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GENERAL DISCUSSION

An economica and quick method of joining plagtic parts is by a snap-fit joint. A sngp-fit joint can be desgned
0 itiseadly separated or S0 that it isinseparable, without breaking one of its components. The strength of the
snap-fit joint depends on the materid used, its geometry and the forces acting on the joint.

Mogt dl snap-fit joint designs share the common design features of a protruding ledge and a snap foot.
Whether the snap joint isacantilever or acylindricd fit, they both function smilarly.

When sngp-fit joints are being designed, it is important to know the mechanica stresses to be gpplied to the
nap beams after assembly, the required mechanical stresses or sirains on the snap beams during assembly,
the number of times the snap joint will be engaged and disengaged, and the mechanicd limits of the materia(s)
to be used in the design.

Reasons to Use Snap-Fits:
. Reduces assembly cogts.
Aretypicaly designed for ease of assembly and are often easly automated.
Replaces screws, nuts, and washers.
Are molded as an integral component of the plastic part.
No welding or adhesives are required.
They can be engaged and disengaged.

Things To Be Aware of When Using Snap-Fits
Some designs requiire higher tooling cost.
They are susceptible to breakage due to mishandling and abuse prior to assembly.
Snap-fits that are assembled under stresswill creep.
It isdifficult to design snap-fits with hermetic sedls. If the beam and/or ledge relaxes, it could decrease
the effectiveness of the sedl.

TYPES OF SNAP-FIT JOINTS

There are a wide range of snap-fit joint designs. In their basic form, the most often used are the cantilever
beam (snap leg), Figure 1, and the cylindrical snap-fit joint, Figure 2. For this reason, these two designs and
designs derived from these basics are covered in this text.
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Cantilever Snap Beams

Using the standard beam equations, we can calculate the
stress and strain during assembly of the snap beam. If
we stay below the dadtic limit of the material, we know
the flexing beam will return to its origind postion.
However, for such designs, there is usually not enough
holding power with the low forces or small deflections
involved.

Therefore, much higher deformations are generally used.
With most plastic materias, the bending stress cal culated
by usng smple linear bending methods (Equations 1-3)
can far exceed the recognized yield strength of the
materid. Thisis particularly true when large deflections
are used and when the assembly occurs rapidly.

Therefore, it often appears as if the beam momentarily
passes through the maximum deflection or strain, gresatly
exceeding its yield strength while showing no ill effects
from the event.

What actually happens is described later.

For the present, smply note that the snap beams are
usually designed to a stain rather than a stress.

The drain should not exceed the alowable dynamic
gtrain for the particular materia being used. By
combining Equations 1-3, the design equation (Equation
4) can be produced. Note that the strain is written in
terms of the height, length, and deflection of the beam.
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Equation 3
Where;

s = Maximum stress on beam
F = Force on the beam
L = Length of the beam

I
Z = —, Section Modulus

c=

c
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= Half the beam height

| = ——, Moment of inertia
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h = Beam height
b = Beam width

e= Maximum strain on beam
Y = Beam deflection
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Strain Guidelines
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Generdly spesking, an unfilled materid can withgdand a grain level of around 6% and a filled materiad of
around 1.5%. As areference, a 6% strain level could be a beam with a thickness that is equd to 20% of its
length (a5: 1 L/hy) and a deflection that is also equal to 20% of its length (see Figure 5). A 1.5% dtrain level
could be a beam with a thickness that is equal to 10% of itslength (10: 1 L/hy) and a deflection that is equd to
10% of its length (see Figure 4). If using a beam that is tapered S0 the thickness at the base of the snap foot is
50% that of the base of the beam, the length of the beam will approximately 78% (0.7819346 caculated ) the
length of the 6% and 1.5% beams with uniform thickness.

A more accurate guideline for the alowable dynamic drain curve of the materid may be obtained from the
materid's dress grain curve. The dlowable dynamic grain, for most thermoplastics materias with a definite
yield point, may be as high as 70% of the yidld point strain (see Figure 7). For other materids, that bresk a
low dongations without yielding, a strain limit as high as 50% of the strain at break may be used (see Figure
6). If the sngp joint is required to be engaged and disengaged more than once, the beam should be designed
to 60% of the above recommended strain levels. However, the best source for alowable dynamic srainisthe
materia supplier.
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Modulus of Elasticity vs. Secant Modulus

