

TRAVERSE CARRIAGE

MAMDREL

PAY OUT EYE

RESIM IMPREGNATION _

FIBRE SPOOLS

11.2.1.Md hinh may quan soi:

HOOP WINDINGS
MAMNDREL
HELMICAL

MACHINE DRIVE
5 RESIN BATH
= I FILAMENT FEED
. | /-'.“—-——-———--ﬁ_ =
\ ] P B L L L P 1
e --._:,L"'—-‘-Iﬁ__.____ g
=1 I St Moo e |

(Ghaorpplian BN TR Somposty LEsN-Len ns PeorEbe 2

Hinh 1. M& hinh quy trinh quén soi

Trang 131



Cdng nghé vit ligu Composite

11.2.2. Nhivng phwong phap quén soi:
C6 2 phwong phap quan soi:
11.2.2.1.Phwong phap quan wét (Wet winding)

FILAMENT WINDING

Fiber spools

Horizontal

/ motion

Source: B. Jang, “Ad d Polymer C Princi
and Applications”, ASM International, 1994
Wet Winding Technique

Hinh 2. Phwong phéap quan wét

Soi Roving khd dwoc kéo qua mét bén chira hédn hop nhwa 16ng, sau doé
dwoc cung cap lién tuc cho bd phan cudn béi dau mét cap soi. Buoc tao hinh
trén mét 16i quay dé dat dwoc hinh dang mong mudn. Qua trinh déng ran xay
ra® nhiét do thwdnghodcdwoc dwavao 10 gia nhiét d& dong rdn nong.

Phwong phap wet winding thwodng dwoc diung dé& san xuat nhirng loai
composites s& dung nhwa nhiét ran. B&i vi, phwong phap wet winding cé
nhirng wu diém sau: gia thanh vat liéu thap, thei gian quan ngan va dé dang
tao ra hén hop nhwa theo yéu cau. Trong phan nay, ching ta chi dé cap dén
quy trinh san xuat composites bang phwong phap quan soi st dung phwong

phap wet winding.
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11.2.2.2. Phwong phap quan khd (Prepreg winding)

.‘ry Winding Technique
Hinh 3. Phwong phap quan kho
Soi gia cwéng va nhya dwoc cung cap ddng thoi : bo soi dwoce tAm nhya (
Towpreg ).

Ban dau, prepreg dwoc tao ra nhw sau : dung dich nhwa & dang dung dich
Idng hodc dang chdy nhét, da dwoc tinh téan cong thirc cho vao bé chira. Ké
tiép nhang soi gia cwdng vao cho dén khi bdo hoa nhya, sau dé con 1an ép kéo
soi b&o hoa nhwa 18n va soi tiép tuc di qua 10 siy dé tao ra dang prepreg. Sau
do, prepreg dwoc cudn lai thanh cuén, trong khi cuén prepreg thi c6 chén cac
l&p gidy hodc mang poly vao dé n6 khéng dinh lai véi nhau.

Nhwa trong hé théng Towpreg dwoc héa cirng dan va dinh chwa hoan toan
v&i nhau, nhwng chi dong ran tieng phan.

* Phwrong phép tham nhwa vao soi (dung trong phwong phap quén kho):

Pay |a giai doan thAm hdn hop nhya va tac nhan dong ran 1én soi nhwa gia
cwdng, giai doan nay tao ra sy lién két gitba nhya va soi gia cuong.

PA4u tién, ta chudn bi hén hop nhwa dé thAm Ién soi gia cwdng. Hén hop nay
dwoc tao ra bang cach tron nhya véi mot sé chat phu gia khac nhw tac nhan
dong rén, chét xuc tién, chéat xdc tac, dung mdi pha lodng, bét mau...

Soi gia cwong dwoc dung thwdng la nhirng loai sau: soi da thiéu dét thanh
tdm, cudn soi va tm soi c6 dinh hwéng mét cach ngau nhién.

C6 2 cach thdm nhua |én soi gia cwong
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Céach 1: dung nhwa dang dung dich (solution form)

Quy trinh thAm nhwa vao soi gia cwéng dién ra theo so dé nhw sau:

Heated
Harizontal or Paper or Poly
Vertical Oven  Interleaf

A b

5 1
Feinforcement "\ )‘

/ Mip Rolls

1._____________,_,5' T .?J

/ Prepeg [

! Prepeg
Looping Carrier Wind-Up
for Horizontal Foll
2ven

Solution Resin

Hinh 4. Quy trinh nhing soi
Soi gia cuong duroc thdm sau vao trong dung dich nhua

Cach 2: dung nhwa dang néng chay (hot melt form)

Soi gia cwong dwoc thAm nhwa bang cach dung nhiét & ap suét

HHOOFALE r( | g _ DISTANCE
\ | HOOD THE
SMOKE ;ﬁ@—»@ - FOR EXAMPLE
I b= 2EECONDS
HooD—{= 4= ZFT
] V= g5t i =0

Hinh 5. Quy trinh nhing soi

Khi hén hop nhya dwoc thdm I1én soi gia cwdng thi phai lwu gilr lanh dén
khi tién hanh quén soi. Diéu nay gitp ngdn chan nhirng phan &ng hoa hoc xay

ra qua som lam hw héng soii.

