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Product »##%#:  Li-ion Battery
Model m5: BL8091

Trade mark #fs:
[ |

THE INNOVATION GROUP

ST/SG/AC.10/11/Rev.7 2019/Amend.1 2021/ Manual of Tests and Criteria / Part
111, Subsection 38.3, ST/SG/AC.10/11/Rev.7 2019/Amend.1 2021 Bt-& E (T &k te s g
WA ARIGFFRUETF MY /28 =34, 38. 3 bRifEER

e Testing and evaluation according to the test specification # gl 2 k17
MR R

The test results show that the presented product is in compliance with the
above listed test specifications.

DN A5 SR 75 i o R

The Chinese contents in this report are only for reference.

AR P N A RS

Any use for advertising purposes must be granted in writing. This technical report may only be quoted in full. This report is the
result of a single examination of the object in question. It does not imply a general statement regarding the quality of products from
regular production. For further details please see testing and certification regulation, chapter A-3.4.

AEA]) 35 g AR AP A . ABARIRE RAe 2305 . A 20k HARm s — a4 R, AE R T oA = v At
PR IR BT VAL . 2 RIS B DR GIERLY, =AY A-3.4
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1. Description of the test object JRARE FihiR
1.1 Picture(s) BB

1.2 Function Thfg

Manufacturer’s specification for intended use % il Rt 33 b i i
(According to the user manual 4 /75 4 #)

1.3 Consideration of the foreseeable use 7% & al i W.IH%H

[J Not applicable 7@

Covered through the applied standard i i %
[0 Covered by the following comment*yin T py 8 5*

[0 Covered by attached risk analysis # s i< 457 7 2%

*

1.4 Technical Data HFAR%E

The battery model: BL8091, is used in portable applications and consist of 10 cells connected in
parallel as a cellblock, and then 14 cellblocks connected in series, cell model: INR 21700 50 E.
The cell is tested with battery.( from client's information, manufacturer: BMZ Germany Gmbh).
WS BLBOOLH TEHEA HIAS, Hil4s10IF iS4, HIS A5 HINR 21700 50 E. (HliGr: buRiRHE (EE) A .
AR EARIET ).

Additionally, detailed information of the cell and battery are as following Ht 1 HE I (1) VE4R(E BT

| Product name 7 % | Cylindrical Lithium lon Cell | Li-ion Battery
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Type/model %5

INR 21700 50 E

BL8091

Nominal voltage ##r# % (V) | 3.6Vd.c.

50.4Vd.c.

Rated capacity/rated
energy
BUE A B (mA)FUE fE B (Wh)

5000mAh/ 18Wh

50Ah/ 2520Wh

Charging voltage declared

i 325 i A s 1 7 L LS (V)

by manufacturer 4.2V

58.8V

Maximum charge voltage

manufacturer
il 3%k 7 I A R TE L LR (V) *

specified by the 4.23V

58.8V

Charging current declared
by manufacturer
3 R MU bR TS B T (MA)

1000mA

15A

Maximum charge current
specified by the
manufacturer i i e ik
K7 H LU (MA)*

5000mA

25A

Maximum discharge

manufacturer
il 3% 7 0 A K ER FL TR (mA)

current specified by the 15.0A

70A

M)

Final voltage s ik sk 2.5V

44.8V

PRIETE BTV

Standard Charge method

Charge at constant current

1000mA until voltage reaches 4.2V,

then charge at constant voltage
4.2V till charge current is 100mA.

Charge at constant voltage
58.8V, 1000W till display screen
reads 100% (Integrated
charging circuit used).

Dimensions R~

(21.7+£0.2)mm(D)*(70.9+0.2)mm(H)

Max. (TxWxL):
(191.7x373.4%452.2)mm

Weight £

(72+4)g

Approx.: 25kg

2. Order iTH

2.1 Date of Purchase Order, Customer’s Reference iJ 5. H i, % F' 53 1t

2023-12-01

2.2 Test Sample(s) MHAFE

e Reception date(s) ik F#:

e Location(s) of reception i 5

e Condition of test sample(s) skt

LRI
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2.3 Testing Mk

e Testing date(s) it H#i: 2023-12-12 to 2024-01-09

Name: TUV SUD Certification and Testing (China) Co.,
Ltd. Shenzhen Branch

B PEAER I (o ) A BR A w7 2 )

Address: Building A2, Jin’ao Industrial Park, No.150,
Jingfang Road, Fuhai, Bao’an District, Shenzhen,
Guangdong 518103, China

TRYITH 52 X AR TE 505 B 150 54 Lk A2 4

2.4 Points of Non-Compliance or Exceptions of the Test Procedure
R P AN 2 B 4 5

e None &

o Location(s) of testing it i

3. Test Results it 4E

Decision rule according to ILAC-G8:09/2019 clause 4.2.1 Binary statement for simple
acceptance rule or IEC Guide 115:2023, clause 4.3 Simple acceptance was applied.