Tensile Stress vs. Strain
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Before going further, we need to examine the actua stresses and forces developed in a sngp finger. Figure 8
shows a dress drain curve for a brittle thermoplagtic materia. The straight line portion of the curve is the
region where stress is proportiond to strain. Line A is drawn tangent to this region

The dope of Line A is generdly reported as the modulus of dadticity (Young's modulus or initid modulus) of
the materid. Many plagtics do not possess this straight-line region.  For these materids, Line A is constructed
tangent a the origin to obtain the modulus of dadticity. If we designed a sngp beam a 1.5% drain for this
materid in Figure 8 usng Equations 1-4 and amodulus of eadticity of 1.6 x 106 ps (given by the maerid) as
determined from Line A, the resulting stress would be 24,000 ps, Point A on Line A. However, from the
stress strain curve it can be seen that the true stress at 1.5% strain is about 18,000 psi, Point B on the curve.
In addition, the deflection force predicted by Equations 1-4 will be high by the same proportions.

Now, to make our math easier, we need some method to force Equations 1-4 to give us the proper stress and
force results.  If we condruct a secant line from the origin to Point B, Line B, the dope of Line B is the
materid modulus just as the dope of Line A is the modulus of dadticity. The dope of Line B is the secant
modulus for the materid at Point B and is gpproximately 18,000 ps divided by 1.5% strain or 1.2 x 106 ps.
Obvioudy, the secant modulus can be caculated for any point on the stress-strain curve. Plots of the secant
modulus vs. drain (or stress) can then be produced, if desired. Obvioudy, at the lower strains, the Scant
Modulus should gpproach the modulus of dadticity of the materid.



Radii and Stress

In designing the snap beam, it is very important to
avoid any sharp corners or structurd discontinuities,
as gress will concentrate in such aress. To avoid
such problems, insgde corners should be designed
with a minimum radius of 0.020 in. and where
necessary to maintain a uniform wall, a radius equd
to the ingde radius plus the wall thickness should be
placed on the outside of the corner. As indicated in
Figure 9, an indde radius of 50% of the wal
thickness is consdered a good design standard.

Therefore, it is recommended that when possible a
fillet radius equa to ¥ the beam thickness be added
to the base of a cantilever beam.
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Figure9

Tapered Beams
(same length/stiffer snap)

An improved method of desgning cantilever beam
snap-fits is to use a tepered beam. The beam is
tapered from the root to the base of the snap foot.
Stresses in a straight beam concentrate at its base, as
shown in Figure 10. Where as stresses in the tapered
beam are digtributed more uniformly through its length,
therefore reducing stress, as shown in Figure 11.

The taper effectively decreases the beam'’s strain and
dlows for a deflection grester than that of a sraight
beam with the same base thickness. Another usefor a
tapered sngp beam is that when the Sraight beam is
not giff enough, the base of the beam can sometimes
be increased to create a stiffer tapered beam.

Figure 10
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Formulas for Cantilever Beams

Straight Beams

Where <3 b L=
Y = Beam deflection

h,= Beam thickness at base
L = Beamlength

b = Beamwidth

F=
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Figure 12
Equations 5-8 can be used to cdculate the following properties:
Strain level in agtraight beam 3Yh,
e = —é—L—z—- Equation 5
Deflection of a straight beam _2L%
Y = ET Equation 6
Length of astraight snap beam EY
L= \ oe Equation 7
Thickness of a graight snap beam 2%
h, = YA Equation 8




Tapered Beams

To cdculate the geometry of a tapered beam, the ratio of the thickness of the beam at the snap foot vs. the
base (h._ /hg) must be known. On Table 1, find the hi_ /hg (Column 1) value and the corresponding K factor
(Caumn 2). K is a geometry factor and is required in al of the formulas related to the tapered beam.
Example A hi_ /hg of 0.50, equates to a thickness at the snap foot of 50% he base. The K factor for an hi_
/hg of 0.50 s 1.636.

