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Figure 6.5 Cantilever -Hole Fastener, Cantilever Hook, Compressive Hook, L -Shaped
Hook, and U-Shaped Hook



87

Another group of integral attachments is cylindrical snap fits. Interference fits are

usually used for the joining of metals, where two parts can be assembled by press-fitting

them together. However, this is more critical for thermoplastics. They can be and are

used in many applications. However, the designer must consider creep or stress relaxation

and consider a large reduction of the initial clamping force. Therefore, for plastic

materials, cylindrical snap fits are preferred, see Figure 6.6.

Figure 6.6 Cylindrical Snap Fit

A cylindrical snap or snap fit belongs to the group of locks in the integral

attachments. They are also called annular snap fits based on their shape and they belong

to the group of transition fits. However, they do not have smooth cylindrical surfaces, but

recesses or grooves. They are useful when two parts with circular geometry have to be

connected. Common applications are medicine bottles, but also for example for gelatin

capsules the snap fit principle is used [Pelco International, 1997]

Cylindrical snap fits provide both the location and locking function. The outer

round surface of the snap and the inner surface of the boss give the location, and the
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locking is supplied by the molded-in catch surfaces [Luscher, 1995]. Cylindrical snap fits

can have an elastic shaft and a rigid tube or boss or the shaft can be rigid and the tube is

elastic, or both are elastic. This is important in order to provide a deflection mechanism.

A retention mechanism is then given by the undercut. The undercut is necessary for the

engagement of the snap and ensures the locking of the parts. In addition, depending on

the return or retention angle the parts can be disengaged under retention force. In a

cylindrical snap fit, the degree of motion is decreased by removing two rotations and two

translations.

6.2.2 Material Concerns for Integral Attachments

Mostly, integral attachments are made from thermoplastic materials because of their

flexibility, resilience, dynamic strain, and low coefficient of friction, but with sufficient

strength and rigidity. However, because integral attachments are usually manufactured

through injection molding a certain production size is necessary to outweigh the costs for

the tooling. Snap fits are very economical and efficient in mass production, but for a

small number of units, the tooling costs can be very high. One of the advantages of

injection molding is that features such as ribs, posts, and springs, which add functionality,

can be readily molded into the part at little or no increase of the costs. By considering the

parting line of the mold, integral attachment features can be inexpensively added to the

mold. In all snap fit designs, some portion of the molded part must flex like a spring,

usually past a designed-in interference, and quickly return, or nearly return, to its

unflexed position to create an assembly between two or more parts. For a successful snap

fit design, it is important to have sufficient holding power without exceeding the elastic
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or fatigue limits of the material. By nature, integral attachments have an insertion

direction that causes the elastic deformation of the snap feature, followed by the elastic

recovery and entrapment of the two parts. This leads to assembly in which the parts are

brought together and secured in a simple linear motion versus the more complex helical

insertion motion for threaded fasteners [Gabriele, et. al., 1995; Hoechst Celanese, 1991].

Using the beam equation, the maximum stress during assembly can be calculated.

If it stays below the yield point of the material, the flexing finger returns to its original

position. However, certain designs have not enough holding power due to low forces or

small deflections. With many plastic materials, the calculated bending stress can far

exceed the yield point stress if the assembly occurs rapidly. In other words, the flexing

finger just momentarily passes through its maximum deflection or strain, and the material

does not respond as if the yield stress has been greatly exceeded. Thus, a common way to

evaluate snap fits is by calculating strain rather than stress. As mentioned before, it could

be economical to have parts made from the same material. For recycling they do not have

to be disassembled, which saves time and costs. With integral attachments, this becomes

much easier.

Adequate mechanical properties are a prerequisite in most applications of plastics.

When most plastics are subjected to a load, the relationship is non-linear. For design

purposes, plastics are often treated as linearly elastic, homogeneous, isotropic materials.