1.3. Cac kiéu quan soii:
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C6 3 kiéu quan soi : helical , hoop va polar winding.
[1.3.1. Helical winding

M6 hinh quén soi theo kiéu Helical winding:

;' FIBRES
7/“-"5 WIDTH

Hinh 6. Md hinh quan s¢i kiéu Helical

Vong quén chuyén ddng qua lai song song nhw md hinh, day la ky thuat
théng dung nhét ding dé tao ra nhirng cau tric hinh éng. Bang cach diéu chinh
ti 1& gitra tbc dd quay va téc dd ddi hweng dé diéu chinh géc quén cla soi.

M6t sé ki thuat quan dwoc sir dung: mét hoac nhiéu vong quan khéng thay
dbi trong khi 18i quan chuy&n ddng quay va déi hwéng, vong quan chuyén déng
quay quanh I18i quan khéng dbi va chuy&n hwéng quanh truc cda no...

Helical winding 1a phwong phap s dung chiém wu thé hién nay. N6 thich
hop cho nhirng hinh dang dai méng nhw 1a éng ap lwc va éng thé dwdi nuwéc,
c6 goc quéan tr 20-900. Hau hét céc loai 6ng quan & goc 54.70

Péi véi nhivng cu trac 16n, phai dac biét cha y dén thiét ké 16i quéan. Trong
lwong 18i quan 1a nguy&n nhan dan dén sw hao mon truc quay.

Nhirng goc quén rat nhd (0-100) thworng khéng ding trong trwdng hop ti 1@
chiéu dai-dwdng kinh I&n. V&i nhivng céu trac cé dwong kinh Ién nhw rocket
motor co ti 1& chiéu dai-dwdng kinh 1a 2:1 hodc 1&n hon, thi quan véi géc nhd 1a
can thiét dé hap thu &rng suét theo chiéu doc cua cau tric.

[1.3.2. Hoop winding:

M6 hinh quén soi theo céch thirc Hoop winding nhw sau:
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H—‘ — FIBRES

| BAND WIDTH

WINDING PITCH.___—
et j. |I T
" |__ - i

Hinh 7. M& hinh quéan sei kiéu Hoop

Vong quén khdng thay ddi ma chi di chuyén theo chiéu dai ca 16i quan theo
ti 1& do rong cua dai soi trén sé vong quan, 16i quan quay quanh truc. Hoop
winding 1a mét tredng hop dat biét cta Helical winding c6 géc quén 1a 90°

Hoop winding thwdng dwoc dung chung véi Helical va Polar winding. Déi
v&i loai may Polar winding, hoop winding s& dwoc tién hanh bang cach 16i quan
chuyén dong dé tao két ciu quéan theo kiéu Hoop. DPdi v&i trwdng hop may
Helical thi d& dang hon vi trong ché do cai dat theo kiéu Helical thi c6 thém vao
ché dé cai theo kiéu Hoop winding. Hoop winding dwgc ding véi 2 muc dich.
Muc dich thir nhat 1a dé chéng lai trng suét tron cda hinh try, béi vi &ng suét
nay la &ng suét chi yéu xay ra theo chiéu doc dbéi véi nhirng loai thing chira
khi, chat 16ng. Mat khac, nhirng I&p quan theo kiéu Hoop winding dwoc dung
dé nén chéat nhirng 1&p Helical hodc Polar winding khi nhitng I&p nay dwoc
quan trén mot ciu trdc san pham

San pham tao thanh cé nhirng hinh dang nhw sau: vong tron, det (tron hinh
dia), loai dng ngan, khac ndi hodc mét vai dang khac.

[1.3.3. Polar winding

M6 hinh quén soi theo kiéu Polar winding:
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BAND WIDTH

MANDREL ROTATIOM
IR

o T—

‘ /|
L)

Hinh 8. Quy trinh quan soi kiéu Polar

Kiéu quan nay bao gébm mét vai quy trinh quan khac nhau, né ciing co
nhirng chuy&n ddng gildi nhw 1a kiéu quan Helical nhwng truc ngén nhéat 1a truc
chuyén ddng. Ky thuat quan nay bao gdm hai chuyén déng quay. Trong subt
qua trinh 18i quin quay quanh truc cia nd va vong quan vudng goc véi truc
thadng dirng. Trong kiéu quan nay, hé thldi phan phat soi quay theo mét huéng
c6 nghia 1a hwéng soi hodc 1a phan bd theo chiéu doc hoac la theo chiéu
ngang, 18i quan quay lién tuc trong mat phang. May quéan theo kiéu Polar co
ban thi rat don gidn so v&i may quéan theo kiéu Helical. Gém 2 mirc do 1a sw
chuyén ddng cla 16i quan va sw chuyén déng xung quanh I8i quan cda canh
tay thang dirng.

