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INTERIM PROCEDURE FOR TYPE APPROVAL OF 406 MHz BEACONS EQUIPPED
WITH LI-ION RECHARGEABLE BATTERIES
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October 2013

The following procedure shall be used by the Cospas-Sarsat Secretariat for the review of type approval
applications for 406 MHz beacons equipped with Li-ion rechargeable batteries. Because of the limited
experience available and the limitations which may affect beacons equipped with rechargeable
batteries, 406 MHz beacons equipped with Li-ion rechargeable batteries successfully tested in
accordance with this Interim Procedure will receive a Letter of Compatibility in lieu of a full
Cospas-Sarsat Type Approval Certificate. All C/S T.007 requirements are applicable for type
approval testing of beacons equipped with Li-ion rechargeable batteries, except when otherwise stated
in this document.

This procedure only applies to rechargeable batteries where lithiufifyions move from the anode
(negative electrode) to the cathode (positive electrode) during diseharge and the reverse direction
when undergoing charge and where the anode is made fraffDinsertion material (hard carbon,
graphite, etc.), the cathode is a metal oxide, and the electyolyte is a lithium salt in an organic
solvent.

1. DEFINITIONS APPLICABLE TO LITHIUMSION-RECHARGEABLE BATTERIES
1.1 Beacon Modes
1.1.1 Beacon Storage Mode: No cirouits age.powered by the primary batteryl.

1.1.2 Beacon Stand-By Mode?) The beacon 406 MHz transmitter and other ancillary devices
are not activated; autdmatic ifternal checks are performed from time to time by the
beacon resulting ir a-Cursgnfdrain from the primary battery.

1.1.3 Beacon Self-Fest Mode: Some beacon circuits are powered during the self-test of the
beacon, whieh results in specific power drain from the primary battery.

1.1.4 Beacon Active Mode: The 406 MHz transmitter is active and/or other ancillary devices
powered by the primary battery are active.

1.2 Time Between Recommended Charges (TBRC)

The Time Between Recommended Charges (TBRC) at ambient temperature, for this procedure,
is the time recommended by the beacon manufacturer between battery recharges when the
beacon is in stand-by mode. The TBRC determined by the manufacturer must take into account
the power drain which would result from recommended periodic self-tests during TBRC. The
TBRC must be clearly indicated on the beacon.

TBRC is temperature dependent; the beacon manufacturer shall inform the user that prolonged
storage at high temperature will require recharging the beacon more often than stated.

1 The primary battery is the non-rechargeable or rechargeable battery which is powering the 406 MHz function
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1.3 Worst Case Life Time (WCLT)

In a worst case configuration, the user might not recharge?” the battery after the initial full charge.
In this configuration, the “Worst Case Life Time” (WCLT) is the time in beacon stand-by mode
when the available capacity remains greater or equal to the capacity required to meet the
declared operating life time at minimum temperature.

The Worst Case Life-Time is determined by the beacon manufacturer. The WCLT definition
assumes no irreversible losses due to beacon storage prior to the first battery charge that initiates
the beacon stand-by mode. The definition also assumes that no self-tests are performed during
WCLT. If self-tests are recommended by the manufacturer during TBRC, separate from the
recharge process, the corresponding current drain would also have to be considered for the
determination of WCLT.

Figure 1: Illustration of Battery Capacity and Wors@e Life Time
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1.4 Battery Replacement Life Time
The Battery Replacement Life Time is determined by the beacon manufacturer from the sum of
the following losses and current drains:

a)  irreversible capacity loss over the replacement life time and maximum storage time
(including the 1.65 safety factor),

b)  reversible capacity loss during TBRC (including the 1.65 safety factor),

c)  average current drain resulting from constant operation of the beacon circuits in stand-by
mode,

d)  current drain from any device powered by the beacon battery prior to beacon activation,
during TBRC (including the 1.65 safety factor), and

2 Itis assumed that the initial charge of the battery has been done by the user in accordance with the user manual

procedure.
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1.5

1.6

e) current drain due to maximum number of self-tests carried out during TBRC as
recommended by the beacon manufacturer.

The battery replacement life time assumes a maximum two year storage time (battery storage
and beacon storage mode) prior to the first charge of the new battery by the end-user.

Maximum Storage Time

The maximum storage time includes the battery storage time prior to its installation in the
beacon and the beacon storage time before the first full charge of the battery assumed to be
performed by the end-user after purchasing the beacon.

