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Test item description ....................... : Rechargeable Li-ion Battery System 

Trade Mark ........................................ : 
 

Manufacturer .................................... : GoodWe Technologies Co., Ltd. 

No.90 Zijin Rd., New District, Suzhou, 215011, P.R. China 

Model/Type reference ...................... : GW61.4-BAT-AC-G10, GW71.6-BAT-AC-G10, GW81.9-BAT-AC-
G10, GW92.1-BAT-AC-G10, GW102.4-BAT-AC-G10, GW112.6-
BAT-AC-G10, GW61.4-BAT-AC-JP-G10, GW71.6-BAT-AC-JP-
G10, GW81.9-BAT-AC-JP-G10, GW92.1-BAT-AC-JP-G10, 
GW102.4-BAT-AC-JP-G10. 

Ratings .............................................. : Nominal Voltage:  

GW61.4-BAT-AC-G10:307.2V; GW71.6-BAT-AC-G10:358.4V; 

GW81.9-BAT-AC-G10:409.6V; GW92.1-BAT-AC-G10:460.8V; 
GW102.4-BAT-AC-G10:512.0V; GW112.6-BAT-AC-G10:563.2V; 

GW61.4-BAT-AC-JP-G10:307.2V; GW71.6-BAT-AC-JP-G10: 
358.4V; GW81.9-BAT-AC-JP-G10: 409.6V; GW92.1-BAT-AC-JP-
G10: 460.8V; GW102.4-BAT-AC-JP-G10: 512.0V. 

Rated capacity 200Ah (all models) 

 

Responsible Testing Laboratory (as applicable), testing procedure and testing location(s): 

 CB Testing Laboratory: TÜV Rheinland (Shanghai) Co., Ltd. 

Testing location/ address ............................. : No.177, 178, Lane 777 West Guangzhong Road, Jing'an 
District, Shanghai, China 

Tested by (name, function, signature) ........ : Depeng Cao,  

Project Engineer 

 

Approved by (name, function, signature) ... : Scola Chen, Authorizer  

 

 Testing procedure: CTF Stage 1:  

Testing location/ address ............................. :  

Tested by (name, function, signature) ........ :   

Approved by (name, function, signature) ... :   

 

 Testing procedure: CTF Stage 2:  

Testing location/ address ............................. :  

Tested by (name + signature) ...................... :   

Witnessed by (name, function, signature).. :   

Approved by (name, function, signature) ... :   

 

 Testing procedure: CTF Stage 3:  

 Testing procedure: CTF Stage 4:  

Testing location/ address ............................. :  

Tested by (name, function, signature) ........ :   

Witnessed by (name, function, signature).. :   

Approved by (name, function, signature) ... :   

Supervised by (name, function, signature) :   
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List of Attachments (including a total number of pages in each attachment):  

-ATTACHMENT 1 – PHOTO DOCUMENTATION (14 pages) 

 

Summary of testing: 

Tests performed (name of test, test clause and 
date test performed): 

Clause(s) Test(s) 

5.2.2.1 Clearance and creepage distanc-
es, 2024-12-29 

5.2.2.2 Non-accessibility test, 2024-12-29 

5.2.2.3 Ingress protection test (IP rating), 
2024-12-29 

5.2.2.4.2.3 Steady force test, 250 N, 2024-
12-29 

5.2.2.5 Stability test, 2024-12-29 

5.2.2.7 Handles and manual controls se-
curement, 2024-12-29 

5.2.3.2 Impulse voltage test, 2025-01-04 

5.2.3.4 a.c or d.c voltage test, 2025-01-04 

5.2.3.7.2 Touch current test, 2025-01-04 

5.2.3.7.3 Leakage current test, 2025-01-04 

5.2.3.10 Temperature rise test, 2025-01-03 

5.2.3.11 Protective equipotential bonding 
test, 2025-01-03 

5.2.3.12 Input test, 2025-01-03 

5.2.4.4   Output short-circuit test, 2025-01-
04 

5.2.4.6 Breakdown of components test, 
2025-01-02 

5.2.5.3 Glow-wire test, 2025-01-01 

5.2.6.3.1 Dry heat test, 2025-01-01 

5.2.6.3.2 Damp heat test, 2025-01-02 

5.2.6.4 Vibration test, 2024-12-30 

- Weight 

  
 

Testing location: (CBTL, SPTL, CTF, Subcon-
tractor) 

 

TÜV Rheinland (Shanghai) Co., Ltd. 

No.177, 178, Lane 777 West Guangzhong Road, 
Jing'an District, Shanghai, China 
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Summary of compliance with National Differences  

 

• IECEE Member countries that are also CENELEC members 

Compliance with Group Differences evaluated  yes  No  N/A 

 

• IECEE Member countries with published National Differences which were evaluated: 

N/A 

 

• IECEE Member countries that did not publish any National Differences:  

N/A 

 

To support compliance with published National Differences, attach a compilation of relevant ND 
and/or GD TRFs to the CB Test Report 

 

Use of uncertainty of measurement for decisions on conformity (decision rule) :  

 

 No decision rule is specified by the IEC standard, when comparing the measurement result with the 
applicable limit according to the specification in that standard.  The decisions on conformity are made 
without applying the measurement uncertainty (“simple acceptance” decision rule, previously known as 
“accuracy method”).  