Quy trinh Polar winding dat dai soi dang quan gan ké vaéi dai soi da quan
trwéc. Nhivng dai tiép theo dwoc quéan tiép theo tao thanh mang hodc cAu tric
dang kim cwong gildi nhw Helical winding. Vi vay nhirng diém bat dau quan cda
dai soi la tdan bé mat 16i & dau hodc 1a cubi cda I6i quan (Trong trwdng hop
Helical, diém bat dau quén soi |a trong ving hinh tru)

Dai soi dwoc quan theo hwédng tiép tuyén véi méat 16i & hai dau cla 16i quén.
Quy trinh nay c6 thé tao ra 2 mat 16i c6 kich thwéc khac nhau, diéu kién quan
tét nhéat sé 1a 2 mat 16i co kich thuwdc ddng nhét.

Nhwoc diém cla kiéu quan nay khung dwng cudn soi khdng thé dat cd dinh
trong quéa trinh quan. D& ngan chan dai soi xoan lai v&i nhau ciing nhw la
chuyén déng quay ctia canh tay quanh chiéu doc cla 16i quan, khung cha
cudn soi phai dwoc dat trén khung véi canh tay. Két qua Ia chiéu rong cua dai
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quan thuéng gidi han khdang 25mm (1 inch), gébm 8 cudn soi. Mot sy can
nh&c nira 1a may quan khong thich hop dé quéan theo kiéu Hoop winding. Tét
nhat 1a dat canh tay ndm ngang va sau do6 di chuy&n cham truc canh tay vé vi
tri thang dng.

Quy trinh nay dung dé tao ra nhirng binh chra cé kich thwéc hai dau khac
nhau.

I.4. Péng ran

Trong phwong phap quan soi, yéu ciu vé thdi gian sbng dai cla nhwa va
khau mang nhanh la mau thuadn nhau. Nhin chung, cac loai nhya c6 thé git
dwoc dd nhot khi quéan trong mét thoi gian dai-khoang mét vai gio dén mot
ngay-sé co doi hdi hodc |a thdi gian dong ran dai hon & nhiét dd thap hoac la
nhiét doé bat dau cao hon nhiéu, diéu nay phu thudc vao chéat xdc tién va chét
xuc tac. Nhiét dd déng rén cao hon c6 thé tao ra nhirng vét ran nhé trong l&p
ctia san pham cudi cing. Nhirng nguy&n nhan khac tao tao nén nhirng vét ran
nhd nay con phu thudc vao hé sé gian n& nhiét gitra 16i quan, soi va nhya, tbc
dd nung nong va lam ngudi, dd co ngét cha nhya khi dong ran va khau mang,
dinh hwéng cua soii.

Vé&i ndng lwong vi séng, qua trinh dong ran duoc bat ddu hodc 1a & bén
trong hodc la & bén ngodai bé mat, diéu nay phu thudc vao vij tri ciia nguén
nhiét. Ca hai phwong phap déu cé nhirng wu diém. Khi dong ran bén trong bé
mat, ham lwong soi cao hon bdi vi nhwa cé thé bi day ra ngoai. Vi vay ham
lwong bot khi sé& gidam, do d6 xu hwéng tao ra nhiéu 16 hdng khéng khi gidm.
Vé&i phwong phap dong ran tlr bé mat bén ngoai, ham lweng nhua cé thé cao
hon va c6 thé tranh dwoc sw chay nhd giot clia nhya.

Trong phwong phap quan soi, thwdng thi hé théng dong ran dat san tai noi
san xuat. Nhya phai dwoc st dung véi ham lwong vira da.

Céac phwong phap déng ran: 10, dau néng, dén, hoi nwéc, néi hdp chan
khoéng, vi séng

1.4.1. Péng ran bang [0

Thuwdng dung 160 gas hodc 10 dién d& dong ran. Lu diém la gia thanh ré va
c6 thé dong ran dwoc nhirng san phdm co kich thwéc Ién. Aup suat déng ran

Trang 138



Cdng nghé vit ligu Composite

thém vao st dung tdi chan khéng (hodc shrin tape). Trong nhiéu truéng hop,
ddi véi dang hinh éng hodc hinh tron, quay san pham trong qua trinh déng ran
dé tranh hién twong san phdm bj cong va chdy nhwa. Nang lwong tiéu tén
nhiéu hon so véi nhirng phwong phap khac bdi vi ngoai lwong nhiét cho phan
san pham thi con cho méi trwéng khéng khi xung quanh va thiét bj nhw 13 16i
quan va bd phan nang dé.