A maximum storage time of two year shall be used for the determination of the battery
replacement date.

Battery Replacement Date 6

The battery replacement date is the date at which the recharg battery installed in the beacon
must be replaced. The battery replacement date shall be clgér]y indicated on the beacon together
with the TBRC. The replacement date is determined by tfg*beacon manufacturer using:

- the date the batch of new batteries was manufac )

- up to two year’s storage time at the manufao@ser’s @commended state of charge and prior
to the first full charge by the user, and Q

- the specific battery replacement llf%QC d@qmned by the manufacturer for the beacon
model.

The battery replacement date 1@ @ expression:

Replacement Date = Date of fac §@+ Two Year Storage + Battery Replacement Life Time

2.1

2.2

On the battery repl@ent date the beacon shall meet the declared operating life time at
minimum tempe,r:?tare.

Q&
PROCEDURES FOR TESTING BEACONS WITH LITHIUM-ION RECHARGEABLE
BATTERIES

General Requirements

All C/S T.007 requirements are applicable for type approval testing of beacons equipped with
Li-ion rechargeable batteries, except when otherwise stated in the this document.

Test Conditions

In addition to provisions of section 4.4 of document C/S T.007, and at the discretion of the test
authority, the manufacturer may be required to replace or recharge the LIRBs between tests.
However, no other modifications to the beacon will be allowed during the test period without a
full re-test.
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2.3

24

2.5

2.6

Technical Data (section S of C/S T.007)

In addition to the technical data submitted to the Cospas-Sarsat Secretariat, the manufacturer
shall submit supplementary technical information related to the LIRB, in accordance with
Attachment A of this document.

Changes to Type Approved Beacons

The manufacturer must advise the Cospas-Sarsat Secretariat (see C/S T.007 Annex H) of any
changes to the design or production of the beacon, er power source or charger for beacons using
Li-ion rechargeable batteries, which might affect beacon electrical performance.

Operating Lifetime at Minimum Temperature

In addition to the requirements described in section A.2. @ocument C/S T.007, for
calculation of the pre-test battery discharge for beacons equipped with LIRBs, the following

factors shall be accounted for: (25)
o
1. the reversible and irreversible losses3 of batt apacity;

ii. the average current drain resultlng fr@% taht operation of the circuits powered
from the beacon battery prior t@ eac @aetlvatlon over the Time Between
Recommended Charges (TBRC) ;

iii. the number of self-tests, si@om ded by the beacon manufacturer and, when the
function is included, the umber and maximum duration of GNSS self-test
transmissions, over t ted of the battery pack (the beacon manufacturer shall
substantiate the metliod(s) % to determine the corresponding current drain(s);

O

iv. the worst casé@pletlon in battery power due to current draw that cannot be replicated
during the dgetime test, for example, to account for a difference between the actual
outpu)%@er setting of the test unit homer transmitter and the maximum output power
of the homer transmitter, as declared by the beacon manufacturer in Annex G;

v. a correction coefficient of 1.65 applied to item (ii) and item (iii) to account for
differences between battery to battery, beacon to beacon and the possibility of
exceeding the battery replacement time; and

vi. a correction coefficient of 1.65 applied to item (i) to account for differences between
battery to battery and the possibility of not recharging the battery at the required time.

Self-Test Mode
For beacons using LIRBs, the battery status should be tested during the self-test. If the battery

is not in “normal battery mode” as defined in section 3.1, the self-test result should indicate
“Failure”.

3 The terms are defined in section 3.1.
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Design data shall be provided on protection against repetitive self-test mode transmissions.

Procedures for Evaluation of Li-ion Rechargeable Batteries Performance
3.1 Definitions
3.1.1 Normal Battery Mode

The beacon manufacturer shall state the Time Between Recommended Charges (TBRC).
The beacon shall automatically check the battery condition at defined intervals (T wake-up)s
which shall not be longer than one fourth of TBRC. At the end,of each T ke interval, the
beacon shall check the time since the last charge and the batte% dition.

