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CHUONG 3
PUC PHUN
(INJECTION MOLDING)

Puc phun 1a mot qué trinh da ning, tao ra san pham tir vai gam dén 150kg.
Nhya néng chay duge dua vao khudn duc, 1am lanh cho dén khi nhya dong
ran. San pham l4y ra va qua trinh duoc lap lai.

buc khudn: nang suét cao, do chinh x4c cao, tao duogc san phém co hinh
dang phuc tap. Vi nhya nhiét déo, 90% stir dung diuc phun. Plc phun lién
quan dén 1/3 san lugng nhura tiéu thu dé gia cong nhya nhiét déo.

Cong nghé dc phun gdm: may duc phun, khuén duc, thiét bi cip liéu va

van chuyén, sdy, diéu chinh nhiét do, 1am lanh, thiét bi diéu khién tu dong.

1. Thiét bi dic phun (injection molding)
GoOm c6 3 phan chinh: cum phun, ban kep va hé théng diéu khién. Thiét bi
phun 1am ho4 déo va phun nhua. Ban kep d&, d6n, mo khudn, thdo san pham.
Cum phun day dau phun tiép xtc vao ranh rot ctia khudn, néng chay nhua,

phun nhya néng chay vao khudn, tao va duy tri ap suat.
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Figure 5.55 Plunger injection-molding machine.!?®

Trén hinh 5.55 1a thiét bi dic phun don cép pittong (single stage plunger),
noéng chay nhwra bang cach cip nhiét tir thanh, day nhya bang pittong thuy lyc.
Loai nay c6 nhuoc diém: luong nhya phun nho (<435cm’) (limited shot size),
kho diéu chinh luong nhya, néng chay va khudy tron kém, nhiét néng chay
phan b khong déu, thoi gian luu dai, phan bd thoi gian luu rong, ton that ap
suit cao. Tuy nhién thiét bi nay van dugc sir dung voi cac san pham rat nho.

Thiét bi pittong truc vit hai giai doan (two stage screw plunger machines).

5.56
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Figure 5.56 Two-stage screw-plunger injection-molding machine. 1?8

Dung tryc vit dé nong chay nhya, pittong thity luc riéng biét dé phun nhua
vao khuon. Hai chirc ning hoa déo va phun duogc tach biét c6 thé cai thién qua
trinh néng chay va khudy tron polymer néng chay, luong nhua phun 16n, dé
khong ché luong nhya phun, ton that ap suat nho, thoi gian cho mdi chu ky
ngan lai. Loai nay ap dung véi: san pham 16n, c6 chiéu dai chay dai 1on (long
flow length).

Thiét bi phun truc vit chuyén dong qua lai mot giai doan (single stage
reciprocating screw injection units), truc vit quay dé hoa déo (plasticate)

polymer, chuyén dong thang dé phun nhya nong chay. (hinh 5.57)
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Figure 5.57 Reciprocating-serew injection-molding machine.!2?

Trén hinh 5.58, thiét bi phun c6 hai bo phan chinh: hoa déo va trugt
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Figure 5.58 Injection unit.13"

Bo phan hoa déo gém: phéu, hong cip liéu, than, tryc vit, dong co va dau
phun (nozzle). Khi hoa déo nhua, thiét bi ndy (truc vit chuyén dong qua lai
don cap) hoat dong nhu may dun. Hat nhwa rin dua vao phéu, qua hong cap
lidu, vao truc vit. Tuy nhién, truc vit duc phun khong gidng nhu truc vit may
dun, dau cubi 12 van mot chiéu (nonreturn valve). Khi nhua néng chay di qua
valve, n6 khong quay tro lai phia hong cip liéu trong pha phun cta chu ky
dac. Pau phun tiép xuc véi khudn dac, dau phun mo, nhya duge diy ra. Vi
vay, dong nhya phun ra dugc ranh ctia bd phan lam lanh chan lai, nhya bi gitr

lai & phan gitta van mot chi€u va dau phun. Ap suat tao ra tr nhya néng chay
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déy truc vit tré lai dén khoang cach da dinh trudc, dén mot gi61 han nhat dinh,
dong co truc vit s€ dung lai. Mgt lugng nhya phun duoc xac dinh. Trong qua
trinh phun, truc vit bi day 1én phia trudc nho pittong thuy luc hay dong co

dién. Nhya nong chay sé duoc day vao khudn nhd dau phun.

