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Injection Molding
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Diagram of a typical injection molding process. (Image taken from the OSHA Technical Manual.)
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Istory of plastics

Short h

1866 Cellulo
1891 Rayon

Ite

1907 Bakel

1913 Cellophane
1926 PVC

1933 Polyethylene

1938 Teflon
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1939 Nylon stockings

1957 velcro
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Monomer Polymer repeating unit
(i T
C=C —C—C— Polyethylene
|| | ? 0 H H
H H H H /n Cl—C—CHp—CH;—CH,—CH,—C—Cl  + >N—CH2—CH2—CHQ—CHZ—CHQ—CHQ—N<
H H H H Adipoyl chloride i Hexamethylene diamine H
C=C —C—C— Polypropylene l
([ (I H H
H CHs H CHa/n I | |
—C—CHp—CHy— CHy—CHy— C—N—CHp— CHp—CHp—CH,—CH,—CH,—N  +  HCI
H H H H Nylon 6.6 Condensate
| || (@
C|:=(|: (CC Polyvinyl chloride (PVC)
----- 1
H H H Hi{H HIH H
H CI H CI /n | | Heat, pressure, R T
c—C —C—C—TC—C+C—C— | Polyethylene
H H H H [ catalyst Tl i
L L HOH HOHIH HIH H
C=¢C —C—C— Polystyrene " Mer
H CﬁHE H CGHE n FIGURE 7.3 Examples of polymerization. (a) Condensation polymerization of nylon 6,6 and
(b) addition polymerization of polyethylene molecules from ethylene mers.
T T
Polytetrafluoroethylene (PTFE
c—=C —C—C— y ylene (PTFE)
| | | | (Teflon)
FI  Fl FI Fl /n
FIGURE 7.2 Molecular structure of various polymers. These are TABLE 7.2 I ! d !
examples of the basic building blocks for plastics. (el e e ] L i e )
of Some Polymers i N
- 5 "
Material Tg( C) T, (°C) Nylon 6
Nylon 6,6 57 265
°°°ooooo°o00°°° Polycarbonate 150 265 P
Polyester 73 265 ks 01
: Polyethylene a Natural
(a) Linear (b) Branched High density ~90 137 g rubber: PVC
Low density -110 115 @ 5% Sulfur
Polymethylmethacrylate 105 — % 0-01
Polypropylene —14 176 1G] ‘
Polystyrene 100 239
Polytetrafluorocthylene —90 327
Polyvinyl chloride 87 212 0-001 T
Rubber =73 — |
1 1 I
-100 0 +100 +200
Temperature (°C)
(c) Cross-linked (d) Network 4.21 Dependence of the shear modulus on temperature for three representative engineer-

Ref Kalpakjian and Schmid

ing polymers: natural rubber (cross-linked); PVC (essentially amorphous and not cross-linked);
and nylon 6 (crystalline). The temperatures at which these polymers are used in technology
are indicated (s—s—s—e—2) (after Wolf).

McCrum, Buckley, Bucknall 4
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Injection Molding Machine
for wheel fabrication

30 ton, 1.5 fl oz (45 cm3) Engel
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Schematic of thermoplastic Injection molding machine
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* Source:http://www.idsamp.org/proc/plastic/injection/injection_process.htm
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Process Operation
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Typical pressure/temperature cycle

Pressure History in an

)
O
L
O
£
c —
c
- a w
> O =~
| &
© =
2o 2
29 =2
= O £
o=
i WO 27333, e
.m o _ \\\.:O L 9jeH)
o ‘ z
m. o _ ! ¥
.] ‘
ES
Q {101
= sugsor) 158
< 1 1
=) )
<o (=]
ol —
(Do) 2ameraduwn
)
Q
L
=
4 UoRI[Y JiEd =
+ A A
)
o
&
® =
L)
8 £ M o1
(=) n R m
= o 2|3
= W o B 1O 9731 AED
- = %
g = £
b |
& Y _~
v __7
SUISO) I8
7 ELLS
S vy
i a

(edy) 2anssarg Ayae)

A
1V

9

for polymer

sec

2
3cm

a=10"

04

(half thickness)?

Cooling time generally dominates cycle time
cool —

t

* Source:http://islnotes.cps.msu.edu/trp/inj/inj_time.html


http://islnotes.cps.msu.edu/trp/inj/inj_time.html

1Zze

& shot s

Calculate clamp force

CLOCK-N-LOCK CAP

PXA=420 tons

LL

8 Ibs = 2245 cm 3
=750z

3

PCVVALVE—___

RUBBER O-RING

INTEGRAL FASTENER

‘

SPRING WASHER

| - INTEGRAL
& FASTENERS (6)

2 cavity 800 ton

Actual

INTEGRAL OMKE'I/

N

Q\
INTAKE RUNNER msear/

\V

10



Clamp force and machine cost

351

Design for Injection Molding
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Figure 8.9 National average injection molding machine rates.

Boothroyd/Busch
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Hea.t tranSfer Note; a ., > a

polymer
S
1-dimensional heat conduction equation :
0 0
0 s g0, 2 (p-c-T)AxAy = — L5 AxAy
ot 0x
oT
Fourierds Qﬁﬁ—ka
LT e 9T 9T
ST ox’ ot dx’
Boundary Conditions:  1stkind T(x= x')=constant
2ndkind - k‘;—)T((x= X')=constan
. ol -
3rdkind - ka_ (x=xX)=h(T-T,)
X

The boundary condition of 15t kind applies to injection molding since the

tool is often maintained at a constant temperature 15




Heat transfer

p
\V
Ti Let L, = H/2 (half thickness) =L ;t 4, =L%a;
/K DT, =T,T T, (initial temp. 7 wall temp.)
: Tw
: r-T
L, Non-dimensionalize:0 = —2%; &=2-+1;
L § +L 7’- TW
2
Dimensionless equation: 06 — 00
oF, 0&°
Initial conditon ~ Fp =0 6 =1
Boundary condition E=0 6=0
=2 0-0

Separation of variables ;
matching B.C.; matching I.C.

9(55F0)=2 f(Fo)9(&)

Fo

t

LZ

a
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Temperature in a slab

=1

Centerline, g

0.1, F,= at/L?

10
B

06
04

—

e

W
-]

Fas oi?

Fo = anfL”

See Heat Transfer Text

By Lienhard on line

i-1 =k/hL

FHAIRE 37  The trumsient temperstare disinbislion in o bl al sie perabion

=0 e comier, 5/ = | i e oubils bousdary,

14



Reynolds Number

N

pV? . .
Reynolds Number: 1 inertial  pVL
Re = =
4 u

Uiz viscous

For typical injection molding
p=1g/ecm’=10°N/m*/s*; L, =10"m thickness

Part length _ 10~
Vs - o u=10°N-s/m’

Fill time ls
For Die casting 3.103x10"1x1073
Re = = 300

1073

15

* Source:http://www.idsamp.org/proc/plastic/injection/injection_process.htm
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