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n
Foreword

This specification details the performance, and where required the environmental testing, of electrical products for Marine
applications.

This test specification is to be read in conjunction with the Lloyd’s Register Type Approval Procedure and, where indicated, the
latest Lloyd’s Register (hereinafter referred to as LR) Type Approval Test Specification No. 1.

The edition of the National/International Standard or LR Rules current at the time of application for Type Approval is to be applied.

Where a standard including the LR Rules is subsequently amended, modified, or superseded in any way, further testing in
accordance with the new standard may be required before a certificate can be renewed.

Failure to comply with this requirement may render the test results unacceptable for the purposes of LR Type Approval.

The interpretation of this specification is the sole responsibility, and at the discretion, of LR. Any uncertainty in the meaning of the
specification is to be referred to LR for clarification (typeapprovalenquiries@lr.org).

n Section 1 
Introduction

1.1 General

1.1.1 Lithium battery systems required to be Type Approved by LR’s Rules and Regulations are to satisfy the requirements of
LR’s Type Approval Procedure, Type Approval Test Specification No. 5 (this document) and Type Approval Test Specification No. 1.

1.1.2 Lithium battery systems intended for use in marine and offshore applications are to satisfy the requirements of Test
Specification No. 1 category ENV2 as a minimum and for extreme environments ENV3, ENV4 and ENV5 as appropriate to the
installation environment. Lithium battery systems intended for use in areas with controlled atmospheric environments are to satisfy
the requirements of Test Specification No. 1 category ENV1 as a minimum. The environmental limitations are to be specified and
listed on the certificate.

1.1.3 Test area ambient conditions are to be maintained within the standard range of atmospheric conditions as follows:

(a) Temperature: 25°C ± 10°C.

(b) Relative humidity: 60 per cent (allowable deviation during test ±30 per cent).

(c) Air pressure: 90 kPa ± 10 kPa.

1.1.4 Following successful completion of the Design Review and Testing, both cell and battery system manufacturing facilities
are to be inspected by LR Surveyors to ensure that the appropriate quality controls are in place in order to maintain conformity of
manufacture for the period of validity of the Type Approval Certificate. Particular attention is to be given to the quality controls at
the following production stages:

(a) inspection of materials and components;

(b) assembly;

(c) packaging;

(d) marking (see section 5.1 of IEC 62620);

(e) final testing.
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1.1.5 The following information, at minimum, is to be displayed on the issued Type Approval certificate:

(a) Module capacity;

(b) Maximum ambient operating temperature;

(c) Automatic shutdown cell temperature limit;

(d) Module operating voltage range;

(e) Module and cell shutdown voltage limits;

(f) Continuous charge and discharge rate;

(g) Peak bolted short circuit current;

(h) Equipment ingress protection rating;

(i) Gas volume generated (calculated per module);

(j) Gas Temperature Classification and Division/Zone Group.

1.2 Design, construction and testing standards

1.2.1 The battery cells and systems are to be designed, manufactured and tested in accordance with the following standards,
amended as noted in this test specification for ambient temperature:

(a) IEC 62619: Secondary cells and batteries containing alkaline or other non-acid electrolytes - Safety requirements for
secondary lithium cells and batteries, for use in industrial applications; and

(b) IEC 62620: Secondary cells and batteries containing alkaline or other non-acid electrolytes - Secondary lithium cells and
batteries for use in industrial applications.

1.2.2 The approval of lithium battery systems which incorporate chemistries for which no standards have been published will
be the subject of special consideration.

1.3 Submitted information

1.3.1 The producer’s submission is to fully describe the battery system under test and be submitted in a single package in a
clear and logical manner including the following details, as applicable.

1.3.2 The submission is to demonstrate compliance with Part 6, Chapter 2, Section 12 of the Rules and Regulations for the
Classification of Ships.

1.3.3 Request forms and documentation in accordance with the LR Type Approval Procedure is to include the following
information:

(a) Circuit and block diagrams of all battery system components to circuit board level with parts lists.

(b) General arrangement drawings showing:

(i) Arrangement of inserts, connectors and general construction;

(ii) Size and shape of the terminal contacts;

(iii) Section view together with detailed drawing of all parts;

(iv) Associated parts list detailing all materials used;

(v) Venting and pressure relief arrangement;

(vi) Insulation type, and size of all wires;

(vii) Make, type and rating of all circuit breakers and/or fuses; and

(viii) Details of passive and/or active cooling arrangements.

(c) Detailed system functional description and operational limitations including at minimum the following:

(i) Cell lower limit discharge voltage;

(ii) Cell upper limit charge voltage;

(iii) Cell charge/discharge current limits;

(iv) Cell temperature limits.

(v) Cell balancing;

(vi) Rated operating current region;

(vii) Rated operating temperature region;

(viii) Rated capacity;

(ix) Charge/discharge instructions;

(x) Behaviour in case of malfunctions; and
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(xi) Details of controls, alarms, safeguards and safety shutdowns.

(d) Cell designation as described in section 5.2 of IEC 62620.

(e) Battery designation as described in section 5.3 of IEC 62620.

(f) Software quality requirements in LR Type Approval Test Specification No. 1 are to be complied with.

(g) Gas analysis test procedure is to be submitted for review.

(h) A ‘Master list’ showing all the submitted drawings with the following headings:

(i) Title;

(ii) Type designation;

(iii) Drawing number, date and revision mark; and

(iv) Functional description.

1.3.4 The producer’s technical brochures and operation, maintenance and training manuals for the battery system are to be
submitted.