- If the time since the last charge is less than TBRC and i battery condition is good, the
battery is considered to be in “Normal Battery M and the beacon may go back to
standby mode until the end of the next Tyake-up 1N

tEf
- If the above conditions are not fulfilled, the @ all be warned that the battery must be
recharged (see section 3.2). Q Q
O
3.1.2 Irreversible Capacity LO%Q @

The irreversible capacity loss is the’b?s’s th\%attery capacity which cannot be recovered by
subsequent recharges of the b{ re are two components to the total irreversible

capacity loss: \(b
(1) during ba an%e@con storage, and
(i1) durin at placement life time while the beacon is in standby mode.

3.13 R@rmble Capacity Loss

The reve’ghﬁ\e capacity loss is the loss of the battery capacity which can be recovered by
subsequent recharges of the battery. This reversible capacity loss is also known as “self
discharge”.

3.14 Determination of the Battery Replacement Life Time

Figure 2 illustrates the determination of the battery replacement life time. The diagram of
available battery capacity assumes that, initially, the new battery installed in the beacon is
fully charged and is not affected by any irreversible storage loss. To take irreversible storage
losses into consideration, the battery capacity required to meet the specified performance
during the declared operating life time at minimum temperature is augmented by the
irreversible storage loss assuming a maximum two year storage time (battery storage and
beacon storage mode).

The operating life time at minimum temperature performance of the beacon on the battery
replacement date shall be verified using the procedure described in section A.2.3 of the
document C/S T.007.



6 C/STP (LIRB) — Rev.3
October 2013

Figure 2: Determination of Battery Replacement Life Time
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3.15 Worst Case Life Time (W CL%\ OQ

In a worst case configuration, the us\@ ﬁ%rget to recharge the beacon battery, the
“Worst Case Life Time” (WCLT) e tlx@n beacon stand-by mode when the available
capacity remains greater or eq\' acr[y requlred to meet the declared operating life
time at minimum temperatur The T shall be a minimum of 1 month greater than the
beacon manufacturers de{b TB

3.2 Charge @h‘cat A

Beacons usin Qargeable batteries shall provide a clear indication when the battery has to
be recharged\~This should be made either by visual (e.g. LED, display) and/or audio

indicator’(e.g. buzzer). Beacon manufacturers may choose to indicate:

a) either that the battery is in “normal battery mode” (for example by activating a green
LED); or

b) that the battery is no more in “normal battery mode” (for example by flashing a red
LED).

The charge indication shall be shown on the beacon and shall be fully documented in the user
manual.
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33 Measurement of Remaining Battery Capacity at the Replacement Date
3.3.1 Battery Capacity Measurement

")
The capacity of the battery can be defined as C = j I(t)-dt
t
The measurement of the battery capacity shall be made using the following procedure:

- a complete charge process is made on the battery (at time t; in Figure 3 the battery is
fully charged);

- a discharge of the battery is made using a well known resistor R gischarge Until the battery
is fully discharged, the voltage goes down to zero® (at time t, in Figure 3 the battery is
“empty”’); and

- the voltage is monitored every ot.

O

%)
Figure 3: Battery Capacity Measure@ Procedure
Voltage
: &2

Vmax

Vmin

v

N
The capaCityris calculated as follows:
Empty-Battery t,
c=  [it)-dt= 1 Z[V(”‘i)w(t)-étj
. discharge t 2
Fully-charged g 1

Rischarge 15 chosen in order to provide an equivalent discharge current equal to the maximum
charge current of the charger when the battery is at its maximum (i.e. fully charged at Vmax
in Figure 3 above).’

The value of the resistor Rgischarge has to be known to an accuracy better than 1%.

3.3.2 Measurement of Reversible Capacity Loss at Room Temperature

The measurement is performed by the beacon manufacturer. In this section, when a battery
is recharged, the charger to be used shall be as described in section 3.6 of this document.

The measurement is performed using a batch of 10 batteries. The batteries shall be initially
fully charged (Vcharge final = Vmax). The first capacity measurement shall be made at room
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temperature at time t, on each battery of the batch (as detailed in section 3.3.1 of this
document). The average Co mean is then calculated.

Figure 4: Time Line for Capacity Loss Measurements during TBRC

_ Char_ge & Discharge in Raischarge . Char_ge &
Discharge in Raischarge S C; Discharge in Rischarge
| 2>Co | | | 2> C; >
to to+TBRC t

The batteries are then fully recharged, disconnected and left unconnected during TBRC.

