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Marking:
\
| (2
]
SACRED SUN
CONSTANT VOLTAGE CHARGE(25°C)
CYCLE USE l FLOAT USE
VOLTAGE REGULATION| 14.7V | 13.62V
INITAL CURRENT 22.5A MAX

WANGNING:

.RISK OF FIRE,EXPLOSION,OR BURNS

.DO NOT DISASSEMBLE,HEAT ABOVE 40°C,
SPG12350W
(12V75Ah/10hr,25°C) (‘ E
AN B
VALVE REGULATED Pb
RECHARGEABLE SEALED LEAD-ACID BATTERY XK06-006-00392

@ @ SHANDONG SACRED SUN
& A POWER SOURCES CO., LTD

Note: Other models have similar label except model name and ratings.
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Test item particulars .......ccccceevceevieeece e . Valve regulated lead acid battery
Possible test case verdicts:
- test case does not apply to the test object.................. N/A
- test object does meet the requirement........................ P (Pass)
- test object does not meet the requirement.................. F (Fail)
TESTING cveeieeteetee e
Date of receipt of test item ..........cccoccvevvcvvcicinceeen . 2014-09-04
Date (s) of performance of tests.........c..ccceeveveveveenenn . 2014-09-04 to 2016-05-25

General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

"(see Enclosure #)" refers to additional information appended to the report.

"(see appended table)" refers to a table appended to the report.

Throughout this report a point is used as the decimal separator.

All cells have similar construction and belong to same series. All 12V models incorporate cells of same
series.

After evaluation, throughout this report SPG12350W is tested as typical models.
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General product information:

The battery is valve regulated type stationary lead-acid battery for general use.

C10 C3

Model lio(A) | 1s(A) [ 1(A) [ 1(A) |lozs(A) | (25T 1.80V) (25°C 1.70V)
SPG12350W 7.5 9.0 18.7 41.3 144.4 75 56.25
Charging parameters were provided by manufacturer
Model float charge voltage Fully charging method

Ufinal 14.1V (2.35V/cell)
SPG12350W 13.50V(2.25V/cell) I limited 1.5%14,

Max. Time 24h

TRF No. TTRF_ENG60896_A
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IEC 60896-21:2004, IEC 60896-22:2004
Clause Requirement + Test Result - Remark Verdict
FUNCTIONAL REQUIREMENTS
4.1 Overview
The following requirements are grouped into safe operation, performance and
durability needs.
4.2 Safe operation characteristics
Test clause Measures Purpose
61 Gas emission To dgatermene the emitted gas volume
62 ‘ High current tolerance To verify the adequacy of curran! conduction
Cross- sectons
6.3 Shart circus! current and d.¢ intermal To provide data for the stzing of fusas in the
ressstance extenor circuit
64 Protection agamst mtemal ignition from To evaluate the adequacy of peoleclive features
| axternal spark sources
65 Protection against ground short propensity To svaluate the adsquacy of design features
6.6 Content and duratility of requsred markings To svaluate the quality of the markings and the
content of the mformation
67 | Material identification To ensure the presence of material identification
markmgs
6.8 | Valve oparation To ensure the correct opaning of safety valves
69 Flammability rating of matenals To verdy the fire hazard class of battery matenals
610 Intercell connector performance To venty the maximum surtaca temperatures of
the connectors during high rale discharges
4.3 Performance characteristics
Test Clause Measures Purpose
61 Discharge capacity To verify the aveilable capacities at selectad
discharge rates or cischarge durations
6.12 Charge retention during storage To provide storage durat:on date
613 Float sarvice with dally ¢ischarges To determme cyclic parformance under float
charge conditions
B.14 Recharge behaviour Te determine the racovery of capacity ar
autonomy time after a power oulags
4.4 Durability requirements
Test Clause Measures Purpose
615 Service life at an operating temperature of To determine the operational life a1 elevated
10 *C | temperalures
616 Impact of a stress temparature of 55 *C or To determine tha influancs of hagh stress
€0 “C | temperatures on cell or monobloc battary life
617 Abusive over-discharge | To determine the expected behaviour when
| BXCE5SIVE Capacity 15 discharged
6138 Thermal runaway sansitivity | To determine the expectsd timas to establish a
| condition of escalating current and temperaturé
619 Low temparaturé sansitivity | To detemine the sansitivily loward damage
inducad by slectrolyie freazing
6.20 Dimansional stability at elavated internal To detarmine the propensity of the cell or
pressure and temperature monobloc to be deformed by Internal gas pressure
and ot elevated tamparatures
821 Stability against mechanical abusa of unids | To detarmine the propensity of the cell or
during installation monobloc battery Lo fracture of leak when
| dropped
4.5 Test result requirements
The test results required to verify the characteristics defined in 6.1 to 6.21

TRF No. TTRF_EN60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Clause

Requirement + Test

Result - Remark

Verdict

TEST SET-UP (IEC 60896-21:2004)

51

Accuracy of measuring instruments

51.1

Voltage measurements

The instruments used shall be of an accuracy
class 0,5 or better where required. The
resistance of the voltmeters shall be at least 10
000 Q/V.

T|(T|(T| T

512

Current measurements

The instruments used shall be of an accuracy
class 0,5 or better where required.

513

Temperature measurement

The instruments used shall have a resolution of 1
K. The absolute accuracy of the instruments shall
be 1 K or better where required.

514

Time measurements

The time measurements shall have of an
accuracy of £1 % or better where required.

515

Length measurements

The instruments used shall have an accuracy of
10,1 % or better where required.

5.1.6

Weight measurements

The instruments used shall have an accuracy of
+1 % or better where required.

517

Gas volume measurements

The instruments used shall have an accuracy of
15 % or better where required.

518

Gas pressure measurements

The instruments used shall have an accuracy of
+10 % or better where required.

5.2

Selection of test units

The units to be used for type testing according to
this part of IEC 60896 shall be selected in
accordance with the procedures as standard
specified

5.3

General test features and rules

TRF No. TTRF_ENG60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Clause

Requirement + Test

Result - Remark

Verdict

53.1

The test units shall not undergo any maintenance
operations such as water or electrolyte additions
or withdrawals during the entire duration of a test.

5.3.2

The test units shall be tested in the position
specified by the manufacturer in the relevant
technical documentation of the product range
except for those cases in which a particular
position is specified in the test clause. The
position used in any given test shall be reported
in the relevant test documentation.

5.3.3

The test units shall always be tested fully
charged with the method and duration of charge
being exclusively that specified by the
manufacturer in the relevant technical
documentation of the product range except for
those cases in which a particular method or
duration is specified in the test subclause. The
charge methods and duration used in each test
shall be reported in the relevant test
documentation.