 

 Other: … (to be specified, for example when required by the standard or client, or if national accredi-
tation requirements apply) 

 

Information on uncertainty of measurement:  

The uncertainties of measurement are calculated by the laboratory based on application of criteria given 

by OD-5014 for test equipment and application of test methods, decision sheets and operational proce-

dures of IECEE.  

IEC Guide 115 provides guidance on the application of measurement uncertainty principles and applying 

the decision rule when reporting test results within IECEE scheme, noting that the reporting of the meas-

urement uncertainty for measurements is not necessary unless required by the test standard or custom-

er.  

Calculations leading to the reported values are on file with the NCB and testing laboratory that conducted 
the testing. 
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Copy of marking plate: 

The artwork below may be only a draft. The use of certification marks on a product must be au-
thorized by the respective NCBs that own these marks. 

 
Label for GW61.4-BAT-AC-G10, GW71.6-BAT-AC-G10, GW81.9-BAT-AC-G10, GW92.1-BAT-AC-G10, 
GW102.4-BAT-AC-G10, GW112.6-BAT-AC-G10. 
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Label for GW61.4-BAT-AC-JP-G10, GW71.6-BAT-AC-JP-G10, GW81.9-BAT-AC-JP-G10, GW92.1-BAT-
AC-JP-G10, GW102.4-BAT-AC-JP-G10. 

Note: The “+, -” markings provided on the surface of product, production date provided on SN code. 

S/N number rules as follows: 

For example: 50102R1012480000 

Characters 1~9 are fixed code for the products in this report. 

Characters 10~11 represent production year, 24 means year 2024. 

Characters 12 represent production month, 1 to 9 means January to September, A represent October, B 

represent November, C represent December. 

Characters 13~16 represent serial code. 

 

Label for Warning 
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Test item particulars .................................................. :  

Classification of installation and use ...................... : Protective class I 

Supply Connection .................................................... : Not directly connected to mains 

 ...................................................................................... :  

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 .......................................................................... :  

Date of receipt of test item ........................................ : 2024-12-29 

Date (s) of performance of tests ............................... : 2024-12-29 to 2025-01-20 

 

General remarks: 

"(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  comma /  point is used as the decimal separator. 

 

Manufacturer’s Declaration per sub-clause 4.2.5 of IECEE 02: 

The application for obtaining a CB Test Certificate in-
cludes more than one factory location and a declara-
tion from the Manufacturer stating that the sample(s) 
submitted for evaluation is (are) representative of the 
products from each factory has been provided ........... : 

 Yes 

 Not applicable 

 
When differences exist; they shall be identified in the General product information section. 

Name and address of factory (ies) .......................... : GoodWe (Guangde) Power Supply Technology 

Co., Ltd.  

No.8, Dongting Rd., Guangde Economic Develop-
ment Zone, Anhui, P.R. China 
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General product information and other remarks: 

Product Description:  

1- The battery system mainly consists of 6 to 11 battery packs and 1 control box in series connection.  

Each battery pack mainly consists of 32 cells structured with 16S2P, 1 slave BMU, 1 air condition-
ing and related connection parts. The slave BMU used for measuring and collecting the cell pa-
rameters of each pack and uploading to LCU in control box. The control box mainly consists of 
protective device such as relay, fuse, circuit breaker, DC/DC power board and master LCU func-
tion as the control unit for the battery system. 

 

2- The differences between GW61.4-BAT-AC-G10, GW71.6-BAT-AC-G10, GW81.9-BAT-AC-G10, 
GW92.1-BAT-AC-G10, GW102.4-BAT-AC-G10, GW112.6-BAT-AC-G10 are only the quantities of 
battery packs and corresponding parameters, and the size of the rack used for mounting. Refer to 
model list for details. 

 

3- The differences between GW61.4-BAT-AC-JP-G10, GW71.6-BAT-AC-JP-G10, GW81.9-BAT-AC-
JP-G10, GW92.1-BAT-AC-JP-G10, GW102.4-BAT-AC-JP-G10 are only the quantities of battery 
packs and corresponding parameters, and the size of the rack used for mounting. Refer to model 
list for details. 

 

4- The insulation between the hazardous voltage circuit and the grounded metal enclosure is basic 
insulation. And the insulation between the hazardous voltage circuit and communication circuit is 
reinforced insulation. 

   

5- The battery system has overcharge, over-discharge, over current and short-circuits proof circuit. 
The electronic circuits and software controls for the battery system replied upon protective func-
tions of the battery management system have been evaluated in accordance with IEC 60730-1 
Annex H. 

 

6- The IP degree of the battery system is IP55. 

 

7- Overvoltage Category II was evaluated for the battery system, the battery system should isolate 
from an Overvoltage category III supply source to prevents transient overvoltage conditions in 
end-installation.  

