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9.2.3 AQualification Testing of Subsea Electrical and Optical Equipment
9.2.31 General
The gualification tests shall ensure that:

— the equipment is robust and suitable for the environment to which it is exposed during transportation,

Standard for Subsea Production and hand"ng‘ installation, and operation;

Processing Control Systems . ,
— the exposure to the environmental stress screening (ESS) test procedure does not cause any damage

to or degradation of the equipment's functionality.
API STANDARD 175 The gualification tests shall be applied as follows:

@buarﬂs and subassemblies shall be qualified to Q1 (see 9.2.3.3);

— electronic modules shall be qualified to QZ (see 9.2.3.3);

— heavy equipment that cannot practically be tested according to Q2 and that comprises one or more
circuit boards individually mounted within the design shall be qualified for handling and transportation
AP o in accordance with relevant transportation standards and operational reguirements. The printed circuit
. nstitute &
boards shall be qualified to Q1.

Highly accelerated life testing (HALT) should be applied to ensure reliability and robustness of PCBA
design.

EEGRDSNE
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9.2.3.3.1 Shock Tests

Four shocks shall be applied in each of six directions along three mutually perpendicular axes. The axes
shall be selected to maximize the probability of detecting faults in the design.

For printed circuit boards or eguipment containing printed circuit boards, one of the axes shall be
perpendicular to the plane of the board or the majority of the boards, respectively. If, in normal service,
shock absorbers or vibration dampers are part of the mounting, they shall be part of the mounting in the
shock tests, as well. The shock level shall be as follows:

—_ Q1: 30 g acceleration, 11 ms@

— Q2: 10 g acceleration, 11 ms half sine.

After the shock tests, no significant damage or distortion shall have occurred, and the EUT shall pass a full
functional test.
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9.2.3.3.2 Temperature Tests

With electrical power applied and under full load, the EUT shall be temperature soaked for 48 hours at the

high design temperature.

If the EUT design is using the external housing as part of the conducted cooling system, the test fixture
shall represent the actual design.

Components that are not designed to operate permanently under full load (e.g. power electronic
components) shall be tested under intermittent or reduced load according to a specified load profile.
Each thermal cycle shall be performed as follows,
The same procedure shall be repeated for the low design temperature.
. . - o . o .

During the above temperature tests, reduced accuracy of measurement functions of the EUT may be ) Increase to high design temperature at a minimum 5 °C/min (9 °F/min).
tolerated. However, such functions should perform as specified at the normal operating temperature, as ) o ) . . "
defined in Table 1. b) Keep at this temperature for a minimum of 30 minutes (or the duration for electronics to stabilize at

design temperatura).
Power offion tests shall be performed at the start and end of each temperature soak to ensure that the EUT
will power up at the high and low design temperatures. To reach thermal equalization with the climatic . - o . o .
chamber, it is required to power off the EUT for an appropriate time before each offfon test (e.g. 1 hour). c) Decrease to low design temperature at a minimum 5 “C/min (8 “F/min).
The temperature tests shall be performed open frame with forced circulation of air or another heating d) Keep at this temperature for a minimum of 30 minutes {or the duration for electronics to stabilize at
medium if it is more appropriate to the application. To reduce the risk of condensation, it is acceptable to design temperature).
purge the air with nitrogen.

Following the soak tests, temperature cycle testing shall be p@

A minimum of 10 thermal cycles shall be applied. The temperature limits for the temperature cycling shall
be the maximum and minimum design temperatures as defined in Table 1. If faults resulting from flaws in
workmanship are detected during thermal cycling, the flaws shall be repaired according to approved
methods, and the sequence shall be started over. Design-related malfunctions shall be investigated and
may require product redesign.

Ten thermal cycles alone are considered insufficient for the qualification test. Theoretical analysis or further
temperature testing (e.g. accelerated life testing or guantitative life testing) shall be performed to ensure
that the exposure to the ESS temperature cycling and burn-in do not cause any damage to or significant
degradation of the eguipment.
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9.2.3.3.3 Vibration Tests

The EUT shall be mounted on the test table using a similar fastening method as in normal service.

The vibration feedback sensor(s) (control sensor(s]) measuring the vibration test equipment excitation level
shall be fixed to the test fixture. Sensors mounted on the EUT shall be used for monitoring purposes only,
not for control.