[ Decision rule according to customer’s requirements was applied. It is:

[] Decision rule according to ILAC-G8:09/2019 clause 4.2.2 Binary statement with guard
band - guard band length = 95 % extended measurement uncertainty, was applied.

[ Decision rule (based on ILAC-G8:09/2019 clause 4.2.3 Non-binary statement with guard
band, guard band length = 95 % extended measurement uncertainty) for an upper
specification limit (A lower limit or specification with an up-per and a lower limit is treated
similarly.):
¢ Compliance with the requirement: If a specification limit is not breached by a
measurement result plus the expanded uncertainty with a 95% coverage probability,
then compliance with the specification will be stated (e. g. Pass).

¢ Non-compliance with the requirement: If a specification limit is exceeded by the
measurement result minus the expanded uncertainty with a 95% coverage probability,
then non-compliance with the specification will be stated (e. g. Fail).
¢ Inconclusive result: If a measurement result plus/minus the expanded uncertainty with
a 95 % coverage probability overlaps the limit it will be stated that it is not possible to
state compliance or non-compliance.
[ There are no statements to conformity or no results with measurand stated in this report,
no decision rule has been applied.
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3.1 Procedure #it#5
Tests T.1 to T.5 shall be conducted in sequence on the same cell or battery. Tests T.6 and
Test T.8 shall be conducted using not otherwise tested cells or batteries. Test T.7 may be
conducted using undamaged batteries previously used in tests T.1 to T.5 for purposes of
testing on cycled batteries.
Type State TA1|T2|T3[T4]T5 T.6 T.7 T.8
first cycle, fully Sample
' Sample No: N1 to N2 No: N8
charged state
to N9
Sample
25th cycle, fully Sample No: C1 to C2 No: C8
charged state
to C9
first cycle, 50% Sample
charged state No: N3
to N7
Small 25th cycle, Sample
batteries | 50% charged No: C3
state to C7
25th cycle, fully
charged state
first cycle, fully Sample
discharged No: N10
state to N19
25th cycle, fully Sample
discharged No: C10
state to C19
3.2 Clause 38.3.4.1 Test T.1: Altitude simulation WRst. 17

3.2.1 Purpose
This test simulates air transport under low-pressure conditions.
3.2.2 Test procedure

Test cells and batteries shall be stored at a pressure of 11.6 kPa or less for at least six
hours at ambient temperature (20 £ 5 °C).

3.2.3 Requirement

Cells and batteries meet this requirement if there is no leakage, no venting, no disassembly,
no rupture and no fire and if the open circuit voltage of each test cell or battery after testing
is not less than 90% of its voltage immediately prior to this procedure. The requirement
relating to voltage is not applicable to test cells and batteries at fully discharged states.
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Test result:
Pre-test After test Voltage
State of | Sample Mass after
batteries No. MESS' Volt\{;lge, MESS' Volt\r;lge, loss, % | test/Voltage Results
9 9 pre-test, %
first
cycle, N1 25.08 57.86 25.08 57.77 0.000 99.84 Pass
fully
CZ?;?sd N2 | 2501 | 57.80 | 25.01 | 57.73 | 0.000 99.88 Pass
25th
cycle, C1 25.09 57.82 25.09 57.75 0.000 99.88 Pass
fully
CZ?;?:d c2 25.09 | 57.85 | 25.09 | 57.76 | 0.000 99.84 Pass

Clause 38.3.4.2 Test T.2: Thermal test Jilitt. 258 k%

3.3.1 Purpose

This test assesses cell and battery seal integrity and internal electrical connections. The test
is conducted using rapid and extreme temperature changes.