534

Whenever there is a significant change in a
specified design feature, material, manufacturing
process, relevant quality inspection and test
procedures of the manufacturing location(s) of a
product range, the relevant type test(s) shall be
repeated to ensure that the affected product
range continues to be in compliance with the
defined Safe operation, Performance and
Durability requirements for the intended
application.

535

Each test and test set-up shall be documented
with photographs that give a clear image of the
test units and their identification numbers.

54

Number of test units

TRF No. TTRF_ENG60896_A
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IEC 60896-21:2004, IEC 60896-22:2004
Clause Requirement + Test Result - Remark Verdict
54.1 The number of units to be tested is summarized below P
Test Clause Measures Number of test units
61 Gas omisson 6 colls or 3 monobloc battenes
62 Hegh current tolerance 3 cells or 3 monobloc battenes
6.3 Short cirewt current and d.¢ intemal résistance | 3 cells or 3 monobloc battenes
64 Protection agamnst internal igrition from external | 3 valve assembhes
Spark sources
65 Protection against ground short propensity | cell or 1 monobloc battery
T liit‘.:i T;m;r aer durabiity of required markings 3 spmples
6.7 Matenal identification I cover or 1 casa sample
648 Valve operations 3 celis or 3 monobloc battenes
6.4 Flammability rating of matenals 1 sampla per matanal
G610 Intercall connector performance € celis or (6 monobloc battenes
Tesl Clause Measures Number of tast units P
611 Discharga capacity 5 x @ calls or 5 ¥ 6 monobloc batkeries
612 Charga retention during storags & oells or G monobloc batterias
613 Float sarvice with daily dischargas & oells or 3 monobloc batterias
614 Rachargs hahawviour 3 cells or 3 monobloc batterias
Test Clause Measures Number of test units P
6.15 Segvice lfe at an operating temperature of 40 °C | 3 celis or 3 monobioc battenes
616 Impact of & stress tlemperature of 55 "C or 60 "C | 3 calls or 3 monobloc battenes
6.17 Abusive over-discharge 4+3 celis or 4+3 monobioc ballenes
613 Thermal runaway sensilivity 6 cells or 6 monobioc batteries
619 Low temperature sansitivly 3 celis or 3 monobloc battenes
6.20 Dimensional stability at elevated internal 1 call or 1 monobioc battery
pressure and temperature
6.21 Stabiily aganst mechanical abuse of units 2 calls or 2 monobloc batieries
duning installation
55 Suggested test sequence
Multiple tests on the same units are allowed. P
However, the test sequence should be planned
carefully to ensure that the execution of one test
does not disturb or unduly influence the outcome
of a subsequent test or cause hidden safety
problems. In some cases, a test clause may
proscribe a sequence of tests. Separate units
may be used for each test unless otherwise
specified. The manufacturer makes the final
decision on the test sequence. The adopted test
sequence shall be recorded in the relevant test
documentation.
5.6 Customer test N/A
5.6.1 The test units and test to be used for acceptance N/A
or commissioning tests shall be selected and
defined by a joint agreement between the battery
supplier and battery user.

TRF No. TTRF_EN60896_A
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IEC 60896-21:2004, IEC 60896-22:2004
Clause Requirement + Test Result - Remark Verdict
For an acceptance or commissioning capacity N/A
test, a discharge at the 3 h rate to a final voltage
of 1,70 Vpc or as agreed upon between battery
supplier and battery user, shall be selected.
6 TEST METHODS AND REQUIREMENTS AND CHARACTERISTICS P
6.1 Gas emission Refer to table 6.1 State data
6.2 High current tolerance Refer to table 6.2 P
6.3 Short-circuit current and d.c. internal resistance | Refer to table 6.3 State data
6.4 Protection against internal ignition from external | Refer to table 6.4 p
spark sources
6.5 Protection against ground short propensity Refer to table 6.5 P
6.6 Content and durability of required markings Refer to table 6.6 P
6.7 Material identification Refer to table 6.7 P
6.8 Valve operations Refer to table 6.8 P
6.9 Flammability rating of materials Refer to table 6.9 State data
6.10 Intercell connector performance Refer to table 6.10 State data
6.11 Discharge capacity Refer to table 6.11 P
6.12 Charge retention during storage Refer to table 6.12 P
6.13 Float service with daily discharges Refer to table 6.13 P
6.14 Recharge behaviour Refer to table 6.14 P
6.15 Service life at an operating temperature of 40 °C | Not conducted according N/A
manufacturer’s requirement
6.16 Impact of a stress temperature of 55 °C or 60 °C | Refer to table 6.16 P
6.17 Abusive over-discharge Refer to table 6.17 P
6.18 Thermal runaway sensitivity Refer to table 6.18 P
6.19 Low temperature sensitivity Refer to table 6.19 P
6.20 Dimensional stability at elevated internal Refer to table 6.20 State data
pressure and temperature
6.21 Stability against mechanical abuse of units Refer to table 6.21 P
during installation
ANNEX A | (NORMATIVE) USER STATEMENT OF REQUIREMENTS (IEC 60896-22) N/A
1) Application description information N/A
Application summary N/A
Load (in A or W) and autonomy time profile(s) N/A

TRF No. TTRF_ENG60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Clause

Requirement + Test

Result - Remark Verdict

Minimum and maximum system float voltage

N/A

Maximum or boost charge system voltage
available Y/N If yes what value?

N/A

Minimum system discharge voltage or low
voltage disconnect Y/N If yes what value?

N/A

Expected minimum and maximum operating
temperatures and their duration per year

N/A

Any other relevant information or operational
requirements such as duration and frequency of
power outages, of diagnostic discharges and of
energy cost saving actions

N/A

2)

Product specification information

N/A

Product safe opetation in service Complinnce information mandstory N/A

01 Goas amission (at float vollage and at 2. 40 Vpe) Data raquestad

Fr: H'“J"',""('““‘ i-)l;‘-hmr-\ S N 7 r‘as::

6.3 Short circwl! current and ¢ ¢ intermal rasistancs Data requastiad

LX) Inernal ignition from extarnat spark sources Pass

65 Protection against ground short propensdy Pass

8.6 Caontant and durabiiy of raquired markings Pass

6v Matanal iantification Pass

68 Valve operation Pass

(] Flammabidity ratmg of matenals

Data requasted

¢ 10 Inmarcell connector parformancs

Data raquasted

Product performance in service Compliance information N/A
mandatary or on as-needed basis
611 Discharge capacity Data for ] Co I e | & | ¢ | G
¢ 12  Charge ratention dunng storpge Pass