 

8- The difference between GW61.4-BAT-AC-JP-G10, GW71.6-BAT-AC-JP-G10, GW81.9-BAT-AC-
JP-G10, GW92.1-BAT-AC-JP-G10, GW102.4-BAT-AC-JP-G10 and GW61.4-BAT-AC-G10, 
GW71.6-BAT-AC-G10, GW81.9-BAT-AC-G10, GW92.1-BAT-AC-G10, GW102.4-BAT-AC-G10, 
GW112.6-BAT-AC-G10 is the weight difference caused by the inconsistent thickness of the shell, 
see the parameter table for details. 
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The system block diagram is outlined as below:  

 
Block diagram for battery system 

 

Front layout for GW102.4-BAT-AC-G10/ GW112.6-BAT-AC-G10 as representative 
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Back layout for GW102.4-BAT-AC-G10/ GW112.6-BAT-AC-G10 as representative 

Model list for battery cell and pack: 

 

   
Rechargeable Lith-

ium-ion Cell 
Rechargeable Li-ion battery 

pack 

Type/model LF100LA GW10.2-PACK-ACI-G10 

Battery type LiFePO4 LiFePO4 

Structure - 16S2P 

Nominal Voltage [V] 3.2 51.2 

Rated Capacity [Ah] 102 200 

Rated Energy [kWh] 0.3264 10.24 

Upper limit charging voltage 
[V] 

3.9 57.76 

Discharging cut-off voltage 
[V] 

2.0  45.92 

Maximum charge current [A] 100 180  

Maximum discharge current 
[A] 

250  220  

Charge range of ambient 
temperature [°C] 

-20 to 65 0 to 55 

Discharge range of ambient 
temperature [°C] 

-30 to 65 -20 to 55  

Weight [kg] 1.98±0.1 <90 

Overall size:  

(W*H*D) [mm]: 
160±1.0*118.5±1.0

*49.9±1.0 
894*135.3*595 
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Enclosure Protection (IP) - IP20 

Cooling Type - Air cooling 

Altitude [m] - Below 4000 

Model list for battery system: 

 

   Rechargeable Li-ion Battery System 

Type/model 
GW61.4-
BAT-AC-

G10 

GW71.6-
BAT-AC-

G10 

GW81.9-
BAT-AC-

G10 

GW92.1-
BAT-AC-

G10 

GW102.4
-BAT-

AC-G10 

GW112.6
-BAT-

AC-G10 

Composition 

 

n*battery pack’ GW10.2-PACK-ACI-G10’+1 control box 

n=6 n=7 n=8 n=9 n=10 n=11 

Structure 
(2P16S)6

S 
(2P16S)7

S 
(2P16S)8

S 
(2P16S)9

S 
(2P16S)1

0S 
(2P16S)1

1S 

Weight [kg] <950 <1040 <1130 <1220 <1310 <1400 

Overall size:  

(W*H*D) [mm]: 
1055*2000*1055 

Battery type LiFePO4 

Nominal Voltage [V] 51.2*n 

Rated Capacity [Ah] 200 

Rated Energy [kWh] 10.24*n 

Upper limit charging volt-
age [V] 

57.76*n 

Discharging cut-off volt-
age [V] 

45.92*n 

Maximum charge current 
[A] 

180  

Maximum discharge cur-
rent [A] 

220  

Charge range of ambient 
temperature [°C] 

-20 to 55* 

Discharge range of ambi-
ent temperature [°C] 

-20 to 55  

Enclosure Protection (IP) IP55 

Cooling Type Air cooling 

Altitude [m] Below 4000 

Protective class I 

 

   Rechargeable Li-ion Battery System 

Type/model GW61.4- GW71.6- GW81.9- GW92.1- GW102.4-



 Page 12 of 116 Report No.CN25HW7E 001 
 

TRF No. IEC62477_1F  

BAT-AC-
JP-G10 

BAT-AC- 
JP-G10 

BAT-AC- 
JP-G10 

BAT-AC- 
JP-G10 

BAT-AC- 
JP-G10 

Composition 

 

n*battery pack’ GW10.2-PACK-ACI-G10’+1 control box 

n=6 n=7 n=8 n=9 n=10 

Structure (2P16S)6S 
(2P16S)7S (2P16S)8S (2P16S)9S (2P16S)10

S 

Weight [kg] 1025 1115 1205 1295 1385 

Overall size:  

(W*H*D) [mm]: 
1055*2000*1055 

Battery type LiFePO4 

Nominal Voltage [V] 51.2*n 

Rated Capacity [Ah] 200 

Rated Energy [kWh] 10.24*n 

Upper limit charging volt-
age [V] 

57.76*n 

Discharging cut-off volt-
age [V] 

45.92*n 

Maximum charge current 
[A] 

180  

Maximum discharge cur-
rent [A] 

220  

Charge range of ambient 
temperature [°C] 

-20 to 55* 

Discharge range of ambi-
ent temperature [°C] 