3.3.2 Test procedure

Test cells and batteries are to be stored for at least six hours at a test temperature equal to
72 + 2 °C, followed by storage for at least six hours at a test temperature equal to - 40

2 °C. The maximum time interval between test temperature extremes is 30 minutes. This
procedure is to be repeated until 10 total cycles are complete, after which all test cells and
batteries are to be stored for 24 hours at ambient temperature (20 + 5 °C). For large cells
and batteries the duration of exposure to the test temperature extremes should be at least
12 hours.

3.3.3 Requirement

Cells and batteries meet this requirement if there is no leakage, no venting, no disassembly,
no rupture and no fire and if the open circuit voltage of each test cell or battery after testing
is not less than 90% of its voltage immediately prior to this procedure. The requirement
relating to voltage is not applicable to test cells and batteries at fully discharged states.

Date: 2024-01-09
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Test result:

Pre-test After test Voltage
State of | Sample Mass after
batteries No. MESS' Volt\{;lge, MESS' Volt\r;lge, loss, % | test/Voltage Resuilts

9 9 pre-test, %
first
cycle, N1 25.08 57.77 25.08 57.42 0.000 99.39 Pass
fully
CZ?;?sd N2 25.01 | 57.73 | 25.01 | 57.25 | 0.000 99.17 Pass
25th
cycle, Cl 25.09 57.75 25.08 57.44 0.040 99.46 Pass
fully
Ch?fit?ed c2 25.09 | 57.76 | 25.09 | 57.32 | 0.000 99.24 Pass
state

3.4

Clause 38.3.4.3 Test T.3: Vibration Mh®t. 39:3h

3.4.1 Purpose
This test simulates vibration during transport.
3.4.2 Test procedure

Cells and batteries are firmly secured to the platform of the vibration machine without
distorting the cells in such a manner as to faithfully transmit the vibration. The vibration shall
be a sinusoidal waveform with a logarithmic sweep between 7 Hz and 200 Hz and back to 7
Hz traversed in 15 minutes. This cycle shall be repeated 12 times for a total of 3 hours for
each of three mutually perpendicular mounting positions of the cell. One of the directions of
vibration must be perpendicular to the terminal face.

The logarithmic frequency sweep shall differ for cells and batteries with a gross mass of not
more than 12 kg (cells and small batteries), and for batteries with a gross mass of more
than 12 kg (large batteries).

For cells and small batteries: from 7 Hz a peak acceleration of 1 gn is maintained until 18
Hz

is reached. The amplitude is then maintained at 0.8 mm (1.6 mm total excursion) and the
frequency increased until a peak acceleration of 8 gn occurs (approximately 50 Hz). A peak
acceleration of 8 gn is then maintained until the frequency is increased to 200 Hz.

For large batteries: from 7 Hz to a peak acceleration of 1 gn is maintained until 18 Hz is
reached. The amplitude is then maintained at 0.8 mm (1.6 mm total excursion) and the
frequency increased until a peak acceleration of 2 gn occurs (approximately 25 Hz). A peak
acceleration of 2 gn is then maintained until the frequency is increased to 200 Hz.
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3.4.3 Requirement

Cells and batteries meet this requirement if there is no leakage, no venting, no disassembly,
no rupture and no fire during the test and after the test and if the open circuit voltage of
each test cell or battery directly after testing in its third perpendicular mounting position is
not less than 90% of its voltage immediately prior to this procedure. The requirement
relating to voltage is not applicable to test cells and batteries at fully discharged states.

Test result:
Pre-test After test Voltage
State of | Sample Mass after
batteries No. MESS' Volt\{;lge, MESS' Volt\r;lge, loss, % | test/Voltage Resuilts
9 9 pre-test, %
first
cycle, N1 25.08 | 57.42 | 25.08 | 57.40 0.000 99.97 Pass
fully
CZ?;?gd N2 2501 | 57.25 | 25.01 | 57.24 | 0.000 99.98 Pass
25th
cycle, Cc1 25.08 | 57.44 | 25.08 | 57.41 0.000 99.95 Pass
fully
Ch?f?ed c2 25.09 | 57.32 25.09 57.30 0.000 99.97 Pass
State

3.5

Clause 38.3.4.4 Test T.4: Shock lir. 4k

3.5.1 Purpose

This test simulates possible impacts during transport.
3.5.2 Test procedure

Test cells and batteries shall be secured to the testing machine by means of a rigid mount
which will support all mounting surfaces of each test battery.

