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CHUONG 7

PUC EP, PUC CHUYEN

1. Giéi thi¢u

Puc ép va dbc transfer 14 hai phuong phap chinh dé dc nhwa nhiét déo.
Duc nén 1a phuong phéap gia cong chinh trong sudt ntra dau cua thé ky vi sy ra
doi ctia nhya phenolic ndm 1909 va né duogc str dung rong rai. Nhitng nam 40,
gia cong nhya nhiét déo bang duc phun va dun phat trién manh. Pac ép chiém
70% san pham nhua, nhitng nam 50 né chiém khoang 25% khdi lugng va bay
gid 13 3%. Piéu nay khong c6 nghia 1a dic ép khong con ton tai, phuong phap
nay chua thé ¢ san pham voi gia ca thip, dac biét khi ning suat cao. Nhiing
nam 1900, nhua nhiét déo chiém khoang 95% khoi luong nhya chung, nhiing
nam 40, giam xudng 40%, bay gid 13 15%.

Co so ctia phuong phap dic ép va transfer: hon hop dugc gia nhiét khoang
1490C trong khuon, nhya mém ra. Nhua duoc gilt nhiét do dac & ap suat 13,8
— 27,6 Mpa trong thoi gian thich hop dé xay ra qua trinh polymer hoa hay tao

lién két ngang (cross-linking) va dong ran. Chi tiét duoc dua ra khoi khuon.
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Figure 8.1 (a) Compression molding and (b) transfer molding.
2. Vat liéu
O bang dudi, trinh bay cac loai nhya nhiét ran, tao san phém bﬁng phuong

phap dtc va cac tng dung cua no.

Material Advantage Applications
Phenol-formaldehyde Low cost

General-purpose Durable Small housings

Electrical grade High dielectric strength  Circuit breakers

Heat resistant Low heat distortion Stove knobs

Impact resistant Strong Appliance handles, legs
Urea formaldehyde Color stable Kitchen appliances
Melamine formaldehyde Hard surface Plastic dinnerware
Alkyd Arc resistant Electrical switchgear
Polyester Arc resistant Electrical switchgear
Diallyl phthalate High dielectric strength  Multipin connectors
Epoxy Soft flowing Encapsulating electronic

components
Silicone Withstands high Encapsulating high-power
temperature electronic components

Trong qua trinh dac, nhua nhiét ran c6 thé dugc gia cudng bang soi hoac

cac chat don. Cac loai vat liéu don dugc thé hién & bang dudi
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Table 8.2 Examples of various reinforcing fibers and fillers used with thermoset resins

Calcium  Carben Cotton Glass Glass Wood
Thermosets Alumina  carbonate black Clay flock bubbles  fibers  Graphite  Mica  Quariz Tale  flour
Alkyds X X X X X X X X
Diallyl X X X X X

phthalate

Epoxy X X X X X X X X
Phenolic X X X X X X X X X X X
Polyester X X X X X X X X
Melamine X X X X
Urea X X X
Silicone X X X X X
Urethane X X X X X X X X

DPuong cong do nhdt - thoi gian 1 mot dac tinh quan trong thuong cha y

trong cong nghg. O nhiét do thuong, vat liéu & dang hat, khi nhiét dg cao, bat

noéng chay va chuyén sang dang long. Tiép tuc gia nhiét, lién két ngang duoc

hinh thanh va nhya duoc dong ran. Khi vat liéu di tir dang ran sang 1ong sang

ran, 46 nhét thay doi twong tmg. Noi chung, d6 nhdt ctia nhya nong chay sé

nho nhat trong mdt khoang thoi gian du dé dién vao khudn tai mot ap suat nao

day. Néu nhiét qua cao hay qua thap, qua trinh dac s& gip kho khin ngay ca

khi d6 nhét nho nhét, san phém tao ra c6 bé mit dep, ung suét nho.

Hau hét nhua nhiét déo dugc gia nhiét & 149 -204 °C dé qua trinh dong rin

1a t6t nhat. Nhiét cao qua s& gy phan huy hodc gdy ra déng rin qua nhanh,

dac biét voi dac chuyén, vat liéu dong ran trude khi dua vao khuodn. Nhiét

thap hon sé& kéo dai thoi gian ctia mdi chu ky lam viée.

Khuon dugce gia nhiét béng - dién, hoi nuée, chét long tai nhiét . . .
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Figure 8.2 Shortening cycle time: plots of mold temperature versus flow time.

