CHAPTER 6.2

INJECTION-MOLDED
THERMOPLASTIC PARTS

hoplastic materials are synthetic organic chemical compounds of high molecular
that soften or liquefy when they are heated and solidify when they are cooled.
#n cooled, they are relatively tough and durable and suitable for a wide variety of

t-applications.

'PROCESS

aterials are formed to specific shapes by injecting them when heated into a
4 from which they take their final shape as they cool and solidify. The plastic
erial normally is received by the molder in granular form. It is placed in the hop-
£an injection-molding machine, from which it is fed to a heated cylinder. As the
anlés heat in the cylinder, they melt, or plasticize. A typical melting temperature is
+180°C (350°F), although this varies with different materials and molding condi-
The mold, usually of steel, is clamped in the machine and is water-cooled. A
mizer forces plasticized material from the cylinder into the mold. There it cools and

ifies. The mold is opened, and the molded part with its attached runners is
oved. The process, with the occasional exception of part removal, is automatic. It
s about 45 s/cycle, more or less, with most of that time being devoted to cool-
the material in the mold. Very high pressures, on the order of 70,000 kPa
00 1b£/in?) or more, are required during injection. Figure 6.2.1 illustrates the
Iglection-molding process.

ICAL CHARACTERISTICS OF INJECTION-
OLDED PARTS

tion molding is particularly advantageous when intricate parts must be produced
large quantities. Although there are limitations, as discussed below, generally the
irregutar and intricate the part, the more likely it is that injection molding will be
omical. In fact, one major advantage of the injection-molding method is that one
Ided part can replace what would otherwise be an assembly of components. (See
6.2.2.) In addition, color and surface finish often can be molded directly onto the
(5o that secondaty finishing operations are not necessary.
Injection-molded parts are generally thin-walled. Heavy sections and variable wall
cknesses are possible, though they are normally not recommended.

k]
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FIGURE 6.2.1 Injection moldin
en. (4) Cavity half of mold.
()] Reciprocating screw,
motion of screw.

NONMETAL
LIC PARTS INJECTION-MOLDED THERMOPLASTIC PARTS 5.23

s thermoplastics are generally less strong than metals, they are more apt to
{ess highly stressed applications. Housings and covers are common uses
- tor example, frames and connecting rods. However, thermoplastic materi-
grad'ally being developed with better and better strength characteristics and

asingly finding themselves used for moving parts and in more structural
s The “engineering plastics,” nylon, polycarbonate, acetal, phenylene
ysulfone, thermoplastic polyesters, and others, particularly when reinforced
ot other fibers, are functionally competitive with zinc, aluminum, and even

g
@

 Shrinkage

H_

g'p}astics exhibit shrinkage on cooling and solidification. Table 6.2.1 summa-
ke extent of this shrinkage for common materials. In addition to effecting a

1 most dimensions, shrinkage of plastic material causes various irregulari-
qarpage in the molded part. The most common such defect is the sink mark,
e depression, opposite heavy sections. (See Fig. 6.2.3.)

g. {1} Mold-clamping force {2) Movable mo] iy
. d plat

{5) Force half of mold. (6} Nozzle. (7) Cylinder. (8) %Ii::cil; @

{10) Hopper. (11) Granulated-plastic material. (12) Rotary and'y

TABLE 6.2.1 ’Shrinkage Rates of Common

Thermoplastics upen Solidification in Meld
" Thermoplastic Percent
' ; Acetal 2.0-25
Acrylic 0.3-0.8
Acrylonitrile butadiene styrene 0.3-08
o Nylon .3-1.5
: Polycarbonate 0.5-0.7
A Polyethylene 1.5-5.0
g Polypropylene 1.0-2.5
i Polystyrene 0.2-0.6
Polyvinyl chloride, rigid 0.1-0.5
Three-piece wood-and-steal clothespin Polyvinyl chloride, flexible 1.0-5.0

Closing in

e -

: B _{T_Sik rncnr
2 P77

i ~ FIGURE 6.2.4 Shrinkage of plastic material en
'6.2.3 Typical sink mark opposite a  cooling causes the closing in of U-shaped sec-
: tions.