At ty+TBRC, a voltage measurement is made on each battery t&)rovide the battery voltage
4
after TBRC. The average Vartial discharge mean 1S calculated . E %)

.5 .
A second capacity measurement is made on each batt@at room temperature at to+ TBRC.
The average C; mean tBRC 1S Calculated. Q

Based on the dispersion of the individual m;a&ements of Creversible losses during TBRC, the

manufacturer determines a Cpaximum_reversitifosses_damihg TBRC-

>
Based on the dispersion of the indi\%&@l m@‘urements Of Cirreversible_losses_during TBRC, the
manufacturer determines a Cma&t@imvf  Josses_during TBRC-

After the capacity measurefiieht atgﬁTBRC, a complete recharge of all batteries is
performed. A third capagt easurement is made on each battery at room temperature and
the average Cs mean 1B calculated.

g’ 9

%é’igure 5: Illustration of Battery Capacity and Losses

QN
& 4 Irreversible

Capacity Loss

Reversible
Capacity Loss Battery Capacity
Initial Battery after Recharge (C2)
Capacity
(Co) A
Battery Capacity
at To+TBRC
(C1)
v \ 4

4 This information is important to take into account the impact of multiple charge-discharge processes on
irreversible capacity losses as described in section 3.3.3(ii)of this document.

The second capacity measurement is made before performing any recharge.
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The reversible battery capacity loss during TBRC (after the first recharge) is then:

Crever51ble loss — C2 _mean_TBRC ~ C1 _mean_TBRC

The irreversible battery capacity loss during TBRC is also calculated as follow:

CirreversibleilosscsiduringiTBRC = COfrneaniTBRC - CZﬁmeanﬁTBRC.

333 Evaluation of Irreversible Capacity Losses: Accelerated Aging
This evaluation is performed by the beacon manufacturer.

The Arrhenius equation states that the dependence of the rate constant k of chemical
reactions to the temperature T (in Kelvin) and activation energy Ea is given by the following

equation: s 6
A=A.e RT 66
%)

Where: A : rate of capacity fade \Co
A : pre exponential factor @
E.: activation energy as measured i tion 3.90f this document (in J-mol’ )

R:8.31 J-mol"-K
T : temperature (in Kelvin) Q)(\ Q
@ &
AR
In order to simulate the ageing oﬁgterl thin a reasonable test time, the batteries are
placed at a higher temperature 1 chamber. The equlvalent ageing of the capacity

of the battery follows the Arr%mus % hereby an accelerated ageing of the battery can be
achieved.

The activation energq5§ nt upon the selected battery chemistry and cell construction
(i.e. the chosen Cathode-Electrolyte chemistry), the beacon manufacturer has to
measure this p%a eter as described in section 3.9 of this document.

The acce‘lﬁ&d ageing factor is then calculated according to the expression:

-4
LI e MU T with:
t2
t; : time of the test at ambient temperature
T, : ambient temperature 293°K (i.e. equal to 20°C£1°C)
t : time of the test at elevated temperature (t; >t;)
T, : climatic chamber temperature in °K (£1°K) (T, >T))

The selected test temperature shall correspond to a test period greater than 6 months and shall
not exceed 55°C so as to avoid a distortion of ageing results.

(1)  Estimation of Irreversible Capacity Loss during Storage

This test is performed using a batch of 10 new batteries. These batteries are to be supplied
by the battery manufacturer as they will be supplied in production (i.e. most of the time they
will not be fully charged).


http://en.wikipedia.org/wiki/Rate_constant
http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Absolute_temperature
http://en.wikipedia.org/wiki/Kelvin
http://en.wikipedia.org/wiki/Activation_energy
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At time ty, Cy capacity measurements are made at room temperature on a set of five batteries
using the procedure described in section 3.3.1 of this document. These five batteries are not
used for the remainder of the test. The average Cy mean 1S calculated from the measurements
obtained for these five batteries.

The other set of five batteries is left unconnected and not charged. The batteries are placed in
a climatic chamber at the selected temperature during the test period equivalent to the
maximum storage period at ambient temperature, as described above. The batteries are then
removed from the climatic chamber. A complete charge is performed on these batteries and
capacity measurements are made on all five batteries at room temperature to provide the
average C27meanist0rage-

The irreversible capacity loss due to storage is calculated as follow:

Cirreversibleilossiinistorage = COﬁmean - CZﬁmeanistorage

(i1) Estimation of Irreversible Capacity Loss During Beac tandby Mode

This test is performed using a batch of 10 new batteries,{@ supplied by the manufacturer.