sThermocouple,
/' holes \ Feed port

/
ey Rz

High-pressure/ Mounting collar

sleeve, 4140 H. T.

,Shank styles Flighted nomenclature remains the same as above
£ il vary Beari MNonreturn valve
i / earing threads
——
|
Metering section
-4—— Feed section—— w=-—— Transition 9

-— Shank length - F.L. = Flight length -
-y 0. A. L. = Overall length -

(b)

Figure 5.59 Components of an injection unit: (a) barrel'®! and (b) screw.134

Than médy dic phun thuong ngin hon so v6i thin may dun. L/D thong
thuong tir 18:1 dén 24:1, 22:1 dén 26:1 voi may hoat dong nhanh, 28:1 voi
may dac phun co6 thoat khi.
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Figure 560 Nonreturn valves: (a) sliding ring, 1% (b) ball check
valve,13% and (c) smear tip.1%®

Hinh 5.60 1a cac dang van mét chiéu (nonreturn valve). Van vong truot

(slinding ring valve) dugc day 1én phia trude trong qua trinh hoa déo, duoc
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day nguoc tré lai khi qua trinh phun bat dau. Loai van nay tao dong chay tot,
phul hop véi nhiéu loai vat lidu, ton that 4p suat nho. Tuy nhién qué trinh
chuyén dong cua van giy ra mai mon, ro vat liéu dic biét khi soi thuy tinh
cheén vao vong. Loai nay st dung nhiéu véi loai vat liéu c6 dd nhét cao, duc
phun c6 thoat khi.

Van bi, qua cau bi dugc day 1én phia trude khi hoa déo nhwa, day lui phia
sau khi phun nhya. Loai nay d& diéu khién lugng nhua phun, nhung dong
chay bi han ché nhiéu, ap suit ton that nhidu, gdy mai mon thanh xylanh
nhiéu hon loai vong truot. St dung thich hop véi vat liéu c6 do nhot thép,
khong phéi tron.

Khi khong str dung van mdt chiéu, dau nhon bdi tron dugc lép vao cudi
truc vit. Tuy khong han ché dong chay nhung dé cho nhua chay nguoc phia
sau. Puogc sir dung véi vat liéu c6 do nhot cao, nhay nhiét nhu PVC cing.

Pau phun (nozzle) dua nhya vao khudn dic voi ton that 4p suit nho nhat.
C6 3 loai dau phun:

Kénh h¢ (open chanel): khong c6 van co khi dat gitra than may va khudn
duc, khoang cach phun ngin nhit, dong nhwa néng chay khéng bi can tré. Véi
nhua c6 d6 linh dong 16n, dau phun nho hon va to dan trudc khi vao dau rot.

Internally actuated shutoff nozzle: duogc gitr chat boi 10 xo. Pugc mé ra do
ap luc phun nhya.

Externally actuated shutoff nozzle: hoat dong nho piston thuy luc.

Truyc vit cua dic phun quay nhd dong co dién dugce ndi voi bo giam toc.
DPong co truyén dan cho truc vit ¢ thé dit gitta piston thuy luc va tryc vit.

Cum phun c6 thé truot trén ranh. Dé rira sach khi thay loai nhua khac, hay
loai cac tap chat ban trong mdy. Vi tri ctia cum phun c6 thé thay d6i phu hop
voi vi tri cia dau rot voi cac loai khudn va dau phun khac nhau. Luc tiép xUuc
ctia cum phun ngin nhya 1o i & tiép xtic dau phun va dau rot. Bang dudi day,

luc tiép xtic ting véi kich thudce cia ngam kep.
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TABLE 5.12 Contact Force'#!

