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SHOCK, VIBRATION, AND CORROSION: 
AVOIDING DAMAGING EFFECTS IN 
HIGH-PERFORMANCE CONNECTORS

Industrial applications and emerging automotive 

designs demand long-life, rugged connectors 

whose performance tolerates the effects of 

shock, vibration, and corrosion. Some of these 

harsh environments also require connectors to 

withstand multiple mating cycles, which adds 

more complexities to the selection process. 

Designers must consider the materials selected 

in the connector design process to protect against 

shock, vibration, and corrosion, and weigh the 

tradeoffs in terms of product lifecycle and cost.

Industrial automation applications, such as 

flowmeters, controllers, or safety devices, are 

subject to shock and vibration issues, and they 

require long life cycles of 10-20 years. As a result, 

the connectors in these products need to be 

ruggedized, often including special plating or 

multi-finger contacts. Any non-sealed component 

used in a coastal or industrial environment is also 

subject to accelerated corrosion because of sulfur 

and other chemicals in the air. Special testing can 

determine if a connector design is acceptable for 
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FOR UNDERWATER VEHICLE APPLICATIONS

Remotely Operated Vehicles (ROV) and Autonomous Underwater Vehicles (AUV) are vital systems commonly used in subsea 

applications for the oil and gas, oceanographic research, and military industry. These underwater vehicles must perform in rugged, 

pressurized environments where uptime and reliability are critical to the operation, with expensive electronic equipment onboard that 

must be protected. Greene Tweed’s Seal-Connect® electrical and optical product lines are designed and tested for harsh 

environments with vast experience in high pressure environments capable of withstanding operating depths over 20,000 ft with 

pressure ratings ranging from 25,000 - 35,000 psi. Custom Seal-Connect® products undergo extensive mechanical property lab 

testing and can perform in harsh media, saltwater conditions. 

ST & FC CONNECTOR FAMILY

The FC connectors use a threaded position keyed coupling 
connection while the ST connectors feature a bayonet 
twist-lock (j-slot) connection. When used with an 
FC adapter, ST adapter, or Permanent Bulkhead 
Feedthrough (PBF) respectively, the result is a hermetically 
sealed connection protected from wet environments and 
particulates that can irreversibly degrade optical fi ber. 
The DRY™ HP Series is intended for use in submerged, 
seawater environments and can withstand pressures up to 
10,000 psi*. All FC and ST connectors have passed stringent 
immersion and heat/humidity tests with minimal light loss.

FIBER OPTIC EXTREME

For harsher environments, Seal-Connect® Fiber Optic Extreme® 

solutions provide an optical feedthrough system that ensures 
data transmission when exposed to extreme pressures and 
extreme temperatures – is capable of withstanding operating 
pressures of 20,000 psi and temperatures up to 302°F (150°C). 
This feedthrough can be designed with up to 24 channels. 

Along with the Seal-Connect portfolio, Fiber Optic Extreme has 
high durability and consistent performance in tough, saltwater 
environments. 

*Internal lab testing to 5,000 psi with customer field qualification testing to 10,000 psi
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these types of environments. A connector’s plating 

is a crucial element in long life as well as its ability 

to handle shock and vibration and resist corrosion.

CORROSION
Copper will oxidize and create contact resistance, 

so it needs to be finished with another layer, such 

as tin, gold, palladium, or silver (for very high 

temperatures). 

Tin is inexpensive and highly conductive, but it 

can be subject to fretting corrosion [1] and tin 

whiskers which can lead to dangerous conductivity 

[2]. Fretting corrosion occurs with vibrations 

over time. These micro movements can lead to 

oxidation where the tin is making a connection, and 

ultimately lead to a failed connection (specifically, 

an oxide forms, breaks, and then eventually 

corrodes the connector away). This can be avoided 

with lubrication, but tin is typically not used on 

contact points for high-performance connectors. 

The next best plating choice is gold, which is one 

of the best conductors of electricity. It is a soft 

metal, so it is often hardened into an alloy with 

an element such as cobalt. Unfortunately, copper 

can migrate through gold within a year or even 

months. The industry standard is to use a layer of 

nickel between the copper and the gold to prevent 

copper migration. Nickel is desirable because of its 

resistance to wear and conductivity [3]. 

To complicate things, harsh or high temperature 

conditions can speed up the oxidation of copper. 