Table (K Values)

hi /ng K hi /ng K hi /ng K hi /ng K
0.33 2.137 0.50 1.636 0.67 1.338 0. 84 1.138
0. 34 2.098 0.51 1.614 0.68 1.324 0.85 1.128
0.35 2. 060 0.52 1.593 0. 69 1. 310 0. 86 1.118
0.36 2.024 0.53 1.573 0.70 1.297 0.87 1. 109
0.37 1. 989 0. 54 1.553 0.71 1.284 0.88 1. 100
0.38 1. 956 0.55 1.534 0.72 1.272 0. 89 1.091
0.39 1.924 0.56 1.515 0.73 1. 259 0.90 1.082
0. 40 1. 893 0.57 1. 497 0.74 1.247 0.91 1.073
0.41 1. 863 0.58 1. 479 0.75 1.235 0.92 1.064
0. 42 1.834 0.59 1. 462 0.76 1.223 0.93 1. 056
0.43 1. 806 0. 60 1. 445 0.77 1.212 0. 94 1.047
0. 44 1. 780 0.61 1. 429 0.78 1. 201 0.95 1. 039
0. 45 1. 754 0. 62 1.413 0.79 1. 190 0.96 1.031
0. 46 1.729 0. 63 1. 399 0. 80 1.179 0.97 1.023
0. 47 1. 704 0. 64 1.382 0.81 1.168 0.98 1.015
0. 48 1. 681 0. 65 1.367 0. 82 1.158 0.99 1. 008
0. 49 1. 658 0. 66 1.352 0.83 1.148 1.00 1. 000

Equations 9-12 can be used to caculate the following properties:

Strain level in agtraight beam o = 3Yh, _
—2 LZK Equation 9
Deflection of agtraight beam bh? , Ee
Fd = Equation 10
6 L
Length of agtraight snap beam 3Yh
= 0 Equation 11
2Ke
Thickness of astraight snap beam 2L%*Ke
h, = 3y Equation 12



Snap Beam Assembly

Where:

Y = Beam Deflection b = Width of beam
h, = Beam thickness at its base Es = Secant Modulus
m= Coefficient of friction a = Assembly angles
e= beamfiber strain F4 = Deflection force

F, = Assembly force

Figure 13

To caculate the deflection force of astraight or _bh?, Ee |
tapered cantilever beam, use Equation 13. F = ? T Equation 13

The assembly angle dong with deflection force and coefficient of friction between the mating parts determines
the assembly force. The greater the angle and/or coefficient of friction, the higher the assembly force. It may
not be possble to assemble parts with assembly angles 45° and a high coefficient of friction. It is
recommended that assembly angles between 15° and 30° be used.

To cdculate the assembly force of a draight or F=F nm+tana _
tapered cantilever beam, use Equation 14. =T miana Equation 14

Theretaining force is determined by the angle of the mating surfaces of the sngp foot and ledge. To a point,

the greater the angle, the greater the holding strength of the snap. This is true only up to the shear strength of

the snap and the effects of bending moments applied to the beam. It isa common bdief that a retaining angle

of 90° will prevent the snap joint beam from falling. However, the forces on the snap foot can creste a
bending moment that is high enough to rotate the sngp foot back and disengage the snap joint without a shear

falure (beam retention is discussed later). For detachable joints, it is recommended that a retaining angle

between 30° and 45° be used.

To cdculate the retaining force, use Equations 13 and 14 and subgtitute the retaining angle for the assembly
agle

When designing snap-fits that require the ability to be engaged and disengaged repeatedly, a safety
factor is needed to predict the beam performance. Therefore, when designing such snap-fits, replace e
in Equations 5 through 13 with 0.6e.



Designing Cantilever Snap-Fit Joints From Beams of Circular Sections

The following examples can be used in cases where snap-fits are used on a circular part, such as aboss.

Half circle cross section L?
m or ﬂ Ymax = 0-578eT Equation 15
Figure 14 A
Onethird circle cross section: B L?
o ﬁ Yoa = 05808 T Equation 16
Figure 15
One quarter circle cross section: YN L2
\/ or ® Ve :0.55567 Equation 17
Figure 16




Snap-fit Retention
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Figure17

It is often thought thet if the retaining angles (the interfacing surface between the snap foot and ledge) are 90°
from their base and pardld, the snap foot or ledge must shear to faill. However, the forces that are gpplied to
the snap foot after it is engaged will create a bending moment (Figure 17) on the beam. In some cases, this
bending moment will roll the foot back off of the ledge.

To reduce the risk of this occurring, the following are two recommendations.

The Shap-Fit Loop

L

Figure 18

The sngp loop in Figure 18 is one dternative. Since the force is directly in-line with the snap loop, the failure
modes, after assembly, are shearing of the support ledge or a tendle falure of the sngp loop. The roll off
failure, as with the standard cantilever beam, is iminated.