11.4.2. PAng ran bang dau méng

Hé théng dau ndng dung déng ran loai nhwa c6 déc tinh déng ran nhanh, théng
thworng kha nang dong ran it hon 15 phat. S dung dau néng dam bao gidm
nhiét d6 cda 16i quan mét cach nhanh chéng va khéng can phai dong rdn bang
10. Trong hé théng dau néng, dong dau néng chay qua 16i quan lam I8i ndng I1én
trwdc tién, nhiét dé sé tao ra méi trwérng ndng dén diém nhiét ma composite bi
nong lén va dong ran va két hop véi diéu kién gidn né. Sau do khi divng dong
dau néng va nhiét do 18i gidm xudng, do co rat do composite dong ran va diéu
nay cho phép ta th&o 16i mét cach dé dang. Nhiét dé cia dau néng thuwdng 150-
2400C

1.4.3. Péng ran bang dén

La sw két hop gitra dén nhiét véi bé mat phan chiéu va sy quay cua 16i, co
thé cung cap nhiét do & khdang 1710C. dén nhiét thwong co thé di chuyén
hodc c6 thé dw trir. B&i vi ngudn cé tinh dinh hwéng cao sé tdng kha ndng
cung cap nhiét dong rén tdan bd cac ving cha san pham.

Pén héng ngoai thwdng dwoc ding cung cap nhiét d& dong ran nhua trong
composite. Tuy nhién loai dén nay thi hiém khi s& dung dd cho qua trinh san
xuat. Chuyén déi nhya tir trang thai A sang trang thai B-stage. Pay |a cach
thwe hién théng dung dung mét day den cdé mét hinh dang thuan lgi sao cho hé
théng nhan dwoc ndng lwong nhiét, hé théng quay tron khi cung cap nhiét.
Cudi cung nhya chuyén sang trang thai B-stage va ddng lai nhwng van cé thé
c6 kha nang dién day va khau mang trong qua trinh cubi cing. B-stage ngan
chan sy chady va sw rdt nhwa trong cau tric hinh tru, tao ra trang thai cé thé
cam nam duwoc.
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S& dung nhirng loai dén khéac thi cé kha nang phong dién nhw dén Xenon.
Pé xuc tién qua trinh déng ran khi s dung loai dén nay, phai s& dung mét chat
nhay quang trong hdn hop nhua.

M6t trong nhirng bat Igi ctia hé thdng dong rén bang dén thuwéng hinh thanh
mot Iép & phia trén bé mat nhwa va Iép nay ngdn chan sw truyén nhiét xa hon
dén hé théng dong ran.

1.4.4. PAng ran bang hoi

M6t sb quy trinh san xuét éng thi st dung hoi ndng dé déng rdn nhya. Hai
dau cla 16i kim loai c6 mét thiét bi d& dan hoi va nwéc. Sau khi ng duwoc
quan, hoi néng di qua 16 réng cla 16i. Khi quéa trinh déng rén hoan tat, 16i dwoc
lam lanh bang nwéc dé co thé van chuyén va tao ra do co rit vira da dé thao
|Gi.

11.4.5. PAng ran bang néi hap chan khéng

Khi san xuat nhirng san phdm cé chét lwong s dung trong khéng gian vii
tru thi can phai c6 do phirc tap tinh vi, cac loai nhwa nhw epoxy, bismalemide
hodc polyimide dwoc dung, diéu nay rat can thiét d& déng ran san pham trong
ndi hAp chan khéng. N6i hdp dung dé déng ran co thé cung cap mot 4p suét
khéang 1.4-2.1Mpa v&i nhiét do cao 3710C. Nhwoc diém co ban cda céach
doéng ran nay la thoi gian dong ran 1au, phu thudc vao kich thwéc sdn pham va
loai nhyra epoxy st dung.

N&i hdp chan khéng dung dé dong ran nhivng bd phan ctia may bay. Déi véi
tén Itra, thi mét s phan sé dwoc quan tr cudn soi da dwoc thAm nhua tir
trwde, phu thudc vao tirng loai nhwa c6 thé doi hdi quy trinh hap va dong ran
that ky lwong va sw loai trie bong khi.

1.4.6. PAng ran bang vi séng

DPong ran bang vi séng c¢6 nhivng thuan loi 1&n déi véi composite [am tir soi
thay tinh va soi aramid. Nang lwong vi séng hép thu rat nhanh bang ca nhya
va soi, két qua 1a qué trinh déng rén co thé xay ra trong vong vai phit so véi
qua trinh déng ran xay ra trong vong vai gi& nhw truéc day. Mirc ndng luong
yéu cau cho phwong phap nay thi cao; do dé quy trinh rat tdn kém. Tuy nhién
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han ché chinh cda quy trinh nay 1a khdng co6 thé dung phwong phap déng rén
bang vi séng cho nhirng loai soi co tinh dan nhw 1a soi cacbon. Vi ly do nay,
loai sgi ding lam composite dat biét quan trong trong qua trinh déng rén bang
vi song, vi vay ngudi san xuat chi dung phwong phap nay nhw la mét phuong
phép hé tro dé gia tdng nhiét do.

