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Ozet

Otomotivde kullanilan konektdrlerin ilgili bask: devre kartlarina baglanan kissmlarimin tolerans araliklar
glinden giine daralmaktadir. Otomotiv iireticileri kendi kendine siiriis yapan ya da siiriicii destegi saglayan
parcalarda daha cok giivenilirlige ihtiya¢ duymaktadir. Kesip kivirip iizerine plastik malzeme enjekte
etmekten olusan alisilagelmis imalat yontemleri ile dar toleranslar: saglamak miimkiin olmamaktadir. Bu
durumda soket iireticileri iletkenlerin u¢ pozisyonlarim kalibre edecek yontemlerin arayisina girmislerdir.
Bunlardan bir tanesi pimlere kalic1 deformasyon vererek diizeltmektir. Bu yontem degisik pim sekillerinin
degisik vektorel deformasyonu ve geri yaylanma kontroliine bagl olarak daha karmagik siirecler ve daha
pahali yatirimlar gerektirmektedir. Aymi zamanda bu yontem kullamldiginda konektor basi kalibrasyon
zamani da uzamaktadir. Sonug olarak iireticiler iletkenlerin ataletini kullanarak dinamik deformasyon
saglayan yontemler gelistirmeye baglanuglardir. Uygulanabilir bir yontem olarak, teorik pim seklini
cevreleyen kisitly genlikli titresimlerin ¢oziim olabilece§i goriilmiistiir. Pimlerin etrafinda teorik olarak
belirlenen sekle kadar titresen duvarlar pimleri diizeltmeye zorlayacaktir.

Aksan Kalip ve YTU (Yildiz Teknik Universitesi) isbirligi ile kurqulanan projede de benzer bir pim
diizeltme yontemi gelistirme iizerine odaklamilmistir. Bu amagla iiretimdeki mevcut konektorlerden biri
secilip iizerinde ¢alismalar yapilmstir. Universite isbirliginde yiiriitiilen calismalarda, sonlu elemanlar
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yontemi ile konektor plastik govdesi sabit tutularak pimlerin dogal frekans ve titresim bicimleri belirlenmis
yapisal zayifliklar tizerinden egilmeye maruz kalabilecekleri dogrultular tespit edilmistir. Dogal frekans ve
harmoniklerinde uygulanan kisith titresimlerin etkisiyle pozisyon diizelmesi saglandi1 saptanmigtir.
Titresim hareketini pimlere vektorel uygulayan geometriler optimize edilmistir. Hesaplamali olarak tespit
edilen frekanstaki titresimi saglamak igin bir kam mekanizmas: tasarlamigtir.

Makalede projenin bu ilk asamasinda yiiriitiilen tiim faaliyetler ve elde edilen sonuglar cesitli sekil ve
grafiklerle ayrintilartyla sunulmustur. Gelistirilen dinamik deformasyon tabanli yontemin basarili
sonuclar vermesi iizerine ¢alismalarda tespit edilen gerekli yiiksek titresim frekanslarinin, yayginlikla
kullanilan kam mekanizmas ile saglanmasimin saglikli olmayacagr anlagilmistir. Bunun iizerine, projenin
ikinci asamasi igin istenen yiiksek frekansli titresimleri iiretebilen bir ultrasonik titresim eyleyicisinin
tasarimi ve imalat: planlanmigtir.

Anahtar Kelimeler: Pim, Pozisyonlama, Titresim, Kalibrasyon
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Calibration of Connector Pins via Dynamic Deformation

Abstract

The demand for increased reliability in automotive connector pin-end positions, which are press-fit to
printed circuit boards, crucial for self-driving and driver assistance functionalities, has led to progressively
tighter tolerance zones. Traditional manufacturing methods, such as cutting, bending and plastic injection,
inherit limitations in achieving these tight tolerances. Connector suppliers have thus searched for
innovative pin calibration methods, one of which involves correcting pins by means of permanent
deformation. However, this approach exhibits challenges, including complicated processes and substantial
investments due to vectorial deformation variations among different pin shapes and the necessity for
spring-back control, leading to extended calibration times for individual connectors. In response to these
challenges, manufacturers have explored methods utilizing the dynamic deformation properties of
conductors exploiting the inertia of the components. As a viable method, it was found that vibrations with
restricted amplitudes encompassing the theoretically determined pin shape could be the solution. In other
words, walls around the pins vibrating up to the theoretically determined shape would force the pins to
straighten.

