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GENERAL INFORMATION

Tests Requested by Document

Name. SANTI Sp. z o.o.
Address: Tadeusza Wendy 7/9 Str.

81341PL Gdynia, Poland, PL

Order No: 002412022
Date of order: 01.07.2022

Manufacturer

Name: BTO Sp. z o.o.
Address: Fabryczna 25 Str.

90341 PL N-6d2, Poland, PL

TESTED OBJECT / PRODUGT

Name: Lithium lon Battery Pack (rechargeable) 13.8Ah 14.4V 4S4p
00665.S41.2N8.8TO20.6H.F20 (pN:00665.541.140610-B)

Description / state: Rated capacity: 13.8 Ah
Rated voltage: 14.4V

Sampling / sample
delivery method: Samples delivered by Manufacturer

Sample size: 8 pieces

Sample collection date'. 07 .07 .2022 Sample production date: 07.2022

Test initiation date: 26.09.2022 Test completion date: 28.10.2022

SCOPE AND METHODOLOGY

Tests carried out according to: UN Recommendations on the Transport of Dangerous

Goods. Test Manuals and Criteria: ST/SG/AC. 10t11 tRev.7/Amend. 1,

Section 38.3, Lithium-Metal and Lithium-lon batteries - (hereinafter referred to as UN TEST)

SAMPLE IDENT!FICATION NUMBERS:

Laboratory ldentification Numbers (sample lD): AL 10024 I (1 -BtB)

(after discharging carried out at BTO Lab.)

ALt0024t(14t8)
(fully charged)

ALt0024t(5-8t8)
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Test Object

SCOPE OF TESTS

* Battery packs assigned AL / 0024 l(1-8/8) were fully charged before the tests.

Item Test Name Test Procedure Sample lD:
Page of
report

1 T1. Altitude simulation A UN TEST paragraph 38.3.4.1.2 ALt0024t(1-8t8) 4

2. T2. Thermal test A UN TEST paragraph 38.3.4.2.2 ALt0024t(1-818) 5

J. T3. Vibration A UN TEST paragraph 38.3.4.3.2 ALt0024t(1-8t8)

4. T4. Shock A UN TEST paragraph 38.3.4.4.2 ALt0024t(1-8t8) 7

5. T5. External short circuit A UN TEST paragraph 38.3.4.5.2 ALt0024t(1-8t8) 8

o T7. Overcharge A UN TEST paragraph 38.3.4.7.2 ALto024t(1-8t8) I
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1. ALTITUDESIMULATION

Test procedure (document): UN TEST paragraph 38.3.4.1.2 Sampte tD: AL/0024(1 - g)

Test conditions: Fressure in the chamber: 11kPa; time: 6h; ambient temperature: 20tS"C

Termabbreviations: D - disassembly; F - fire; L - leakage; R - rupture; V - venting; SN-opencircuit
voltage after testing is r ot less than g0% of its voltage immediately prior the test
Acceptance criteria: C' - none of the above phenomena were observed

TEST RESULTS

Sample lD Stat:
voLTAGE [V MASS (sl

Sample
observationBefore I After

testing I testing
change
ocv[%]

before
testing after testing

Change
mass[%]

ALt0024t
(1/8)

after 25
cycles 16.285 16.284 0.01% 816.4 816.5 0.01%

ALt0024/
(2tB)

after 25
cycles 16,317 16.317 0.00% 81 6.1 8't6.1 0.00% o

ALt0024t
(3/B)

after 25
cycles 16.266 16.265 0.01o/o 815.7 815.8 0.01Yo o

ALt0024t
(4t8)

after 25
cycle s 16.281 16.280 0.010/o 816.0 81 6.1 0.010/o o

ALl0024t
(5/8)

Afterl full
cycle 16.227 16.226 0.01Yo 81 6.1 816.0 0.010/o o

ALt0024t
(6/B)

After 1 full
cycle 16,223 16.222 0.00% 816.'l 81 6.1 0.00% o

ALt0024t
(7t8)