-20 to 55  

Enclosure Protection (IP) IP55 

Cooling Type Air cooling 

Altitude [m] Below 4000 

Protective class I 

*When the pack minimum temperature is lower than 7° C (charge and discharge) or 3 ° C (standing), the 
air conditioner will turn on the heating mode; When the minimum pack temperature is higher than 12 ° C 
(charge/discharge) or 10 ° C (stand), the air conditioner turns off the heating mode. 
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Additional test item particulars :  
Equipment mobility :  movable  hand-held  stationary 

 fixed  transportable  for building-in 
Connection to the mains :  pluggable equipment  direct plug-in 

 permanent connection  for building-in 
Not direct connect to mains 

Environmental category :  outdoor  indoor  indoor 
  unconditional  conditional 

Over voltage category Mains :  OVC I  OVC II  OVC III  OVC IV 
Not direct connect to mains 

Over voltage category Battery :  OVC I  OVC II  OVC III  OVC IV 
Mains supply tolerance (%) : - - - 
Tested for power systems :  
IT testing, phase-phase voltage (V) : - - - 
Class of equipment :  Class I  Class II  Class III 

 Not classified 
Mass of equipment (kg) : See model list 
Pollution degree : PD 3(PD2 inside) 
IP protection class : IP 55 
For more information : See model list 
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This test report includes the following Appendixes: 

Appendix 
No. 

Description Page(s) 
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4 PROTECTION AGAINST HAZARDS  P 

4.1 General P 

4.2 Single fault conditions and abnormal operating 
conditions 

See Table 4.2 to 4.3 P 

 Components in 4.2 also include insulation systems, 
ports, etc (IEC 62477-1:2012/AMD1:2016) 

 P 

4.3 Short-circuit and overcurrent protection P 

4.3.1 General P 

4.3.2 Input short-circuit withstand strength and output 
short-circuit current ability 

 P 

4.3.2.1 General P 

 The interrupting capability of the overcurrent pro-
tective device shall be equal or greater than the 
prospective short-circuit current of the mains supply 
or non-mains supply. 

 P 

 Protective devices provided or specified shall have 
adequate breaking capability to interrupt the maxi-
mum prospective short-circuit current specified for 
the port to which they are connected. 

Specified in Label P 

 If the result of one test is representative of the 
worst case, less severe combinations need not be 
tested. 

 P 

4.3.2.2 Conditional short-circuit current (Icc) on input ports P 

 In case where the PECS manufacturer selects the conditional short-circuit current 
(Icc) rating according to 4.3.1, the following shall be specified: 

P 

 -conditional short-circuit current (Icc) Icc ˂9.5kA 

Specified in Label 

P 

 -characteristics of the short-circuit protective de-
vice, and 

Specified in Label P 

 -minimum required prospective short-circuit current 
(Icp,mr) 

Specified in Label P 

 Compliance is shown through evaluation according 
to 4.2, to determine the appropriate combination of 
testing according to 5.2.4.4, 5.2.4.6 and 5.2.3.11.3 
in order to evaluate single fault conditions and ab-
normal operating conditions 

 P 

4.3.2.3 Short-time withstand current (Icw) on input ports N/A 

 When the PECS manufacturer selects the short-
time withstand current (Icw) rating according to 
4.3.1, the following shall be specified: 

 N/A 

 -short-time withstand current (Icw)  N/A 

 -associated duration; and  N/A 

 -peak withstand current (Ipk)  N/A 

 Compliance is shown through evaluation according 
to 4.2 to determine the appropriate combination of 
testing according to 5.2.3.11.3 and 5.2.4.4.3 in or-
der to evaluate single fault conditions and abnormal 

 N/A 
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operating conditions. 

4.3.2.4 Output short-circuit current ability P 

 The ability of the PECS to deliver a current, in the 
event of a short-circuit at the output, defined in am-
peres and time. 

Specified in user manual P 

4.3.2.5 Combined input and output ports P 

 For ports which are both input and output ports, the 
applicable requirements of both 4.3.2.1 and 4.3.2.4 
apply. 

DC port P 

4.3.3 Short-circuit coordination (backup protection) P 

 Protective devices provided or specified shall have 
adequate breaking capability to interrupt the pro-
spective short-circuit current specified for the port 
to which they are connected. 

 P 

 For PECS designed as pluggable equipment type 
A, either the PECS shall be designed so that the 
building installation provides short-circuit backup 
protection, or additional short-circuit backup protec-
tion shall be provided as part of the PECS. 

 N/A 

 For PECS designed as pluggable equipment type B 
or permanently connected equipment, it is permit-
ted for short-circuit backup protection to be in the 
building installation. 

 N/A 

 If internal protection of the PECS is not rated for the 
prospective short-circuit current, the documentation 
shall specify an upstream protective device, rated 
for this prospective short-circuit current of that port. 
Analysis shall ensure the protection coordination so 
that the external protection opens before the inter-
nal protection. 

 N/A 

 Compliance shall be checked by visual inspection 
in 5.2.1 and simulation or by the tests of 5.2.4.4 
and 5.2.4.5. 

 P 

4.3.4 Protection by several devices P 

 Where protective devices that require manual re-
placement or resetting are used in more than one 
pole of a supply to a given load, those devices lo-
cated together. It is permitted to combine two or 
more protective devices in one component. 

 P 

 Compliance shall be checked by visual inspection 
in 5.2.1. 