The current project initiated as a collaboration between Aksan Kalip and Yildiz Technical University
(YTU), focuses on developing a similar pin correction method. To achieve this, one of the existing
connectors in production was selected, and extensive studies were conducted. Through collaborative efforts
with the university, the natural frequencies and mode shapes of the pins were determined with the finite
element method by keeping the plastic body of the connector constant, and the directions in which they
could be subjected to bending over their structural weaknesses were determined. It was found that position
correction was achieved with the effect of limited vibrations applied at natural frequencies and harmonics.
It was determined, using the finite element method, that by applying limited vibrations at the natural
frequency harmonics of the pins while keeping the connector’s plastic body fixed, position correction could
be achieved. Geometries optimizing the vectoral vibration motion applied to the pins were subsequently
identified, and a cam mechanism was designed to facilitate controlled vibration.

The first phase of the project, including all activities and results, has been presented in detail with various
figures and graphs. Following the promising outcomes of the dynamic deformation-based method, it was
concluded that achieving the required high vibration frequencies, as identified in the study, through the
commonly used cam mechanism might not be optimal. Consequently, the design and manufacturing of an
ultrasonic vibration actuator, capable of producing required vibrations with high frequencies, are also
planned for the second phase of the project.

Keywords: Pins, Positioning, Vibration, Calibration
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1. Introduction

One of the production methods of connectors used in automotive industry is based on trimming
and bending pins from pre-cut band shape and injecting plastic on them via over mould. There
are also mechanical and ultrasonic guided insertion of pins on pre molded plastic [1,2]. In case
of over mould process, tolerances of tip locations such as the ones shown in Figure 1 are hard to
obtain. The difficulties in assembly processes are needed to be solved by precise positioning via
robot [3] or by tighter tolerances on metal strips of terminals. These tolerances are needed to
ensure an effective electrical conductivity to the respective circuit bord (PCB) when assembled
as in Figure 2. This assembly process has been widely studied among automotive industry [4,5].
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Figure 1. View of a typical connector pins Figure 2. An assembled connector

In order to achieve tight tolerances, pin tips must be moved to the desired tolerance zone by
plastically deforming them in two directions shown with curved arrows in Figure 1. Holding
the pins one by one and introducing controlled movements followed by position measurements
after spring back, is a very cumbersome process. There are a couple of issues with the current
approach that need addressing. First, the spaces between the pins are too narrow, making it
challenging to introduce individual hold jaws. Second, the measure-move-measure process
takes too much time, resulting in a slow production rate of 100 pin connectors and 2500 pieces
per day. To address these problems, a novel solution is proposed. Instead of moving each pin
individually, all the pins must be exposed to deformation simultaneously for a more efficient
and faster production process. In this case, even the correctly sized pins within the tolerance
zone undergo unnecessary plastic deformation, leading to strain hardening. Additionally,
uncertainties arise in terms of the movement amplitude, end time, and position of the
deformation process for all pins, stemming from variations in pin deviations from the nominal
and spring-back. These factors collectively contribute to the consideration of a repetitive

dynamic deformation process.
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2. Bounded Vibration Movement

The dynamic deformation process relies on a vibrating guide part encircling the pin tips,
moving in the direction indicated in Figure 3 for correction. Such vibratory motion is also
utilized in improving mechanical properties of materials [6]. The guide moves until the onset of
nominal pin plastic deformation. The advantage is, the vibrating guide does not induce strain
hardening on already correctly shaped pins. However, for pins deviating from the nominal
shape, the movement extends beyond the plastic deformation boundary towards the nominal
shape. The female cavity of the vibrating guide must be so designed that the most deviated pin
from its theoretical shape be corrected.
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Figure 3: Female cavity guide for pin vibration

Vibration guide female cavity must touch with the pin surfaces that are not used in PCB
electrical contact. With that constraint touch surfaces of guide cavity are optimized via finite
element analyses.

2.1. Modelling

Pins have different structures as single, double and triple. Mechanical properties of different
geometries have already been studied [7]. Their geometrical dimensions are given in Figure 4.
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Figure 4: Pin parameters for single structure

The pins are grouped based on their location inside the connector and all types have been
examined in order to obtain a common solution.

The analyses were carried out in two ways; by fixing the pin structures from the portion inside
the plastic and by fixing them from the portion outside the plastic as the part is connected to the
plastic. Since the differences were around 0.7%, the analyses were performed by cutting the pins
from the front face of the plastic part.
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a) Pin full model b) Pin half model

Figure 5: Models for pin analysis

The first two natural frequency values for each different pin model are given in the table below.