Clamp force, Contact force,
kN (tons) kN (tons)
500 (55) 50-60 (6-9)
1,000 (115) 60-90 (7-10)
5,000 (560) 170-220 (19-25)
10,000 (1,125) 220-280 (25-31)
15,000 (2,250) 250-350 (28-39)

Cum phun dugc ddc trung boi: lwgng nhya phun (shot size), ap luc phun
cuc dai, kha nang hoé déo va tdc d6 thu hdi, van tdc phun cuc dai . . . Shot
size 14 khéi lugng hay thé tich cta nhwa c6 thé phun ra mbi mét 1an phun.
Kich thudc cua cum phun dugc xac dinh qua lugng nhya cuc dai co thé cép
v6i mot 1an chuyén dong 18n phia trudc cia truc vit may phun. O My, shot
size dugc xac dinh (don vi ounce) theo nhua polystyrene (general purpose
polystyrene). O Chau Au, dung luong nhwa phun duoc xac dinh 13 thé tich
(cm’) nhua di chuyén véi ap suét phun la 100Mpa.

Ap lyc phun cuc dai 1a ap suét 16n nhat c6 thé dat duge khi phun. Ap luc
trén nhya néng chay tang vi duong kinh truc vit thuong nho hon duong kinh
cta xylanh phun. Ap suat phun P, dugc tinh nhu sau

Ahd
P. . :_yphyd

inj A

inj

Ayyq dién tich cua xylanh thuy lyc, Ay, dién tich mat cit cua truc vit, Ppya ap
suat thuy lyc.

Dung luong hoa déo va tdc d6 thu hoi duoc ap dung theo ti€u chuan cua
Hoi1 Cong nghiép nhya (The Society of the plastics Industry). Ca hai tiéu chi
déu dya trén két qua thuc nghiém véi nhua Polystyrenen ¢ mirc 50% dung
tich cuc dai. Dung tich hod déo la luong nhya tao ra tinh theo kg/h, tdc do thu

hoi 1a thé tich dAu ra tinh theo cm’/s. Van toc phun cuc dai mm/s.
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Cun kep d& khuon, giit chit khuon khi phun, mé dong khuén phu hop, hd
tro thao san phém, bao v¢ khuon. C6 4 dang kep: thuy luc (hydraulic), don
khuy kich hoat dong bang thuy lyc (hydraulically actuated toggle), don khuy
kich hoat b'flng dién va co-thuy luc. H¢ théng cum kep dugc mo ta ¢ cac hinh

dudi day

Moving platen Stationary platen

Hydraulic E
clamping cylinder

Mold

N

L Tie-rod nuts

Sprue bushing
3 ¢ Seatling ring

Oit-port

forward Clamp ram

Qil-port / Cla mps;

return E

Figure 5.61 Hydraulic clamping uni

N

Tie rods
1. 144
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Figure 5.62 Toggle clamping unit™®: (¢) closed and (b) open.
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Figure 563 Clamp-adjusting ring gear.!#

Ejection

Ejection Eje((:jtor
cylinder rods

A
- -t O)I / /
Mold > e i /
clamping b e e | /
cylinder o O

1l = /
S fo‘;i // j I
f j
Moveable \
platen Stationary
platen

Figure 5.64 Ejection system.!*?

Luc kep cuc dai (maximum clamp force) 1a luc can thiét gitr kin khuon

trong qua trinh phun va dién day khudn (packing). Néu luc kep khudn khong
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16n hon luc phun va luc dién déy khudn, khudn s€ b1 hé, nhya 10 ri. Luc kep
khuon duoc tinh: F=f,A

F, hé s6 do nhot hay ap suat thuc nghiém, A 1a dién tich phun (1a dién tich
mat vudng goc véi ranh rot). Cach tinh khac F=P...A; Pn. 12 &p suét
khoang rong cuc dai. Hay F. ty 1¢ voi L/H, véi L 1a chiéu dai ciia dong chay,
H 14 chiéu day cta san pham.

