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Abstract

The rising demand of electronic systems with functional density for industrial and automotive applications causes an
increased need of media tight components, which are capable to withstand rough operating conditions. Those
systems are typically manufactured by overmoulding blanked metal inserts within an assembly injection moulding
process. In order to overcome the difficulties, caused by the incompatibility of polymer and metal, the application of
grooved structure to metal insert by means of embossing is a favourable approach. However, the blanking and
forming operations induce residual stresses into the workpiece. In the subsequent overmoulding step those metal
inserts are exposed to elevated temperature which induces additional stresses on the one hand and can cause
relaxation on the other hand. As a result, distortion of the inserts can occur which in turn affects the assembly
injection moulding process and thus the properties of the final part in an undesirable way. Therefore, this study
investigates the effect of blanking operations as well as the influence of different microembossed geometries on
distortion of metal inserts in context of heat treatment for AIMg3 and CuSn6. Based on the results, no distinct effect of
temperature gradient on the initial stress state of the unprocessed insert was observed. However, embossing of

structures was discovered to change this effect and supports a distinct reaction to the temperature gradient.
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1. Introduction

An increasing degree of automation in production
and steady expanding requirements regarding car
safety, emission control and comfort in today’s cars
encourage a rising demand of sophisticated electronic
systems. It is assumed that by 2017 more than 30 % of
automotive productive cost will be caused by electrical
components [1]. Those electrical systems are
characterised by a high functional density, which can
be achieved by combining different materials with
particular properties in the so called polymer metal
hybrids [2]. A field of application for those units is the
engine control or the brake system. Thus, the parts are
exposed to rough operating conditions like high
temperatures, moist, dust and mechanical vibration
which can cause damage or complete failure of the
device [3]. In order to ensure proper performance
media tight polymer metal hybrids are needed. An
efficient way to produce such parts is by means of
assembly injection moulding, where metal inserts with
a sheet thickness of 1 mm and less are overmoulded
with polymer. The metal inserts are usually
manufactured by processing coils of sheet metal in a
progressive die where blanking, bending, coining and
embossing operations can take place. Hence, residual
stresses are induced into the workpiece not only by the
rolling of the sheet metal and the slitting of the coil but
also by the manufacturing processes [4]. Since the
metal insert is exposed to temperatures up to 350 °C
during the subsequent assembly injection moulding
process, the inherent residual stresses are likely to be
released and as a result lead to distortion of the insert.
This can affect the overmoulding process regarding an
uneven filling which in turn causes poor part quality.
Due to the chemical incompatibility, it is difficult to
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achieve media tightness for polymer metal hybrid parts
[5]. Thus, additional measures, like applying a defined
grooved structure to the metal insert, have to be taken
to enhance the sealing properties [6]. This can be
achieved by embossing, where two dimensions of
those structures are less than 1 mm [7]. Therefore, the
matter can be assigned to the field of microforming [8].
Both the additional degree of forming and the
simultaneous decrease of sheet thickness due to the
embossing can aggravate the problem of distortion of
the insert. For the purpose of determining the effect of
manufacturing induced residual stresses on distortion
during heat treatment this study was conducted.

2. Experimental setup

Since residual stresses are defined as stresses
within in a part which exist without any external forces
or momenta, the maximum value of residual stresses is
limited by the yield strength of the material [9]. The
materials chosen for this study are CuSn6, which is
common for electrical connectors [10], and AIMg3 for
its good forming properties as well as for its resistance
to corrosion [11]. The dimensions of the sheet strip and
selected mechanical properties are shown in Table 1.
In a first attempt X-ray diffraction was used to
determine residual stresses. Because of the relatively
low yield strength of the materials and the given local
resolution of 1mm spot diameter of the
X-ray diffraction analyser Seifert Stress Analyzer
XRD 3003 it was not possible to obtain satisfying
results regarding mapping residual stresses. Therefore,
a phenomenological approach was chosen based on
the geometrical measurement before and after heat
treatment and subsequently calculating the degree of
distortion to evaluate the effect of residual stresses.
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Table 1
Dimensions of the sheet strip and mechanical data of
the material

Material CuSn6 AlMg3
Thickness to 1 1

[mm]

Width wo 100 100
[mm]

Young's Modulus E 4 yyr .05 7.00E+04
[N/mm?]

Yield Strength YS

INimm?] 363 127

Both materials are delivered as coils as shown in Fig.
1 a) and no sheet levelling was applied in order to
evaluate effects of the slitting and coiling process. In
Fig. 1 b) the geometry of the metal insert and its main
dimensions are given. Fig. 1c) illustrates the
orientation of the insert within the sheet strip 90° to the
rolling direction as well as the bending of the strip (side
view). As a reference throughout this paper, the convex
side is referred to as “top side” (TS) whereas the
opposite concave surface is named “bottom side” (BS).
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Fig. 1. Delivery condition of the material (a),
geometry of the metal insert (b), orientation of metal
insert within the sheet strip (c).