 P 

4.4 Protection against electric shock P 

4.4.1 General P 

4.4.2 Decisive voltage class P 

4.4.2.1 General P 

4.4.2.2 DVC As P 

4.4.2.3 DVC B P 

4.4.2.4 DVC C P 
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4.4.2.5 Interconnection of external SELV/PELV to DVC As circuits P 

4.4.2.6 Determination of the decisive voltage class (DVC) P 

4.4.2.7 Requirements for protection against electric shock P 

4.4.3 Means for basic protection P 

4.4.3.1 General P 

4.4.3.2 Protection by means of basic insulation of hazardous live parts P 

 Basic insulation provided by means of P 

 -solid insulation; or  N/A 

 -clearance and creepage distances in combination 
with means of enclosures or barriers according to 
4.4.3.3. 

 N/A 

 Not possible to remove the insulation without the 
use of a tool or key. 

 N/A 

 A conductive accessible part is considered to be 
conductive if its surface is bare or is covered by an 
insulating layer that does not comply with the re-
quirements of at least basic insulation. 

 N/A 

 Any conductive accessible part is considered to be 
a hazardous live part if not separated from the live 
parts by at least the minimum protective require-
ments 

 N/A 

 The basic insulation designed and tested according 
to the impulse withstand voltages and temporary 
overvoltages for the circuits to which they are con-
nected. 

 N/A 

4.4.3.3 Protection by means of enclosures or barriers P 

 Hazardous live parts shall be arranged in enclo-
sures or located behind enclosures or barriers, 
which meet at least the requirements of IP2X ac-
cording to IEC 60529:1989, 
IEC 60529:1989/AMD1:1999 and 
IEC 60529:1989/AMD2:2013. 

IP55 P 

 Hazardous live parts located at the top surfaces of 
enclosures or barriers which are accessible when 
the PECS is energized shall meet at least the re-
quirements of type IP3X with regard to vertical ac-
cess only. 

 N/A 

 For PECS designed as movable equipment with no 
defined top and bottom, this requirement of IP3X 
applies to all sides. 

 N/A 

 If the PECS is installed in a restricted access area, 
IPXXB instead of IP3X applies. 

Specified installed in a re-
stricted access area 

P 

 Openings in the enclosure above 1,8 m comply with 
IPXXB. 

No openings N/A 

 Only possible to open enclosures or remove barri-
ers: 

• with the use of a tool or key; or 

• after de-energization of these live parts. 

 N/A 
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 Where the enclosure is required to be opened and 
the PECS energized during installation or mainte-
nance: 

a) accessible live parts of voltage higher than 
DVC As shall be protected by at least 
IPXXA; 

b) live parts of voltage higher than DVC As 
that are likely to be touched when making 
adjustments shall be protected by at least 
IPXXB; 

c) be ensured that persons are aware that 
hazardous live parts are accessible, and 
marked per the requirements in 6.3.9.1 and 
6.5.1. 

  

 The protective means against access to hazardous live parts by means of enclo-
sure and barriers according to 4.4.3.3 does not apply to open type sub-assemblies 
and PECS intended to be installed 

P 

 -inside a supplementary enclosure in the end appli-
cation; or 

 N/A 

 -in a restricted access area.  P 

4.4.4 Means for fault protection P 

4.4.4.1 General P 

 Fault protection shall be provided by one or more of 
the following measures: 

• Protective equipotential bonding in 4.4.4.2 in 
combinations with the PE conductor in 4.4.4.3; 

• Automatic disconnection of supply in 4.4.4.4; 

• Supplementary insulation in 4.4.4.5; 

• Simple separation between circuits in 4.4.4.6; 

• Electrically protective screening in 4.4.4.7. 

Means used for fault protection independent and 
additional to those for basic protection.  . 

Protective equipotential bond-
ing in 4.4.4.2 in combinations 
with the PE conductor in 
4.4.4.3; 

 

P 

4.4.4.2 Protective equipotential bonding P 

4.4.4.2.1 General P 

 The protective equipotential bonding circuit consists of the interconnection of: P 

 -PE terminal(s) of the PECS (see 4.4.4.3.2);  P 

 -the PE conductors (4.4.4.3) within and between 
the parts of the PECS including sliding  

contacts where they are part of the circuit; and 

 P 

 -the conductive structural parts and conductive ac-
cessible parts of the PECS. 

 P 

 Protective equipotential bonding suitably protected 
against mechanical damage, chemical or electro-
chemical degradation, electromagnetic and ther-
modynamic forces. 

 P 

 The electrical connection points of the protective 
equipotential bonding shall be corrosion-resistant. 

 P 

 Electrical connections of protective equipotential  P 
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bonding circuit shall be designed so that contact 
pressure is not transmitted through insulating mate-
rial 

 Every connection (e.g. screwed, clamps) between 
protective equipotential bonding and other equip-
ment provide durable electrical continuity and ade-
quate mechanical strength and protection. 

 P 

 Screws for connecting protective equipotential 
bonding shall not serve any other purpose except 
when the manufacturer specifies this in the docu-
mentation. 