Each cell shall be subjected to a half-sine shock of peak acceleration of 150 gn and pulse
duration of 6 milliseconds. Alternatively, large cells may be subjected to a half-sine shock of
peak acceleration of 50 gn and pulse duration of 11 milliseconds

Each battery shall be subjected to a half-sine shock of peak acceleration depending on the
mass of the battery. The pulse duration shall be 6 milliseconds for small batteries and 11
milliseconds for large batteries. The formulas below are provided to calculate the
appropriate minimum peak accelerations.
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Battery Minimum peak acceleration Pulse duration

150 g, or result of formula

. (100850 )
. Acceleration(g ) = |
Small batteries \ miass ¥

6 ms

whichever is smaller

50 g, or result of formula

. (30000 )
. Acceleration(g,) = | |
Large batteries \ mass * ) 11 ms

whichever is smaller

* Mass is expressed in kilograms.

NOTE: [EC Standard 60068-2-27 (Fourth Edition 2008-02): Environmental testing-Part
2-27: Tests — Test Ea and guidance: Shock provides guidance on tolerance for acceleration and pulse
duration,

The relationship between minimum peak acceleration and mass is illustrated in Figure
38.3.4.1 for small batteries and Figure 38.3.4.2 for large batteries.

Each cell or battery shall be subjected to three shocks in the positive direction and to three
shocks in the negative direction in each of three mutually perpendicular mounting positions
of the cell or battery for a total of 18 shocks.

3.5.3 Requirement

Cells and batteries meet this requirement if there is no leakage, no venting, no disassembly,
no rupture and no fire and if the open circuit voltage of each test cell or battery after testing
is not less than 90% of its voltage immediately prior to this procedure. The requirement
relating to voltage is not applicable to test cells and batteries at fully discharged states.

Test result:
Pre-test After test Voltage
State of | Sample Mass after
batteries No. MESS’ Volt\z/age, MESS’ Volt\';lge, loss, % | test/Voltage Results
9 9 pre-test, %
first
cycle, N1 25.08 57.40 25.08 57.38 0.000 99.97 Pass
fully
Chs";‘;?eed N2 25.01 | 57.24 | 25.01 | 57.23 | 0.000 99.98 Pass
25th
cycle, C1 25.08 57.42 25.08 57.39 0.000 99.97 Pass
fully
Ch?f?ed C2 | 25.00 | 57.30 | 25.09 | 57.28 | 0.000 99.97 Pass
state
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Clause 38.3.4.5 Test T.5: External short circuit i T. 5 4562

3.6.1 Purpose
This test simulates an external short circuit.
3.6.2 Test procedure

The cell or battery to be tested shall be heated for a period of time necessary to reach a
homogeneous stabilized temperature of 57 + 4 °C, measured on the external case. This
period of time depends on the size and design of the cell or battery and should be assessed
and documented. If this assessment is not feasible, the exposure time shall be at least 6
hours for small cells and small batteries, and 12 hours for large cells and large batteries.
Then the cell or battery at 57 + 4 °C shall be subjected to one short circuit condition with a
total external resistance of less than 0.1 ohm.

This short circuit condition is continued for at least one hour after the cell or battery external
case temperature has returned to 57 = 4 °C, or in the case of the large batteries, has
decreased by half of the maximum temperature increase observed during the test and
remains below that value.

The short circuit and cooling down phase shall be conducted at least at ambient
temperature.

3.6.3 Requirement
Cells and batteries meet this requirement if their external temperature does not exceed

170 °C and there is no disassembly, no rupture and no fire during the test and within six
hours after the test.

Test result:

State of batteries No. External Peak temperature, °C Results
first cycle, fully N1 57.3 Pass
charged state N2 57.2 Pass
25th cycle, fully C1 574 Pass
charged state Cc2 57.3 Pass
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3.7 Clause 38.3.4.6 Test T.6: Impact iikr. 6

3.7.1 Purpose

These tests simulate mechanical abuse from an impact or crush that may result in an
internal

short circuit.

3.7.2 Test Procedure — Impact (applicable to cylindrical cells not less than 18mm in
diameter)

The sample cell or component cell is to be placed on a flat smooth surface. A
15.8mm=0.1mm diameter, at least 6 cm long, or the longest dimension of the cell, whichever
is greater, Type 316 stainless steel bar is to be placed across the centre of the sample. A
9.1kg+0.1kg mass is to be dropped from a height of 61+2.5cm at the intersection of the bar
and sample in a controlled manner using a near frictionless, vertical sliding track or channel
with minimal drag on the falling mass. The vertical track or channel used to guide the falling
mass shall be oriented 90 degrees from the horizontal supporting surface.

The test sample is to be impacted with its longitudinal axis parallel to the flat surface and per
pendicular to the longitudinal axis of the 15.8mm+0.1mm diameter curved surface lying
across the centre of the test sample. Each sample is to be subjected to only a single impact.

3.7.3 Requirement
Cells and component cells meet this requirement if their external temperature does not
exceed 170 °C and there is no disassembly and no fire during the test and
within six hours after this test.

Test result:
State of cells No. External Peak temperature, °C Results

N3 55.4 Pass

- N4 30.0 Pass

first cycle, 50% N5 >

charged state 21.5 ass
N6 22.2 Pass
N7 22.9 Pass
C3 56.8 Pass
C4 21.5 Pass

25th cycle, 50% cs 5 -

charged state 1.6
C6 224 Pass
c7 22.1 Pass
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3.8 Clause 38.3.4.7 Test T.7: Overcharge iikr. 7id %

3.8.1 Purpose

This test evaluates the ability of a rechargeable battery to withstand an overcharge
condition.

3.8.2 Test procedure

The charge current shall be twice the manufacturer's recommended maximum continuous
charge current.The minimum voltage of the test shall be as follows:

(a) when the manufacturer's recommended charge voltage is not more than 18V, the
minimum voltage of the test shall be the lesser of two times the maximum charge voltage of
the battery or 22V.

(b) when the manufacturer's recommended charge voltage is more than 18V, the minimum
voltage of the test shall be 1.2 times the maximum charge voltage.

Tests are to be conducted at ambient temperature. The duration of the test shall be 24
hours.

3.8.3 Requirement

Rechargeable batteries meet this requirement if there is no disassembly and no fire during
the test and within seven days after the test.

Test result:

State of batteries No. Results
first cycle, fully N8 Pass
charged state N9 Pass
25th cycle, fully C8 Pass
charged state C9 Pass

3.9 Clause 38.3.4.8 Test T.8: Forced discharge i, sl

3.9.1 Purpose

This test evaluates the ability of a primary or a rechargeable cell to withstand a forced
discharge condition.

3.9.2 Test procedure
Each cell shall be forced discharged at ambient temperature by connecting it in series with a

12V D.C. power supply at an initial current equal to the maximum discharge current
specified by the manufacturer.
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The specified discharge current is to be obtained by connecting a resistive load of
theappropriate size and rating in series with the test cell. Each cell shall be forced
discharged for a time interval (in hours) equal to its rated capacity divided by the initial test

current (in ampere).

3.9.3 Requirement

Primary or rechargeable cells meet this requirement if there is no disassembly and no fire
during the test and within seven days after the test.

Test results:

State of cells No. Results

N10 Pass

N11 Pass

N12 Pass

N13 Pass

first cycle, fully N14 Pass
discharged state N15 Pass
N16 Pass

N17 Pass

N18 Pass

N19 Pass

C10 Pass

C11 Pass

C12 Pass

C13 Pass

25th cycle, fully Cl4 Pass
discharged state C15 Pass
C16 Pass

C17 Pass

C18 Pass

C19 Pass

4. Test History gy
N/A

5. Remarks #:

1) The results relate only to the items tested.

2) Samples are tested as received.
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6. Documentation <t

File File name Date
Photo documentation 68.282.23.0454.01 DOC 2024-01-09
Y

7. Summary

List of tests conducted:

Clause Test item Result
38.3.4.1 Test T.1: Altitude simulation Pass
38.3.4.2 Test T.2: Thermal test Pass
38.3.4.3 Test T.3: Vibration Pass
38.3.4.4 Test T.4: Shock Pass
38.3.4.5 Test T.5: External short circuit Pass
38.3.4.6 Test T.6: Impact Pass
38.3.4.7 Test T.7: Overcharge Pass
38.3.4.8 Test T.8: Forced discharge Pass

The test specifications are met. litee i 2 il i 2k
TUV SUD Certification and Testing (China) Co., Ltd. Shenzhen Branch

Z7
2
Shen 2
Tested by: Saga Shen H'E #, Project Handler

printed name, function & signa

Reviewed by:

printed name, function & signature

Approved by: /ﬂ'“ﬁ ﬁ% l 21 6‘2_, /\\%
Andy Ren {EHffi, Lab Manager

printed name, function & signature
--- End of Report ---
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