Céc dac tinh khac cta cum kep dugc mo ta duoi day

TABLE 5.13 Clamping Pressure (MPa) for PE, PP,

and PS1%°
L/H

H, mm 200 150 125 100 50
1.0 — 69 62 50 31
1.5 83 59 41 31 21
2.0 62 41 31 26 17
2.5 48 31 24 21 17
3.0 34 28 21 21 17
3.5 31 24 21 21 17

Without ejector box and/or spacers

-«———Max. open daylight ——— |
Max.
- Max. clamp stroke —|-sclosed daylight
=
]
[=5
@
| : ;.
2 P
_ -5
Actuating | g,
mechanism e
| L
Ko d— .;_'C; B~
bar y =t
o
A =
/ =
/ /
Spacer’ / ~4—Max. clamp stroke —P‘ﬁ
Ejector/ e Min.
box -a—Max. open daylight—b-| “closed
With ejection box and /or spacers daylight

Figure 5.65 Specifications of a clamping unit.®!
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TABLE 5.14 Clamp Specifications'®2

Specification Metric English
Clamp force 110 tons 120 tons
Clamp stroke 350 mm 13.78 in
Maximum daylight 825 mm 32.48 in
Maximum mold height 475 mm 18.70 in
Minimum mold height 150 mm 5.91in

Platen size (H X V)
Distance between tie

rods (H X V)
Tie-rod diameter
Ejector stroke
Ejector force

670 X 670 mm

435 X 435 mm
80 mm

120 mm

3.6 tons

26.38 X 26.38 in

17.13 ¥ 17.13 in
3.151in

4.72 in

3.96 tons

2. Khuon

Khuon phan bé nhwra ndng chdy, tao hinh dang cho san pham, 1am lanh, 1ay
san phém ra. Chiu dung duogc: luc phun, luc déy san phém ra, chuyén dong
tinh tién, huong chuyén dong cho cac bo phan khac cia khuon.

Hinh dué6i day 1 cu tao cua khudn hai nira (two plate mold)

] — |
Ll '
o H { 2
“B” side . g \\ /4{/,\'\ “A” side
Also known as: I / % - /;/ /,.f ., Also known as:
(Cold half) TR // N 3% (Hot half)
(;Iorce IE)TIf)h ) ‘\\.f o XM 5 ﬁ , (EIO\:Ser hah‘)h )
Boromran” NGB NN S ™
(Core half) - (Cavity half)
(Ejection half) E:\\ ; (Injection half)
: 3
2‘&* 7 AN
]
LRSS )
1]
Mold
= Yf:: £ ""/parting line
NN
|

“B” side

Figure 5.66 Standard mold base.!??

Phan A hay con goi phan tao hbc cta khudn (cavity half of the mold), gdm

ca tam dinh ctia cum kep, tdm hdc, dau rét, vong dinh vi, chot dan. Phan B

Bai gidng Thiét bi CN polymer TS. Lé Minh Duc
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hay con goi 13 phan 15i (core plate) gdm: tdim d&, tAm ép day, tAm 151, 6ng 16t

dinh vi, hé théng phun.

SPRUE—

7

TWQ PLATE INJECTION MOLD

=—TOP CLAMPING PLATE
N_—— WATER COOLING LINES
CAVITY PLATE (D

— CAVITY AND MOLDED PART
=— MOLD SEPARATES

— RUNNER
=— PUNCH OR FORCE PLATE @
—— PUNCH OR FORCE

=— SUPPORT PLATE

- KNOCKOUT PINS

= EJECTOR HOUSING

N\ \\ \\ \\ })\ EIWE*’ECT‘-‘R PLATES

Khuén mé ra theo mot huéng, san pham roi ra do trong lyc. Ranh rét, kénh

dan nhya (runner), va chi tiét dinh lién nhau khi day thdo san pham. Loai nay

stt dung ddi voi nhiéu phuong phap dic ma khong co vét phong 1én hay hdm

xuong khi thao khuon, san pham c6 nhi€u dac tinh tot.