2.1. Metal inserts

There were three different categories of metal
insert investigated in this study:

1. Laser cut inserts without any additional processing
to evaluate the effects of the delivery condition on
distortion and to set a reference.

2. Laser cut inserts with embossing to evaluate the
impact of microformed structures on distortion.

3. Sheared inserts to determine the influence of
uneven conditions between forming and fracture
along the cutting edge.

Laser cutting was chosen in order to minimize

mechanical influences and to allow for a specific

investigation of the forming process. The embossing of
four adjacent grooves, shown in Fig. 2, was realised by

a simultaneous forming process with two identical

punches which is explained in detail in [7]. The

embossing geometry of the cross section view in Fig. 2

is defined by the variable parameters width of the

punch wp and the penetration p. According to the table
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in Fig. 2 each parameter has two levels, which results
in four different types of groove geometry. These
variants were investigated in order to distinguish the
effects of displaced volume and the location of forming
relative to the surface.

Embossed grooves

o |
7 ﬁPunch Parameter 1 2
Wp Width punch wp | 500 | 900
4 P [um]
to Insert 4 Penetrationp | 100 | 300

[pm]

A-A

Fig. 2. Embossing geometry and varying
parameters.

2.2. Heat treatment

The experimental setup is intended to resemble
the preheating process based on heat conduction
within an assembly injection moulding cell. Therefore, a
hot plate with heating cartridges and an external control
unit was used to ensure constant heating conditions,
shown in Fig. 3. Although the heat station in Fig. 3 is
equipped with an upper and a lower plate, only the
lower plate is used in accordance with the setup of the
simulated injection moulding cell. The temperature of
the preheating process of the injection moulding cell is
limited to 350 °C. In order to achieve a distinct
distortion, the heat treatment (HT) was conducted at a
maximum temperature of 350 °C for 180 s to ensure a
complete and even heating of the insert. The heat
distribution with a standard deviation of +7 °C at
350 °C along three measuring points in Fig. 3 was
experimentally verified by using the thermographic
camera FLIR SC7000. In order to examine the effects
of temperature gradient the inserts were oriented
differently according to Fig. 3.

Hot plate | Hot plate

Temperature
measuring

Top side - Up (TS-U) Bottom side - Up (BS-U)

Top Bottom
side side

Fig. 3. Heating setup and orientation of the insert on
the hot plate

Control unit

However, for inserts of CuSn6 considerable oxidation
and a formation of a brittle scale layer was observed for
temperatures above 300 °C, thus inappropriate for
assembly injection moulding. For this reason,
specimens of CuSn6 were preheated at only 300 °C
whereas for AIMg3 the HT was conducted at 350 °C.



2.3. Distortion measurement

The distortion of the metal insert after heating was
analysed with the optical 3D measurement system
ATOS Core 135 by GOM. Each specimen was
measured before and after the HT. This was done by
taking 3D-images of the up facing side, which was
sprayed with a thin layer of white paint to reduce glare.
The two 3D-images of each specimen were fitted, so
that the holes on the right were concurrent and the
surrounding surfaces were at the same level as implied
in the top view in Fig. 4. The slotted hole was used to
achieve a proper alignment. The distortion was
quantified by the maximum deviation dmax along the
cross section A — A shown in the side view in Fig. 4.
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-
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d

Fig. 4. Measurement method to determine the
distortion.

3. Effect of blanking and forming on the distortion
3.1. Definition of the initial stress state

In order to assess the influence of the initial state
of the material and the orientation regarding the heated
side, three laser cut inserts (n = 3) without additional
processing were used. The results resemble a base
value for further reference. As illustrated in Fig. 5, a
change in the direction of the distortion according to
the orientation of the insert during HT was detected.
This indicates that residual stresses originating from
sheet strip production dominate over effects of the
orientation of the temperature gradient. However, the
two materials show an opposite characteristic
regarding its bending direction.

Top side — Up Bottom side — Up
(TS-U) (BS-U)
T 1.0
5 mm 0.20
= 0.12
§ 00 =T,
_g 05 -0.14
) -0.28
© 10
3
= 15
OAIMg3 o CuSn6
Laser cut
T =350 °C (AIMg3) / 300 °C (CuSn6)
n=3

Fig. 5. Deviation of laser cut metal inserts after HT
resembling the initial state.

AlMg3 tends to a concave shape toward the top side,
whereas CuSn6 forms a convex shape. The behaviour
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may result from the slitting process of the sheet [12]
since the bending direction of the coil is perpendicular
to the investigated axis of the insert and should not
affect the measured distortion considerably. The
incoherent deformation of the two materials is
considered to be caused by the slitting process of the
two different suppliers. In comparison AIMg3 reaches
higher values of distortion than CuSn6. The degree of
deformation seems to be independent of the orientation
of the insert on the hot plate for both materials,
indicating a minor influence of the temperature gradient
during the HT and evenly distributed stresses.