613 Floal sarvice with daily discharges

Valise 10 be requasied as lunchion of servce environment

14 Recharge behaviour Pass
Product durabllity in service Cempliance information
mandatary or on as-needed basis

615  Service Me at an oparating temparature of 40 °C

Value to he requasied as tunchan of service environment

g1 Impact of a strass temperatura of 54 °C or 60 °C

Valus 10 be requestiad as tunctsan of serace anvironment

217 Abusive overdischarge

818 Thermal runaway sensdivity

Value 1o be requested If service envirnnment warrants

Pass and show data

# 19  Low temperature sensitivity

Value to be reguasted If servics environment warrants

6.20 Omensional stabilty at elevated internal prassure
and tamparatura

Show data

€.21 Stability agamsal mechanical abuse of unts during
wstallation

Pass

TRF No. TTRF_EN60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Clause

Requirement + Test

Result - Remark

Verdict

ANNEX B

(NORMATIVE) SUPPLIER STATEMENT OF PRODUCT RANGE TEST

RESULTS (IEC 60896-22)

N/A

1)

General product type information

N/A

Product manufacturer

N/A

Manufacturing site of tested product

N/A

Product name

N/A

Product model range

N/A

Product comprising the above model range

N/A

Product tested

N/A

2)

Product test performance information

N/A

Product safe operation In service

IEC 6089621 test clauss result

61 Gas smission (at the float voltags and ot 2,40 Vpc)

62 High current 1olarance

63 Short circult and d ¢ Internal resistance

04 Intarnal ignition from axtemal spark sources

6.5 Protection against ground short propensity

86 Conteat and durability of regured markings

87 Materia! identificalion Case Caver
6.8 Valve oparation Bafors Atter
6.9 Flammability rating of matesnais Case Cover

6 10 Intercall connector performance

N/A

Product performance in sarvice IEC 60895-21 test clause rasult N/A
811  Discharge capacily T I C, l € C Cy
6.12 Charge f‘."'*‘l'llrﬂil".l\llll'lﬂ siorage ) ’ .
613 Float setvice with daily oischarges Cycdias ] Car IC,,
614  Recharge behaviour 21 [ 188 n
Product durabllity In service IEC 60898-21 test clause result N/A

8 15  Float sefvice Me at 40 °C

Mttt (IR I T ST I ST

Days wih C, rate test a1 40 °C

616  Impoct of stress temperature of 55 *C or 60 °C

Days with Cq rate lest at 55 °C or 60 °C

Doys with Cg 3¢ rafe test at 55 °C or 60 *C

817 Abusive over-discharge

& 18 Tharmal runaway sansitivity

L ] Low temperature sensdraty

6.20  Dimenssonal stability at elevated intemal prassure
end temparature

6.21  Stabaty against mechanical abuse of units durnng
installation

Company nams
Company othcer
Addrass/phanefaca-man
Signature/data/place

Document estabhizhed as reply for RF|

N/A

TRF No. TTRF_EN60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Table 6.1 Gas emission ‘ Verdict: ‘ State data

Test method:

Each cell has an actual capacity Ca = C3 and was fully charged.
Test A: The normalized gas emission Ge per cell at float charge voltage conditions at 25 °C:

1.
2.

3.

4.
5.

Three batteries in a series string, for 72 h with float charge voltage 40.5V (13.5V / each battery);
After 72 h float charge, check whether the battery is leakage or not first. Continue float charging for 168 h and
collect gas at the same time. Record Va value and convert to Vn at 25°C;
The corrected volume of gas Vn emitted at the reference temperature of 25 °C and the reference pressure of
Vs % T P.J

L. R

a

V, =
101,3 kPa shall be calculated by the formula
Four cycles, time for each cycle is 168 h;
Calculate normalized gas emission Ge.
Ge =Vn/(n 168 Crt) in ml per cell, hour and Ah (rated C3), n=1

Test B: The normalized gas emission Ge per cell at 14.4V charge voltage conditions at 25 °C:

1. Aftertest A, three batteries in a series string, for 24 h with charge voltage 43.2V (14.4V / each battery);
2. Then collect gas. Stop collecting when the time is up to 48 h or gas is up to 1000ml.
3. Record the cumulative total gas volume (Va in ml) collected over one period of 48 h or the time tc (in hours) to
collect 1 000 ml.
4. The corrected volume of gas Vn emitted at the reference temperature of 25 °C and the reference pressure of
Vo xT, P
V=82, "8
101,3 kPa shall be calculated by the formula . A
5. The normalized gas emission Ge per cell at float charge voltage conditions (14.4V) shall be calculated for
each of the four 168 h £ 0,1 h periods with the formula below:
Ge=Vn/(n 48 Crt) in ml per cell, hour and Ah (rated C3), n=1
Test result:
Model: SPG12350W
Sample | 168h Test A Remark after 72h
No: cycle vz mn vn (m)) Ta (K) Pa (kPa) Ge (m) | Noat charging
1 1 848.0 848.6 297.5 101.2 0.017 No leakage
2 777.0 776.2 298.0 101.2 0.016
3 381.0 381.3 297.5 101.2 0.008
4 110.0 110.3 297.0 101.2 0.002
2 1 868.0 868.6 297.5 101.2 0.018 No leakage
2 752.0 751.3 298.0 101.2 0.015
3 368.0 368.3 297.5 101.2 0.007
4 142.0 142.3 297.0 101.2 0.003
3 1 903.0 903.6 297.5 101.2 0.018 No leakage
2 765.0 764.2 298.0 101.2 0.016
3 383.0 383.3 297.5 101.2 0.008
4 112.0 112.1 297.5 101.2 0.002
Sample Test B Remark after 24h
No: t. (h) to 1000ml Va (ml) Vn (ml) Ge (ml) charging
1 36.0 1333.3 1329.4 0.095 No leakage
2 35.6 1349.8 1345.8 0.096 No leakage
36.2 1326.0 1322.0 0.094 No leakage

TRF No. TTRF_EN60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Table 6.2

High current tolerance

Verdict:

‘ Pass

Test method:

Each battery has an actual capacity Ca = C; and was fully charged.

1. The test units shall be discharged for 30 s with a current equal to 3 times the 5 min rate current (to Usa
1,80 V,c at 20 °C or 25 °C) or with a current equal to the maximum allowable discharge current, both as
specified by the manufacturer in the relevant technical documentation of the product range.

2. After the completion of the specified discharge duration, the test units shall stand for 5 min in open circuit

and their voltage measured and reported.

Test result:

Sample NO.

At

‘5#

6#

Requirements

SPG12350W Discharge current =(580) A

(Usna=1.80Vpc)

The battery status
after large current

No terminal melting;
No stripe melting;
Exterior appearance

No terminal melting;
No stripe melting;
Exterior appearance

No terminal melting;
No stripe melting;
Exterior appearance

Show evidence
of no incipient

melting or of no
loss of electrical

. . ) continuity
normal; normal; normal; after 30 s of high
current flow
Voltage after open Voltage of
circuit for 5min (V) 12.88 12.89 12.89 unit >2,0 Vpc

TRF No. TTRF_EN60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Table 6.3 Short-circuit current and d.c. internal resistance Verdict: Pass

Test method:

Each battery has an actual capacity Ca = C; and was fully charged.