For example, for integral attachments, it is important to know the maximum permissible

strain, because during insertion (and retention) the values often get close to the limits. In

order to avoid breakage problems during assembly, especially when the assembly will be

automated, strain limits have to be considered in the design phase. How brittle or how
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flexible a part is, depends on material properties like the modulus of elasticity. That value

itself can change for a material for different temperatures. The higher the modulus of

elasticity the more a part can be stressed without damage. Another important material

parameter is the coefficient of friction. This material dependent parameter has great

influence on how high the unfastening force for a snap fit can be.

6.2.3 End-of-Life Condition Regarding Integral Attachments

Environmental influence is the change through environmental exposure. For plastic

materials, UV degradation and thermal deformation can cause trouble in the unfastening

process. If a product is exposed for a longer period of time to sunlight, some material

properties might change. It is important to know the UV resistance of the used plastic

material and if necessary to apply appropriate shielding. Because the fastening elements

are integrated, there is no danger of loosing parts. Snap fits have less problems with creep

and stress relaxation than plastic press fits, a decrease in the holding force due to

relaxation of stress does not occur. But sometimes there can be rattling and squeaking

caused by vibration, which might influence the unfastening process.

6.2.4 Tools for Unfastening of Integral Attachments

Cantilever snap fits often eliminate tools required for assembly and disassembly, e.g., a

battery compartment of a remote control or calculator. However, especially when

multiple joining is given, the disassembly might be very difficult then and tools like

screwdrivers are necessary to separate the components.
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6.2.5 Accessibility for Integral Attachments

For single snap fits, the disassembly is often quite easy and it is no problem to access the

snap fit. However, in some cases the joining places cannot even be seen from the outside

(no visibility of attachment location) — one benefit of integral attachments is an attractive

look for the consumer, but this can be a disadvantage for the disassembler. Here, the

unfastening can be very difficult, because the disassembler does not know where to

access and where to apply forces. Visuals are one way to overcome this problem.

6.3 Unfastening of Cantilever Snap Fits

6.3.1 Basis for Cantilever Snap Fits

The design of a cantilever snap fit is an iterative process. Sometimes it is necessary to

change the geometric parameters several times before a snap fit with a strain below the

permissible strain of the material can be obtained. The parameters of a cantilever snap fit

are shown in Figure 6.7.

Figure 6.7 Cantilever Snap Fit
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Cantilever hooks can have a uniform or a tapered cross-section. The deflection

mechanism can be varied by using either a straight or a tapered beam. Beams can be

tapered by different amounts in either depth or width or both dimensions at once. In most

cases, a uniform cross-section would be sufficient. A tapered section beam is desirable if

additional deflection is desired. It provides a uniform stress distribution and aids in part

release during molding.

To unfasten a cantilever snap fit usually means to apply a force in a specific

direction, and through the force, the parts will be disengaged. If the snap fit has to be

removed without any permanent deflection (plastic deformation), the retention or pull-off

force must be below a maximum value, the elastic strain limit, but high enough to retain

engagement under normal service load. The push-on or assembly force is defined as

Similar to the push-on or assembly force, the pullout or pull-off force is defined by

P is the mating or perpendicular force. a is the insertion angle, a' is the return or

retention angle and µ is the coefficient of friction (values for 1.t see Appendix A). In some

cases, there might also be another way to unfasten a cantilever snap fit, through applying

a force in direction of P (perpendicular force).

B is the beam width, L is the beam length, and t is the beam thickness. E is the flexural

modulus and s is the strain. Q is the deflection magnification factor (more information to



93

Q see Appendix B). Assuming, there is access to apply a force in direction P, the question

is what takes less effort to unfasten the cantilever snap fit, P or W'. In order to find an

answer to this question, different factors are looked at in more detail. First, the critical

angle is defined as

W' cannot be applied without damaging the parts if the retention angle is greater than the

critical angle, e.g. for a coefficient of friction of 0.5 this would be 63.43°. The next

question is at what retention angle the unfastening is easier with P instead of W'. It is

assumed that unfastening from direction P is possible, which might not be the case every

time. P and W' would need an equal unfastening effort, if:

From this equation the following result can be obtained:

Figure 6.8 Retention Angle a' versus Coefficient of Friction p.
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For example, for 11 = 0.5 it would mean that the retention angle α'p-w' is 18.43°. If a'>

18.43°, then P needs less unfastening force than W'. The relationship between the

retention angle and the coefficient of friction is shown in Figure 6.8.