This can be addressed with thicker nickel layers 

or thicker gold layers. Gold plating in the range 

of 10 micro inches is very porous, and, while it 

looks continuous, the pores can provide a way 

for the base metal to oxidize. Increasing the 

gold thickness to 30-50 micro inches can greatly 

improve corrosion resistance [4]. For instance, in 

its Extended Life Product (ELP) version of the Tiger 

Eye connector, Samtec uses up to 30 micro inches 

of cobalt gold over a minimum of 50 micro inches 

of sulfamate nickel over a copper alloy substrate 

(Figure 1). For any other application, in standard 

conditions, 10 micro inches of gold would be 

sufficient. Some new extended life applications are 

requesting 50 micro inches of gold plating. 

 

Figure 1: Cobalt gold contacts are plated over sulfamate 
nickel and BeCu in the Samtec Tiger Eye product. This 
product features three points of contact and is qualified to 
2,500 mating cycles [5]. 
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OF PRODUCT LIFECYCLE 
AND COST.
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How can you tell if a material will avoid corrosion 

and support long-life? Mixed Flowing Gas is an 

industry standard test to evaluate a product’s 

resistance to corrosion caused by gases in the 

atmosphere. In this test, a product is placed in 

an environmental chamber and subjected to 

gases found in the atmosphere, such as chlorine, 

hydrogen sulfide, nitrogen oxides, and sulfur 

oxides, as well as varying levels of temperature, 

airflow, and relative humidity [6]. Connectors 

subjected to this test are then tested for low-level 

contact resistance. Anywhere there is accelerated 

corrosion, it will cause an issue on the plated 

surface. Samtec’s certified Extended Life Products, 

for instance, are exposed to 10-year Mixed Flowing 

Gas, where sulfur dioxide, chlorine, hydrogen 

sulfide, and nitrogen dioxide flow around parts 

for 14 days and achieve high mating cycles (250 to 

2,500) [7].

The de facto industry standard is to use nickel 

under cobalt-hardened-gold up to 125 °C. Gold 

alternatives are being looked at for higher 

temperatures. For instance, palladium nickel has 

the potential to be used between the copper and 

gold to increase operating temperatures up to 150 

°C. Beyond that, plating choices typically include 

silver for applications well over 200 °C, such as 

electric vehicle charging. 

SHOCK & VIBRATION
Numerous outcomes can result when a connector 

experiences shock and vibration, and a range of 

tests can be performed to ensure good performance 

[8]. Perhaps the most common failure is cracked 

solder joints. When a gold-plated connector is 

soldered, some gold will migrate into the solder 

joint. If there is more than 5% gold in the solder 

joint, it becomes brittle, and any vibration will 

cause the solder to shatter. It is imperative that in 

processes using gold-plated connectors the solder 

joints are extremely well controlled. One way to 

minimize the risk is to only put gold on the contact 

point of the connector. This selective gold plating 

is shown in Figure 2, where the manufacturer’s 

plating lines deposit nickel on the entire pin and 

tail, and then put gold only on the contact point (to 

provide corrosion resistance). This is also a more 

cost-effective solution than gold-plating the entire 

pin and tail of the connector.

 

MULTIPLE MATING CYCLES
Generally speaking, a connector’s mating cycles 

are determined by the material used for the 

connector’s contact, plating material, and the 

plating thickness. ELP connectors made with BeCu 

contacts and 30 micro inches of gold plating, for 

instance, can withstand up to 1,000 mating cycles, 

while inexpensive pins made with tin plating over 

copper will typically tolerate up to 15 mating cycles. 

Figure 2: Selective gold plating of just the contact point, 
which improves the connector’s performance in the 
presence of shock and vibration, shown on a Samtec 
HSEC8-DP Series. 

https://www.lemco-precision.com/products/standard-electrical-contacts/
https://www2.samtec.com/connector-supplier/af-2/march/blog/plating-options
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Connector manufacturers can develop test plans 

to qualify extended life products. Samtec, for 

example, qualifies its ELP using ECIA-EIA-364-G, 

the “Electrical Connector/Socket Test Procedures 

Including Environmental Classifications” standard, 

and publishes its test results in the documentation 

section of the Samtec website.

FUTURE WORK
There is still more to be learned to increase 

mating cycles and improve resistance to corrosion 

[9]. Work in materials science and mechanical 

engineering is ongoing in these areas, with efforts 

underway to increase the hardness of the nickel 

alloy and to experiment with different plating 

thicknesses and materials. 

Visit Samtec to learn more. 
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