11.5. Th4o san pham

o DAi v&i 16i 1am tr cat cé thé hoa tan bang nwédc thi hdu hét rat dé lay ra,
nwéc dwoe cho vao truc quan, cat bj tan ra va sau dé thao d& céac thiét bj 1ap
rap ra. Qué trinh thao 16i sé& gap nhiéu kho khan néu néu thiét bi co6 nhiéu
khtc doan hodc cé thé gap lai dwoc. Bdi véi 18i bang thach cao c6 thé lam
v& bang tay. Qua trinh nay déi hdi phai hét sirc can cl va phai di manh dé
phé v& thanh phan

0 Hoan tat san pham cudi cung: machinel, cut, assemble (1ap rap)
o Kiém tra chat lwong
[ll.  Nguyén liéu

Phwong phap quéan soi yéu cau soi gia cwong lién tuc va hén hop nhya lién
két lai v&i nhau. C6 mét vai loai nguyén liéu co thé dwoc st dung trong quy
trinh gia cdng. Sw lwa chon nguyén liéu cho san pham dwa vao tinh kinh té,
anh hwédng cta méi trwong, kha nang chdng &n mon, trong lwong gidi han va
doé bén cha san pham hinh thanh.

l11.1. Mét sé loai soi gia cwong: soi gia cwdng yéu cau phai cé dd lién tuc.
Soi 1a thanh phan gép phan tao ra d® clrng va dd bén ctia composite. Mot vai
loai s@i c6 tinh thwong mai nhw: E-glass, S-glass, aramid va carbon/ graphite.
Soi dung trong phwong phap nay chi yéu la c6 hinh dang cudn soi:

[11.1.1. Sevi thuay tinh:

Trong phwong phap quan soi hau hét 1a stra dung soi thay tinh, day 1a loai
soi c0 tinh thwong mai véi ba lpai nhw E-glass, S-glass va R-glass. S¢i thay
tinh dwoc dung cho phwong phap nay la do loai soi nay c6 gia thanh thap, 6n
dinh kich thwéc, c6 dd bén va modul vira phai, van chuyén dé dang.
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Soi thay tinh dung cho phwong phap quan soi thwong la dung loai cuén“single-
end” hoac la dung cuén “multistrand”. Cudn “single-end” la cuén s¢i thu duoc
tr bo rdi rac trong sudt qua trinh quan soi (cudn don). M&i cudn thuwdng co
chiéu dai tr 47 dén 747m/kg.

E-Glass: loai soi nay c6 dd bén kéo tét (3450MPa), modul kéo thap
(70GPa), c6 gia thanh thap nhat, cé nhiéu dang, ti trong 2.60g/cm3, do gian dai
khéang 5%, st dung réng rdi cho cac san phdm thwong mai va céng nghiép,
hau hét 1a ding trong phwong phap quan soi.

S-Glass: loai s¢i nay c6 dé bén cao (4600MPa), c6 modul kéo cao
hon E-glass (85GPa), gia thanh dat hon, ti trong 2.55g/cm3, dwoc ding trong
[inh viee khéng gian v tru va céc loai binh chira khi nén.

l11.1.2. Sgii Aramid

Soi aramid theo Pont’'s Kevlar dwgc st dung rdng rai. Tuy thudc vao loai
cudn va soi ma modi cudn sgi aramid dai tr 124 d& 9540m/kg. V&i phwong
phap quéan soi, mbi cudn soi dai ttr 1307 dén 1626m/kg dbi véi cudn don va tor
261 dé 406m/kg dbi véi cudn da.

Soi Aramid c6 dd bén tdt (2750MPa), modul kéo cao hon loai soi E-glass va
S-glass, hé sb bién dbi thAp nén dé tao ra sdn pham co kich thwéc nhw thiét ké
ban dau, co gia thanh cao hon, c6 ti trong ray thap (bang mét nira cta soi thay
tinh), c6 nhirng d&c tinh khang va dap va phay hay rat tét, c6 dé bén nén va xé
thdp nén khéng dwoc sir dung dé san xuét cac loai binh chira khi nén.

[11.1.3. Sgri Carbon/Graphite

Soi Carbon/Graphite c6 d& bén trong khodng (2050 dén 5500MPa), modul
cao nhét (210 dén 830GPa), loai s¢i nay cé gia thanh cao nhat, ti trong trung
binh, d6 khang va dap va pha hay kém, c6 dd bén va do cirng tdt nhat. Lwong
graphit hoa cang tang lam tang modul va dé dan dién — nhiét cao hon.