1. The short circuit current shall be defined by determining two data pairs in the following way:

a) First data pair (Ua, la) After 20 s of discharge at the current la = 4 x 144, the voltage and current shall be
recorded to give the first data pair. The current shall be interrupted after 25 s maximum and, without
recharge and after an open circuit stand of 5 min, the second data pair shall be determined.

b) Second data pairs (Ub, Ib) After 5 s of discharge at the current Ib = 20 x |4, the voltage and current shall
be recorded to give the second data pair.

o Short circuit current I, = [(U, x Iy) = (U = )] / (U = Up) in amperes

‘Internal resistance R, =(U;-Uy) /! (lp-1;) inohms

Test result: ‘
Model name: | Sample | la Ua (V) Ib Ub (V) Short circuit | Internal resistance | Remark
No: (A) (A) current Isc Ri (Q)
(A)
19# 30 12.360 | 150 11.788 2623.01 0.0048 Actual
SPG12350W | 20# 30 12.365 | 150 11.786 2592.69 0.0048 capacity
21# 30 | 12.359 | 150 | 11.789 2631.89 0.0048 Ca>C3

TRF No. TTRF_EN60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Table 6.4

Protection against internal ignition from external spark Verdict: | Pass

sources

Test method:

1. The test shall be carried out at an ambient temperature between 15 °C and 30 °C.

2. Fill the test fixture with water to a level 3 mm below the underside of the top. Place the hold-down frame
over a 0,025 mm thickness of polyethylene film cut as shown in figure 1. Place the frame, with the film in
place, over the four studs so that the film covers the open area between the fixture and the frame. Tighten
the frame down finger tight with wing nuts to ensure a gas-tight seal around the gasket. Fit the vent system
to be tested into the fixture.

3. The whole system shall be checked for gas leakage at any place other than the vent opening, for example
with a soap solution whilst charging the gas source battery.

4. Within 1 h of charging the gas source battery commence the gassing test or otherwise commence the
spark test.

5. The valve assembly is deemed to have passed the test when no explosion or rapid combustion event

occurred within the test fixture.

Requirements No evidence of rapid combustion or explosion beyond valve/barrier assemblies
Test result:
Sample NO. 1# 2# 3# Remark
The gas generated by 0.2I,, current
No fire; No fire; No fire;
Sparklst No explode; No explode; No explode;
No other issues No other issues No other issues
No fire; No fire; No fire;
Spark2st No explode; No explode; No explode;
No other issues No other issues No other issues

TRF No. TTRF_EN60896_A
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IEC 60896-21:2004, IEC 60896-22:2004

Table 6.5 Protection against ground short propensity Verdict: Pass

Test method:

Each battery has an actual capacity Ca = 0,95C; and was fully charged.

1.
2.

7.

The case to cover seal line of the unit shall be placed in contact with a metallic surface.

The unit shall be placed horizontally and sequentially on all four possible faces according to the time
schedule in 5 and 6, and float charged, with Uflo as specified by the manufacturer, at a room temperature
between 20 °C and 25 °C.

The units shall be connected, to a circuit which applies a d.c. voltage of at least 500 V = 5 V between one
terminal and the metallic surface (aluminium foil strip) in contact with the seal line.

The negative terminal of the d.c. voltage source shall be connected to the terminal of the unit(s) and the
positive terminal to the aluminium foil strip.

The unit shall be placed horizontally first on face 1 for 30 days or until either electrolyte leakage or
significant ground short current flow (few mA of current) is detected.

After 30 days of test, the unit shall be placed horizontally for 7 days on face 2, followed by 7 days on face 3
followed by 7 days on face 4 or until either electrolyte leakage or significant ground short current flow is
detected.

The presence or absence of ground short/leakage phenomena shall be reported.

Requirements No evidence of ground short and leakage phenomena

Test result:
Sample NO. electrolyte leakage? | ground short? Leakage current measured? Remark
4 No No No
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Table 6.6 Content and durability of required markings Verdict: Pass

Test method:

The test shall be carried out on three of the required markings.
Test with water and aliphatic solvent.

1. 1#labelis rubbed for 15 s with a piece of cloth soaked with water and again for 15 s with a piece of cloth
soaked with petroleum spirit, dried in air and then inspected visually.
Test with neutralizing solutions

2. 2#label is rubbed for 15 s with a piece of cloth soaked with a saturated solution of sodium carbonate
(Na2CO03) or bicarbonate (NaHCO3) in water, dried in air and then inspected visually.
Test with electrolyte

3. 3#labelis rubbed for 15 s with a piece of cloth soaked with a solution of 40 % in weight of H2SO4 in water,
washed with water, dried in air and then inspected visually.

Requirements Information shall remain readable after exposure to chemicals and remain in place

Test result:

Sample NO. Phenomena observed Remark
1# No obvious change, the label is still visible clearly.
2# No obvious change, the label is still visible clearly.
3# No obvious change, the label is still visible clearly.
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Table 6.7

Material identification Verdict: Pass

Test method:

Battery cover or case.
1. The specified information for material identification shall be selected from the list of abbreviation published

in 1SO 1043-1

2. The cover and case shall be visually inspected for a marking showing an 1ISO 1043-1 defined abbreviation
of the name of the polymer(s) forming the bulk of the case and/or cover.
3. The stability of the marking shall be tested, if needed, with the test outlined in 6.6.

Requirements ISO symbol present on the outside of the cover or/and case
Symbol shall remain readable after exposure to chemicals and remain in place
Test result:
Sample NO. Abbreviation of the name of the polymer(s) Remark
Battery
cover(8#,9#) FFFR
Battery
case(8#,9%) FFFR
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Table 6.8

Valve operation

Verdict: Pass

Test method:

Each battery has an actual capacity Ca = 0,95C; and was fully charged.
1. The units are fully charged and at a temperature between 25 °C.

2. The units are overcharged with a constant voltage between 2.60 V. to 2.70 V,, for at least 1 h.

3. A gas collection cover shall be placed sequentially onto each valve opening in such a way that all gas
released from that valve is captured.

4. If the valve openings are hidden by, or integrated in a gas collection cover or manifold, gas flowing from
the outlet of this cover or manifold shall be collected.

5. Atubing shall carry the gas from this collection cover to the bubble detection device such as for example
an U-shaped glass tubing of about 15 mm diameter and with the bottom of the U filled with water.

6. The opening of each valve, at a test temperature of 25 °C shall be verified visually by detecting the
released gas bubbling through the liquid at the bottom of the U shaped glass tubing.