 P 

 Electrical contact to the means of connection of the PE conductor shall be achieved 
by one or more of the following means: 

P 

 -through direct metallic contact  P 

 -through other conductive accessible parts or other 
metallic components which are not removed when 
the PECS is used as intended; or 

 P 

 -through metal enclosures, walls or frames  P 

 When painted surfaces (in particular powder paint-
ed surfaces) are joined together, masking of paint, 
paint piercing methods or a separate connection 
shall be made to ensure reliable contact. 

 P 

4.4.4.2.2 Rating of protective equipotential bonding P 

 Protective equipotential bonding shall either be: 

a) sized in accordance with the requirements for 
the PE conductor in 4.4.4.3 and the means of con-
nection for the PE conductor in 4.4.4.3.2 to ensure 
no voltage drop exceeding the values from 
4.4.2.2.3 during a fault; or 

b) sized 

• to withstand the highest stresses that can occur to 
the PECS item(s) concerned when they are sub-
jected to a fault connecting to accessible conduc-
tive parts; and 

• to remain effective for as long as a fault to the ac-
cessible conductive parts persists or until an up-
stream protective device removes power from the 
part; and 

• to ensure no voltage drop exceeding the values 
from 4.4.2.2.3 during normal operation and during a 
fault. 

Compliance shall be checked with the type tests in 
5.2.3.11 

Comply with a) P 

4.4.4.3 PE conductor P 

4.4.4.3.1 General P 

 A PE conductor shall be connected at all times 
when power is supplied to the PECS, unless the 
PECS complies with the requirements of protective 
class II (see 4.4.6.3) or protective class III. Unless 
local wiring regulations state otherwise, the PE 
conductor cross-sectional area shall be determined 

 P 
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from Table 7 or by calculation according to 543.1 of 
IEC 60364-5-54:2011. 

 If the PE conductor is routed through a plug and 
socket, or similar means of disconnection, it shall 
not be possible to disconnect it unless power is 
simultaneously removed from the part to be pro-
tected. 

 P 

 The cross-sectional area of every PE conductor 
that does not form part of the supply cable or cable 
enclosure shall, in any case, be not less than: 

• 2,5 mm2 if mechanical protection is provided; or 

• 4 mm2 if mechanical protection is not provided. 

Larger than 4 mm2 P 

 Provisions within cord-connected equipment shall 
be made so that the PE conductor in the cord shall, 
in the case of failure of the strain-relief mechanism, 
be the last conductor to be interrupted. 

For special system topologies, the PECS designer 
verify the PE conductor cross-section required. 

 P 

4.4.4.3.2 Means of connection for the PE conductor P 

 PECS shall have a means of connection for the PE 
conductor, located near the terminals for the re-
spective phase conductors. The means of connec-
tion shall be corrosion-resistant and suitable for the 
connection of conductors according to Table 4 and 
of cables in accordance with the wiring rules appli-
cable at the installation (see 4.4.4.3.3, 4.11.10.2 
and 4.11.10.3). 

 P 

 The means of connection for the PE conductor 
shall not be used as a part of the mechanical as-
sembly of the PECS or for other connections. 

 P 

 Connection and bonding points designed so that 
their current-carrying capacity is not impaired by 
mechanical, chemical, or electrochemical influ-
ences.   

 P 

 Clamping screws and nuts for the PE conductor 
shall not serve to fix any other component although 
they may hold the terminals in place or prevent 
them from turning. 

 P 

 Where enclosures and/or conductors of aluminium 
or aluminium alloys are used, particular attention 
should be given to the problems of electrolytic cor-
rosion. 

 N/A 

 The marking shall not be placed on or fixed by 
screws, washers or other parts which removed 
when conductors are being connected. 

 P 

4.4.4.3.3 Requirements for reinforced PE conductor N/A 

4.4.4.3.3.1 General N/A 

 The requirements of 4.4.4.3.3 satisfied to prevent 
conductive accessible parts to become hazardous 
in case of damage to or disconnection of the PE 
conductor thereby affecting the touch current. It al-
so addresses issues with PECS having high leak-

 N/A 
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age current. 

4.4.4.3.3.2 PECS designed as pluggable equipment type A N/A 

 For pluggable equipment type A, the touch current 
shall not exceed the limits. 

 N/A 

4.4.4.3.3.3 PECS designed as pluggable equipment type B and permanently connected 
equipment 

N/A 

 For pluggable equipment type B and permanently 
connected equipment, 

 N/A 

 a) the touch current shall not exceed the limits 
specified in Table 5; or 

 N/A 

 b) a pluggable equipment type B connection with a 
minimum PE conductor cross-sectional area of 2,5 
mm2 as part of a multi-conductor power cable, and 
a strain relief according to 4.12.6 shall be used; or 

 N/A 

 c) one of the following items shall be provided: N/A 

 -a cross-sectional area of the PE conductor of at 
least 10 mm2 Cu or 16 mm2 Al; 

 N/A 

 -automatic disconnection of the supply in case of 
discontinuity of the PE conductor in 4.4.4.4; 

 N/A 

 -an additional terminal for a second PE conductor 
of the same cross-sectional area as the original PE 
conductor in Table 4; or 

 N/A 

 -the PE conductor according to Table 4 is com-
pletely enclosed within electrical equipment enclo-
sures or otherwise protected throughout its length 
against mechanical damage (see 4.11.2.2). 