1.3.5 Extracts from the manufacturers’ Quality Assurance system manual are to be submitted to verify that procedures listed
in Ch 1, 3.1 General 3.1.1 are in place and followed.

n Section 2 
Testing procedure

2.1 General

2.1.1 Agreed representative samples of the battery cells and modules shall be subjected to a series of type tests. Testing shall
be witnessed by an LR Surveyor unless carried out at a nationally accredited test establishment.

2.1.2 A test programme is to be submitted allowing sufficient time for LR to comment before testing commences. It is to
contain:

(a) The identity of the test establishment and any accreditation for the specific tests.

(b) The proposed equipment to be tested and a technical explanation to justify that they are representative of the range of
products to be type approved. The ‘Equipment Under Test’ (EUT) is to be specified by full type designation to system
module/circuit board level, as applicable. When relevant, the installed software versions are to be identified.

(c) A block diagram showing the proposed configuration of the EUT (if applicable).

(d) The proposed tests demonstrating compliance with the relevant tests outlined in this test specification and specified
standards.

(e) Any certificates and reports for relevant tests previously obtained for the product.

2.1.3 Destructive tests are to be completed on a minimum of 3 cells and/or 3 battery module for the battery system design
type under test.

2.1.4 Test on lithium battery systems are to be carried out in accordance with Table 1.2.1 Type tests on lithium battery cells
and battery systems.
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Table 1.2.1 Type tests on lithium battery cells and battery systems

Item Cell Battery Module/ System

External short circuit test (IEC 62619 - Section 7.2.1), see Note 1 X X

Impact Test (IEC 62619 - Section 7.2.2) X

Drop Test (IEC 62619 - Section 7.2.3) X X

Thermal abuse test (IEC 62619 - Section 7.2.4) X

Overcharge test (IEC 62619 - Section 7.2.5) X

Forced discharge test (IEC 62619 - Section 7.2.6) X

Internal short circuit test (IEC 62619 - Section 7.3.2) (optional) X

Propagation test (IEC 62619 – Section 7.3.3), see Note 2 X

Overcharge control test (IEC 62619 – Section 8.2.2 and 8.2.3) X

Overheating control test (IEC 62619 – Section 8.2.4) X

Charging procedure for test purposes (IEC 62620 – Section 6.2) X

Discharge performance at: (IEC 62620 – Section 6.3.1)

+35oC ambient in environmentally controlled spaces (ENV1)

+45oC ambient marine environments (ENV2, ENV4)

+70oC ambient marine environments (ENV3, ENV5)

X

Discharge at low temperature (IEC 62620 – Section 6.3.2)

+5oC ambient temperature (ENV1, ENV2, ENV3, ENV4)

-25oC ambient temperature (ENV5)

X

High rate permissible current (IEC 62620 – Section 6.3.3) X

Capacity retention and recovery (IEC 62620 – Section 6.4) X

Internal resistance test (IEC 62620 – Section 6.5) X X

Endurance Tests (IEC 62620 – Section 6.6) X

Gas Analysis, see Note 3 X

Cell balancing functional test X

Sensor failures test X

SoC validation test X X

SoH validation test X X

High voltage test X

Insulation resistance test X

Emergency disconnect functional test X

Alarms and shutdowns test X

Over-temperature protection test X

Over-voltage protection test X

Under-voltage protection test X
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Communication failure between BMS and charging system shutdown

test
X

Note 1. The external short circuit test is to be performed on a complete battery module to determine maximum

short circuit currents.

Note 2. The propagation test procedure is to be modified so that it is performed with the battery space and

battery cells heated to the maximum operating temperature of the battery system prior to initiation of thermal

runaway. The maximum operating temperature is to be defined by the battery manufacturer and not less than

45°C. If active cooling is provided for controlling a thermal runaway event and cell temperature, the maximum

operating temperature is to be defined by the battery manufacturer. The module is to be monitored for 24 hours

following the thermal runaway event. One of the following test acceptance criterion is to be followed:

Acceptance criterion for single cell thermal runaway:

No thermal runaway propagation between cells within a module is achieved. No other cells within the module or

neighbouring module shall see an internal temperature greater to or equal to 90°C. The test is to be repeated

successfully in the 3 worst areas within the module. If any test is failed, the propagation test is considered

unsatisfied.

Acceptance criterion for single module thermal runaway:

At least half of all the cells within the module are to have gone into thermal runaway. No thermal runaway

propagation between cell modules is achieved. No neighbouring module shall see an internal temperature greater

to or equal to 90°C. The test is to be repeated successfully 3 times. If any test is failed, the propagation test is

considered unsatisfied.

Note 3. The gas analysis is to be performed on the same make, model and cell type as tested during propagation

testing. The battery cell is to be selected at random and is to be at 100% state of charge prior to commencement

of test. The test is to be conducted in an inert atmosphere and the cell is to be heated until it vents. The vent

gasses are to be analysed to identify gas volume and gas composition.

n Section 3 
Quality Assurance

3.1 General

3.1.1 The manufacturer’s Quality Assurance system is to include the following:

(a) Procedures for the inspection of materials, components, cells, modules, battery packs, and battery systems.

(b) Procedures for the periodical inspection of process controls.

(c) A procedure to ensure timely communication of any proposed design or manufacturing changes to LR for consideration.

3.1.2 Test and manufacturing data is to be appropriately stored and made available to LR upon request.

3.1.3 Where changes to the design, components or manufacturing processes are made, re-testing will usually be required to
ensure the continuation of product quality.

3.1.4 Medium to long-term impacts of any design changes are to be assessed and results are to be presented to LR.
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