Requirements

Gas release detected before and after stress temperature impact test

Test result:

Model name: Sample No: Gas release detected: Remark
T# Emitted gas observed

SPG12350W 8# Emitted gas observed
o# Emitted gas observed
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Table 6.9

Requirement for definition of the
flammability rating of the materials

Verdict:

Pass

Test method:

1. The test shall be carried out with appropriately sized samples of the material used for the manufacture of
the cell or monobloc battery case and, if different, also of the cell or monobloc battery cover.

2. The test shall be carried out by an appropriate test laboratory

3. The test method used shall be in accordance with IEC 60707 and IEC 60695-11-10 or equivalent test
methods for all of the above.

4. The test result and the resulting flammability classification of the material shall appear on a dated and
signed test certificate.

Test result:
Precondition Sample cotton Flammability rate level
temperature No: BE) =) BE) | =EE) ignited
A 1.9 1.3 0 1.3 yes V-0
B 1.6 1.2 0 1.2 yes V-0
25°C C 1.8 1.3 0 1.3 yes V-0
D 1.8 1.2 0 1.2 yes V-0
E 1.8 1.3 0 1.3 yes V-0
A 2 1.3 0 1.3 yes V-0
B 1.8 1.3 0 1.3 yes V-0
70°C C 1.8 1.3 0 1.3 yes V-0
D 1.7 1.3 0 1.3 yes V-0
E 17 12 0 12 yes V-0
Table 6.10 Requirement for performance of the intercell | Verdict: Pass

connector

Test method:

1. The test shall be carried out with the cells and monobloc batteries destined for the test of 6.11 (discharge
capacity at the Cqps0r 0,25 h rate with a current lg 25 t0 Usina =1,60 V) or alternatively with the highest
discharge current for a particular unit and intercell connector size as specified/allowed by the
manufacturer in the relevant technical documentation of the product range The temperature of the units at
the start of the test shall be between 20 °C and 25 °C.

2. The shape, size and construction details and the maximum temperature reached of the intercell
connectors during this discharge test shall be reported.

Test result:
Sample No. 26# 27# 28# 29# 30# Remark
Initial temp. of Discharge current:
samples (°C) 25.2 25.6 24.8 25.1 25.0 162A:
SPG12350W Highest temp. (°C) 43.5 43.3 43.7 44.2 43.8 | Discharge till
Dimension of 1.60Vpc;

Connector

Length: 80mm; cross area: 60mm2;
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Table 6.11 Discharge capacity Verdict: Pass
Test method:
Capacity Cy 5 (0,25 h rate)
1. The discharge shall be started within 1 h to 24 h after fully charged.
2. Discharged with a constant current Iy »5to Usng = 1.60 Vpc.
3. Recorded discharge time and calculated capacity.
4. Corrected the capacity to temperature of 25 °C. 0 is the initial temperature,
Casec = C/[1+1 (8- 25)] inAh (i =0,01)
Capacity C (1 hrate)
1. The discharge shall be started within 1 h to 24 h after fully charged.
2. Discharged with a constant current I, to Usn, = 1.60 Vpc.
3. Recorded discharge time and calculated capacity.
4. Corrected the capacity to temperature of 25 °C. 0 is the initial temperature,
Casec = C/[1+1 (8- 25)] inAh (i =0,01)
Capacity Cs (3 hrate)
1. The discharge shall be started within 1 h to 24 h after fully charged.
2. Discharged with a constant current I3 to Ug,, = 1.70 Vpc .
3. Recorded discharge time and calculated capacity.
4. Corrected the capacity to temperature of 25 °C. 6 is the initial temperature,
Caogoc = C/[1+A (6 - 25)] in Ah, (. =0,006)
Capacity Cg (8 h rate)
1. The discharge shall be started within 1 h to 24 h after fully charged.
2. Discharged with a constant current Ig to Ugnq = 1.75 Vpc .
3. Recorded discharge time and calculated capacity.
4. Corrected the capacity to temperature of 25 °C. 6 is the initial temperature,
Caogoc = C/[1+A (6 - 25)] in Ah, (. = 0,006)
Capacity C1o (10 h rate)
1. The discharge shall be started within 1 h to 24 h after fully charged.
2. Discharged with a constant current ;o to Us,q = 1.80 Vpc.
3. Recorded discharge time and calculated capacity.
4. Corrected the capacity to temperature of 25 °C. 0 is the initial temperature,
C625 °C = C fr[1+:'u (8_25}] In Ah,(} = 0006)
Test result: ‘
Model name: | Sample Capacity Capacity Capacity Capacity Capacity Remark
No: Cio (Ah) Cg (Ah) Cs (Ah) Cy (Ah) Cozs (Ah)
SPG12350W 1# 81.2 76.1 61.3 44.5 38.2 lio= 7.5A
Ci0= 75Ah
2# 81.2 76.2 61.3 44.4 38.5 lg= 9A
Cg= 72Ah
3t 80.6 76.1 61.1 44.3 38.5 8
;= 18.7A
5# 81.0 76.1 61.3 44.5 38.5 C;=56.1Ah
l,= 41.3A
A 80.9 76.1 61.2 44.5 38.5 C,= 41.3Ah
|0.25=144.4A
6# 81.0 76.4 61.4 44.6 38.5 C. 6=36.1Ah
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Charging parameters were provided by manufacturer

Model float charge voltage Fully charging method
Ufinal 14.1V (2.35V/cell)
13.5Vv .
SPG12350W | limited 1.5%14,
(2.25V/cell)
Max. Time 24h
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Table 6.12 Charge retention during storage Verdict: Pass

Test method:

Each battery has an actual capacity Ca = C; and was fully charged.

1. The units shall be stored at an ambient temperature of 25 °C + 5 K and fully disconnected from any
external circuit.

2. After 180 days of storage the units shall be discharged without any prior recharge so that their actual
capacity after storage Cast (3 h — Usna 1,70 V¢ at the selected reference temperature) can be determined.