 N/A 

4.4.4.3.3.4 High leakage current conditions for permanently connected PECS N/A 

 During normal operating conditions, the PE conduc-
tor current (RMS) not exceed 5 % of the rated input 
current of permanently connected PECS. 

 N/A 

 If the above requirement is not achievable for functional or other reasons, the man-
ufacturer provide information in the documentation about the required protective 
means such as: 

N/A 

 -an oversized PE conductor; or  N/A 

 -protective equipotential bonding between the PECS and simultaneously accessible 
external conductive objects within 2,5 m such as the following: 

N/A 

 -metallic pipes  N/A 

 -fences  N/A 

 -fixed ladders  N/A 

 -handrails  N/A 

 -a connection to local earth  N/A 

4.4.4.4 Automatic disconnection of supply N/A 

 For automatic disconnection of supply: 

• a protective equipotential bonding system shall be 
provided; and 

• a protective device operated by the fault current 

 N/A 
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shall disconnect one or more of the line conductors 
supplying the equipment, system or installation, in 
case of a failure of basic insulation. 

The protective device shall interrupt the fault cur-
rent within a time as specified in Figure 1, Figure 2 
or Figure 3 in 4.4.2.2.3. 

4.4.4.5 Supplementary insulation P 

4.4.4.6 Basic protection between circuits P 

 Basic protection between a circuit and other circuits 
or earth achieved by basic insulation throughout, 
rated for the highest voltage present. 

 P 

 If any component is connected between the sepa-
rated circuits, that component shall withstand the 
electric stresses specified for the insulation which it 
bridges (see 4.4.7.1.8). 

 P 

 If any component is connected between a circuit 
and a circuit connected to earth, its impedance limit 
the current flow through the component to the 
steady-state touch current values indicated in 
4.4.5.5. 

 P 

 If one or more components are connected between 
circuits and a circuit connected to earth, their im-
pedance shall limit the total current flow through the 
component(s) to the steady-state touch current val-
ues indicated in 4.4.5.5. 

 P 

4.4.4.7 Electrically protective screening N/A 

 Electrically protective screening interposed be-
tween hazardous live parts of a PECS, shall consist 
of a conductive screen connected to the protective 
equipotential bonding of the PECS whereby the 
screen is separated from live parts by at least sim-
ple separation.  

The protective screen and the connection to the 
protective equipotential bonding system of the 
PECS and that interconnection shall comply with 
the requirements of 4.4.4.2. 

 N/A 

4.4.5 Enhanced protection P 

4.4.5.1 General P 

 Subclause 4.4.5 describes the means of enhanced 
protection. Enhanced protection shall  

provide both basic protection and fault protection 
and can be achieved by means of:  

• double insulation in 4.4.5.2;  

• reinforced insulation in 4.4.5.3;  

• enhanced protection between circuits in 4.4.5.4; 

• protection by means of protective impedance in 
4.4.5.5. 

  

4.4.5.2 Double insulation P 

 Double insulation shall meet the requirement of 
basic insulation and supplementary insulation 

 P 
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4.4.5.3 Reinforced insulation P 

 Reinforced insulation so designed as to be able to 
withstand electric, thermal, mechanical and envi-
ronmental stresses with the same reliability of pro-
tection as provided by double insulation 

 P 

4.4.5.4 Enhanced protection between circuits P 

 Enhanced protection between a circuit and other 
circuits shall be achieved by one of the  

following means:   

• double insulation in 4.4.5.2 (basic insulation in 
4.4.3.2 and supplementary insulation in  

4.4.4.5); 

• reinforced insulation in 4.4.5.3;  

• electrically protective screening in 4.4.4.7 in com-
bination with basic insulation in 4.4.3.2; or  

• a combination of these means. 

 P 

 If any component is connected between the sepa-
rated circuits, that component shall comply with the 
requirements for protective impedance devices 

 P 

4.4.5.5 Protection by means of protective impedance N/A 

 To protect against a hazardous touch current when 
touching any conductive accessible part of the 
complete PECS, any impedances connected be-
tween hazardous live parts and conductive acces-
sible parts or accessible circuits of DVC As shall 
comply with the requirements for protective imped-
ances. 

 N/A 

 Protective impedances shall be arranged so that, 
under normal operating conditions, abnormal oper-
ating conditions and single fault conditions, the 
available touch current shall be limited according to 
Table 5 and the discharge energy shall be limited to 
0,5 mJ. 

 N/A 

 Access to parts able to deliver touch currents 
above the limits of Table 5 shall be prevented un-
der normal operation, single fault conditions and 
abnormal operating conditions, except for conduc-
tive parts connected to PE according to 4.4.4.3.3. 

 N/A 

 A protective impedance designed according to 
4.4.5.5 shall not be considered as a galvanic con-
nection. 

 N/A 

 When protective impedances are used to bridge 
any insulation, 4.4.7.1.8 applies. 