The following excitation shall be applied to three mutually perpendicular axes. The axes shall be selected
to maximize the probability of detecting faults in the design. For printed circuit boards or equipment
containing printed circuit boards, one of the axes shall be perpendicular to the plane of the board or the
majarity of the boards, respectively. The excitation level shall be as follows (as illustrated in Figure 5);

Q1 and Q2: 5 Hz to 25 Hz with £2 mm displacement;

< Q1: 25 Hz to 1000 Hz with 5 g acceleraﬁor‘->

— [2: 25 Hz to 150 Hz with 5 g acceleration.

Y r
Q2 Q1
(Max) (Max)
" i .
[ X
5 25 150 1000

Key

x frequency in hertz on a logarithmic scale

Y acceleration, expressad in g

Figure 5—Acceleration, g, over Mechanical Vibration Frequency




9.2.3.3.4 Electrical Power System and Communication System Sensitivity Tests

The gualification tests shall ensure that:

— electrical communication system components demonstrate acceptable performance capability o
throughout the full specified range(s) of input parameters (sensitivity testing) and noise immunity;

— electrical power system components demonstrate acceptable performance capability throughout the
full specified range(s) of input parameters (sensitivity testing); this shall include extended-life testing, if

relevant.
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9.2.3.3.5 External Hydrostatic Tests of Electronic Enclosures

External hydrostatic tests shall be performed on 1atm electrical ennlﬂsurw
pressure. The axter c test pressure shall be maintained for a minimum o i addition
to performing three pressure cycles without impact ﬂ? W fnf one of
the pressure cycles: sare cycle | m ambient to test pressure and back to ambient pressu

Acceptance criteria shall be no water ingress and no impact on functionality:
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For subsea equipment, each application needs to be considered with regard to its installed environment.

The subsea environment does not suppod ed propagation for high-frequency EM phenomena, so if
the generic industrial product standafd IEC 61000-6-2 iused as guidance, only the conducted phenomena
test requirements should be considerad.

The EMC test matrix (see Table 5) provides an appropriate level of confidence for subsea equipment. The

test standards cited refer only to “power ports” and "signal ports." For the purposes of applying these test

standards to the test specifications listed in Table 5, any port that is not a power port shall be considered
9.2.3.3.6 EMC Tests o be a signal port.

e of the electrical Table 5—EMC Test Matrix
2 el peratmn of any other element,
whether it is part of the same system or an unrelated system All elements shall be immune to all predicted Test Basic Test ation Performance
EM phenomena to a level determined by the functional or safety-related requirements of the system. Number Standard Jmmm"\ Criteria
As auid ‘ b ) b ) hould EM disturb h h “Electrostatic discharge according to IEC 61000-6-2:
guidance for subsea equipment, no su sea eqmprpant should generate isturbances so that c:nt_ er 1 IEC 510{]0_4_2( — 4 kV (charge voltage) contact discharge B
subsea equipment is prevented from operating as intended (both when deployed subsea and during \hi ' o
surface-based testing). In the presence of disturbances, whether they are locally generated or conducted KV (charge voltage) air discharge
from a remote location, subsea equipment should have a level of immunity that allows it to operate as Fast transients according 1o IECGTO00-6-2:
intended without unacceptable degradation of performance. Performance should meet Criterion A in the =C 81000 550 TofTh ns, 5 kHz repetition frequency B
presence of continuous phenomena and Criterion B in the presence of transient phenomena. 2 ' 1000-2-4 —  +1 kV on signal ports
— 2 kW on input and output power ports
Radio-frequency common mode, power, and signal port:
3 IEC 61000-4-6 — 0.15 MHz-80 MHz A
— 3V
. CISPR 32 pC;:;::ucled emission on power ports and signal ports/communication According to
(EM 55032) 015 MHz-20 MHz class A
5 IEC 61000-4-5 | Surge according to IEC 61000-6-2 power and signal port B
Voltage dip, variations, and short interruptions immunity {power ports)
6 IEC 61000-4-11 (AC-powered systems) B
P - I ;
7 IEC 61000-4-13 ower harmaonic immunity (power ports) B
(AC-powered systems)
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