The length, deflection, thickness, and beam taper, (if required) are dl caculated in the same manner as the

cantilever beam snap-fit. To reduce sress concentrations, the inside corners should have fillet radii. To
accommodate the radii on the snap loop, the ledge may have mating radii or clearance for the radii.

10



Shap Through Support

Square Snap Foot

End View

Conformed Snap Foot

EndView

Figure 19

The snap through support is a beam fixed on both ends (Figure 19) creating a hole for a snap foot to pass
through. The ingde corners of this hole should have full radii in its corners to reduce dress, just as with a
cantilever beam. When using a snap through support, the cantilever beam does not have to deflect; the
support does dl the bending. In areas that are too short for the design of a cantilever beam, this gpproach is
ideal. The deflection of the support beam is dependent on the width of the cantilever beam. The closer the
snap foot and snap through hole are in width, the less deflection is dlowable. That is, if the cantilever beam
and the support beam are equa in width, the support beam has very little deflection before its rain limit is
reached.

Alternatdy, the sngp foot of the cantilever beam can be designed to conform to the flexure of the support
beam; i. e, use a radius profile instead of a square one (Figure 19). If a profiled snap foot is used, the
supported beam will deflect the same asiif the forces are a point contact in the center.

The only caution in using this method of beam retention is thet it usualy has aweld line in the support beam.
By increasing the wal section in the support beam, the strength of the weld line can be improved, but the
alowable deflection would decresse.  After assembly, the possiblefailure modes for a fixed support beam
system are the weld line, shear a one end, or a fallure of the cantilever beam due to tensile stress which
disengages the snap-fit.

11



Calculating the defl ection of the support beam:

To cdculae the deflection of the fixed support beam with a square snap foot, use Equation 18.

Where: by, gi L D0

b = Cantilver beamwidth _1.p Lo Loo. Equation 18
L = Length of fixed beam ™12 T 14800

Toeam = Thicknes of fixed beam &o

e= Strainin Fixed Beam
Ymax = Maximum deflection of fixed beam

=,

|
i

L — ==

Figure 20

To calculate the deflection of the fixed support beam with a snap foot that conforms to the deflection of the
support beam, use Equation 19.

_1., .
= Equation 19
CRRTIE ;

12



CYLINDRICAL SNAP JOINTS

EBzxieoranl Lip

Internal Lip

Figure 21

A cylindrica snap joint condsts of a cylindrica part with an externd lip (sngp foot) which engages a cylindrica
part with a corresponding internd lip (ledge) as shown in Figure 21. Generdly, the shaft is conddered rigid
and the hub dadtic. Variable Y in cylindrica snap joints is the totd dlowable diametra interference. Strain
gppliesto cylindricad snap jointsin the same manner as for cantilever beams.

Dynamic Strain in a Cylindrical Snap Design

Where
Drub = Inside diameter of the hub
- Dhub - Dshaft _ Y Y = Total diametral interference
€= - e = Material strain
Dshaft Dshaft Dgnatt = QOutside diameter of the shaft

The difference in the largest diameter of the shaft and the smallest diameter of the hub is the deflection .

Unlike the cantilever beam, the assembly force of the cylindrical snap fit can be only roughly estimated. Thisis
because the length A of the hub, Figure 24, deformed during assembly, is difficult to predict. Length A depends
on both the wall thickness of the hub and the depth of the undercut (12Y). Asit is difficult to predict a reference,
adimension of twice the width b of the hub should be used.

13



Cylindrical Snap-Fit Assembly

Extormal Lip
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Figure 22
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Internal Lip

To roughly estimate the assembly forces for a cylindrical
snap, we must first calculate the geometry factor K, usng
Equation 30. It will be assumed that the shaft is rigid and
that the total part interference is accommodated by the hub.
Equation 30 shows the geometry factor K as a function of
the diameter ratio of Doy /Denatt

Thejoint pressure (p) can be caculated using Equation 31.

Then using factor p, the assembly and pull-out forces can
be caculated, usng Equation 32.