Khuoéng dac ba tim (three plate mold) c6 hai dudng phan chia. Cac phan

dugc dong mo tu dong . Khong ap dung dugce véi tat ca cac loai vat liéu, vat

liéu don s€ v khi day san pham ra. Han ché khi chon lya cong rét nhua,

nhiéu phé pham.

Bai gidng Thiét bi CN polymer

TS. Lée Minh Durc
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IHREE PLATE INJECTION MOLD

le—RUNNER PLATE ()
~— MOLD SEPARATES

CAVITY PLATE @

— MOLD SEPARATES

4‘% i

i - B ~=— PUNCH OR FORCE PLATE @

' - —-H—KNDCKGUT PINS
-— EJECTOR HOUSING

Loai tht 3 1a khudn xép chéng (stacked injection mold) sir dung khi duc hai

16p cua sdm pham ma khong can tang lyc ép. Loai nay c6 do sai so chi nhu

loai khuon hai tam.

HEATING UNIT

iy,
TRONNY

NS | . ||||

\\ [ NN
| il
\ I - i
\\UJ-JJH,’//KA-— 77777 -‘L?' N

ANSEISRARRARNY ANARRRRRRVAS
o2 oW W27
(©)

Figure 5.67 Molds: (@) two plate, (b) three plate, (¢) stack. (d) insulated
runner, and (e) hot runner.15¢

W/ /e
N

¢ ////I\

=

H¢ théng khuoén ciing co thé phan loai dua vao hé théng kénh dan nhyua
(runner). V&i khuon c6 kénh dan ngudi (cold runner mold), ranh rot va kénh

bi dong ran, bi loai bo khi thdo san pham. Mat mat nhiéu nguyén liéu.

Bai gidng Thiét bi CN polymer TS. Lé Minh Duc



16

Kénh dan ngim (insulated runner) c6 duong kinh 16n hon so véi kénh

chuan.

TED RUNNER (NJECTION MOLD

— ELECTRIC HEATER
—INSULATED RUNNER

= |NSULATION

CAVITY AND MOLDED PART
-«— MOLD SEPARATES

FNSULATING SHELL

CROSS~-SECTION OF MOLTEN POLYMER

INSULATED RUNNER

(d)

Do vay, phan nhua phia ngoai kénh thi dong ran trong khi dé phia trong
tam van con dang long. Piéu ndy giam tiéu hao nguyén liéu, dé thay ddi loai
nhya va mau sic. Kénh can phai lam déng ctng trude khi thdo khudn. Théo
khuon rat kho khin vi cac cong gan nhu bi nhua dong cing.

Loai kénh dan c6 ddt nong (hot runner mold), kénh dan luén ¢ trang théi
néng chay. Ciu tao nay giam phé liéu nhung van hanh khé hon. Vi yéu ciu
phai sir dung thép t6t hon, tim cach va hé théng diéu khién nén chi phi cao

hon khoang 25% so véi loai kénh ngudi.
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AN \NNAN

| j-——]—— HOT RUNNER

/
o 0 O m Z —ELECTRIC HEATED
MANIFOLD

—INSULATED NOZZLE

~—MOLD SEPARATES

BEER e

Figure 5.67 (Continued)

C4 hai loai khudn nay c6 han ché nhét dinh dbi v&i mot vai loai nhya. Loai
kénh néng, gap kho khin thay d6i mau. Khudn dic con cé thé phan loai dua
vao s6 lugng khoang dic (cavity) trong khuon. Véi khudn gia dinh (family

mold), nhiéu phan cua san pham duoc duc dong thoi

L

C )

6 © é Figure 568 Family mold 1%

Céc phan co ban ctia khudng duc duoc mo ta ¢ hinh dudi day.