Cudn soi carbon cho phwong phap quan soi thwong 1a loai 3000, 6000,
12000 va 50000 s¢i. Mi cudn sgi carbon dai 996, 498, 294 va 62m/kg. Soi
carbon khéng c6 cubén da. Soi carbon khac so v&i soi thay tinh va sgi armid,
ching gion, dé bi mai mon va gay vé.

111.2. Mét sé loai nhwa
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Nhwa dong vai tro 1a chat nén gan két moi th lai véi nhau, cung cadp mét co
céu truyén tai gitra soi. Bén canh dé, chat nén con cung cap do khang an mon,
bao vé cho so¢i khdi sy pha hiy & bén ngoai, tao d6 dai composite khi va dap
bé& mat, cat, mai mon va khi van chuyén. Chat nén gém nhiéu loai, sy Iwa chon
phu thudéc vao céu tric hinh thanh, cé tinh thwong mai, anh hwédng dén moi
trwéng hodc 14 anh hwdng ctia méi trwdng déi véi san pham, déc biét kha nang
két dinh v&i nhya 1a dac tinh quan trong ctia chat nén. M6t vai loai nhya théng
dung dung trong phwong phap nay la polyester, epoxy, vinyl ester, Bisphenol-A
Fumarate, Chlorendic, Phenolic. Trong d6 polyester, epoxy, vinyl ester la ba
loai nhwa str dung rdng rai nhat.

[11.2.1. Polyester
111.2.2. Epoxy

Pay la loai nhya dwoc st dung rong rai, cé do bén tdét nhat, dong réan &
nhiét dd cao, c6 kha nang khang hda chét tét, dd nhét cao, gia thanh cao hon.
[11.2.3. Vinyl Ester

Loai nhwa nay la sw két hop clia epoxy va polyester, khd nang khang an
mon cwc ki tét, gia thanh cao, c6 nhirng dé bén va dai rat tét, dwoc st dung
réng rai cho nhirng san phadm FRP chdng &n mon.

[11.2.4. Bisphenol-A Fumarate, Chlorendic:

Pay la loai nhya c6 kha nang chdng &n mon tét trong diéu kién méi truéng
khac nghiét, c6 gia thanh cao, kha nang chju dwoc nhiét dd cao...

[11.2.5. Phenolic:
Loai nhwa nay c6 dc tinh khang chay cuwc ki tbt, do phat tan khoi thap, co

gia thanh cao, dd gian dai thap, c6 do bén trung binh, (rng dung vao linh vuc
chéng chay.
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Bang tom tat cac loai nhwa (rng dung trong mét sé linh vwc nhw sau:

Cong nghé

Loai nhwa

Aén mon

Polyester (mach thdng hoac mach
nhanh), Vinyl ester

Polyester (mach thdng hoac mach
nhanh), Vinyl ester, Epoxy, Phenolic

D3au md

Epoxy, Phenolic

Gidy va bét gidy

Vinyl ester, Epoxy

Co s& ha tang, dan dung

Polyester (mach thdng hoac mach
nhanh), Vinyl ester, Epoxy

Binh ch&ra khi nén

Polyester (mach thdng hoac mach
nhanh), Vinyl ester, Epoxy

Khéng gian v try, hang khéng

Epoxy, Bismelamide (BMI),
Phenolic, Vinyl ester

Hang hai

Epoxy

Thé thao va giai tri

Epoxy

111.3. Chét phu gia

Bang cach s dung nhirng loai phu gia khac nhau trong nhwa ma co thé tao

ra nhirng d&c tinh san pham thich hop.

Chét dén 1a phu gia c6 nhiéu nhat trong hédn hop nhya nén. Loai chat dén
thdng dung nhat la calcium carbonate, alumina silicate (clay) va alumina
trihydrate. Calcium carbonate dung dé tang thé tich tao ra mot loai nhwa nén cé
gia thanh thap. Alumina trihydrate la loai phu gia tao ra kha nang chéng chay
va ngan chan sw tao khoi. Chat ddn c6 thé trén vao nhya nén véi ham lwong
trén 50% tréng ham lwong nhwa (M6t chat don trén mot nhwa hay ti 1& 1:1). Sw
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gi¢i han thé tich tong thwdng dwa trén dé nhét, diéu nay phu thudce kich thwéc
hat va dac tinh cta nhua.

Ngoai ra con mét sb chat phu gia khac nhw: chét chdng tia UV dé cung cap do
bén thoi tiét cho sdn phdm, antimony oxide tang dé khang chay, bét mau cung
cdp mau sac cho san phadm va chat hé tro bé mat gidp bé mat san phdm bong
dep...