One-piece injection-molded acetq) clothespin

FIGURE §.2.2 One-piece injection
necte_d by an integral spring,
molding, (Courtesy Celanese

-molded clothespin. Two sections, con-
are assembled together at the pivot point after

othier commion effect is the closing in of a U-shaped cross section, particularly if
Plastics & Specialties Co.)

ate reinforcing ribs. (See Fig. 6.2.4.) A third common effect of shrinkage is the
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Curvature

FIGURE 6.2.5 Curving of flat surfaces caused
by shrinkage of material.

occurrence of curvature on a flat surface in the direction of a

. . bos's., ot
added material. Figure 6.2.5 illustrates this problem. .Pmtu.

ECONOMIC PRODUCTION QUANTITIES

Injection meolding is a mass-production process. It is generally not-aﬁ:p]j
10,000 or more identical parts are to be produced. The reason for this'1i
necessity for constructing a unique moid for each part. Production
enough so that the mold cost can be amortized over the quantity mamifse
Tor smaller parts, molds car be costly, on the order of several thousands of
larger, intricate parts, they can cost tens or hundreds of thousands of doltars

SUITABLE MATERIALS

A large number of suitable thermoplastics are available to the injectionmol
of the more commonly used are polyethylene, polypropylene, polystyrene,
chloride (vinyl or PYC), nylon, acrylonitrile butadiene styrene (ABS); and
Because of the importance of injection molding to the commercial safe: &
_pifastif: materials, producers of these materials engineer them to be pr
injection molding. Physical properties and cost rather than processibility
the determining factors in the selection of materials for injection-molded parts
Generally, the high-property engineering plastics are not as easy to.
commodity plastics such as polyethylene, polypropylene, and polystyresi
polyvinyl chloride, though low in cost and having very good physicalip
more difficult to injection-mold than many other materials. Its prime. dr:
harrow temperature range between its melting and degradation points: 00
Table 6.2.2 lists common thermoplastics nsed for injection molding:an
some of their properties, their cost, and their typical applications.

S

DESIGN RECOMMENDATIONS

' TABLE :6.2.2. Common Thermoplastics Ma

Gate and Ejector-Pin Locations

The designer should consider the location of these elements because they
surface_flmsh. Ejector pins usually can be located on the underside of & p
an outside and an underside. Gates can be located in a number of locations,

Approximate

Specific
gravity

Maximum service

Tensile sirength,

and remarks

cost index™

MPa (Ibffin?) temperature,”C (°F)

Material

Toys, containers

1.0
1.1

1.04
0.91
0.96

48 (7000) 82 (180)

34 (5000)
28 (4000)

Polystyrene

Housewares, appliances

130 (230)
125 (260}

Polypropylene
High-density

Refrigerator parts, housewares

polyethylene
Low-density

Kiichen utility wear, toys

1.3

0.92

88 (190

14 (2000)

polyethylene

Acrylonitrile

Housings, housewares; can be

2.1

1.06

93 (200)

48 (7000)

chrome-plated; handle grips;

electrical plugs

butadiene styrene

(ABS)
Polyvinyl

Seals, electrical
plugs, footwear components

Bearings, gears, rollers

1.0
Kitchenware

1.40

82 (180)

21 (3000)

chloride, flexible

Nylon

KRS
2.7

1.14
1.03

120 (250}

82 {180%

76 (11,000}

69 (10,0003

Styrene

acrylonitrile

Cellulosics

Optical parts, tool handles

40

1.22
1.43
1.22

70 (160)

90 (195)

41 (6000)

Appliance parts, gears, etc.