3. The charge retention factor Crf shall be expressed as percentage, and is equal to

Cs=(Chtx100)/C, (%)

4. The six individual values of Crf shall be reported

Requirements Crf 270 %

Test result:

Sample No. 1# 2# 3# 4# 5# 6#
Ca 60.5 60.5 60.6 60.5 60.4 60.5

SPG12350W Cast 53.7 54.0 53.7 54.2 53.8 53.4
Crf 88.7% 89.2% 88.5% 89.6% 89.1% 88.3%
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Table 6.13

Float service with daily discharges

Verdict:

‘ Pass

Test method:

Each battery has an actual capacity Ca = 0,95C; and was fully charged.
1. Adischarge for 2 h with a current of | = 2,0 |, maintained constant within £1 % where I, = [C1o] / [10] in A

and followed immediately by

2. Acharge for 22 h with a current limited to | = 2,0 I, and a voltage limited to the float voltage specified by
the manufacturer for either 20 °C or 25 °C.
3. The cells and monobloc batteries shall be operated at a temperature between 18 °C and 27 °C and the
discharge—charge cycle routine a) and b) continued until, during a discharge of step a), a voltage of Usny
1,80 Vpc x n cells per string is reached in a time shorter than 2 h.
4. The unit or string voltages and number of cycles achieved with the discharge—charge cycle routine a) and
b) shall be recorded.
5. The units having reached the conditions outlined in c) shall then be subjected for 168 h £ 0,1 h to a charge
with a current limited to | = 2,0 1,5 and a voltage limited to the float voltage specified by the manufacturer
for either 20 °C or 25 °C.
6. Atthe end of the 168 h £ 0,1 h of charge, the units shall be subjected to a capacity test with a constant
current of | = I3 to Usng 1,70 Vpc and the capacity C4; corrected to 20 °C or 25 °C and recorded. This value
C4 represents the residual capacity available when units, after numerous cycles, are then subjected to a
prolonged period of charge with a charge voltage equivalent to the float voltage.

7. At the conclusion of the capacity test outlined in f), the units shall be fully charged and then subjected to an
equalization or boost charge according to the manufacturer’s specifications. At the conclusion of this
equalization or boost charge treatment the units shall be subjected to a capacity test with a constant
current of | = I3 to Ugna 1,70 Vpce and the capacity Cy, corrected to 20 °C or 25 °C and recorded. This value
Cap represents the residual capacity available when the units, after numerous cycles and a prolonged
charge with float voltage settings, are subjected to a manufacturer specific equalization or boost charge
treatment.

8. The test sequence 1) to 7) shall be repeated until, in the steps 6) and 7), the test units show a capacity C
and Cab lower than 80 % of Crt (3 h rate to Ufinal 1,70 Vpc at the selected reference temperature).

Test For SPG12350W
result:
Sample | Sequence 1) to 7) No.1 Sequence 1) to 7) No.2 Sequence 1) to 7) No.3
No. Value a) | Value b) | Value c) | Value a) | Value b) | Valuec) | Value a) | Value b) | Value c)
Number | Caf Cab Number | Caf Cab Number | Caf Cab
of 2 h of 2 h of 2 h
cycles cycles cycles
1# 164 | 94.8% | 95.9% 81 84.8% | 91.3% 25 81.6% | 87.4%
2# 164 94.8% 95.8% 81 84.7% 91.5% 25 81.5% 87.5%
3# 164 95.2% 96.9% 81 84.7% 91.6% 25 81.6% 87.5%
Sample | Number of sequences 1) to 7) Total number of cycles achieved
No
1# 3 270
2# 3 270
3 3 270

Note 1: The batteries are discharged for step 1 and step 2. The end voltage of final 2 h cycle discharging is

12.054V (1#), 12.059V (2#) and 12.063V (3#), more than end condition 10.8V.

Note 2: Verdict is based on current test results.
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Table 6.14 Recharge behaviour Verdict: Pass

Test method:

Each battery has an actual capacity Ca = C,q and was fully charged.

1.
2.

3.

Three monobloc batteries in a single string.

The string shall be discharged, with unit temperature 25 °C, and a constant current of | = I,4 to a string
voltage Usna N % 1.80 V.. This capacity Ca value shall be corrected to 25 °C.

After the discharge and a 1 h stand in the discharged state, the units shall be recharged, with unit
temperature of 25 °C, with a current limited to | = 2.0 |, and a voltage limited to the float voltage
specified by the manufacturer for 25 °C.

4. After 24 h of charge the units shall be immediately discharged again with a current of 1,4 to a string
voltage Usna N % 1.80 V. This capacity value Cj,,4 shall be corrected to 25 °C.

5. The capacity found after 24 h of charge C,,4 shall be expressed as percentage of the initial actual
capacity (recharge behaviour factor Ry) as follows:

Rbf24h = (6324 X 100:} / Ca %

6. The units shall be fully recharged and then again discharged, with unit temperature of 25 °C and a
constant current of | = I;, to a string voltage of n x 1.80 V.. This capacity Ca value shall be corrected
to 25 °C.

7. After the discharge and a 1 h stand in the discharged state, the units shall be recharged with a current
limited to | = 2.0 |, and a voltage limited to the float voltage specified by the manufacturer for 25 °C.

8. After 168 h of charge the units shall be discharged again with a current of 13, to a string voltage of Ugng
n x 1.80 V.. This capacity value C,,65 shall be corrected to 25 °C.

9. The capacity found after 168 h C,165 Shall be expressed as percentage of the initial actual capacity
charge (recharge behaviour factor Ry) as follows:

Roriean = (Ca1eg * 100)/Cy %
Requirements Rbf24h=90%, Rbf168h=98% to individual tested units
Test result:
Model name: | Sample No: Ca24 (AD) Ca(Ah) Rptoan (%0) Caies (Ah) Ca(Ah) Rpssn (%0)
1#
SPG12350W | 2# 80.8 80.9 99.91% 811 80.9 100.19%
3t

Note

Charging parameters were provided by manufacturer

Model float charge voltage Fully charging method
Ufinal 14.1V (2.35V/cell)
13.5V .
SPG12350W | limited 1.5%140,
(2.25V/cell)
Max. Time 24h
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Table 6.15 Service life at an operating temperature of | Verdict: Pass and stop

40 °C testing

Test method:

Each battery has an actual capacity Ca = 0,95C; and was fully charged.

1.

2.

The units shall be float charged at 40 °C with the manufacturer’'s recommended float voltage for

25 °C.

Every 118 days + 3 days the units shall, after cooling down to room temperature under float charge
voltage setting, be subjected within 24 h + 12 h to a determination of their individual actual capacity C,
(Ca).

No charge with voltages beyond the float charge voltage is admissible before or after such a capacity
determination. After capacity determination, the units are returned to float charge in the hot air
enclosure as in 6.15.6 for another 118 days at 40 °C. The test of a unit is terminated when the
individual actual capacity of that unit is less than 0,8 C,. The remaining units continue to be tested
until the actual capacity of each unit is less than 0,8 C,.

The individual capacity values C, shall be plotted in a graph as function of days elapsed at 40 °C + 2
K.

For each of the three cells or monobloc batteries, the intersection of the regression line, connecting
the individual C, data points, with a horizontal line representing a capacity level of 0,8 C,; (Cs) shall be
determined in terms of elapsed days at 40 °C and reported as the three individual values of days
elapsed.