At time tg, Cy capacity measurements are made a‘@Qm temperature on a set of five batteries
using the procedure described in section 3.3.1 dEthis document. These five batteries are not

used for the remainder of the test. The av C Y 1S calculated from the measurements
obtained for these five batteries. ‘QQ 6\
The other set of five batteries is ed placed in a climatic chamber at the selected

temperature for the test period 1va]@( to the battery replacement life time at ambient
temperature, as described ab((é.c xS

o> o
At time ty + test perio @ five {atteries are taken out from the climatic chamber. To take
into account the aging' li ed@iﬁe repetitive charge-discharge process, N successive charge-
discharge cycles a@erforme as follows.

The charg§§@ess is made using the charger as described in section 3.6 of this document

. 6 . 7 .
and the discharge process is made from Viharge final 10 Vpartial discharge mean 1N Raischarge - This
step is repeated N times on all five batteries, with N defined as the ratio: Battery
Replacement Life Time / TBRC, rounded down to the nearest integer.

Finally a charge process is applied on all five batteries and new capacity measurements C,
are made. The average Cs mean standoy 1S calculated.

The irreversible capacity loss in standby mode during the battery replacement life time,
including the partial discharge/recharge cycles applied in beacon standby mode, is calculated
as follow:

Cirreversibleilossiinistand-byimode = C07 mean — CmeeanfStandby

(111) Estimation of Total Irreversible Losses

The total irreversible losses, which include storage loss and loss during normal mode, are:

6 See definitions in 3.6.2 of this document and Figure 7. V charge final = battery voltage at end-of-charge.
7 See definitions in section 3.3.2 of this document.
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Cir‘reversibleﬁlosses = Cirreversibleilossiinistorage + Cir‘reversibleﬁlossiinistandbyimode

An additional safety factor of 1.65 is to be applied to this value when performing the
operating life time at minimum temperature test per section A.2.3 of document C/S T.007.

34 Verification of Reversible and Irreversible Capacity Losses

In order to partially verify the results provided by the beacon manufacturer, the following
measurements shall be performed at a Cospas-Sarsat accepted test laboratory.

The measurements are performed on a batch of 5 batteries. The batteries are initially fully
charged. At time t, the first capacity measurement is made at room temperature on each
battery of the batch. The average Co mean_1ab 1 calculated.

The batteries are recharged, disconnected and left unconnecte@uring TBRC.

%)
At time ty+TBRC, a second capacity measurement is at room temperature. The Cy;
capacity is measured for each battery. After this capa€ity measurement, the batteries are
recharged. A third capacity measurement is theb%ade at room temperature. The C,;
capacity is measured for each battery. O

)
The following battery capacity losses are df@%d ’ﬁ@he above measurements:

%) N
Q0”2
(1) Reversible loss between esst arges = Cyi-Cyj

Each value has to b Sﬁ. ler @lﬂ Cmaximum_reversible_losses_during_TBRC prOVided by
the beacon manufa&'er Kygescribed in section 3.3.2 of this document

%
(i1) Irreversible&%etw e@successive charges = C;-Cy;

Each val S tO\@ maller than CmaximumiirreversibleilossesiduringiTBRC Pl‘OVided by
the bea anufacturer as described in section 3.3.2 of this document.

35 ,Q@rlﬁcatmn of Worst Case Life Time
This test is performed by the beacon manufacturer using two complete beacons.

At time to, the batteries of the beacons are charged. After the charge, the beacons in stand-by
mode are placed in a climatic chamber at a specific temperature (Ty.;) for a duration
equivalent to the declared Worst Case Life Time (WCLT) at ambient temperature. As
described in section 3.3.3 of this document, the accelerated ageing factor Ay is a function of
E, and Ty

5[;;]
—e RT, T

The equivalent WCLT duration is the WCLT divided by the factor Ay .

A

wclt

At the end of the test period the beacons are removed and kept at ambient temperature for at
least 2 hours. Then the beacons are put in a climatic chamber at their minimum operating
temperature and, after at least 2 hours, the beacons are turned on. An operating life time test
at minimum temperature is then carried out on both beacons as described in C/S T.007



12 C/STP (LIRB) — Rev.3
October 2013

section A.2.3, but without any further pre-conditioning of the battery. If the operating life-
time test is successful for both beacons (i.e. the beacons meet Cospas-Sarsat requirements for
the declared operating lifetime at minimum temperature), the declared Worst Case Life Time
is deemed to be confirmed by the test.