3.3
4,1

69 (10,000)
62 (9000)

Polyacetal

Portable-tool housings,

110230

Polycarbonate

automofive parts
Lenses, automotive trim

20

78 (170) 1.18

69 (10,000}

Acrylic

#1997 prices for large-quantity purchases; polystyrene = 1.0.
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ig. 6.2.6. Center gating of round and cylindrical parts and near-center gating
ge-area parts are desirable for trouble-free mold filling.

Edge gate Center gate :
asted Wall Thickness

7.3 provides recommended normal and minimum wall thicknesses for com-
ermoplastics when injection-molded. Generally, thinner walls are more feasible
rall parts rather than with large ones. The limiting factor in wall thinness is the
for the plastic material in thin walls to cool and solidify before the mold is
The shorter the material flow, the thinner the wall can be. Walls also should be
orm in thickness as possible to avoid warpage from uneven shrinkage. When
.i in wall thickness are unavoidable, the transition should be gradual, not
See Fig. 6.2.7.)

Fam—
L= S
Fan gate Tab gate

=

6.2.3 Suggested Wall Thicknesses for Various Thermoplastic Materials

. Short Small Average Large
aterial sections sections sections sections

0.6 (0.029) 0.9 (0.035) 1.5 ¢0.075) 3247 (0.125-0.185)
0.6 (0.025) 0.9 (0.035) 2.3 (0.090) 3.2-6.3 (0.125-0.250)

PR =il butadiene styrene 0.9 (0.035) 1.3 (0.050) 1.9¢0.075) 3247 (0.125-0.185)

S ncetate butyrate 0.6 (0.025) 1.3 (0.050) L9(0075)  3.2-4.7 (0.125-0.185)

030012 0.6 (0.029 1.5(0,060)  2.4-3.2 (0.093-0,125)

0.4 (0.015) 0.8 (0.030) 1.8 {(0.070) 2.4-3.2 (0.093-0.125)

Submorin lensity 0.9 (0.035) 1.3 (0.050) 1.6{0.062)  2.4-3.2(0.093-0.125)
ine gote Tunnel gate o density 0.9 (0.035) 1.3 (0.050) 1.9 (0.075) 3.2-4.7 (0.125-0.185)

0.6 (0.025) 0.9 (0.035) 1.9 (0.075) 32-4.7 (0.125-0.185)
0.3 (0.030) 1.3 (0.050) 1.6 {0.062) 3.2-6.3 (0.125-0.250)

0.6 (0.025) 1.3 (0.050) 1.9 {0.075) 3.2-4.7 (1125-0.185)

0.9 (0.035) 1.6 (0.062) 2.4 (0.053) 3.2-4.7 (0.125-0.185)
t S O B
Flash gate
Ring gate
Not this This
Ciaphragm or 7 E 2
disk gate Sprue gote Not this This

FIGURE 6.2.6 Various gating systems. FIGURE 6.2.7 Maintain uniform wall thickness insofar as poessible, and if

changes in wai! thickness are unavoidable, make them gradual rather than abrupt.
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Holes
. ’ ] C D

1. Holes are feasible in injection-molded parts but are a complicating factor

construction and part quality. “Knit” or “weld” lines adjacent to the h'oj: 7

develop, and flashing also may occur at the edge of the hole, Figure 6.2:¢ %

trates how weld lines are formed. i / O O
2. The minimum spacing between two holes or between a hole and sidewg]] sh /

one diameter. (See Fig. 6.2.9.) . > /
3. Holes should be located three diamet ;

eters or more from the edge of the part to D —-..E r« » Diameter D

excessive stresses. (See Fig, 6.2.10.)

4. ﬁ& ;hroug}tlhholg is preferred to a blind hole because the core pin that prod Nat this This
oie can then be supported at both ends, resulting in better dimensi . . ‘ -
the hole and avoiding a bent or broken pin. £ sional locat IGURE 629 v spacing for holes and sidewalls.
5. Holes in the bottom of the part are preferable to those in the side becausé the

require retractable core pins.

