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Abstract. The press-in terminal is a special-shaped cross-section suitable for
press-in connection. According to the different design of the press-in connection,
the press-in connection is divided into two processes: solid press-in connection
and flexible press-in connection. This paper mainly analyzes the requirements of
the PCBA flexible solderless press-in connection process introduced in the DCS
safety equipment of nuclear power plants, identifies the key control requirements.
The test items are determined by the design of the application scheme, and various
forms of tests are conducted. The data of test is obtained. Based on the test results
analyzed, the reliability of the flexible press-in connection process implementation
is verified, which laid the foundation for the application of the later flexible press-in
connection process, and can also form a set of evaluation methods for the flexible
press-in connection process.

1 Background Introduction

The PCBA solderless press-in connection technique is fitting the elastic deformable pins
or rigid pins into the metallized holes of PCB, to form close contact between the pins and
metallized holes, and realize electrical connection by mechanical connection. The con-
tinuous development of electronic products has put forth daily increasing requirements
on product consistency and high density. Compared with soldering, the features and
advantages of press-in connection are embodied in: no thermal stress produced on the
PCB; no conducting substance such as residual flux or solder bead left that may affect
reliable connection; determined contact impedance and good high frequency perfor-
mance; high efficiency and low cost; and good maintainability. It is already not possible
to do soldering for small connectors with fine spacing and multi-row pins with previous
techniques, and the press-in connection technique has been widely accepted and applied
for its very high reliability and easy operation. Today, PCBA solderless press-in connec-
tion technique has been widely applied in products with high reliability requirements
(such as military industry, railway and automobiles); in view of its advantages, the PCBA
solderless press-in connection technique has also been adopted by CTEC in the devices
of nuclear class digital I&C systems.
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According to the analysis in HAF601 and HAFO003 on the process control require-
ments for safety class cards [1, 2], the reliability of PCBA solderless press-in connected
products mainly depends on the technical fitting of press-in connection ends and the PCB
before plating, and visual check alone is not sufficient to verify its reliability, therefore,
a set of objective and effective type test methods is required for the assessment.

2 Demand Analysis

At present, the technical requirements of the electronic assembly industry on PCBA
solderless press-in connection are mainly based on: the international standard IEC 60352-
5:2012 Press-in connection - General requirement, test methods and practical guidance
and the Chinese national standard GB/T 18290.5-2000 Solderless connections - Part
5: Solderless press-in connections - General requirements, test methods and practical
guidance, and in summary, the main requirements include the following:

Press-in connection equipment. The equipment needs to fully control the pressure,
press-in distance and speed, to ensure correct application of these factors for different
products.

Press-in connection ends. It is confirmed in design type selection that the materials,
dimensions, surface coating and structural characteristics of the connection ends (con-
nection elements) comply with the requirements in GB/T 18290.5-2000, however, the
reliable fitting of the PCB and plated holes shall be assessed for the connection elements
after completion of press-in connection.

PCB and plated holes. The PCB thickness is the basic guarantee for the press-
in connection strength, and the required thickness is 1.5-6.4 mm [3]; for the plating
layer and dimension of plated holes, the specific range of parameters are given in the
Chinese national standard and IEC standard, and they are also important to ensure the
stability of press-in connection technique. For the detailed requirements, refer to Table 1
Requirements on plated holes [3].

Table 1. Requirements on plated holes

Diameter of plated hole after plating Metal layer thickness of | Hole diameter (mm)
(mm) plated hole (uwm
Solid press-in Flexible press-in
connection end connection end
-- 0.8 £0.05 0.9 +0.025
0.9 £ 0.05 0.9 +0.07 Copper > 25 or Copper | 1.0 & 0.025
>25
107508 1.0T00 Plus tin or tin-lead 115 £ 0.025
167004 1.6 Plating layer > 15 175 % 0.025

Notes: 1. Values in this table are from practical experience in applying the hole dimensions on
products in various aspects.
2. The hole diameter is extremely important in determining the reliability of press-in connections.
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3 Application Scheme Design

According to the technical requirements on PCBA solderless press-in connection, auto-
matic press-in connection equipment was used, with the working mode as automatic
adjustment of press-in travel and force after it is set at the constant press-in speed; the
whole press-in operation was performed automatically and the press-in force values are
recorded in the computer. After the completion of press-in, no damage to the press-in end
or PCB was found in visual check, however, whether it could provide reliable connection
depended on the result of type test.

The PCB thickness is 3 mm, the plated hole material is copper, plated on surface
with tin, and the hole diameter range after plating complies with the requirements in the
national standard.

