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Jingguo,Wang Qian, Real Lee, Xu Fengxia, Zhu Man, Wang Linlin, Tong Shipeng.

(It



T/CNFMA B024—2022

General connection port and communication
protocol of the 18V lithium-ion battery pack for
garden machinery

1 Scope

This document specifies the structural dimension requirements, hardware design requirements,
communication protocols and interchangeability tests of the universal interface and the“universal ¢
shared”sign (hereinafter referred to as the "interface") of 18 V nominal voltage lithium — ion battery
packs (hereinafter referred to as "18 V battery packs") for garden machinery, and the contents of
the communication protocols for chargers and garden machinery hosts compatible with 18 V nominal
voltage lithium — ion battery packs.

This document is applicable to garden machinery powered with a nominal voltage of 18 V lithium-ion
battery pack, and other machinery and tools powered by 18 V nominal voltage lithium-ion battery
packs may be used as referenced.

2 Normative references

The contents of the following documents constitute the essential provisions of this document
through references in this text. For dated references, only the versions with the dates indicated are
applicable to this document; For undated references, the latest edition of the referenced document

(including all amendments) applies.

IEC 62841-1.2014, Electric motor-operated hand-held tools , transportable tools and lawn and garden
machinery— Safety— Part 1. General requirements

IEC 61960-3, Secondary cells and batteries containing alkaline or other non-acid electrolytes— Sec-

ondary lithium cells and batteries for portable applications—Part 3: Prismatic and cylindrical lithium

secondary cells and batteries made from them
3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61960-3 and the following
apply.
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3.1
lithium-ion battery pack with a nominal voltage of 18 V

lithium-ion battery pack consisting of five cells in series, with the nominal voltage of single cell mul-
tiplied by the number of cells in series equaling 18 V or 18.5 V

NOTE Lithium-ion battery pack with a nominal voltage of 18 V has a nominal voltage of 3.6 V per cell. A lithium-ion
battery pack with a nominal voltage of 18.5 V has a nominal voltage of 3.7 V per cell.

4 Interface structural di

4.1 Battery pack g

The outline dimensig
and Table 1.

ireepents of Figure 1

Table 1—Battery pack outline dimensions

Dimensions in millimeters

Item Code Dimension
Length L <145
Width w <90
Height H <100




4.2 Interface locking buckle dimensions
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The dimensions of the interface locking buckle shall comply with the requirements of Figure 2 and Ta-

ble 2.

B

AN

Figure 2— Interface locking buckle dimensions

Table 2—Interface locking buckle dimensions

Item Code Dimension Tolerance
Locking buckle height/mm A 4 -0.25t00
Locking buckle width/mm B 25 -0.2to0
Distar;c;: fro;nﬂlrorckir;ng bucklt;?on; erE ;f;roove/ mm (63 7 72.5 D= 0.2757 to +0.25
Locking buckle thickness/mm D 6 —0.05 to +0.05
o 777L6cking buckle ;gle/(") E 7 45 -0.1to :071 B

4.3 Interface chute dimensions

The dimensions of the Interface chute shall comply with the requirements of Figure 3 and Table 3.

G

AN

Figure 3—Interface chute dimensions
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Table 3—Interface chute dimensions

Dimensions in millimeters

Item ’ Code Dimension Tolerance
Inner groove height F 5.5 —0.05 to +0.05
- Outer groove heright G 0 | -0.075 to +0.075
Outer groove width J 50 +0.1 to +0.3
Inner groove width K a4 +0.1 to +0.3
D;st;zae from groove front end to battéry pack }ront end M 21 7 -0.15 to +0.W1 57
Groove length N =63 =

4.4 Interface female slot dimensions

The dimensions of the Interface female slot shall comply with the requirements of Figure 4
and Table 4.

Dimensions in millimeters

g
- 1
®
o
3
EE———
Yo

Figure 4—Interface female slot dimensions

Table 4—Interface female slot dimensions

Dimensions in millimeters

Item Code Dimension Tolerance
Female socket width P 2 -0.1t00
Female socket spacing Q 8 —0.05 to +0.05
Female socket Iengthr 47}'1’7 7 20 to 25 = -
Distance from groove front end to contact point of female socket S 5to 10 —

4
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5 Interface hardware design requirements

5.1 General requirements for interface terminals

The design requirements for battery pack interface terminals shall comply with the requirements of
Figure 5 and Table 5.