Test result:

Model name: Sample No: Ca after each 118 days cycle Number for 118 days

cycles

SPG12350W 24 58.5 > 45 (2" cycle) 2

1# 58.0 > 45(2™ cycle) 2

3# 58.5 > 45 (2" cycle) 2

Note 1: 0.8C5= 0.8*56.1 Ah=45Ah (SPG12350W)
Note 2: Verdict is based on current test results. One 118 days cycle conducted.
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Table 6.16

Impact of a stress temperature of 55 °C or
60 °C

Verdict:

Pass and stop
testing

Test method:

Requirement and service environment

Each battery has an actual capacity Ca = 0,95C; and was fully charged.

1. The units shall be float charged at 55 °C or 60 °C with the manufacturer’s recommended float
voltage for 25 °C.

2. When tested at 55 °C, the units shall be cooled down, every 42 days + 3 days, to room temperature
under float charge setting and subjected, within 24h + 12h, to a determination of their individual
actual capacity Ca (at the 3 h rate to Ufinal 1,70 Vpc and/or at the 0,25 h rate to Ufinal 1,60 Vpc at
the selected reference temperature).
When tested at 60 °C, the units shall be cooled down, every 30 days + 3 days, to room temperature
under float charge and subjected, within 24 h + 12 h, to a determination of their
individual actual capacity Ca (at the 3 h rate to Ufinal 1,70 Vpc and/or at the 0,25 h rate to Ufinal
1,60 Vpc at the selected reference temperature).

3. After capacity determinations, the units are returned to float charge in the hot air enclosure as in
6.16.6 for another 42 days at 55 °C (or 30 days at 60 °C). The test is terminated for a unit when the
individual actual capacity of that unit is less than 0,8Crt. At the 3 h and/or the 0,25 h rate The
remaining units continue to be tested until the actual capacity of each unit is less than 0,8Crt.

Days at elevated temperature, on float charge, of the units to a

residual capacity of 0,8 Crt
Requirement and service at 55 °C at 60 °C
environment Ca after each 42 days cycle Ca after each 30 days cycle

3 hrate 0,25 h rate 3 hrate 0,25 h rate

discharge test | discharge test | discharge test | discharge test
Brief duration exposure time =150 days =75 days 2105 days =55 days
Medium duration exposure time 2250 days 2175 days 2175 days =290 days
Long duration exposure time =350 days 2175 days 2250 days 2125 days
Medium duration exposure time =500 days 2250 days 2350 days 2175 days

NOTE The requirement applies not to the average but to each of the individual tested units.

Test result:
Model name: Sample No: Ca after each 42 days cycle (55 °C impact) Number for 42 days
cycles
SPG12350W 1#
2#
3t
Model name: Sample No: Ca after each 30 days cycle (60 °C impact) Number for 30 days
cycles
SPG12350W 1# 60.2 > 45 (1* cycle); 45.7 >45 (10" cycle) 1)c/)
2# 60.3 > 45 (1™ cycle); 46.1 > 45 (10" cycle) 10
34 60.3 > 45 (1™ cycle); 46.2 > 45 (10" cycle) 10

Note 1: passed current cycle and more cycles on running.
Note 2: SPG12350W tested according 3 h discharging rate (C;=56.1Ah), 80%Crt(45 Ah )limits of above
capacity considered as end condition;

Note 3: Verdict is based on current test results.
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Table 6.17

Abusive over-discharge Verdict: Pass

Test method:

Each battery has an actual capacity Ca = C; and was fully charged.

One of the 4 units shall be discharged, at a unit temperature of 18 °C to 27 °C, with a current of 110 for
3 h and then connected to the remaining 3 fully charged units in series and with the intercell
connectors giving, between each units, an air gap of 10 mm or as specified in the appropriate
technical documentation of the product range.

unbalanced string over-discharge test (four fully charged batteries string)

This four unit string shall then be discharged, with all unit temperatures between 18 °C to 27 °C, with
acurrent | = Iy (Usna 1,80 Vo) until the voltage of the three, initially fully charged units reach a total
voltage of Usg Of 3 X n x 1,70 V,c where n is the number of cells in this substring.

After the discharge and a 24 h + 0,1 h stand in the discharged state, the four unit string shall be
recharged in series for 168 h £ 0,1 h with a current limited to | = 2,0 1, and a voltage limited to the
float voltage specified by the manufacturer for either 20 °C or 25 °C.

At the end of the 168 h + 0,1 h of charge, the units shall be subjected, as a four unit string, to a
capacity test with a constant current of | = I3 to a Usuq 0f 4 X n x 1,70 V. and the capacity Ca
corrected to 20 °C or 25 °C.

The capacity Ca of the string shall be referenced to the rated capacity Crt (3 h — Ugq4 1,70 Vpc at the
selected reference temperature) as shown below and gives the unbalanced over-discharge Cyq
capacity ratio. This value shall be reported.

Cag=Cal/Crt

cyclic over-discharge test (three fully charged batteries string)

The units shall be discharged individually or as a string, with all unit temperatures between 18 °C to
27 °C and with a constant current of | = I, to a voltage Ujp,g Of N X 1,25 V,,c where n is the number of
cells per unit or string.

After the discharge and a 1 h + 0,1 h stand in the discharged state, the units shall be recharged for
168 h £ 0,1 h with a current limited to | = 2,0 1,5 and a voltage limited to the float voltage specified by
the manufacturer for either 20 °C or 25 °C.

The sequence outlined above shall be repeated 5 times.

At the end of the fifth 168 h £ 0,1 h of charge, the units or the string shall be

subjected to a capacity test with a constant current of | = I3 to Usng 0f N x 1,70 V¢ and the capacity Ca
corrected to 20 °C or 25 °C.

The capacity Ca of each unit or of the string shall be referenced to the rated capacity Crt (3 h — Uspa
1,70 Vpc at the selected reference temperature) as shown below and gives the cyclic over-discharge
Caoc Capacity ratio. This value(s) shall be reported

Cac=Cal/Crt

Test result: |
Model name: Sample No: Ca (Ah) Crt (Ah) Caod (%)
SPG12350W | four fully charged batteries 59.2 56.1 107%
string (16#/17#/18#/19#)
Sample No: Caoc
three fully charged batteries 70.8/70.4/70.3 67.5 1.05/1.04/1.04
string (10#/11#/12#)
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Table 6.18 Thermal runaway sensitivity Verdict: Pass

Test method:

Each battery has an actual capacity Ca = C; and was fully charged.

1.
2.

3.

10.

The units shall be assembled with the intercell connectors.

The ambient temperature shall be between 20 °C to 25 °C during the test and any natural airflow
across the units shall be slower than 0,5 m.s—1.

Temperature probes, with a resolution of 1 K and allowing a continuous registration of the
temperature (interval between temperature measurements <0,25 h), shall be installed as Figures 7
and 8

The string shall be charged with a source of d.c. current and with a voltage as specified below. The
current flowing through the string shall be monitored with an appropriate resolution and at an interval,
between measurements, of <0,25 h.