Table 1: First two natural frequencies for every pin structure type

8 Top 1 2905.6 3066
10 Top 1 2905.6 3065.5
3 Top 1 3045 3281.6
6 Top 1 3044.3 3280.6
2 Top 1 1532.1 1621.6
3 Mid 1 1532.1 1621.1
6 Mid 1 1531.8 1620.3
3 Bottom 1 817.82 845.49
6 Bottom 1 817.74 845.08
2 Bottom 1 830.43 890.87
aTop [ 2 31478
5Top |2 31478
4 Bottom --
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5 Bottom

7 Bottom

9 Bottom
1Top

1 Bottom

In conclusion, when the effect of natural frequency values and mode shapes on structure

weakness is evaluated in terms of size;

- The reduction of LL2 (therefore L2) is more effective in increasing the frequency even if L1
increases.

- The package of the pins increases the structural rigidity. In particular, it can lead to a
reduction in-plane movement or bending.

2.2. The Correction Process

Since analyses will be performed according to the deformed pin, static analysis was performed
and the deformed structure was obtained. The shape of this deformed structure was transferred
to the modal analysis part of the project and a prestressed modal analysis was performed. From
this point of view, it is possible to restore the bent structure and drive the system at its natural
frequencies or subharmonics with the help of a guide.

In the pin correction process, the structure of the guide is particularly important in terms of the
tolerance up to which deformed pins can be corrected. In the design studies for the guide
structure, it was predicted that the inner surface of the guide should be convex, and the width of
the surface on which the shoulder part sits should be the sum of the pin width and tolerance. In
addition, it was thought that having an open top would provide ease of application for different
sizes.

Figure 6: Pin guide design

2.3. The Excitation Process
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The drive part was performed in the Workbench Ls-Dyna program. The movement consists of
two parts.

In the first part, it is aimed to take the guide into the tilted pin, and in the second part, it is aimed
to perform the correction process by changing the amplitude and frequency. Although it was
predicted that the excitation process would be done from the guide part or the lower part of the

pin, as a result of the analyses, it was deemed appropriate to give it from the lower part as shown
in Figure 7.

Figure 7: Shaking structure and point for excitation

The actuation frequency and amplitude, depicted in Figure 8, are produced as Excel functions
and they are introduced to LsDyna as displacement-time values.
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Figure 8: Displacement-time graphs

Figure 9: Displacement demonstration after analysis of excitation on the pins

In Figure 9, as a result of 2525 Hz frequency 0,2 mm amplitude vibration plastic deformations
can be monitored. In X-direction 0,6553 mm misalignment is calibrated to 0,0509 mm. In Z-
direction 0,92602 mm misalignment is calibrated to -0,034 mm.

3. Calibration Machine Construction

The rotational motion generated by the actuation motor needs to be transformed into a
reciprocating movement of the guide, which, in turn, conveys motion to the pins. Conventional
motors exhibit torque versus rotational speed characteristics, meaning their speed fluctuates as
the applied torque on the shaft varies. If a flywheel is introduced, ramp up of machine elapses
much of the cycle time of production. Servo speed-controlled motors can be used. As long as the
torque applied on them remains certain limit, their rotational speed is constant. A cam
mechanism with cycloid profile which gives finite acceleration and jerk at motion ends. Cam
mechanism also provides flexibility on vibration amplitude by only changing the cam. Figure 10
illustrates the construction of calibration machine. Low friction slide tables are also introduced
to lower the torque on motor. For calibration of pins along transverse direction another machine
that reciprocates respectively is required.
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Figure 10: Construction of calibration machine

The graph in Figure 11 shows the torque variation due to inertia, during single reciprocate
guide motion that corresponds to 360° motor shaft rotation.

50 Inertial Torque [Nm]

Figure 11: The inertial torque vs. time plot during one full motor shaft rotation.

Since rated motor torque 24 Nm is larger than peak due to inertia variation which is 16 Nm,
calibration machine can run up to 100 Hz constant.
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4. Conclusions

Calibrating socket pins through dynamic deformation proves to be an efficient process. The cam
mechanism, while cost-effective and inducing minimal inertial torque variation, falls
insufficient when it comes to handling high frequencies, primarily due to its substantial inertia.
Conducting the machine's frequency and amplitude assessments is necessary. Among them, the
limitations of the cam mechanism in handling high frequencies should be evaluated. The impact
of increased frequency on the dynamic deformation process should be examined. Potential
issues such as accuracy and precision degradation as the frequency rises should be investigated.
Amplitude related issues that should be taken into consideration can be analyzing the
relationship between amplitude and the effectiveness of dynamic deformation, exploring how
varying amplitudes might influence the calibration quality, and discussing the balance between
amplitude and frequency for optimal calibration performance. Methodological a technological
alternatives in parallel with the state-of-the-art should be considered. Process optimization and
also calibration precision are other issues that need further assessment.

5. Future Work

In order to enhance the calibration process, replacing the motor and cam mechanism with an
ultrasonic vibration actuator will be considered. The impact of high frequencies on pin
calibration will be explored through this alternative approach.
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