3.2. Influence of shearing on distortion

For sheared parts of CuSn6 there is a dependency
of the orientation of the specimen similar to the initial
state where the direction of deformation is constant
relative to the part (Fig. 6). In addition, the values of
distortion are in the same range as for the reference
parts in Fig. 5. However, AIMg3 changes the shape for
the TS-U orientation in the opposite way combined with
a distinct increase of distortion, which can be explained
by the induced compression stress of the shearing. The
effect of orientation independency of distortion has
changed to a dependency on the entry of the heat for
sheared parts. But the drop in value indicates the
presence of opposing effects.

Top side — Up Bottom side — Up
TS-U BS-U

$ 10 (TS-U) (BS-U)

é mm
= 0.06
.S 0.0 T

® 05 4 -0.13

E -0.18

. -1.0

% -0.74

= 15

OAIMg3 @CuSn6é

Sheared, clearance ¢ = 0,05 mm
T =350 °C (AlMg3) / 300 °C (CuSn6)
n=3

Fig. 6. Deviation of sheared metal inserts after HT.

An approach to explain the minor reaction of CuSn6 to
the shearing compared to AIMg3 is the different yield
strength, which possibly leads to a plastic deformation
of AIMg3 by the blank holder during the blanking, thus
dissolving parts of the initial residual stress. In contrast
the yield strength of CuSn6 is almost three times higher
compared to AIMg3 (Table 1). Hence, inserts of CuSn6
preserve essential parts of their initial stress state.

3.3 Effect of microembossed grooves on distortion

The presence of microembossed grooves marks a
distinct local forming operation in cross direction of the
longitudinal axis of the insert. Consequently the original
rigidity decreases due to the change in cross section
affecting the area moment of inertia. In order to
evaluate this influence the penetration of the
embossing punch was varied between 100 ym and
300 pm. On the one hand a forming area close to the
surface can be achieved and on the other hand a
severe forming operation affecting the whole sheet by
reducing the sheet thickness to 40 % can be



investigated. The results for embossed inserts in Fig. 7
depict a significant influence of the penetration in
AlMg3 for a width wp =500 pm. Furthermore, the
orientation of distortion correlates with the entry of the
heat. In addition the gap between the degree of
distortion for TS-U and BS-U decreases for a
penetration of 300 um. This indicates that the severe
forming changes the initial stress state of AIMg3 and
promotes a dominant influence of the embossed areas
on the distortion. On the contrary a near surface
forming operation leaves the degree of distortion for
both materials mainly unaffected. Focusing on CuSn6,
only minor changes in distortion could be discovered.
This is independent from the embossing geometry
aside from the change of distortion for BS-U and a
penetration of 300 um. It seems that a critical limit is
reached, to which extend forming can take place
without dominating the distortion behaviour.

Wp = 500 uym
T 10 | P=100yum u p=300pm |
[Ts-u] [Bs-u] [7s-u] [Bs-U]
g mm 0.09
& .
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B -0.09 -0.16 | [0-02
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3 -0.03 -0.25 =2 L]
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% 068  -0.77
S 15
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Laser cut + embossed wp = 500 pm
T =350 °C (AlMg3) / 300 °C (CuSn6)
n=3

Fig. 7. Deviation of laser cut and embossed
(wp =500 um) metal inserts after HT.

The basic effects described above also apply for
grooves of 900 um width. However, the degree of
distortion increased especially for AIMg3 and a
penetration of 300 um. The stated assumption
regarding the critical forming limit for CuSn6, may be
connected to the displaced volume. Since for
wp = 900 uym and a penetration of 100 um the affected
volume is 1.8 times bigger than for the smallest
embossing and at this point the initial distortion
behaviour already starts to change.

[ Wp = 900 pm ]

T 10 — p=100pm | p=300pm |
5 mm |- TsU]._[Bs-u] [Tsu].  [BsU
©
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Fig. 8. Deviation of laser cut and embossed
(wp =500 pm) metal inserts after HT.
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4. Conclusions

This study shows that the distortion of laser cut
metal inserts of AIMg3 and CuSn6 does not react
substantially to the direction of the heat flow. Additional
mechanical processing like blanking however, leads to
a change in the reaction of AIMg3 to HT whereas
CuSn6 keeps its initial characteristic. The embossing of
grooves promotes a higher response in terms of
distortion after the HT especially for AIMg3. This is
assumed to be based on the reduced cross section of
the insert and a decrease of rigidity as well as a
change in stress state due to the high degree of
forming. The smaller yield strength and the lower
relaxation temperature of AIMg3 are assumed to be the
main contributors to the higher distortion of AlMg3
compared to CuSn6.
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