IV. THIET BI
IV.1.L&i (Truc quéan)

Céc 16i c6 c4u trac hinh hoc dwa vao hinh dang cta vat. Nhwng nd phai
dat dwoc nhirvng diéu kién la khdng dong ran trong qua trinh quan va khong
bién dang trong qua trinh déng ran.

L&i c6 thé phan 1am nhiéu loai : ¢b dinh. cé thé s dung nhiéu Ian, cé thé thdo
roi...
IV.1.1.L&i cé dinh

Puwoc s dung cho nhirng can thing chiu ap suét. Do 1a sw két hop gitra
tinh chiu lwc, chéng thdm wot cha kim loai va wu diém ty trong nhe cda
composite. Nhirng s&n phdm nay dung dé chiva cac loai khi c6 ap suét cao va
trong lwong phan tl nhé nhw: Hellium, Hydrogen... ma khoéng bi ro ri. diéu nay
cho thay rang 16p két ndi tré thanh mét phan quan trong cla loai vat liéu chiu
ap suéat nay.

My is\ \w
|1||'I|"|1||'-I|.||I|m“l'll'l '||'1'.u IIII|'|'|1I ||I|

il

””lll'lll”'Jlrr””“l”l"”“ i
i

Hinh 10: L&i bang kim loai
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IV.1.2.L&i c6 thé thao rovi.

L&i cat co thé hoa tan trong nwédc. sau khi dong ran dinh hinh san pham thi
|16 dwoe xit nwdc va tan ra.

L&i bang thach cao, chan nhén (nhw hinh 2, 3). San pham sau khi dong rén
dwoc tach rdi bang cach gap khudéng chan nhén va théo 18i, thach cao lam
thAm my va tao hinh cho san pham.

Framework for Plaster Mandrel

Plastar shall

Machined
framework

Plastar support screan

L Fi'ﬂ. 8 Fromework for plaster mandrel 24

Hinh 11: LOI CHAN NHEN BDUQC TRET
THACH CAO

Hinh 12: L&i bang chan nhén

Trang 146



Cdng nghé vit ligu Composite

I1VV.2.He thong fileu khien sdc can cua soi.

Strc cang cla soi trong phwong phép quan soi l1a 1 phan ko thé thiéu cda quy
trinh va no 1a chia khoa cho viéc tbi wu hoa ciu tric cta vat liéu composite.

Bdi vi sdi gia codng fid6c cuon thanh téng cuon, sdc can fiddc the hien 6 cuon.
Nho6ong thieat bo keuo caén bao goam nhé6ng thaéng ma saut hoaéc td (hinh
4) hay sy nha cubn bang dién (hinh 5) va nhirng thanh kéo.

Hinh 14: Hé théng diéu khién strc can bang dién.

IV.3.Bé nhiing soi va hé théng phan phoi soi.
Hién nay c6 2 loai bé nhwa dwoc s dung phé bién:bé nhing, bé 1an.
IV.3.1. Bé nhing soi.

Soi tlr cac cudn chi dwoc qua cac lwoc réi nhing sau vao trong bé nhwa dé
thAm wét hoan toan soi dwge mé td nhw hinh 6 va 7.

Trang 147



Cdng nghé vit ligu Composite

Hinh 15: Bé& dé nhang soi

Impregnation Tank with Feod From Double Level
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Hinh 16: So d6 s¢i nhwa di qua bé nhing

IV.3.2. Phwong phap lan

Soi khdng dwoc nhing vao trong soi ma chay qua trén mét cai tréng, cai tréng
nay dwoc nhing vao bé nhyava mang theo nhya Ién d& tdm vao soi nhw hinh
7 va 8.
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Hinh 17: Sei dworc tdm trén con lan.

Metaring Roll Impregnation with Feed From Single Level

18 Slrands
From Creel
..
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Hinh 18 Quy trinh dwéng di cua s¢i trong phwong phap lan.
IV.4. Céac loai lwgec phan phéi soi.
IV.4.1 Cung phan phdi s

Do rdng chacung dwoc thiét k& cho sb lwong soi va do rong cua dai. Kich
thwéc chuan phu thudc vao sé lwong ranh cua lwgc trong bé nhya va sb lwoc
phan phbi
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IV.4.2.Lwoc phan phéi sei hinh cung.

Hé théng lvoc dwoc dat true tiép ngay sau cung phan phéi soi. Hé théng nay
né dinh hwéng chinh xac soi tv cung phan phdi soi d& khéng pha hady soi. Hé
thdng lwoc nay né diéu khién do rong cla dai soi b&i cac dinh cua lwoc, vi tri
cta lwgce va khodng cach tlr cung phan phdi dén lwgc phan phdi nhw hinh 10.

Hinh 20 Lwerc phan phéi soi

IV.5. Hé théng dong ran.