3.6 Battery Charger

3.6.1 Charger Information

The electric diagram of the charger shall be provided and the charge process shall be
described. For CCCV (Constant Current and Constant Voltage) charge, the following

information shall be provided:

a)  charge current during constant current phase (this value could be provided as a

function of the battery capacity?®), 6
b)  charge voltage and tolerance during constant voltage ¢ (for example 4.2V for most
Li-ion cells), %)
&

¢)  current limit below which the charging proce&ended,

d)  estimated time to fully recharge a batte%({%od

e)  confirmation that the charger is Q@%m\ @9 national safety/EMC requirements.
3.6.2 Charger Test Procedure&CCC&{%harge Process

These tests can be made b@he bpgoo@n manufacturer and verified by a test laboratory
accepted by Cospas-Sarsat, @ >

w N
a)  Testset-u
P OO O

. %Fglre 6: Diagram of Beacon charger Test Set-up

N

Voltmeter 1

V=V,-V4
\2 Vs
y 4
Charger I
charge Rsense
Voltmeter 2
- Vat

-

Two voltmeters are necessary, one for differential measurement (image of the charge
current), the second for monitoring the voltage of the battery.

8 For example, for a 2000 mAH battery, a charge at C/5 would mean a charge current of 2000/5=400 mA.
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| v, -V,
charge —
Rsense

Reense=0.1 Ohms (with accuracy lower or equal to 1%)
b)  Test result
In a first step, the battery has to be fully discharged in a defined resistor as described in
section 3.3.1 of this document. The battery is then charged and Icharge and Vinarge are

monitored.

At least 50 values (Icharge and Veparee) are to be provided and the time between two
measurements shall not be longer than 1 minute.

Figure 7: Voltage and Current Intensity Measurements during Battery Charge

|charge @e
A A

|charge7\niha\ -—_——— — — 6

Vchargeifina\

@\ Vchargeiinit\a\
Q7 -
~

i t
Ichargeffma\ -------------------------------- N £ = !

R\
QQ 4

The charge applied to @ atte%gq;ﬂl then be calculated. The applied charge shall be equal
or greater than the BG.éry capacity measured in section 3.3.1 of this document.

tend_charge

Indications 0»&63—g0ing charge and end of charge shall be provided to the user.
3.7 «Interaction between Charge Process and Self-Test

A self-test should be automatically started after each charge process. This would generate a
self-test at least every TBRC.

The battery mode should be tested as described in section A.3.6 of document C/S T.007,
during the self-test. If the battery is not in normal mode, the self-test result is FAILED.

3.8 Data to be Provided by Beacon Manufacturers

All information specific to the use of rechargeable batteries is documented in Attachment A
to this document.

3.9 Measurement Method of the Activation Energy
Ea

The Arrhenius law applied to batteries is Cequa =Co -€ " with 1=4, e RT
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Measurements are made:
e at 4 different temperatures,
e during 3 different time periods, and
e using 5 batteries for each measurement (in time and temperature).

A total of 60 batteries are needed for the test.

(1)  Definition of the different temperatures

The four recommended temperatures®are:

e T,=20°C
e T,=30.8°C
o T3=42.4°C
o Ty=55°C
(i1))  Definition of the different measurement times 6@

In order to define the measurement steps, a first “e iffiation” of the activation energy is
needed. The first estimated “proposed value” is E; Q® Jmol™. The associated accelerated

ageing factor is:
t_l _ Tl T4 ﬁ?@ 273+55 _

t2
The duration of the test is then defin. \9 @K

p enOQs{Q{lw&&nt to the rep lacement life time

t

Ea test =

If the calculated value is&g&v @'\:ﬁs the test is then defined to last 6 months.