Bai gidng Thiét bi CN polymer TS. Lé Minh Duc
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Main runner

Cold slug well

Branch runner

56

Figure 5.69 Sprue, runners, gates, and cavities.!
Réanh rét nhan nhya tir du phun, phan chia va cac kénh nhua (runner).
Chiéu dai cua cac kénh phai nho nhét, 4p suét roi va nhiét do nho nhat tir ranh
rot dén khoang (cavity) dtic. Kénh nhya c6 nhiéu hinh dang nhung loai tiét
dién tron 13 hiéu qua nhat (loai nay chi phi ché tao cao). Puong kinh cua kénh
nhua xac dinh Dbranch=n1/3.D
v6i D 1a duong kinh cua kénh nhya, Dypanen duong kinh cua nhanh nguoc

dong. Nhua duoc phan phdi ddng thoi vao cac khoang duc.

(b)

Figure 5.70 Runner systems: (a) naturally balanced and () arti-
ficially balanced '™

(a)

Hinh dudi 1a céc ctra noi tir kénh nhya dén cac khoang duc.
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3. Qua trinh dic phun

Qua4 trinh diic phun gdm nhiéu budc: dong khuoén, phun, dién dy khoang
duc, Iuu, 1am lanh, hoa déo (plastication), m¢ khudn, 1iy san pham.

May dac phun hoat dong & dang: thao tac béng tay, ban ty dong, tu dong.

Khi dau phun va ranh rét tiép xtc nhau, giai doan phun bt dau. Truc vit
chuyén dong tinh tién, day nhwra vao khudén qua dau phun. Khoang dtc dugc
dién day nhua. Piém cudi cua giai doan nay duoc xac dinh bang thoi gian, vi

tri piston hoac ap suat.
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Giai doan packing: dong nhya thém vao dé bu sy co ngét ctia nhua khi gip
khuodn lanh.

Giai doan luu: khi dién day két thic, tao ap suat cho dén khi dong ran cong
khuon. Giai doan dién day va luwu, nhua néng chay chuyén dong duoc xac
dinh bang do nhét va ap luc tac dong 1én pittong. Thoi gian luu duoc kiém
tra.

Giai doan lam lanh va déo hoa: Thoi gian cua gian doan lam lanh duoc
kiém soat. Trong khi lam lanh, truc vit quay va nhua duogc ddn lai, chd cho
lan duc phun sau. Vi qua trinh hoa déo can thuc hién ngay trude khi két thuc
giai doan lam lanh, truc vit can mot thoi gian tré nhat dinh (do vay truc vit
khéng can phai quay cham lai). Nhya nong chay dugc khudy ddo thém nhd ap
suét nguoc. Khi du luong nhya cho lan ké tiép, truc vit chuyén dong nguoc
tré lai (goi 1a giam 4ap hay hut nguoc), lam giam ap suét trong nhua nong
chdy, tranh duoc su ro ri nhya. Khi [am lanh két thic, dau kep mo ra, san
pham thao ra.

Céc thong sb clia qué trinh: lwong nhya phun (shot size), tbc do phun, ap

suat phun, thoi gian phun va cac tham sé ctia qué trinh dién day khoang, luu.

Melted plastic
material

Melt
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Frozen layer

{E}

Nhuya c6 dd nhot cao nén chdy vao khuon c6 dang voi phun nude. Dong
nhua nong chay chay vao khoang diic theo cic song co hoc. Lép nhyua dau
tién b1 dong ran & thanh. Dong nhua sau ¢ nhiét do cao hon tiép tuc chay vao
khoang duc. Chiéu day cua 16p dong ran thay doi theo nhiét d6 nong chay,
nhiét 46 khuén, tbc d6 hay thoi gian phun.

Bai gidng Thiét bi CN polymer TS. Lé Minh Duc