Wher e

Dhub = I nside diameter of the hub

Y = Total diametral interference

e = Material strain

Dspatt = Qutside diameter of theshaft

o = Coefficient of friction

o = Assenbly an d retaining angle

14

%D O

ED T +1
K = shaftai +1

&p,, 0

gDshaftfZj

05Y. .1
P=p— B X

hub
.. , m+tana 0

F= D~ 2be— < %

L] bgl m’ tana @

Equati on 30

Equati on 32



APPENDI X

Example of a Cantilever Snap-Fit Calculation

Sraight Beam

The materid specified has an dlowable fiber srain of 1.5% (0.015), and at a 1.5% strain the secant modulus
is 1,200,000 ps. The length of the beam has to be 0.50 inches, the width of the beam is 0.200 inches, the
required deflection is 0.030 inches, and the assembly angles are both 30. (Figure 23)

0.03— *~»
Example—Stiraight Beam

Figure 23

Using Equation 8, the beam’ s thickness can be calculated:

2L% 2(0.50)(0.015) The thickness of the straight beam
hO = 3Y 085= 3(0.030) i50.085 inches.

Using Equation 13, the deflection force of the beam can be calculated:

bh’  E.e The calculated force deflection for
F,=— : 8.7 = (0.20)(0.085") . (1200000)(.015) the straight cantilever snap beam is
6 L 6 050 8.7 Ibs

Using Equation 14, the assembly forces can be calculated:

nm+tana 7376 =89 _ (17 *+t@n30) The calculated assembly force for
F=F—— 2T ™Y 1017 - tan30) i i i
Pl 1- (017 tan30) the straight cantilever beam is 7.4
1- mana lbe.

15



Tapered Beam

To increase the strength of this beam and maintain the same deflection and drain levd, the beam can be
tapered (Figure 24).

0.25
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0.03C

Example—Tapered Beam

Figure24

There are now two unknowns:

1. thethickness at the base
2. thethickness at the snap foot.

These two unknowns are related by the K factorsin Table 1. A decision on the base thickness and thickness
ratio (h /hp) is needed. A good starting point is with a base twice as thick as the straight beam with a
thicknessratio of 50%. For an hy /h ratio of 0.5, the K factor is 1.636.

Using Equation 12, the base thickness can be calculated:

_ 2L%Ke 9o = (0.2)(136%) . (1200000)(0.015) The calculated deflection force for
= 6

h, 3Y 05 the tapered beam is 22.20 Ibs

Using Equation 13, the deflection force of the beam can be calculated:

_bh?, Ee 184 =99~ _ 017+tan30 The cdculated deflection force for
Fa = 6 L 1- (017)(tan30) the tapered beam is 22.20 Ibs,

Using Equation 14, the assembly forces can be calcul ated:

F=F m+tana 184 = 99 _ 017+1tan30 The cdlculated assembly force for the
=" miana 1- (017)(tan30) tapered beam is 18.4 |bs.

The strength of the beam's deflection may be increased by decreasing the h) /hy value or decreased by
increasing the h|_ /hy value. An h|_ /hy equa to 1 would be the same as cadculating the straight cantilever
beam.
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NOTICE TO USERS To the best of our knowledge, the information contained in this publication is accurate, however we do not assume
any liability whatsoever for the accuracy and completeness of such information. Further, the andysis techniques included in this
publication are often simplifications and, therefore, gpproximate in nature. M ore vigorous analy sis techniques and/or prototy petesting
are strongy recommended to verify satisfactory part performance. Anyoneintendingto rely on such recommendation or to use any
equipment, processing technigque or material mentioned in this publication should satisfy themselves that they can meet dl applicable
safety and hedlth standards.

It is the sole responsibility of the users to investigate whether any existing patents areinfringed by the use of the materias mentioned in
this publication.

Any determination of the suitability of aparticular materia for any use contemplaed by the user is the sole responsibility of the user.
The user must verify that the materia, as subsequently processed, meets the requirements of the particular product or use. The user is
encouraged to test prototypes or samples of the product under the harshest conditions likely to be encountered to determine the
suitability of the materias.

M aerid dataand values included in this publication are either based on testing of |aboratory test specimens and represent datathat fall
within the normal range of properties for natura materia or were extracted from various published sources. All are believed to be
representative. Colorants or other additives may cause significant variations in datavaues. These values are not intended for usein
establishing maximum, minimum, or ranges of values for specification purposes.

We strongy recommend that users seek and adhere to the manufacturer’s or supplier’s current instructions for handling each materia
they use. Please cal 1-800-833-4882 for additiona technica information. Call Customer Services a the number listed below for the
gppropriate M ateria Safety Data Sheets (M SDS) before attempting to process these products. M oreover, thereis aneed to reduce
human exposure to many materias to the lowest practica limits in view of possible adverse effects. To the extent tha any hazards may
have been mentioned in this publication, we neither suggest nor guarantee that such hazards are the only ones that exist.
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