The three recommeé@um iods are:
® T= tEa_test -1/3 6

® To=lga test®

O tE&‘s&\

(iii)) E, measurement

At the beginning of the test,
e 15 batteries are placed in a climatic chamber at T;=20°C
e 15 batteries are placed in a climatic chamber at T,=30.8°C
e 15 batteries are placed in a climatic chamber at T;= 42.4°C
e 15 batteries are placed in a climatic chamber at T,=55°C

After a period T = tg, st *1/3, @ set of 5 batteries is extracted from each climatic chamber and
their remaining capacity is measured.

e For the 1 group stored at T, 5 capacities are measured:

Cresiqual 1 (T13T1); Cresiduat 2 (T15T1); Cresiqual 3 (T13T1); Cresidual 4 (T15T1); Cresiduat 5 (T15T1)-
e For the ™ group stored at 12, 5 capacities are measured:

Cresiqual 1 (t15T2); Cresiquat 2 (T1;T2); Cresiqual 3 (T15T2); Cresidual 4 (T15T2); Cresidual 5 (T15T2).

9 T2 & T3 are chosen to have 3 regular steps on the curve in 1/T (T in °K) between T & T,



15 C/STP (LIRB) — Rev.3
October 2013

e For the 3 group stored at 13, 5 capacities are measured:

Cresiqual 1 (t15T3); Cresiquat 2 (T1;T3); Cresiqual 3 (T15T3); Cresiqual 4 (T15T3); Cresidual 5 (T15T3).
e For the *™ group stored at 14, 5 capacities are measured:

Cresidualil (TI;T4); Cresidualj (TI;T4); Cresidualj (TI;T4); Cresidualj (TI;T4); Cresidualj (TI;T4)-

’ Co
The measured values are incorporated in the graph below (Figure 8).

According to. Cresidual =Co €7 IHLMJ =]t

Figure 8: Capacity Versus Time at 1,
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Note: In Figure 8, only 1 eS lhs@corresponding to the 5 measured values are depicted.
For each measurementa3 battefies are used as defined in the 1° paragraph of section 3.9 of
this document. T, 0 ‘Af the lines in Figure 8 provide different values of Ay (t1;T;),
which are depiCted in I1);§ure 9. At 1y, 20 values are to be reported on Figure 8,

correspondi% 20 data point on Figure 9 (i.e. 5 at 1/T4, 5at 1/Ts, 5Sat 1/T, and 5 at
1/T).

)
Figure 9: Accelerated Ageing Factor Versus Temperature at 1,
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The measured activation energy (E, meas) 1 the slope of the best fit straight line shown in
Figure 9. The accelerated ageing factor shall be recalculated according to the expression:

E,_meas [i ~ L]
/1 e R T T

The duration of the test is then recalculated as:

period equivalentto the replacemert life time
1:Ea_test = ﬂ

At time 1,= 2/3-tg, s @ set of 5 batteries is extracted from each climatic chamber and their
remaining capacity is measured. 6

e For the 1% group stored at T}, 5 capacities are measured

Cremdual 1 (T29 1) Cremdual 2 (T29 1) Cr651dual 3 (T2> 1) Cr (TZ’ l) Cremdual 5 (TZ’TI)
e For the 2™ group stored at T, 5 capacities are mea

Cremdual 1 (T29T2) Cr651dual 2 (T29T2) Cres1dual 3 (T29T2 residual_4 (TZ,TZ) Cre51dual 5 (TZaTZ)
e For the 3" group stored at T3, 5 capacities ar ured

Cr651dual 1 (T29T3) Cremdual 2 (T29T3) Cr651dual > esidual_4 (TZ,T3) Cremdual 5 (T2,T3)
e For the 4™ group stored at Ty, 5 capac1t1 red:

Cresidual_1 (12T4); Cresidual 2 (125T4); C /3 (TK@) Cresidual 4 (123T4); Cresidual s (125T4).

Then the plots “capacity versus ti a ’a;celerated ageing factor versus temperature” are
updated and the duration of the;\ is recalculated.

At time T3 = tg, eqt the lasésg’ (B}terles is extracted from each climatic chamber and their

remaining capacity is @ g
Q

e For the 1 gro Qtored at Ty, 5 capacities are measured:

re51dua1 12@&1) Cre31dual 2 (T3,T ) Cre51dual 3 (T3, 1) Cre51dual 4 (T3a 1) Cre51dual 5 (T3,T])

e Forth roup stored at T, 5 capacities are measured:

Cre51dua1 1 T3,T2) Cr651dual 2 (T3,T2) Cr651dual 3 (T39T2) Cr651dual 4 (T3,T2) Cremdual 5 (TS,TZ)
e For the 3™ group stored at Ts, 5 capacities are measured:

Cresidual_1 (13;T3); Cresiduat 2 (t33T3); Cresiqual 3 (135T3) 5 Cresiduat 4 (t33T3); Cresiqual 5 (T3;T3).
e For the 4™ group stored at Ty, 5 capacities are measured:

CresiduaLl (T3;T4); Cresidual} (T3;T4); CresiduaLS (T3;T4) N Cresidua]74 (13;T4); Cresidualj (TSQT4)-

The plots “capacity versus time” (Figure 10) and “accelerated factor versus temperature”
(Figure 11) are updated.
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Figure 10: Capacity Versus Time at t;
g 7 TEa_test Time (days)
sso : : : : >
\\\\\\\\\\\:-—!' _______ 8
—+ \\\\ ~\‘=\\ ‘—__i ‘‘‘‘‘‘ B
SN ' \\\‘~\ ‘‘‘‘‘ ';‘--_
- \\\ \\\i \‘\\\i\ 8 ———
N @ \\\ = \\\\\
4 ~ ~o S~ L]
- ~o -~
RN ~ - ~~
1 B \\ \\\ - - \\\\\
\\ \\ :
-T \\\ \:\\
N \\
N ~
N ~
N ~
- N \\
N DN
4 N \\\=
a N\ ~
N s No
N e SN
- N ~
N ~
N
N
N
N
T N é
N
N
N2
. O,
]r{ ("T)] <Z)
v Co

9
o

Figure 11: Accelerated Ageing F r Versus temperature at 13

The final value of the applicable activation energy (Ea) for the selected technology is the
third slope of the best straight fit line shown in Figure 1119,

10 At 15, 60 values should be reported in Figure 10, hence 60 slopes corresponding to 60 points in Figure 11 (i.e. 15 at
1/Ty, 15 at 1/T5, 15 at 1/T, and 15 at 1/T). The activation energy is calculated using value from the individual storage
period. Figure 11 presents three slopes for each storage period.
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ATTACHMENT A

Supplementary Characteristics for Beacons equipped with LIRBs

Characteristic

Specification

Battery chemistry

Battery cell model name, size and number of cells

Battery cell manufacturer

Battery pack manufacturer and part number

Initial capacity of new battery after first charge

mAh

Required capacity to meet the operating life time at
minimum temperature

666
(CO@

Battery replacement life time

Years

é §0nths

Charge indication

\@VIS 1/[]Audio

@ormal Mode / [_]Not in Normal mode
Charge Ongoing
[] Charge Complete

Q @ Type :
U
Time Between Recommended Cha ata @'
temperature (TBRC) —Months
O 0
Tyake-up (Wake-up period ta, ck battery) Days
Rischarge (Tesistor R@S}harge process) Q
Reversible losses between TBRC: o
(V]
CmaximumireversibleﬁlossesfduringﬁTBRC
Voltage drop after TBRC: V uial discharge mean I %
Irreversible losses during TBRC:
Cmaximum_irreversibIe_Iosses_during_TBRC %
Activation Energy Ea 1
__J.mol
Test temperature (if applicable) for measurement of oc
irreversible capacity loss during storage -
Worst Case Life Time (WCLT) Months - Years
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Characteristic Specification
Irreversible losses in two-year storage: Cirreversible loss in_storage %
Test temperature (if applicable) for measurement of oC
irreversible capacity loss in standby mode —
Irreversible losses in standby mode over replacement life o
. (V]
time: Cirreversibleﬁlossiinistandbyfmode
Measured operating life time in Worst Case Life Time Hours
configuration B
Battery Charger
Icharge_initial —mA AQb
\ 04
Icharge_ﬁnal - @
£
N
Vcharge_initial #
6\/
Vcharge_ﬁnal <
(ZEX Q)
Charge time : teng charge @ ~N"Mn
. Q&
Charge capacity (0 A mAh
—
Oscillator type (e.g. OCXO, MCXO, TCXéi\.'.. xS
o N\
3
Rexii'e
Characteristic b Specification
o \Cj
Optional GNSS
Self-Test Mod teristics: Self-Test Mod
elf-Test Mode C’l&r cteristics elf-Test Mode Self-Test Mode
[...]
- Maximum number of GNSS Self-Tests (beacons N/A
with internal navigation devices only)
- Self-test automatically activated after each charge
process (for beacon using rechargeable batteries)

- END OF DOCUMENT -