6. Blh'n'd holes should not be more than two diameters deep. If the diameter
(¥1s in} or less, one diameter is the maximum practical depth. (See Fig, 6.21

T_o increase the depth of a deep blind hale, use steps. This enables a stronge)
pin to be employed. (See Fig. 6.2.12.)

8. Similaﬂ_y, for through holes, cutout sections in the part can shorten the lenst
small-diameter pin. (See Fig. 6.2.13.) :

9. Use overlapping and offset moid-cavity projections instead of core pins to pfg
holes parallel to the die-parting line (perpendicular to the mold-movement d;
t}on). Figures 5.4.9 and 5.4.14 illustrate this approach, which is applicable to:
tion moldings as well as to die castings, .

O O
T

=

Digmeter D

Mot this This
FIGURE 6.2.1¢ Minimum distance between a hole and the edge of the part.

: ——l qu Ribs
f 1. Reinforcing ribs should be thinner
than the wall they are reinforcing to

é 20 max. depth prevent sink marks in the opposite

Material -
flow direction

Q/Gute

Weld lines

side of the wall. A good rule of thumb
/ is to keep rib thickness to between
40% and 60% of the wall thickness.

2. Ribs should not be higher than 2.5 to
Larger holes 3.0 times the wall thickness.

Two ribs may be used, if necessary, to
provide the extra reinforcement that

' D
—ol J—— would otherwise be provided by a

high rib. The ribs should be two or

2 'r .
- //// _ more wall thicknesses apart.
// //i 4. Ribs should be perpendicutar to the
i parting line to permit removal of the
[under 1.5 mm (1716 in}] part from the mold.

Hole or
slot

Weld line

(]
h

L Weld lines

FIGURE 6.2.8 Weld or knit lines are caused when material flowing around - -
hole core pins does not fuse together. R

‘Smaller holes 5. Sink marks caused by ribs can be dis-
guised or hidden by grooves or surface
URE 6.2.11 Recommended depth Limits for texture opposite the rib. (See Fig. 6.2.14.)
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6. Ribs should have a generous draft of 0.5¢ to 1.5° per side.
7. There should be a radius at the base of 25% to 40% of the wall thickness.

See Fig. 6.2.15 for an illustration of most of these rules.

Not this This

F_IGURE 6.2.12 If a biind hole must be deep, ass a stepped
diameter.

AN,
7

Not this

L

This

‘Wall
thickness
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e Draft angle - 0.5° to 1.5°
per side

pMaximum rib height -
2.510 3.0 times the

wall thickness \

Radius - 25% o 40%
of wall thickness

N

l-+— Rib thickness -
40% to 60% of
wall thickness

EfGURE 6.2.15 Design rules for reinforcing ribs and solid bosses.

FIGUR.E‘_ 6.2.13 The improved design on the right provides
better rigidity of the mold core pin.

hallbw undercuts often may be strippable from the mold without the need for core

i the undercut is strippable, the other half of the mold must be removed first.
thi& mold ejector pins can act to strip the part. Figure 6.2.16 shows the average
i strippable undercut for common thermoplastics.

FEOFY

Not thig This  or This
FIGURE 6.2.14 Methods for disguising sink marks.

This or

Bosses

Bosses are protruding pads that are used to provide mounting surfaces or rciﬁ-forc
ments around I:IOICS. The rules above for maximum height, draft, and radius of ribs
genqrally applicable to solid or hollow bosses. However, those holding inserts

. they should be hollow for unif;

Undercuts

Undgrcu’gs are possible with injection-molded thermoplastic parts, but the
require sh.dmg_corcs or split molds. (See Fig. 6.1.6.) External undercuts can bé:
at the parting line or extended to the line to obviate the need for core pulls. &

S\
|<— Greater than S

URE 6.2.16 Allowable undercut for common materials.