After 1 full
cycle 16.277 16.276 0.00% 815.8 815.9 0.01o/o U

AU0024t
(B/8)

After 1 full
cycle 16.275 16.274 0.00o/o 816.2 816.4 0.020/o o

Measurement uncertailty: I 0.002 V t0.49

Result: PASS

Test equipment:

Attitude Simulation Test Chamber Model: BE-8104

Voltmeter FLUKE 88454

Electronic balance RADWAG PS 200/2000.X2

NOTE: -
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2. THERMALTEST

Test procedure (document): UN TEST paragraph 38.3.4.2.2 Sample !D: AL/0024/(1-8)

Test conditions: Storage at test temp.72=2"C for 6h
Storage at test temp. - 40t2'C for 6h X 10 cycles

Termabbreviations: D - disassembly; F - fire; L - leakage; R - rupture; V - venting; SN-opencircuit
voltage after testing is less than 90% of its voltage immediately prior the the test

Acceptance criteria: O - none of the above phenomena were observed

TEST RESULTS

Sample lD State

VOLTAGE M MASS [g]

Sample
observation

before
testing

after
testing

change
ocv[%]

before
testing

after
testing

change
mass[%]

ALt0024t
(1/B)

after 25
cycles

16.284 16.210 0.460/o 816.5 816.2 0.04o/o o

ALtOO24t
(2tB)

after 25
cycles 16.317 16.250 0.41Yo 81 6.1 815.8 0.04o/o o

ALt0024t
(3/B)

after 25
cycles

16.265 16.187 0.48Yo 815.8 815.5 0.04Yo o

ALt0024t
(4tB)

after 25
cycles

16.280 16.205 0.46Yo 816.1 815.8 0.04Yo o

ALt0024t
(5/8)

After 1 full
cycle

16.226 1 6.1 48 0.48% 816.0 815.7 0,040/o o

ALt0024l
(6/8)

After 1 full
cycle

16.222 16.145 0.47o/o 816.1 815.8 0.04o/o o

ALt0024t
(7t8)

After 1 full
cycle

16.276 16.222 0.340/o 815.9 815.6 0.04Yo o

ALt0024t
(8/8)

After 1 full
cycle

16.274 16.218 0.35% 816.4 81 6.1 0.040/o o

Measurement
uncertainty: r 0.002 v t0.49

Result: PASS

Test equipment:

Dynamic climate chamber DGBell BTT - 150D

Thermometer Keithley DAQ6510+7708 TC K-type

Voltmeter FLUKE 88454

Electronic balance RADWAG PS 200/2000.X2

NOTE: -
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3. VIBRATIONS

Test procedure (document): UN TEST paragraph 38.3.4.3.2 Sample tD: AU0024l(1 - g)

Test conditions: Frequency: 7Hz+-> 200H2/ cycle time: 15 minutes / number of cycles: 12 cycles for
each axis

TEST RESULTS

Sample lD State

VoLTAGE [V] MASS [s]
Sample

observation
before
testinq

After
testing

change
ocvt%l

before
testinq

after
testinq

change
mass[%l

ALt0024t
(1/8)

after 25
cycles 16.210 16.209 0.010/o 816.2 816.4 0.02o/o o

ALtOO24t
(2t8)

after 25
cycles 16.250 16.250 0.00% 815.8 815.9 0.01% o

ALt0024t
(3/8)

after 25
cycles 16.187 16.187 0.00% 815.5 815.5 0.00% o

ALt0024t
(4t8)

after 25
cycles 16.205 16.204 0.010/o 815.8 816.0 0.02% o

ALt0024t
(5/8)

After 1 full
cycle 16.148 16.148 0.00% 815.7 815.9 0.02Yo o

ALt0024t
(6/8)

After 1 full
cycle 16.145 16.145 0.00% 815.8 815.8 0.00% o

ALt0024t
(7t8)

After I full
cycle 16.222 16.221 0.010/o 815.6 815.8 0.02% o

ALt0024t
(B/8)

After 1 full
cycle 16.218 16.217 0.01o/o 81 6.1 816.3 0.020/o o

Measurement uncertainty: + 0.002 v +0.49

Result: PASS

Termabbreviations: D - disassembly; F - fire; L - leakage; R - rupture; V - venting; SN-theopen
circuit voltage after testing is less than 90% of its voltage immediately prior the test

Acceptance criteria: O - none of the above phenomena were observed

Test equipment:

Vibration tester DGBell EV21 0VT650

Voltmeter FLUKE 88454

Electronic balance RADWAG PS 200/2000.X2

NorE: Test 13 was repeated due to inappropriate fixing of samples in the test bench
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4. SHOCK

Test procedure (document):UN TEST paragraph 38.3.4.4.2 Sample ID: AL/0024/(1-B)

Test conditions: Peak acceleration: 150G; pulse duration: 6 ms, 3 shocks for each axis and each

direction; total: 18 shocks

Termabbreviations: D - disassembly; f - fire; L - leakage; R - rupture; V - venting; SN-opencircuit
voltage after testing is less than 90% of voltage immediately prior the test

Acceptance criteria: O - None of the above phenomena were observed

Test equipment:

Shock Tester DGBell SKT50

Voltmeter FLUKE 88454

Electronic balance RADWAG PS 200/2000.X2

NOTE: -

TEST RESULTS

Sample lD State

VoLTAGE [V] MASS [g]

Sample
observationbefore

testing
after

testing
change
ocv[%]

before
testing

after
testing

change
mass[%]

AL|O024t
(1/8)

after 25
cycles

16.209 16.208 0.01o/o 816.4 816.3 0.01o/o o

ALt0024t
(2t8)

after 25
cycles

16.250 16.249 0.010/o 815.9 816.2 0.040/o o

ALt0024l
(3/8)

after 25
cycles 16.187 1 6.1 85 0.01o/o 815.5 815.9 0.05% o

ALt0024t
(4t8)

after 25
cycles

16.204 16.203 0.010k 816.0 81 6.1 0.01% o

ALt0024t
(5/8)

After 1 full
cycle

1 6.1 48 16.146 0.01o/o 815.9 81 6.1 0.02o/o o

ALt0024t
(6/8)

After 1 full
cycle

16.145 16.143 0.01o/o 815.8 816.2 0.05% o

ALt0024t
(7 t8)

Aftell full
cycle

16.221 16.220 0.01% 815.8 816.0 0.02Yo o

ALt0024t
(8/8)

After 1 full
cycle

16.217 16.216 0.01o/o 816.3 816.5 0,020/o o

Measurement uncertainty: r 0.002 v t0.49

Result: PASS
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5. EXTERNAL SHORT CIRCUIT

Test procedure (document): UN TESTparagraph 38.3.4.5.2 Sampte tD: AL]OO241(1-B)

Test conditions: Heating time t = 6h; temperature: 57!4"C
External resistance < 0.l Ohm; short circuit duration ts" = t h

Termabbreviations: D- disassembly; R- rupture; F- fire; T-temperature>170.c
Acceptance criteria: O - None of the above phenomena were observed during the test and within 6 h after the
test.

Test equipment:

Temperature chamber and short-circuit tester BE-8102

MicroOhm Meter Keithley 6220+2182A, Voltmeter FLUKE 88454

Electronic thermometer Keithley DAQ6S10+7708 TC K{ype

NOTE: -

TEST RESULTS

Sample lD State
Temp. of external case after

heatino I'Cl
Max. temp. of external case

durinq test ["CI
Observation of the
sample within 6h

ALt0024t
(1/8) after 25 cycles 56.8 57.6 o

ALt0024t
(2tB) after 25 cycles 56.6 58.5 o

ALt0024t
(3/8) after 25 cycles 56.8 57.8 o

ALt0024t
(4t8) after 25 cycles 56.8 57.8 o

ALt0024t
(5/8) After 1 full cycle 56.2 57.7 o

ALt0024t
(6/8) After '1 full cycle 56.7 57.8 o

ALt0024t
(7 t8) After 1 full cycle 56.8 57.9 o

ALt0024t
(8/8) After 1 full cycle 56.8 58.0 o

Measurement uncertainty: r 1.5'C

Result: PASS
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T.7 OVERCHARGE

Test procedure (document):UN TEST paragraph 38.3.4.7.2 Sample lD: AL/0024/(1-8)

Test conditions: Test duration:24h; ambient temperature: 20t5'C;
if max. charge voltage < 18 V, then min. test voltage is 2 x max. charge voltage or 22Y', charge
current = 2x max. charge current recommended by manufacturer.

Termabbreviations: D- disassembly; F -fire
Acceptance criteria: O - None of the above phenomena were observed during the test and/or within 7 days after
the test

TTI power supply CPX200D,
Test equipment: I Temperature chamber and short-circuit tester DGBell BE-8102,

I Voltmeter FLUKE 8845A, Thermometer Keithley DAQ6510 TC type K,

NOTE: Samples 218,318,418 had replaced PCM modules.

- END OF TEST REPORT -

TEST RESULTS

Charge current I6s: 12.0 A Voltage t-lconst: 22.0 V

Sample lD State
Sample

observation

AL/0019/
(1/B) after 25 cycles o

AL/0019/
(2t8) after 25 cycles o

AL/00'19/
(3/B) after 25 cycles o

AL/00'19/
(4t8) after 25 cycles o

AL/0019/
(5/8) After 1 full cycle o

AL/0019/
(6/8) After 1 fullcycle o

AL/0019/
(7 t8)

After I full cycle o

AL/0019/
(8/8) AftelI fullcycle o

Result: PASS
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BTO Sp. z o.o.
Fabryczna 25, 9o-341t6di; Poland
Phone: +48426724202
e-mail: office@bto.pl

TEST SUMMARY

Product name: Lithium lon Battery Pack (rechargeable)

Model/type/Part Number: 00665.s41.2N8.8To20.6H.F20 (pN:00665.S41. j.40610-g)

Rated parameters: L4.4V;13.8 Ah; 198Wh; 4S4p; 0.816 kg;

Tests Requested by: santiSp. z o.o. Tadeusza wendy 7/9str.;Bt-341, Gdynia; poland

Manufacturer: BTO Sp. z o.o.; Fabryczna 25 Str.; 90-341 t6d2; poland

Based on the following fesf resu/fs.

UN TEST ID TEST NAME RESULT, CONFIRMATION OF
CONFORMITY

38.3.4.1.2 T.l Altitude simulation Passed

38.3.4.2.2 T.2 Thermaltest Passed

38.3.4.3.2 T.3 Vibration Passed

38.3.4.4.2 T.4 Shock Passed

38.3.4.5.2 T.5 External short circuit Passed

38.3.4.6.2 T.6a lmpact not applicable

38.3.4.6.3 T.6b Crush not applicable

38.3.4.7.2 T.7 Overcharge Passed

38.3.4.8.2 T.8 Forced discharge not applicable

Iesl results terms: passed / failed / not applicable (not required or not included in the order)

It is hereby confirmed that the Test Object of this series of tests, mentioned in the tifle, meets the
requirements of:

tJN Recommendations on the Transport Of Dangerous Goods; Manual of Iesfs and Criteria
ST/SG/AC.l 0/11/Rev.7/Amend.1, Lithium Metal and Lithium lon batteries (Section 38.3) with the
exce ptio n of p a rag ra p h s 38. 3. 4. 6. 2, 3 8. 3. 4. 6. 3,

Roman Gozdur
Laborotory Manoger

n Laboratory Mpnager

V.r*J,,^l*,-
PhD Eng. Roman GozdurEng. Norbert Smolinski

This Test Summary is an integral paft of the Test Report which contains detailed tesi resu/ts.
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