Ik

© S

Positive

|

pole

Negative
pole
C

/

Figure 5—Battery pack interface terminals

Table 5—Battery pack interface terminals

Item Interface terminal definition
Negative pole Charge/Discharge negative pole

E 7 o Communication e
Positive pole Charge/Discharge positive pole

NOTE “C” is close to the negative pole.

5.2 Interface circuit block diagram

The circuit block diagram of the battery pack interface shall comply with the requirements of
Figure 6.

o
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Charge/Discharge

Negative Pole
RX
— Single-Port (Communication Receiver)
C Communication Ground - Half-Duplex X Microcontroller
= Communication (Communication Transmitter)
5 Module
om
=
<
£
-
£
Charge/Discharge Positive Pole - k Modul
DC Buck Module Power Supply

Figure 6—Interface circuit block diagram

5.3 Interface circuit diagram

The circuit diagram of the battery pack’s C port shall comply with the requirements of Figure 7.

vCC

" Ry
MCU TXD — Battery Pack's
O — O C Port
MCU RXD & 1 Battery Pack'
2 — ) attery Pack's
O — — O Negative Pole
Key
R;——1 000 000 Q
R, 1 000 000 Q
Rj 100 Q
R. 100 Q

R.——27 000 Q to 100 000 Q
When the C port of the battery pack is connected to the charger or machine, the 10,000 Q resistor of the charger or ma-

chine needs to be pulled up to VCC (5 V or 3.3 V) (The following VCC all represents 5 V or 3.3 V), and the resistance
value of the internal Rs of the battery pack is between 27 000 Q and 100 000 Q.

Figure 7—Circuit diagram of C port
6 Communication protocol

6.1 General requirements of communication protocol

6.1.1 Communication port: The battery pack communicates with the machine or charger through

6
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the C port in single-wire serial mode.

6.1.2 Communication rate: 9 600 baud rate.

6.1.3 Communication period: The battery pack communicates with the machine or charger every
100 ms = 20 ms. After receiving the data packet sent by the battery pack, the machine or charger
shall respond to the battery pack's data packet within 10 ms.

6.1.4 Communication format: The communication data adopts hexadecimal format, using LSB
mode of UART, with a data frame structure consisting of 1 start bit (low) ., 8 data bits, and 1 stop
bit (high), without parity bit.

6.2 Design requirements for communication protocol data packet

6.2.1 General requirements

The communication protocol data packet is divided into handshake data packet, operation data pack-
et, and response data packet. The handshake data packet and operation data packet are sent from the
battery pack to the machine or charger, and the response data packet is sent from the machine or

charger to the battery pack.

The three types of data packet formats are: header + data + checksum (negated sum plus one), as
follows:

Byte 1 Byte 2 Byte N

Header Data--- Checksum (negated sum plus one)

6.2.2 Requirements for handshake data packet

6.2.2.1 The handshake data packet shall comply with the following requirements:

Byte 1 ‘ Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Maximum Maximum
3 continuous continuous
‘ Number of ) ) . Number of Checksum
J Battery pack . discharging charging ) Battery pack
Header . cells in cells in (negated sum
| capacity current of current of ) status
parallel series plus one)
I the battery the battery
pack pack

6.2.2.2 Each byte of the handshake data packet shall comply with the following requirements:

a) Byte 1. Header, with a fixed value of 0xAb.
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b) Byte 2. Battery pack capacity, with a value of 0.1 A + h x the decimal number of Byte 2 (see

Example 1).
EXAMPLE 1
Batter ck capacit
Byte 2 (hexadecimal) Byte 2 (decimal) Y F: " P
0x14 20 2.0
0x28 4.0

c) Byte 3: Number mber of Byte 3 (see Ex-

ample 2).

EXAMPLE 2

EXAMPLE 3

continuous discharging
ent of the battery pack
A

Byte 4 (decimal)

20

50

e) Byte 5. Maximum continuous charging current of the battery pack, with a value of 1 A X the
decimal number of Byte 5 (see Example 4).