Trong phwong phap quén soi hé théng déng ran déng mét vai trd quan trong.
Hé thdng nhwa phai dwoc chon dé& phu hop voi thdi gian dong ran. Mot sb
phuvong phép théng dung st dung déng ran la:Lo, dén, hoi, vi séng, dau
néng...

IV.5.1 Lo: s&n phadm sau khi quéan xong dwoc cho qua 10 lién tuc & thei gian va
nhiét dé xac dinh tuy thuéc vao tirng hé nhya.

V. Pic diém cia phwong phap quin soi

V.1. Dic Diém :

> Qua trinh san xuat dwoc tw déng hda cao.

> Suw sap dat soi co tinh déu dan cao, sap xép hét I&p nay dén Iop khéc, hét
phan nay dén phan khéc.
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>
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Kha nang s dung soi lién tuc trén tdan bé mat vat liéu va co thé dinh
hwéng sgi theo hwdng cua tai trong.

C6 thé 1am dwoc cac sdm pham I&én dang tron xoay.

Lam dwoc san pham c6 lwong soi cao.

Gia thanh thap khi lam véi sé lwong nhiéu.

Pay 1a phwong phap chinh xac dé tao ra vat liéu c6 nhiéu lop.
San pham khang an mon tét, tinh chat dién tré tét.

Pay la phuong phép tét dé san xuat nhirng san pham dang tron xoay ( nhw
dng, tube, binh, thing chira...) véi dd bén rat cao vi soi & dang lién tuc.

C6 thé san xuét nhirng bd phan c6 nhirng hinh dang ma c6 nhirng phan cét
nhau khéng déu (nhw dang éng hinh chi¥ nhat, vuéng ).

Soi dwoc kéo cang trong qua trinh quan, do dé lam gidm bot khi --> san
pham c6 co tinh tét.

Do kéo soi va goc quan soi cé anh hwéng nhiéu dén dé bén co cla san
pham.

Chi phi dau tw vén cao.

Yéu cdu may moc thiét bj phirc tap.

Kho khan dé quén doc truc I8i quay.

Khi quan & nhirng goc cong thi khé khan

Thay déi dwéorng dan soi khd

Hinh dang san pham phai gidng vai 16i quan dé cé thé thao ra.
Thay déi bén chira nhwa nhang soi kho.

Phai c6 18i cubn, diéu nay phirc tap vagia thanh cao khi san xuét sb lwong
it.

Bé& mat ngoai khdng lang, gay can tré vé mét khi dong.

Dac diém cua wet winding :

v Do nhét nhya thap
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v/ Thoi gian séng cta nhya dai

v Nhwa c6 thé bi gel trén dwérng dan téi 16i quan.

v" AGnh hwdng moi trdng.

v Qua trinh mét giai doan, gia thanh giam.

v Biéu chinh nhya kho.

v' K& hoach trén nhwa phai theo sw hoat déng ciia may.

4+ DPac Piém Cda Dry Winding :

v DO nhét nhwa cao.

v Dong ran tw tir.

v/ Khoéng phai trén nhwa theo k& hoach clia may hoat dong.

v Téc do san xuéat tw ddng hoa cao hon.

v" Gi& thanh cao hon.

v/ Yéu cau lén vat liéu vao cudn prepreg.

V.2. Linh Vwc Ung Dung :

(0]

San xuét nhirng thang chju &p suét hinh try, hinh cdu. Lam san phdm dang
éng, cac dng dan Oxy, gas va khi khac.

Lam voé dong co phan lwc, canh may bay trwc thang, cac bé phan cua tau vi
tru.

Nhirng thung chira rat Ién dat ngdm dwoi dat ( dé chira xang, dau, mubi,
acid, kiém, nwéc v.v...)

C6 thé 1am nhirng cu trac dbi xieng truc nhw nhirng san pham dang lang
try, hodc nhirng co clu phirc tap hon nhw : ¢b ndi T, co ndi cé thé duoc
cudn trén nhirng may dwoc trang bi nhiét dd va dd tw do thich hop.

Nhirng may cudn hién dai dwoc van hanh véi nhiét dé va dd tw do cao hon
dé tao ra nhirng l&p gia cwdng chinh xac.

Nhirng sé&n pham éng bang vat liéu composite dwgc san xuat theo phwong
phéap Filament Winding dwoc thay thé tét hon cho éng thép va éng kim loai,
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dwoc st dung trong nganh cip nwéc, gas va xang dau vi né chju méi trudng
tbt.composite

o Viéc nang cip va stra chira tat ca cac dwong dng trong dd thj dé dan nuéc
va hé thdng cbng ranh la rat can thiét. Ong bang vat liéu composite 1am viéc
lau bén, khdng bj &n mon, gidm sw pha hay dwong 6ng ngay ca & ap suat
cao.
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