3. Cac dac tinh cta gia cong

So véi cac qua trinh khac, dic biét 1a dac phun (IM), CM va TM nhiéu
cong lao dong hon ngay ca véi cong nghé ban tu dong nhung chi phi dau tu
thap hon. Cac chu ky dac cia CM va TM thudng dai hon so véi IM. Véi TM,
néu vat liéu duogc gia nhiét so bd hay hoa déo trudc khi dua vao khuon thi thoi
gian cac chu ky ctia TM ¢6 thé so sanh dugc véi IM.
3.1. Gia nhiét so bd

No6i chung hdn hop nhua nay cach nhiét tét, gia nhiét so bd thuong sir dung
dé giam thoi gian cta cac chu ky dic. Gia nhiét so bd c6 thé thuc hién bang
tam gia nhiét, dén hong ngoai, 10, truc vit nhung tot nhat 1 gia nhiét véi dong
dién tan sb cao. Nhiét do & 66- 149°C sau d6 chuyén nhanh vao khuon. Gia
nhiét phu thudc vao loai vat liéu, kha niang gia nhiét, tdc d6 chuyén.
3.2. Bun néng khuon

Khuon luon duge duy tri ¢ nhiét d§ khong ddi, t6i wu cho qua trinh

polymer hoa cua vat liéu tai mdi chu ky. Dai nhiét do 149 — 204 °C. Pé hoat
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dong duogc t6i uwu, nhiét duoc chuyén qua bé mat khudn, ving trong cua
khuén phai 6n dinh, sai sb +1,1 °C. Thuong st dung dién dé gia nhiét cho
khuon, c¢6 cac sensor nhiét d6 dé khdng ché qué trinh gia nhiét.

C6 thé dung hoi nuéc dé gia nhiét khuon. Phuong phap ndy c6 vu diém 1a
thu hoi nhiét nhanh vi hoi nudc ngung tu & ving c6 nhiét do thap, nhanh
chong toa nhiét. Nhung kho duy tri dang hoi trong khuon. Khi can nhiét do
cao, can ap sudt rat cao.

Nguoc lai, dau tuan hoan c6 thé nang nhiét do 1én dén 204 °C hay cao hon.
Tuy nhién chi phi cao hon so véi dung dién. Mot s6 phuong phap duc khéc,
can duy tri mot nhiét do khi dong ran nhung ¢ nhiét do thap hon khi lay san
pham. Nhitng khuon loai ndy can c6 hé théng gia nhiét va lam mat, chu ky
duac s€ dai hon.

3.3. Thoat khi

Céc loai nhua phenolic, urea, melamine tao khi trong qua trinh déng ran,
can phai thoat khi ra.

Khi thoat ra qua céc ranh & hai ntra khuén va qua 16 kim (ejection pin). Dé
dam bao khi khong bi giir lai, khi bat ddu dong ran, khuén mé ra mét it
khoang 1-5 mm dé thoat khi ra hét (qua trinh ndy con goi la breathing hay
bumping). T6t nhat, nén lap lai chu ky nay.

Thoi gian bumping phu thudc vao loai vat li¢u, kich thudc cua chi tiét.
Thoat khi ciing c6 thé xay ra khi cac chi tiét da duoc dac lai v6i nhau. Véi
mot loai vat li€u nao déy, diéu kién nay cé thé kéo dai trong vai thang, nam.
3.4. CH dinh co ngdt san pham (shrink fixtures)

Sau khi ldy khoi khudn, san phdm van con nong, chit déo chua hoan toan
dong ran. Ung suat trong s& gdy bién dang san pham khi lam lanh. San pham

c6 cac phan mong, can phai gitt cho dén khi n6 dugc ngudi hoan toan.
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4. Xir ly sau khi dac

Sau khi dtc, nhya nhiét ran duoc xu 1y nhiét nham nang cao cac dac tinh co
hoc, tinh chét nhiét, 6n dinh kich thudc ciing nhu tach khi. Ngoai ra c¢6 thé
giam tng suat cho san pham, chng rio (creep).

Xt Iy nhiét thuong & dudi nhiét d6 dac thuc. Co thé xt 1y nhiét qua nhiéu
budc. Vi chi tiét co do day khoang 3mm, 2h ¢ 138 °C, 4 h ¢ 166 °C, 4h ¢
191 °C. Vi chi tiét day hon 3mm, thoi gian gap d6i cho mdi 1,5 mm day hon.
Thong thuong, kéo dai thoi gian co6 hi€u qua hon 1a qué trinh tang nhiét don
thuan.