6.3.2 Design Procedure of U-Force Model

The unfastening process for cantilever snap fits is shown as a flowchart (U-Force Model)

in Figure 6.9. It can be applied, when a designer wants to ensure that a cantilever snap fit

design provides unfastening suitability, that means in the process of a new design and in

the evaluation of exiting ones. The design procedure is then as follows:

Step 1: Determine the material of the parts and input values for modulus of elasticity E,

maximum strain so , and coefficient of friction 1.1.

Step 2: Check assumptions. For the calculations, it is assumed that are no effects of

environmental exposure, that accessibility is given and that for the unfastening process no

tools are needed. If that is not the case, then destructive disassembly might be necessary,

and the equations cannot be applied.

Step 3: Input geometric parameters. Often not all values are known, therefore,

appropriate assumptions have to be made. The design process is usually an iterative one

that means it can be necessary to apply the model more than once. The required

geometric parameters are the beam length L, the beam width B, the beam thickness t, the

insertion angle a, and the retention angle a'.

Step 4: Decide beam configuration. Based on Figure B.1 in Appendix B, with the ratio of

beam length to beam thickness and the position of the cantilever to the part (beam

configuration) the deflection magnification factor Q can be determined.
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Figure 6.9 U-Force Model for Cantilever Snap Fit
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Step 5: With Equation 6.4, determine the critical angle. If the retention angle is smaller

than the critical angle, then proceed to Step 8. If the retention is larger, it should be

continued with Step 6.

Step 6: Check if access is given to apply a perpendicular force P. If yes, than go to Step 7.

If not, then two things can happen. If the retention angle was smaller than the critical

angle, the cantilever snap fit still can be unfastened with the pull-off force W' (go to Step

9), but the required force to unfasten could be very high. That also means the holding

force is quite high. In the other case, if the retention angle is bigger than the critical angle,

unfastening of the cantilever snap fit will not be possible, that means the connection will

be permanent, or destructive disassembly has to be used.

Step 7: With Equation 6.3, calculate the perpendicular force P as the unfastening or

removal force.

Step 8: With Equation 6.6, the angle α'p-w' is to determine and the value has to be

compared with the retention angle a'. If the retention angle is smaller, proceed to Step 9.

If the retention angle is larger, then proceed with Step 6.

Step 9: Determine the pull-off force W' according to Equation 6.2 as unfastening or

removal force.

6.3.3 Example for Application of U-Force Model for Cantilever Snap Fit

Suppose a cantilever snap fit of ABS material is chosen with the dimensions as shown in

Figure 6.10. The cantilever is on the edge of the molded part continuing in the same

plane. It is assumed that the product is used in a clean environment, that the snap fit is
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accessible and that it can be unfastened without the use of tools. The design is to be

evaluated and it is to determine if the design is unfastening suitable.

Figure 6.10 Application Example for Cantilever Snap Fit

1. The material is ABS, that means E =2100N/mm ² , go = 0.06, and 11 = 0.5

2. Assumptions are true.

3. The geometric parameters are L = 15mm, B = 3mm, t = 2mm, a = 30°, and a' = 45°.

4. From curve 4 with L/t = 7.5 it follows that Q = 1.6 (Appendix B).

5. The critical angle is α'crit = 63.43° (Eq. 6.6). The retention angle is 45°, and therefore

smaller.

8. The unfastening or removal force is then W' = 31.5N (Eq. 6.2).

Result: Under the given circumstances, the design is suitable for unfastening.

