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1 Scope of application

The technical code applies to the welding of parts made of thermo-
plastics in series fabrication with the following joining processes:
heated tool, vibration, ultrasonic, rotational friction and high-frequen-
cy welding.

is recommended. The user should always check to what
liability can be accepted by the Deutscher Verband fiir Schi

In this respect, the quality-assuring measures before, during and
after the welding process are dealt with especially. Technological
details such as design, process engineering and joining technolo-
gy can be taken from the DVS technical codes which relate to the
various processes and are listed in Section 10.

2 Fundamentals and definitions of terms

According to DIN 55350, "quality" is the "condition of a unit with
regard to its suitability for meeting stipulated and prerequisite de-
mands". Comprehensive quality assurance includes the personnel
management, the logistics, the fabrication sequence and all the
other fields involved in the production.

Corresponding to the quality requirements, the design of the join-
ing parts must be geared to the following demands, e.g.:
— load-bearing capacity of the weld
— leak tightness

— appearance

— dimensional accuracy
(shrinkage, distortion and moulding cavities)

— melt flash and formation of particles

— component damage

Furthermore, it is imperative to pay attention

process-specific prerequisites of the individ

processes.

Often, reference is also made to joining.

ever a thermoplastic is joined with an,

boards, cardboard, textile fabrics etc. i

in this respect.
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2.2 Investigation into the testing material capability

In order to evaluate and monitor the product quality, it is neces-
sary to select suitable testing methods whose capability must be
proven. The testing material capability guarantees the possibility
of correctly displaying the fluctuations arising in the course of a
process. Since the testing material itself is subjected to fluctua-
tions, it must be stipulated whether these are smaller than the
fluctuations to be expected from the process. For this purpose,
the device-induced scattering behaviour of the testing facility is
investigated in utilisation conditions at the utilisation location with a
normal or a masterpiece within the framework of the investigation
into the testing material capability (repeat measurements). The re-
sults of the investigations are characteristic values for the capabil-
ity which are a measure of the accuracy and the repeat precision.

2.3 Investigation into the machine capability

The investigation into the machine capability (frequently also
designated as the investigation into the short-time capability)
should serve to check, above all, any influences of the fabrication
facility on the product quality. Thus, the influences exerted by the
person, the material, the method and the environment should be
excluded if possible. The result supplied by the investigation into
the machine capability is a provisional statement about the suita-
bility of the machine/tool/moulding combination. No alterations to
the process may be made during the random sampling.

The characteristic value for the short-time (machine) capability
Cny, provides information about the extent to which the scattering
of the measured values exploits the tolerance specified for the
characteristic. It is calculated as follows:

T

‘m = 5s

s = standard deviation of a random sample from the values for
the characteristic

T = tolerance for the characteristic

In order to establish the characteristic values, reference should
be made to > 50 parts which have been taken from the process
successively and have been numbered consecutively. After the
determination of the selected values for the characteristic, their
standard deviation s can be calculated as follows:

In addition, the characteristic value for the machine capability
Cmk takes account of the position of the mean in the tolerance
range:

ULV-X _X-LLV
3s or Cmk = TS
where: ULV - LLV =T

ULV = upper tolerance limit of the characteristic
LLV = lower tolerance limit of the characteristic
X = arithmetic mean of the values for the characteristic

A processing facility is capable when the following applies to the
lower amount of both the relationships:

Cmk > 1.67
This is a value which is customary in the automobile industry today.

Cmk =

2.4 Investigation into the process capability

The investigation into the process capability is a long-term inves-
tigation which also takes account of influences which exert an ef-
fect on the fabrication process from the outside during a lengthy
operating time. The objective of the investigation into
capability is to prove that the fabrication process to be
ed can satisfy the quality requirements set on it in the |

random samples each consisting of five par
an assured starting basis.

C - T where: ¢ = =
P 60 a,
5= = mean of the standard deviations of the random
samples
m = number of random samples
n = number of parts per random sample

The factor a,, serves to estimate the standard deviation of the
population from the standard deviation of a single random sample
and is dependent on the scope of the random samples n.

The assignment can be taken, for example, from a table:

n 2 3 4 5 6 7 8 9 10
an [ 0.798 | 0.886 | 0.921 | 0.940 | 0.952 | 0.959 | 0.965 | 0.969 | 0.973

Corresponding to the investigation into the short-time capability,
the following applies to the characteristic value for the process
capability:
X-LLV

3-0
grand mean of the single random

samples for the values for
characteristic

_ULV-X
Cpk = =55

where: X = =%'%, =
mz !

Cpk =

The following applies to capable processes:
Cpk >1.33
This is a value which is customary in the automobile i oda

and the result must not be lower than this
weld strength or bursting pressure level. In
acteristic value should only be established
limiting value (LLV):

Cmk = X LI;V>1.67
Cpk = %21.33

is assumed in these
on deviates from this, it
ons.

h allow the process to be controlled/regulated
e process state so that the quality char-
ured products are kept within stipulat-
res can be applied in this connection,
ontrol (SPC) and continuous process

éietore be checked whether the process is subjected to
c influences. If this is not the case, the process is under
sta al control. Statistical control means that the scattering of
the quality characteristics is now subjected to random influences
alone. A process under statistical control can be managed and
predicted. Fig. 1 shows a process which does not proceed in a
ontrolled way at the beginning, characterised by its extremely
fluctuating mean position and distribution width. Measures which
reduce the random influences have been taken with an increas-
ing time. This serves to improve the position and width of the
distribution, i.e. the distributions are narrower and identical in the
last stage.

The following relationships are applicableQ