The constant charge voltage, measured at the terminals of the string, shall be setto n x 2,45 V. +
0,01 Vpc throughout the test, where n is the number of cells in the string.

The elapsed time of charge to a unit temperature of 60 °C + 1 K, measured with the probe a) at the
surface or the temperature reached after 168 h continuous charge, shall be recorded and the test
stopped whichever comes first.

The string shall then be cooled down to room temperature in open circuit condition

The previously utilized string shall be charged with a source of d.c. current and with a voltage as
specified below. The current flowing through the string shall be monitored with an appropriate
resolution at an interval between measurements of <0,25 h.

The constant charge voltage, measured at the terminals of the string, shall be set to n x 2,60 V. +
0,01 V. throughout the test, where n is the number of cells in the string.

The elapsed time of charge to a temperature of unit 60 °C + 1 K, measured with the probe a) at the
surface or the temperature reached after 168 h continuous charge, shall be recorded and the test
stopped whichever comes first.

Requirements Achieve at least 1 week below 60 °C at 2,45 Vpc and at least 24 h below 60 °C at 2,60

Vpc
Show ultimate time to 60 °C or ultimate temperature after 168 h at 2,45 Vpc and 2,60
Vpc.

Test result:

Model name: Sample No: Duration of charge until a unit Duration of charge until a unit

temperature of 60 °C £ 1 K (probe temperature of 60 °C £ 1 K (probe
a) is reached or the effective a) is reached or the effective
temperature (probe a) after 168 h temperature (probe a) after 168 h
of charge with 2,45 Vpc of charge with 2,60 Vpc

Six batteries

SPG12350W string 25.3C 30.4C

(26#~31#)
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Table 6.19 Low temperature sensitivity Verdict: Pass

Test method:

Each battery has an actual capacity Ca = C; and was fully charged.

1. The units shall be individually discharged with a current of | = l;5 to an Usng 0f N x 1,80 V. at a unit
temperature between 18 °C and 27 °C.

2. The discharged units shall then be placed in a test chamber with a forced flow of air having a temperature
of -18 °C + 2 K.

3. After 72 h £ 1 h of residence in the test chamber the units shall be withdrawn from the test chamber and,
after 24 h + 1 h of stand at open circuit, charged in a room with an ambient temperature between +18 to
+27 °C for 168 h £ 0.1 h with a current limited to 1 =2.0 |, and a voltage limited to the float voltage
specified by the manufacturer for either 20 °C or 25 °C.

4. The units shall then be individually discharged with a current of | =I5 to an Ujny 0of n x 1.70 V. and the
actual capacity C, corrected to 20 °C or 25 °C shall be recorded.

5. The capacity C, of each unit shall be referenced to the rated capacity C,:. (3 h — Ugn4 1.70 Vpc at the
selected reference temperature) as shown below and gives the C,s capacity ratio.

Cas =Cal Cy

6. These units shall be individually discharged in this second test, before low temperature exposure, with a
current of | = I3 to an Ugy, 0f N X 1.70 V. at a unit temperature between 18 °C and 27 °C.

Requirements Cals >0,95 and no mechanical damages and report eventual freezing induced damages

Test result:

Sample No. 20# 21# 22# Remark

SPG12350W Ca (Ah) 58.9 58.8 59.0 Ca>Crt
Ca 25°C (Ah) 59.2 59.1 59.4 Ca>Crt
Cals (%) 105.6% 105.4% 105.8% >95%

Battery status No rupture; No bulge
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Table 6.20

Dimensional stability at elevated internal Verdict: Pass

pressures and temperatures

Test method:

1. The test unit, inclusive eventual standard structural stabilizing features, shall be adapted with a pressure
regulator to maintain a pressure in all interior cavities of the test unit equal to the maximum valve opening
pressure present in units and as specified by the manufacturer. This value shall be measured and
reported. This specified pressure shall be maintained throughout the test.

2. The maximum outside dimension (width and length) of the cell case shall be measured before
pressurization and recorded.

3. The pressurized unit shall be placed into a chamber with recirculating air at a temperature of 50 °C + 2 K.

4. After 24 h £ 0,1 h of residence in the test chamber and under pressure, the maximum outside dimension
(width and length) of the cell case shall be measured and recorded at a temperature as close as possible
to50°C £ 2 K.

5. The increase in the cell case dimensions after 24 h + 0,1 h at 50 °C * 2 K shall be reported both as

percentage deviation from the value before the test and as measured change in mm.

Test result:

Samole No Inner gas Temperature in | Remark
b ' pressure/kPa Chamber/°C
14 Gas pressure shall be same 16-19kPa 50.0 .
with maximum valve open Keep pressure during
pressure provided by staying in high
2# manufacturer. Stay in high . 50.0 temperature chamber,
temperature chamber for record every 4hours.
3# 24h+0.1h, record. 16-19kPa 0.0
Max Length Max Width
Battery dlmgn5|on before 267 171 Measure pefore
pressuring /mm pressuring
Battery dimension after 267 171 Measure under 50°C +2°C
SPG12350W pressuring for 24h /mm condition
Dimension change
0 0
value/mm
Dimension change rate/ % 0 0
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Table 6.21

Stability against mechanical abuse of units | Verdict: Pass

during installation

Test method:

1. The units shall be dropped according to the height prescriptions of IEC 60068-2-32 and amendment. Two
"Free Fall", for resistance against leakages caused by two drops each onto a smooth, level concrete floor
from drop heights as specified below:

a) Fall from 100 mm for units weighing up to 50 kg
b) Fall from 50 mm for units weighing between 50 kg and 100 kg

2. The drop test conditions shall assure, with test arrangements as shown in Figures 9, 10 and 11 below,
reproducible impact points for the shortest edge drop impact and the corner impact. The two impacts, per
impact type, shall be on the same corner and on the same shortest edge.

3. For the corner and edge drops, the unit shall be oriented in such a fashion that a straight line drawn
through the struck corner/edge and the unit geometric centre is approximately perpendicular to the impact
surface.

4. Each of the units shall be inspected, after the two consecutive drops, for gas and liquid leaks with
adequate and sensitive means such as a high voltage (2 kV to 5 kV) dielectric breakdown test, helium leak
detectors, hydrogen detectors, pH indicator paper and the like and the findings documented and reported.

Requirements | No leakage detectable after two times two drops
Test result:
Sample No.
- Eirst time No broken or
leakage trend
Shortest edge drops
64 Whether _there Second time No broken or Free drop
is container leakage trend from
broken or Lo No broken or 100mm
o leakage trend First time leakage trend height
Corner drops
. No broken or
6# Second time
leakage trend
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