Véi cac san pham c6 gia cudng, c6 ché do xir Iy nhiét khac nhau. Véi gia
cudng hitu co, xtr 1y nhiét thip hon so véi gia cudng thuy tnh va khoang. San
pham c6 chiéu day khong dong nhét, s& cho d6 co ngoét khong dong nhat. No
s& anh hudng dén viéc thiét ké khuon dic.

5. Thiét bi dc ép

GoOm c6 3 phan chinh : khung tAm ép, truyén dong va diéu khién. Cac may
duc ép, tim ép di chuyén 1én xubng, d& dang cho viéc dinh vi khudn dtc. Khi
ép, khudn va hé thong gia do phai di manh, tranh hu san pham.

Pong co dé di chuyén tim ép va tao luc kep thudng dung loai pittong thuy
luc. Dung dau ap luc cao dé day cac tAm ép va kéo ching tach ra. Bom dién
cung cap dau ap luc 13,8 — 20,7 Mpa.

Tam ¢p co dang hinh vudng, canh tir 15 cm dén 2,4m, ap luc kep tur 6 dén
10000 tan. Cac tam ép thuong chuyén dong theo chiéu thang dimg. May co ap
luc nho, tim trén chuyén dong, loai khéc thi tAm ép dudi chuyén dong.

6. Thiét bi dic chuyén (Transfer molding)

Hai nira khuon ép lai voi nhau dudi ap lyc gibng nhu trong dac ép. Nguyén

liéu sau do chuyén vao mét cai coc, roi chuyén vao khudn duc. Cau trac vé

co ban gidng nhu may dic ép. Nhung c6 thém bd phan di chuyén cbe.
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Khac véi duc ép, nhya dugce gia nhiét dén diém hod déo trong coc trude khi

dwua vao khuon kin.
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Figure 8.3 Front view of a 64-cavity mold (with integrated circuits) showing
layout, top-transfer pot, and plunger used in a transfer molding system. (Courtesy
Hull Corp.)

Béang dudi day, so sanh cac tinh chat cua hai qué trinh dac ép va duc

chuyén
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Characteristic Compression Transfer
Loading the mold 1. Powder or preforms 1. Mold dosed at time of
2, Mokl open at time of loading

Material temperature
before malding

Molding temperature

Pressure via clamp

Pressure in cavity

Breathing the mold

Cure time (Hme
pressure is being
applied on mold)

Size of pieces moldable

Use of inserts

Tolerances on fnished
products

Shrinkage

loading

3, Material positioned for
optimum flow

1. Cold powder or
preforms

2. Preforms RF heated to
220-280°F

1. Ome step closures:
350-450°F

2. Others: 290-390°F,

1. 200010000 pesi (3000
optimum an part)

2. Add P psi for each
inch of part depth

Equal to clamp pressure

Frequently used to
eliminate gas and
reduce cure time

30-300s but will vary
with mass of material,
thickness of part, and
preheating

Limited only by press
capacity

Limited because inserts
may be lifted out of
position or deformed
by closing

1. Fair to good: depends
on mold construction
amd direction of
mclding

2. Flash = poarest,
positive = best,
semipositive =
intermediate

Least

2. Preforms RF heated
and placed in plunger
well

Preforims BF hested fo
220-280"F

=360

1. Plunger ram at 60X
10000 psi

2. Clamping ram having
minimum to e of
75% of load applied by
plunger ram on mold

Very low to maximum of
1000 psi

1. Neither practical nor
NeCessary

2. Accomplished by
proper venting

45-90s but will vary with
part geometry

About 11k maximum

Unlimited but
complicated; inserts
readily accommaodated

Ceood: close tolerances are
easier o hold

1. Greater than
Compression.

2. Shrinkage across line
of flow is less than
with line of flow
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7. Khuon duc

Hinh dang cta khuén dac ép thé hién ¢ hinh dudi

el ¢ meald

I

- parting line
will appear
on threads

rotatable
insert
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part ——== P

mald f rmeld T

Centerline Parallel Centerline Perpendicular
to Mold Movement to Mold Movement
(a) (k)

mold mold rotating
{ l Tde core

rotatable =
stud insert
mald 1

(e) (d)

Figure 8.4 Compression molding threads in various positions.

Khi nap vat liéu vao khuén ép, kich thudc vat liéu thudng ngin va hep hon
nhung day hon kich thudc ctia san pham sau khi duc. Vat liéu nap vao thudng

¢ chinh gitra khudn.
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Figure 8.6 Operation of a flash mold: (a) open, preform in the cavity and (b) mold
closed with flash.
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