The test samples of press-in connection elements were in three types, but with the
same connection end type as “needle hole” of 0.3 mm, and all in copper alloy. According
to the IEC standard, the connection end manufacturer provided the maximum press-in
force of the devices as 100N, and all test items in the application test were conducted
according to IEC 60352-5: 2012 a [4], to verify the effectiveness and reliability of this
press-in connection end.

The above analysis showed that all indicators in the test met the requirements in the
national standard, and can meet the process verification in the basic test. The process
flow of the test is as shown in Fig. 1 Test items and process.

Preparation of test samples

Initial inspecionfor press-inconnection: 40 samples

A 4

Press-in connection

20 samples 20 samples
--Visualcheck --Visual check{S)
--Push-out --Contact resistance
--Rapid

temperature
change

--Contact resistance

- . .-

Fig. 1. Test items and process
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Microscopic check of connection points after press-in connection is not required in
the national standard, however, according to the analysis of the process control require-
ments in HAF003 of the nuclear power industry [2], and with reference to the require-
ments on press-in connection points in IEC 60352-5:2012, the metallographic section
inspection was added, and the test process is as shown in Fig. 2 Test items and process.

Preparation of test samples

Initial inspection for press-in connection: 10 samples

10 samples

--VYisualcheck
--Metallographic sections

Fig. 2. Test items and process

4 Verification Results of PCBA Weldless and Pressed-In
Connection

First, the sample appearance check was made, the result: no obvious physical damage, no
burr or crack in the shell/side jacket, and the connector plugs and pins were all straight.

Next, some samples were tested for push-out force to detect the mechanical strength
in the initial state after press-in connection. The target value was no less than 10 N/pin.
The values may vary for different types of terminals, and in standards, it is required that
the values shall be provided by the terminal manufacturer. For specific analysis of test
data, refer to Table 2 Push-out test value.

Table 2. Push-out test value

Number of samples | Max. value (N/pin) | Min. value (N/pin) | Judging criterion | Result
A11-A30 24.39 2091 It is specified in Qualified
B11-B30 48.93 35.57 IEC 60352-5: 2012 | yglified

that the standard | ——————
C11-C30 29.33 24.46 push-out force Qualified

provided by the

connector

manufacturer shall
be > 10 N/pin




Reliability Assessment Research and Application 487

The contact resistance was tested twice, respectively before and after rapid temper-
ature change, the change of data of the samples were tested before and after the external
environmental stress is applied, to determine whether effective electrical connection still
remains at the press-in connected contact, to verify its long-term reliability. The PCBs
used this time were formal product of nuclear safety class, and the electrical connections
at multiple points form volumetric resistance, therefore it was not possible to accurately
measure the contact resistance of individual press-in connection points, and the analysis
was focused on the change of resistance value before and after the temperature cyclic
change. For specific analysis of test data, refer to Table 3 Contact resistance test value.

Table 3. Contact resistance test value

Sample No | Contact resistance mS2 Judging Test
Before After Max. variation | Criterion conclusion
temperature | temperature | value
impact impact

A31-A50 1.79 2.15 0.36 The variation | Qualified

B31-BS0 | 2.15 2.54 0.39 value shall be | oqlified

<0.5mQ —

C31-C50 1.21 1.55 0.34 according to Qualified

IEC60352-5:
2012
qualification
test

Then comes the last item of the test, the push-out test after rapid temperature change.
The same principle applies, to test if the connection points can meet the requirements a
period of time after the environmental stress is applied, to verify the long-term reliability
of mechanical connection. For specific analysis of test data, refer to Table 4 Push-out
force test value after rapid temperature change.

Table 4. Push-out force test value after rapid temperature change

Sample Max. value (N/pin) | Min. value (N/pin) | Judging criterion Result
A31-A50 |24.24 21.19 It is specified in IEC Qualified
B31-B50 | 46.98 39.49 60352-5: 2012 that the | (yaifjed

standard push-out force
provided by the
connector manufacturer
shall be > 10 N/pin

C31-C50 |36.02 25.69 Qualified
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In addition, some samples were used for metallographic section examination.
According to the guidelines of IEC standard, transverse and longitudinal slicing was
made on press-in connection part respectively, and values were measured and the micro-
scopic condition of the plated hole wall observed, for detailed data analysis conclusions,
refer to Fig. 3 Metallographic sections.

C6 Longitudinal section view (in good
C2 Transversal section view
condition)

) ) A7 Longitudinal section view (in good
C1 Transversal section view

condition)

Fig. 3. Metallographic sections

5 Verification Conclusion on PCBA Solderless Press-in Connections

Through the above various forms of test data analysis, the reliability of the implemen-
tation of the solderless press-in connection process is verified; later, it can be combined
with the actual product process requirements and established a set of evaluation method
for connection reliability of PCBA solderless press-in type equipment in the DCS safety
level equipment of nuclear power plants.
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