T 7

g

—_——— — —

|<— Less than S

) 7
| ' !
1 ' !
1 ! |
; | I
[ ' !
| ' !

> -

—_— e —

A

Average maximum

Material strippable undercut S, mm (in)
Acrylic 1.5 (0.060)
Acrylonitrile butadiene styrene 1.8 (0.070}
Nylon 1.5 (0.000)
Polycarbonate 1.0 (D.040)
Polyethylene 2.0 (0.080)
Polypropylens 1.5 {0.060)
Polystyrene 1.0 {0.040)
Polysulfone 1.0 (0.040)
Vinyl, flexible 2.5 (0.100)
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Parting  FIGURE 6.2.17 External screw th;

line can be molded without the need for b
pull if the threaded element is plac
the mold-parting plane. However, remaoy,
of flash from the threads may be Teqitirg
unless threads are excluded from the 455

ing-line area. P Not this This
Screw Threads
It is feasible, though a complicating factor, to mold screw threads in thermoplasti
parts. Three basic methods can be used:;
1. Use a core that is rotated after the melding cycle has been completed.
unscrews the part and enables it to be removed from the mold. N

2. Put the axis of the screw at the parting line of the mold. This avoids the need fg
rotating core but necessitates a very good fit between mold halves to avoid flagh
across the threads. This method is applicable only to external threads and geneza]f
leads to higher-cost parts unless the threads can be omitted in the area of the part
ing line. Often this is feasible. If this approach is not used, an extra operation pr
gbzly1 7\’Jv)ili be required to remove parting-line flash from the threads. (See Fig

3. Make the threads few, shallow, and of rounded form so that the part can be stripp
from the mold without unscrewing. (See Fig. 6.2.18.) A coarse thread with a somie
what rounded form is preferred for all screw threads because of ease of filling ‘am
avoidance of featheredges even if it is removed by unscrewing.

Not this This

rts are useful and practical to provide reinforcement where stresses excee'd the
trenigth of the plastic material. Although they are economical, they are not without
ot and should be used only when necessary for reinforcement, anchoring, or support.
i io L ' ~Sharp corners should be avoided on the portion of the insert that is immersed in the
Continuation of threads to the ends of threaded sections should be avoided becang rmoplastic. Figure 6.2.20 shows acceptable designs for the inserted ends of hooks
they create featheredges, make mold fit more critical, and promote flashing. (See Fig " d anchoring rods. Figure 6.2.21 shows unacceptable and acceptable designs and
6.2.19.) If threads with strong holding power are needed, use metal inserts, cations for inserted ends of screw-machine parts. Knurls on machined inserts should
Internal threads can be tapped in almost all thermoplastics, and if the thread diam latively coarse to permit the material to flow into the recesses. There should be a
ter is small [5 mm (% in) or less], tapping is usuaily more economical than molding ; oth surface where the insert exits from the plastic.'
Tapped or molded threads finer than 32 threads per inch are not practical with thermo ‘
plastics. Self-tapping screws are preferable to tapped or molded threads and a conves:
tional screw. :

AAAAAAAAAAAAQ

Acceptable

Not this This

FIGURE 6.2.18 Shallow screw threads can
sometimes be stripped girectly from the mold.

FIGURE 6.2.20 Recommended designs for the ends of
hooks er rods to be inserted in plastic parts.
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Not this
ta)

Better
(b}

77

£

%

0K
{c}

Best
{d)

i ) re”
924 /
s
Not this This
{e) (f)
7
Not this This
(g} LT

Not this
{i)

FIGURE 6.2.21 Recommended designs and placements for screw-

maghine parts to be inserted in plastic components. Design a is aot a good -
design bgcause ‘there should be a smooth surface where the insert exits from -
the plastic. Design. & is better, but it does not allow the flow of plastic mate- .

rla_l to be s;aled (_)ff f!:um unwanted areas. Design ¢ is better from this stand-
point. De_mgn d 1s_st111 better because it provides a double-sealing surface.
Design e is not satisfactory because it wonld result in & featheredge of plas-

tic material around the insert, Design f avoids this. In view 2, the two parts

are apt to suf.fer cqntam'mation of the screw threads with plastic material.
Design h avoids this problem by raising the threaded postion of the inserts

abovle the surfaf:c of thc?, part. In view ¢, the part is not sufficiently embed- -
ded in the plastic material of the part. As shown in j, the depth of insertion °

should be at least 2 times the insert diameter,
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ARRSRON

GURE 6.2.22 Irregularly shaped inserts are placed on the parting line of
‘ihe mold.

Z

__ Porting
line

-

inachine inserts should be placed perpendicularly to the parting line of the
icilitate placement and avoid complications in mold construction. Trregular

arts such as screwdriver blades
ninserted widths or diameters 4._1 "7 5
—» le—z2D

i the inserted diameter are
th:their axes on the parting line
1¢: Otherwise, side cores must
ded to permit removal of the
i the mold. (See Fig. 6.2.22.)

ery often are incorporated in
that provides supporting material
rt, If the outside diameter of
s less than 6 mm (4 in), the

P

FIGURE 6.2.23 Ample supporting material
must be provided around an insert. If the diameter
of the insert is % ip or less, the boss diameter
should be at least twice that of the insert.

at of the insert. (See Fig. 6.2.23.)
tside diameter of the insert is
than 6 mm (% in), wall thickness
0 to 100 percent of the insert
r. Whenever the configuration
tis desirable to design the insert -
t the flow of plastic is sealed off from threaded areas and other areas where plas-
aterial is not intended to be. A good rule of thumb is to make the embedded
sf an insert twice its diameter.
ften advisable to press in the insert after molding. This avoids problems of
ation of the exposed surface of the insert with plastic material. It also avoids
ibility of damaging an injection mold with a misplaced insert. Ultrasonic tech-
e particularly reliable for inserting metal inserts into plastics parts after
ng.{See Chap. 6.9.)
2aded portions of inserts should be raised from the surface of the molded part
tontamination of the threads with material. Also, featheredges of plastic
1alaround inserts should be avoided.

ng and Surface Decorations

ering and other raised or depressed surface decorations and textures are easily
orporated into plastic parts. Once the lettering has been incorporated in the mold,
part will automatically show the lettering with few or no extra sieps.

ost cases, mold cavities are machined rather than hubbed (pressed) or cast.
achined molds, the lettering in the part should be raised, i.e., formed by
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depressed, engraved:letters in the mold. It is easier to engrave ing i
ty than it is to machine away the background and leave rfised lleetttzrsmg 1
) Hubbed (or hobbed} dies are made by pressing a hardened-stee] for ;
die steel. erry high pressures are required. This method is c:conomicalr;“-1 fo
n}lml:'rer. of identical cavities, particularly of a difficult-to-machine sha g
dies it is best to have depressed letters in the part. This is true bécmfse' W
the hub arc depressed (engraved) and the letters in the mold are therefé)re"th'

Wlth_elther raised or depressed letters, the letters should be pe i
parting line of the mold. Otherwise, the part will have an undercut rpend.xc
lSometlmes it is desired to have depressed letters on the part and to fi

paint that contrasts with the color of the plastic material. Cavities fop 1—"1
should be sharp-edged and 0.13 to 0.8 mm (0.005 to 0.030) in) wide, T}:He
one-half as deep as wide and shouid have a rounded bottom. (See Fig .6 Ze

and Fillets

“should be avoided except at the parting line. They interfere with the
i aterjal and create possibilities for turbulence with attendant surface
“corners also cause stress concentrations in the part that are undesirable
tional standpoint. .

#:¢adii should be as generous as possible. A desirable minimum under any
0.5 mm (0.020 in), while 1.0 mm (0.040 in} is a preferable minimum

Jents permit.

ant advantage of the injection-molding process is the fact that surface pol-
¢ can be molded into the part. No secondary surface-finishing operations

ourse, plating, hot stamping, or painting, if desired) are necessary.

%% finishes are feasible if the mold is highly polished and if molding con-

rrect. However, dull, matte, or textured finishes are preferred to glossy
 tend to accentuate sink marks and other surface imperfections.

of most thermoplastics is feasible but is not recommended if the color can

into the part. The latter approach abviously is more economical and gives

{iits. If contrasting colors are required, masks can be fabricated and a por-

7t left unpainted. See Chaps. 6.12 and 8.5 for further information.

‘plastic materials is feasible for some plastics but is a specialized opera-

= Chap. 8.2 for more information.

dacorations such as flutes, reeds, and textures should stop short of the part-

fhat any parting-line flash is easy to remove. (See Fig. 6.2.25.)

s
A

TUW2013-08mm
{0.005-0.030 in)

g

\{

D=ws2
Parting

- r tne

) FIGURE 6.2.24 Dimensional rules for
depressed lettering which is to be filted with paint,

Draft

Not 1his This

;IGURE 6.2.25 Surface decorations like flutes, reeds, and textures should stop
it of the parting line so that parting-line flash is easy to remove.

It is highly desirable to incorporate some draft, or taper, in the sidewalls."o’
mold.ed parts to facilitate removal of the part from the mold. Draft may no
sary if ejector pins can be placed properly, bul it still is wise, if the design
mal]()e a;lt f:amiy remolvable part with draft and generous radii.

rafts as low as 4° are often adequate. Usually, deep parts require less dr
fhsn shallow parts._For shallow parts draft should averai‘)géJ Lge or?nore; i %i
74" can often be satisfactory, Textured surfaces require greater draft. '.

The followi i
18 fre recommended minimum drafts for some common mafesi faces, although feasible, are somewhat more prone to show irregularities than

rved surfaces. Since the latter also produce more rigid parts, they are prefer-

Polyethylene Lo
Polystyrene lyo
N k=)
ylon 0
Acetal 0-'°
Acrylic e rting Line

ection-molded part shows the effect of the mold parting line, the junction of
ialves of the mold. The part and the mold should be designed so that the part-
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ter Injection-Molding Simulations

Parting line

i e to both the product designer and tool designfzr. They. a.ud_ in
.g]iemnzgtl;lgg} flow in the rrE)ld and, in the process, h‘_alp avoid or minimize
oblems such as shrinkage, warpage, weld. lines,.and sink marks. Chaqges in

.old and the part may result from such a simulation. Problems can be identi-
o +he mold is actually machined. The need for prototypes is reduced.
{5t such simulations is available from a number of sources.

4
Not this

-= Parting line

This # Design for Assembly

FIGURE 6.2.26 If possible, put the mold-parting line at

g sﬁould endeavor to incorporate several functions into plastic parts so as to
the edge of the part. §

he total number of parts to be assembled. By. incorporating hinge, ?Prﬁlg’
#d other functions in the injected-mold part, its cost may be only s 1% 3;
but separate parts for these functions will not be neeficc}. Thg cosdst}cl)c
HAME manufacturing, and stocking separate parts will be eliminated, an ©
Bperation will be greatly simplified. Figure 6.2.29 1]1_ustrates one commo
is kind, the consolidation of a snap-fit element, which provides for easy
and eliminates the need for separate fasteners.

ing occurs in an area where it does not adversely affect the appearance or fungt
the part. One easy way to do this is to put the parting line at the edge of the pary:
there is already a sharp corner. (See Fig. 6.2.26.) However, removal of parting:
flashing may destroy the sharpness of the corner. The part drawing specific
should permit this. :

Parting lines should be straight; i.e., the two mold halves should meet in one
only. This obviously provides more economical mold construction, b
possible if the part design is irregular.

If it is not possible to put the parting line at the ed
line flash is facilitated by having a bead or other raised surface at the parting
shown in Fig. 6.2.27. Deliberately offset cavities are helpful in avoiding appe,

defects, which may occur if the two mold halves do not line up properly. (Se
6.2.28.) * i

it may I

ge of the part, cleaning pattin

FIGURE 6.2.29 Snap-fit cantilever beams are often used in injection-

i lded parts to facilitate assembly.
Not this This or This molded p

FIGURE 6.2.27 A bead at the parting line facilitates removal of mold flash.

'ENSIONAL FACTORS AND TOLERANCE
COMMENDATIONS

ph ﬁrprisingly tight tolerances can be held when molding t.hermoplastics parts,
ns cannot be held with the precision obtainable with close-tolerance
d ‘metal parts. There are several reasons for this:

is materials shrinkage, as discussed above, including variation and unpre-
ility in the shrinkage.

istics exhibit a high thermal coefficient of expansion. As a result, if the toler-

Not this This

FIGURE 6.2.28 Deliberately offset sidewalls help avoid
appearance defects if mold haives do rot line up properly.



6.40 NONMETALLIC PARTS INFECTION-MOLDED THERMOPLASTIC PARTS 6.41

| v ities tends to reduce the closeness of

ances are extreme, designers should specify the temperature at which the Mégy ieof a grleat‘?;'r IS;?EE] ;;cdn;zifs c:\; o g thuus. for each cavity after
i ] o - f
Despie avomatecon :ﬂ_ ?Iilg\c;;t’;?e dimensional tolerances should be increased by 3 pcrcen_t. For
a ingle-cavity mold with an allowable tolerance of * 0.1 mm (0.004.11.1) on
'..:.fsslirgnension should have = 0,15 mm (0.006 in) if the number of cavities is
5 t == 50 percent increase in tolerance}. . _ _

'Sge;c:nand 6.2.1?5 show suggested values for d1men31gnal tolerances for vari-
ot ‘naterials. These tables, developed from data supplied by the Society of the
- kﬂmCé!'ustry represent historic and customary pracuces.p.revalhng in the plastics-
o4 :i'dustr): Contract forms or other agreements of individual molders may vary.
g industry.

W

Despite automatic-control apparatus for pressure, temperature, and time i
there is some variation in these factors from cycle to cycle. These variationg

in stight dimensional variations in molded parts;

4. Mold runners, cooling channels, and gates cannot always be located in the:ap
position, leading to differences in how uniformly the material is “packeg” 3
mold and how uniformly it cools. Some distortion or built-in stresses are ungy
able. :

5. Plastic parts are usually more flexible than metals.

A corollary of the flexibility factor is a lessened need for very close tolerisq
Plastic parts, when assembled, often can be deformed slightly if this is necegs
ensure a good fit. Knowledgeable designers take advantage of this fact by desipn
lips and locating bosses on plastic parts to ensure alignment with mating-part sijzf
when necessary. {(See Fig. 6.2.30.)

Plastic Plostic
Steel Steel
VPO TIIIrs PPN ITITIIIIII
Mot this This
Piastic Plastic
Costing . Casting
L
Not this This

FIGURE 6.2.30 Lips and locating bosses aid in alignment when plas-
tic parts are assembled.

As with other processes, close dimensional tolerances can greatly increase the @
of injection-molded parts. Fine-tolerance molds are more costly than looser-toleran
molds. There are processing-cost increases as well when extra tight dimensional ca
trof is needed. For example, closer process controls are needed for pressure, temper
ture, and cycle time; cycle time may be increased, shrink fixtures may be requ
after the part has been removed from the mold; and scrap rates will be higher. _

Different plastics materials have different tolerance capabilities. Low-shrinkdge
materials can invariably be molded with closer tolerances. (Glass-or mineral-fill
materials can be molded more accurately than unfilled materials.