EXAMPLE 4
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Byte 5 (hexadecimal)

Byte 5 (decimal)

Maximum continuous charging

current of the battery pack

A
0x04 4 4
0x0A 10 10

f) Byte 6: Number of cells in series, with a value of 1 S X the decimal number of Byte 6 (see Ex-

ample 5).

EXAMPLE 5

Byte 6 (hexadecimal)

Byte 6 (decimal)

Number of cells in series

S
0x05 05 5
Ox0F 15 15

g) Byte 7. Byte of battery pack status, which shall comply with the requirements of Table 6.
Table 6 —Battery pack status byte (Byte 7)
Bit number Bit definition Value Machine response Charger response
Bit 0 Reserved (default is 0) 0 Not applicable Not applicable
0 Function normal, machine Function normal, charger
| discharging normally operating normally
Bit 1 Battery pack fault flag bit |- - -
5 Function abnormal, Function abnormal,
machine stops discharging? charger stops charging?
ik
. Battery pack not fully charged,
0 Not applicable )
- Battery pack fully charger charging normally
i I R I TR
charged fag bit ) Battery pack fully charged,
1 Not applicable .
charger stops charging®
0 Normal current, machine Normal current, charger
discharging normally normal operation
Bit 3 Overcurrent flag bit
: | Overcurrent alarm, Overcurrent alarm, charger
machine stops discharging stops charging
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Table 6 (continued)

Bit number Bit definition Value Machine response Charger response
B Normal temperature, Normal temperature, charger
machine discharging normally charging normally
Bit 4 Low temperature flag bit
3 Low temperature alarm, | Low temperature alarm,
machine stops discharging charger stops charging®
b Normal temperature, Normal temperature,
charger charging normally
Bit 5 High temperature flag
High temperature alarm,

machine stops discharg arger stops charging®

Normal voltage, machine

discharging normally

° If the low : ar emperatur , thg charger resumes
charging.
¢ If the high tem the charger resumes
charging.
h) Byte 8: Checksum: n'bytes from Byte 1 to Byte 7

(see Example 6).

EXAMPLE 6 For a battery pack with 5 cells in series with 2 parallel connections, capacity of 4 A + h, maximum contin-
uous discharging current of 25 A, and maximum continuous charging current of 4 A, during normal operation, the hand-

shake data packet sent by the battery pack would contain the following

Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8

O0xA5 0x28 0x02 0x19 0x04 0x05 0x00 0xO0F

6.2.3 Requirements for operation data packet

6.2.3.1 The operation data packet shall comply with the following requirements:
10
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Byte 1 Byte 2 Byte 3 Byte 4

Header Reserved Battery pack status Checksum

6.2.3.2 FEach byte of the operation data packet shall comply with the following specifications:
a) Byte 1. Header, with a fixed value of 0xA6;

b) Byte 2: Reserved;

c) Byte 3. Battery pack status, with bit defined a able 6;

d) Byte 4. Checksum.

EXAMPLE The conte, of a al operation data packet is as follows.
y
Byte 1 J | : e Byted BWhe 4
0xA6 , 0x!

.5‘\\\.\ -
6.2.4.1 The machine shag 4 in 10 ;-.)-fm receiving the data packet
sent by the batte‘ll'y pack. i’/’,}f//‘-
6.2.4.2 The fai{nat of th : Header Data +

Checksum (negated sum p

Byte 1 Q Byte 2 Byte 3 Byte 4
TV _ Machine working Checksum
Header 3 ine status code
; current value egated sum plus one)

6.2.4.3 Each byte of the respons
specifications:

all comply with the following

a) Byte 1. The header is a fixed value of 0x5A;

b) Byte 2. Machine status code, specifically:

1) 0x01: Machine status normal;

2) 0x02. Machine status abnormal;

3) 0x03: Reserved;
11
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4) 0x04. Machine received a data packet with checksum error;

5) 0x05. Battery pack and machine mismatch (e.g.. mismatch in battery pack voltage, series

count, or parallel count).

¢) Byte 3: Machine working current value, with a value of 1 A X the decimal number of Byte 3

(see Example 1).