Depending on the requirements for the cantilever, different paths can be followed. In

order to find suitable design parameters, in section 6.5 the relevant parameters are

analyzed. But first, the U-Force model for the cylindrical snap fit will be looked at.
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6.4 Unfastening of Cylindrical Snap Fits

6.4.1 Basis for Cylindrical Snap Fits

The general geometric parameters of a cylindrical snap fit are shown in Figure 6.11.

Similar to the cantilever snap fit, to unfasten a cylindrical snap fit usually means to apply

a force in a specific direction and through this force the parts are disengaged. If the snap

fit has to be removed without any permanent deflection, the retention or pull-off force

must be below a maximum value, the elastic strain limit, but high enough to retain

engagement under an average service load.

Figure 6.11 Geometric Parameters of a Cylindrical Snap Fit

The calculation of the mating force P is a little bit more difficult for cylindrical snap fits

than for cantilever snap fits. This is because the snap-fitting bead on the shaft expends a

relatively large portion of the tube. Accordingly, the stress is also distributed over a large

area of the material surrounding the bead [Rensselaer Polytechnic Institute, 1995].

According to RPI, two cases can be distinguished, the force is applied at the end

of the beam or the force is applied a long distance from the end of the beam. Considering
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the first case, where the force is applied at the end of the beam, and, if the shaft is rigid

and the outer tube (hub) elastic, a geometric factor XN has to be calculated,

where d is the diameter at the joint, d o is the external diameter of the tube, and v is

Poisson's ratio. However, if the tube is rigid and the hollow shaft is elastic, then the

geometric factor Xw is

where di is the internal diameter of the hollow shaft. Now, the transverse force P can be

calculated, for the case of a rigid shaft and elastic tube,

or for a rigid tube and elastic shaft

respectively. y is the undercut. E s is the secant modulus. Usually it is quite difficult to get

material data for the secant modulus. Therefore, as an approximation for the case of room

temperature the Young's modulus can be used instead. The mating force, W, is then,
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where IA is the coefficient of friction and a is the lead angle. The pull-off force, W', is

very similar determined,

Here, a' is the return or retention angle.

In the second case, the force P is applied at a long distance from the end of the

beam. The cylindrical snap fit is considered remote or at a long distance, if the distance,

δmin, from the end of the tube is at least

where d is the joint diameter and t the wall thickness. If that is the case, the forces are

theoretically four times greater as if the joint is located at the end of the beam or tube

[Rensselaer Polytechnic Institute, 1995]. However, based on tests, the actual mating

forces rarely exceed factor 3.

This means that if a joint lies between zero and the minimum values for 8, the factor is

somewhere between one and three.

Unfastening of cylindrical snap fits can be difficult, especially if the joint is

damaged or if it has changed due to environmental influence, e.g. UV degradation of

plastic or long usage at high temperature. Through deformation, it might be jammed, and

therefore, quite difficult to pull apart the two mating parts. Generally, the goal is to
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design a cylindrical snap fit so that the releasing force is greater than the insertion force,

in order to ensure that it will snap in easily and provide a secure fit.

The retention force has to be greater than the insertion force, but still in such a way, that

easy disassembly is possible.

This has to be accomplished while maintaining all constraints and preventing failure due

to permanent plastic deformation. Material properties as permissible stresses and strains

are not to be exceeded.

If a' is close or equal to 90°, the connection becomes inseparable or permanent. In order

to get a removable design; the retention angle has to be smaller than the critical angle.

A graph of the relationship between insertion and retention angle is given in Figure 6.12.

Different materials are considered through the coefficient of friction which is used to

calculate the critical angle αcrit. Consequently, if insertion and retention angles are

selected according to Figure 6.12, the cylindrical snap fit design should result in a

feasible solution.
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Figure 6.12 Array of Suitable Values for Insertion and Retention Angle

6.4.2 Design Procedure of U-Force Model

The unfastening process for cylindrical snap fits is shown as a flowchart (U-Force

Model) in Figure 6.13. Again, it can be applied, when a designer wants to ensure that a

cantilever snap fit design provides unfastening suitability. The design procedure is then

as follows:


