4/18/2017 Design for assembly

Design for assembly

Molding one part vs. separate components

A major advantage of molding plastics parts is that you can now mold what were previously
several parts into one part. These include many of the functional components and many of the
fasteners needed to assemble the molded part to other parts. However, due to the limitations of
the mold and the process, functional requirements, and/or economic considerations, it is still
sometimes necessary to mold various components separately and then assemble them together.

Tolerances: fit between parts

Punched and machined parts can be made to tighter tolerances than molded parts because the large
shrinkage from the melt to the solid state make sizing less predictable. In many cases, the solidification is
not isotropic, so that a single value of mold shrinkage does not adequately describe the final dimensions of
the parts.

Fit between plastics parts

o If the two plastics parts are made of the same material, refer to the tolerance capability chart supplied
by the material supplier.

o If the two parts are of different material families or from different suppliers, add 0.001 mm/ mm of
length to the tolerances from the supplier's tolerance capability charts.

o [f the flow orientations are strong, the isotropic shrinkages will require adding 0.001 mm/ mm length
to the overall tolerances of the parts.

o Add steps, off-sets, or ribs at the joint line of the two parts to act as interrupted tongue-and-groove
elements to provide alignment of the two parts and ease the tolerance problem on long dimensions

(see Figure 1).
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FIGURE 1. Matching half-tongue and groove align the two parts edges, within normal tolerances.

Fit between plastics parts and metal parts
Make sure that the joint between the plastic and metal allows the plastic part to expand without regard to the
expansion of the metal part.
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FIGURE 2. Design the joint between plastic and metal to allow for greater thermal expansion and contraction of the
plastic. This includes use of shouldered fasteners and clearance between the fastener and the plastic.

Press-fit joints

Simple interference fits can be used to hold parts together. The most common press-fit joint is a metal shaft
pressed into a plastics hub. A design chart recommended by the resin suppliers or interference formula can
be used to design a press-fit joint at a desirable stress, so the parts will not crack because of excessive stress
or loosen because of stress relaxation.

Interference chart

Figure 3 plots the maximum interference limits as a percentage of the insert shaft diameter. Note that this
chart is material specific and the maximum interference limit depends on the shaft material and the diameter
ratio of the hub and insert. The recommended minimum length of interference is twice the insert diameter.
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FIGURE 3. Maximum interference limits, pressing a metal shaft into a plastics hub. These curves are specific to the
material. The max. interference limit (d - d4) as a percentage of the insert diameter, d, depends on the shaft material

and the diameter ratio of the hub and insert (D/d). The recommended minimum length of interference is twice the insert
diameter, 2d.

Interference formula
If the relevant design chart is not available, the allowable interference (difference between the diameter of
the insert shaft, d, and the inner diameter of the hub, d;, see Figure 3) can be calculated with the following

formula.
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L= (G5 (]

where:

| = diametrel interference (d - d;), mm

Sq= design stress, MPA

D = outside diameter of hub, mm

d= diameter of insert shaft, mm
Ep= tensile modulus of elasticity of hub, MPa
Es= modulus of elasticity of shaft, MPa
vh= Poisson's ratio of hub material
vs= Poisson's ratio of shaft material

W= geometry factor

Tolerance

Check that tolerance build-up does not cause over-stress during and after assembly and that the fit is still
adequate after assembly.

Mating metal and plastic parts
Do not design taper fits between metal and plastics parts, because stress cracking will occur from over-
tightening.

Snap-fit joints

Snap-fit joints rely on the ability of a plastics part to be deformed, within the proportional limit, and
returned to its original shape when assembly is complete. As the engagement of the parts continues, an
undercut relieves the interference. At full engagement, there is no stress on either half of the joint. The
maximum interference during assembly should not exceed the proportional limit. After assembly, the load
on the components should only be sufficient to maintain the engagement of the parts.

Snap-fit joint designs include:

e Annular snap-fit joints
e Cantilever snap joints

e Torsion snap-fit joints

Annular snap-fit joints

This is a convenient form of joint for axis-symmetrical parts. You can design the joint to be either
detachable, difficult to disassemble, or inseparable, depending on the dimension of the insert and the return
angle.
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FIGURE 4. Typical annular snap-fit joint. The assembly force, w, strongly depends on the lead angle, @, and the
undercut, y, half of which is on each side of the shaft. The diameter and thickness of the hub are d and t, respectively.

Hoop stress

Figure 5 demonstrates that the outer member (assumed to be plastic) must expand to allow the rigid (usually
metal) shaft to be inserted. The design should not cause the hoop stress, @, to exceed the proportional limit
of the material.

g | Hoop stress

FIGURE 5. Stress distribution during the joining process.

Permissible deformation (undercut)
The permissible deformation (or permissible undercut, y, shown in Figure 4) should not be exceeded during
the ejection of the part from the mold or during the joining operation.

P Maximum permissible strain

The maximum permissible deformation is limited by the maximum permissible strain, €, and the hub
diameter, d. The formula below is based on the assumption that one of the mating parts is rigid. If both
components are equally flexible, the strain is half, i.e., the undercut can be twice as large.

y=Cpmxd
b Interference ring
If the interference rings are formed on the mold core, the undercuts must have smooth radii and shallow
lead angles to allow ejection without destroying the interference rings. The stress on the interference rings
(see the equation above) during ejection must be within the proportional limit of the material at the ejection
temperature. The strength at the elevated temperature expected at ejection should be used.

Cantilever snap joints

This is the most widely used type of snap-fit joint. Typically, a hook is deflected as it is inserted into a hole
or past a latch plate. As the hook passes the edge of the hole, the cantilever beam returns to its original
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shape. The beam should be tapered from the tip to the base, to more evenly distribute the stress along the
length of the beam.

FIGURE 6. Typical cantilever snap-fit joint. The interference between the hole and the hook, y, represents the deflection
of the beam as the hook is inserted into the hole.

Proportional limit
Assembly stress should not exceed the proportional limit of the material.

Designing the hook

Either the width or thickness can be tapered (see Figure 6). Try reducing the thickness linearly from the base
to the tip; the thickness at the hook end can be half the thickness at its base. Core pins through the base can
be used to form the inside face of the hook. This will leave a hole in the base, but tooling will be simpler
and engagement of the hook will be more positive

Designing the base
Include a generous radius on all sides of the base to prevent stress concentration.

Molded Slots:
no special mold actions required

"‘-u\__\__\_\_\_*

.r

Falid
M ovemerit

+

Molded Hole:
requires side action

Internal Cantilever Snap: .
blind-requires use of lifter Internal Cantilever Snap:

no special mald action
required when slat is added

FIGURE 7. Design the snap-fit features for ejection.

Torsion snap-fit joints

In these joints, the deflection is not the result of a flexural load as with cantilever snaps, but is due to a
torsional deformation of the fulcrum. The torsion bar (see Figure 8) is subject to shear loads. This type of
fastener is good for frequent assembly and disassembly.

Design formula
The following relationship exists between the total angle of twist ® and the deflections Yy; or Y5:
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