EXAMPLE 1

Working Current Value
Byte 3 (hexadecimal)

|
| |
0x05 5 ‘ 5
e e
|

Byte 3 (decimal) ‘

A
0x14 20 20

d) Byte 4: Checksum, with a value of the negated sum plus one of the total of 3 bytes from Byte 1

to Byte 3 (see Example 2).

EXAMPLE 2 The response data packet sent by a machine with normal status and a working current value of 20A to the

battery pack is as follows:

Byte 1 Byte 2 Byte 3 Byte 4

0x5A 0x01 0x14 0x91

6.2.5 Requirements for response data packet sent by the charger

6.2.5.1 The format of the response data packet sent by the charger is: Header + Data + Checksum

(negated sum plus one) , as follows:

|
Byte 1 Byte 2 | Byte 3 Byte 4 Byte 5 } Byte 6
| |
Checksum
Charger status Charger output Charger output Charger output |
Header . (negated sum
‘ code voltage (high byte)|voltage (low byte) current
‘ plus one)

6.2.5.2 Each byte of the response data packet sent by the charger shall comply with the following

specifications:

a) Byte 1: The header is a fixed value of 0x55;

b) Byte 2: Charger status code, specifically:
12
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1) 0x01. Charger status normal;

2) 0x02. Charger status abnormal;

3) 0x03: Charger received a data packet with checksum error;

4) 0x04: Battery pack and charger mismatch (e.g., mismatch in voltage, series count, or par-
allel count) ;

5) 0x05: Battery pack fully charger deter t the charged battery pack is fully
charged).

c) Byte 3: Charger outpu tage (high byte) ;

d) Byte 4. Chﬁg’;er tput voltage (low byte), with a value of 0.1V x (2 theéxdecimal number
of Byte 3 + thé dec y it
4
EXAMPLE 1

B S Charger output voltage
Byte 3 (hexadecimal) | Byte %

| |

0x0

|

0x02 | |

e) Byteb.: Charger put current, with a value of 0.1 A X the decimal nu r yte 5 (see Ex-

ample 2).
EXAMPLE 2
) 7 Charger output current
Byte 5 (hexadecimal) Byte 5 (decimal) &
0x28 40 4
0x06 60 6

f)  Byte 6: Checksum, with a value of the negated sum plus one of Byte 1 to Byte 5, totaling five
bytes (see Example 3).

EXAMPLE 3 A charger with normal status and an output of 20 V/4 A sends the following response data packet to the
battery pack:
13
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Byte 1

Byte 2

Byte 3

Byte 4

Byte 5

Byte6

0x55

0x01

0x0

0xC8

0x28

0xBA

6.3 Execution logic and protection mechanism of communication protocol

The execution logic and protection mechanism of the communication protocol shall comply with the
requirements of Annex A.

7 Interchangeability test

7.1 General requirements

To achieve interchangeability between the battery pack and the machine or charger, the battery pack
shall undergo interface structure size compatibility testing and safety testing between the battery
pack, machine, and charger.

Unless otherwise specified, the tests in this chapter shall be conducted under the following condi-
tions:

a) Temperature: 23°C £ 2 C;
b) Humidity: 50%RH to 70%RH.
7.2 Artificial male pin compatibility test

The dimensions of the artificial male pin structure shall comply with the requirements of Figure 8 and
Table 7, and when performing insertion and withdrawal tests, the following requirements shall
be met.

a) The insertion and withdrawal of the battery pack shall be smooth;

b) When the battery pack is placed on a smooth horizontal surface (ignoring the frictional force be-
tween the battery pack and the smooth horizontal surface). the locking buckle is vertically up-
ward, and then the interface locking buckle is pressed, the horizontal insertion force of the bat-
tery pack shall be less than 40 N;

¢) When the battery pack is placed on a smooth horizontal surface (ignoring the frictional force be-
tween the battery pack and the smooth horizontal surface) , the locking buckle is vertically up-
ward, and then the interface locking buckle is pressed, the horizontal withdrawal force of the
battery pack shall be less than 40 N;

d) With the interface locking buckle locked with the artificial male pin, and without operating the
14
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interface locking buckle, the withdrawal force shall not be less than "10 times the weight of the
battery pack”.

Cy ()

Ny M, Iy

I d

—n [

Ry

Figure 8—Dimensions of artificial male pin structure

Table 7—Dimensions of analog pin structure

Dimensions in millimeters

Code 5 Dimension Tolerance

B, 4.5 +0.35 to +0.5
(o 10 -0.2to0

b, 5 ~021t0 +0.2
F, 45 —-0.15 to +0.15
G, o 22 ) —-0.15 to +0.15
J4 62 —0.2to +0.2
K, =26 - .
mo . | ow+03
N, 7 -0.2to0

- P, o 7 1 -0.1to0
Q; 8 —0.05 to +0.05

15
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Table 7 (continued)

Code ‘ Dimension : Tolerance

R, | 15 to 20 i .

o | ow+os T

u | =100 —
L ——

p | e .

7.3 Battery pack. charger, and machine safety test

Compliance is checked by the safety test according to Annex K of IEC 62841-1.:2014.

8 The “Universal « Shared” symbol

Battery packs, chargers, and machines produced by different manufacturers, if claimed to comply
with this document. shall use the “Universal - Shared” symbol as specified in Annex B.

If the indication is reduced or enlarged according to the size of the equipment, the proportions given

in the drawing must be respected. However, the vertical dimension of the indication shall. if possi-

ble, not be less than 10 mm.

16
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Annex A
(normative)
Execution logic and protection mechanism of communication
protocol of battery pack and machine, charger

A.1 Execution logic of communication protocol between the battery pack and the machine

The execution logic of the communication protocol between the battery pack and the machine shall

comply with the requirements of Figure A.1.

Insert the bat The tool outputs a high level (VCC)
tery pack mnto to the battery pack's C port to wake
the tool up the battery pack

C interface voltage is high level

No
andduration >200 ms

Yes
{
Battery pack
No sends handshake
data packet

Communication timeout
(batterypack has not received
response packet for more than 1 minute
or received a checksum error
response packet)

Battery pack receives a checksum
correct response packet, handshake
successful

Yes
i

Battery pack enters Yes
sleep mode due to [
communication timeout

NG Battery pack sends
operation data

Communication timeout (battery
packhas not received a correct checksum
response packet for more than Is)

Battery pack receives a correct
checksum response packet

Figure A.1—Execution logic of the communication protocol between the battery pack and the machine

17



T/CNFMA B024—2022

A.2 Execution logic of communication protocol between the battery pack and the charger

The execution logic
comply with the requirements of Figure A.2.

of the communication protocol between the battery pack and

Insert the battery
pack into the

charger the battery

The charger outputs a high
voltage (VCC) to the C port of

pack to wake it up

Communication timeout
(thebattery pack does not receive
the response data packet for more than 1
minute or receives a checksum error
response data packet)

The battery pack enters
sleep mode due to
communication timeout

No

C interface voltage is high
and duration > 200 ms

Yes

i

The battery pack
sends a handshake
data packet

The battery pack receives
the response data packet with
correct checksum, handshake
successful

No

No The battery pack sends

Communication timeout
(the battery pack does not receive
a correct checksum response data
packet for more than | second)

Figure A.2—Execution logic of the communication protocol between the battery pack and charger

A.3 Protection mechanism
A.3.1
Battery packs, machines,

control, and shall exchange data with each other a
18

a running data packet

The battery pack receives the
response data packet with correct
checksum

No

General requirements for protection mechanism

ccording to the protocol requirements.

the charger shall

Yes

and chargers complying with this document shall have MCU and program
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Each bit of the battery pack status byte in the protocol shall represent different states of the battery
pack. This state (0 or 1) shall be recognized by the battery pack program to determine whether it is
undergoing overcurrent, overcharge, overdischarge, high temperature, or low temperature. For ex-
ample, Bit 5 (high-temperature flag) , under discharge state, different manufacturers will set differ-
ent temperature protection thresholds according to their own requirements, as shown in Table A.1.

Table A.1—Examples of different temperature protection
thresholds set by manufacturer A and B

Manufacturer B

Bit5 = 0 | Cell temperature
Bit5 = 1 | Cell temperaty :
(1) Cell ,_ifica / a s usediby manufacturer B
Reason (2) Baitéry 3 structure and heat dissipation | (2) Battery pack s d heat dissipation
design require design requirements of er B, etc.

=
P
oo
e e
B e s
T
e
e
e
=

A.3.2.1 General requirem

_—

»
)
)

i

Y
¢

i
o
I/

()

Y
0
Y
%

S

(0
)
{0
%

@
~+
[0]
(¢}
-
3
(9]
(]
b
o

The protection mechanism-

\

I
\

nism. These two protecti affect the pro-

tection function.

y with the folowing requiremef

¢) When charge MOS is placed on the charger; during charging, the charger determines whether to
turn on or off the charge MOS based on the data packet sent by the battery pack.

A.3.2.3 Execution requirements for dual protection mechanism

A.3.2.3.1 The dual protection mechanism shall comply with the following requirements:

a) When discharge MOS and charge MOS are placed on the battery pack; the battery pack deter-
mines whether to turn on or off the charge and discharge MOS based on its own program, reali-

zing the function of enabling or stopping charging and discharging.
19
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b)  When discharge MOS is placed on the machine; during discharge, the machine determines
whether to turn on or off the discharge MOS based on its own program or the data packet sent
by the battery pack, realizing the function of enabling or stopping discharge.

¢) When charge MOS is placed on the charger; during charging, the charger determines whether to
turn on or off the charge MOS based on its own program or the data packet sent by the battery
pack, realizing the function of enabling or stopping charging.

A.3.2.3.2 Under the dual protection mechanism, when the machine is used in conjunction with the
battery pack, the condition for stopping discharge shall be determined by the protection value of the
machine and the battery pack, whichever triggers the protection value first, and the action of stop-
ping discharging shall be completed by the discharge MOS of the battery pack or the machine.

A.3.2.3.3 Under the dual protection mechanism, when the charger is used in conjunction with the
battery pack, the condition for stopping charging shall be determined by the protection values of the
charger and the battery pack, whichever triggers the protection value first, and the action of stop-
ping charging shall be completed by the charge MOS of the charger or the battery pack.

A.3.3 Protection functions in the protection mechanism
A.3.3.1 Overcurrent protection during discharge
When the battery pack receives the current and duration in the response data packet from the ma-

chine greater than or equal to the set upper limit value, the battery pack shall send an overcurrent
data packet to the machine, and the machine shall turn off the discharge MOS and stop discharging.

According to the definition of A.3.2.2, the battery pack is allowed to perform dual protection for

overcurrent during discharge.
A.3.3.2 Overcurrent protection during charging

When the battery pack receives the current and duration in the response data packet from the charger
greater than or equal to the set upper limit value, the battery pack shall send an overcurrent data
packet to the charger, and the charger shall turn off the charge MOS and stop charging.

According to the definition of A.3.2.2, the battery pack is allowed to perform dual protection for

overcurrent during charging.
A.3.3.3 Under-voltage protection during discharge

During discharge, when the battery pack detects its own voltage lower than the undervoltage set
value, the battery pack shall send an undervoltage data packet to the machine, and the machine shall
turn off the discharge MOS and stop discharging.

20
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According to the definition of A.3.2.2, the battery pack is allowed to perform dual protection for un-
dervoltage during discharge.

A.3.3.4 Overvoltage protection during charging
During charging, when the battery pack detects its own voltage greater than or equal to the over-
voltage set value, the battery pack shall send an overvoltage data packet to the charger, and the

charger shall turn off the charge MOS and stop charging.

According to the definition of A.3.2.2 atter K 1s"@llewed to perform dual protection for ov-

than the low-
shall send a
OS and stop

temperature set val
temperature data
discharging. I
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o —
During charging, when th% ) perature
set value or highér than the high-tempe: set\ . o emperature da-
ta packet to the E&arger, and S
=
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Annex B
(normative)
The “Universal + Shared” symbol

The “Universal + Shared” symbol for battery packs is shown in Figure B.1.

B HE

ENEMA

Figure B.1—“Universal - Shared” symbol
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General connection port and communication protocol
of the 18 V lithium-ion battery
pack for garden machinery
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