 N/A 

 For compliance with the requirement for the limita-
tion of touch currents, see 5.2.3.7. 

 N/A 

 For compliance with the requirement for the limita-
tion of touch currents for protective impedance, see 
5.2.3.6. 

 N/A 

 Compliance with the requirement for the discharge 
energy shall be checked by performing calculations 
and/or measurements to determine the voltage and 

 N/A 
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capacitance. 

4.4.6 Protective measures P 

4.4.6.1 General P 

4.4.6.2 Protective measures for protective class I equipment P 

 Protective class I equipment shall meet the re-
quirements for: 

• basic protection in 4.4.3; and 

• fault protection in 4.4.4.2 and 4.4.4.3 with respect 
to equipotential bonding and PE conductor. 

 P 

4.4.6.3 Protective measures for protective class II equipment  N/A 

 Class II equipment shall meet the requirements for 
enhanced protection according to 4.4.5.1.  

In addition, the enclosure shall meet the require-
ment in 4.4.3.3 with respect to accessibility to  

hazardous live parts.  

See Figure 1, example 1, and Table A.1, row 4.  

Class II equipment shall not have means of con-
nection for the PE conductor. This does not  

apply if a PE conductor is passed through the 
PECS to equipment series-connected beyond it.  

In the latter case, the PE conductor and its means 
for connection shall be separated from:  

• accessible surface of the PECS; and  

• circuits which employ enhanced protection  

with at least basic protection according to the re-
quirement in 4.4.4.6.  

The basic protection shall be designed according to 
the rated voltage of the series-connected  

equipment.  

PECS designed as class II equipment may have 
means for the connection of an earthing  

conductor for functional reasons or for the damping 
of overvoltages. In this case, the functional  

earthing conductor shall be separated from:  

• accessible surface of the PECS; and  

• circuits which employ enhanced protection ac-
cording to 4.4.5.4  

with at least enhanced protection according to the 
requirement in 4.4.5.4. 

 N/A 

4.4.6.4 Protective means for PECS designed as class III equipment N/A 

 Class III equipment shall be marked according to 
6.3.9.2.4 and does not need basic protection or 
fault protection. 

 N/A 

4.4.7 Insulation P 

4.4.7.1 Influencing factors P 

4.4.7.1.1 General P 

 This subclause gives minimum requirements for in-
sulation, based on the principles of IEC 60664. 

 P 
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 Insulation selected after consideration of the follow-
ing influences: 

• working voltage 

• pollution degree 

• overvoltage category 

• supply system earthing 

• impulse withstand voltage and temporary over-
voltage 

• system voltage considering the specified supply 
system earthing 

• altitude and field homogeneity 

• location of insulation;  

• type of insulation; and  

• material characteristics 

  

 Verification of insulation shall be made according to 
5.2.3.1, 5.2.3.2, 5.2.3.3, 5.2.3.4 and 5.2.3.5, as ap-
plicable. 

 P 

4.4.7.1.2 Working voltage P 

 The working voltage, including RMS, recurring peak 
and mean values, determined either by calculation, 
or simulation or by test taking into account the volt-
age within circuits, against adjacent circuits and 
against earth. 

 P 

4.4.7.1.3 Pollution degree P 

 Insulation, especially when provided by clearances 
and creepage distances, is affected by pollution 
which occurs during the expected life cycle of the 
PECS. The micro-environmental conditions for in-
sulation shall be applied 

PD3(PD2 inside) evaluated P 

 The pollution degree determined according to the 
environmental condition for which the product is 
specified. See Table 18 for selection of pollution 
degree according to environmental classification of 
the installation. 

 P 

 The insulation may be determined according to pol-
lution degree 2 if one of the following applies: 

a) instructions are provided with the PECS indicat-
ing that it shall be installed in a pollution degree 2 
environment; or 

b) the specific installation application of the PECS 
is known to be a pollution degree 2 environment; or 

c) the PECS enclosure or coatings applied within 
the PECS according to 4.4.7.8.4.3 or 4.4.7.8.5 pro-
vide adequate protection against what is expected 
in pollution degree 3 and 4 (conductive pollution 
and condensation). 

 P 

 The PECS manufacturer shall state in the docu-
mentation the pollution degree for which the PECS 
has been designed. 

 P 

 If operation in a pollution degree 4 environment is 
required, protection against conductive pollution 

 N/A 
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shall be provided by means of a suitable enclosure. 

4.4.7.1.4 Overvoltage category (OVC) P 

 The OVC for non-mains supply is determined by 
taking into account whether control of overvoltages 
is provided or not, and whether the PECS is con-
nected to outdoor lines or not, and if so, the length 
of the lines. 

 P 

 Four categories are considered. 

• Equipment of overvoltage category IV (OVC IV) is 
for use at the origin of the installation. 

• Equipment of overvoltage category III (OVC III) is 
equipment in fixed installations and for cases where 
the reliability and the availability of the equipment 
are subject to special requirements. 

• Equipment of overvoltage category II (OVC II) is 
energy-consuming equipment to be supplied from 
the fixed installation. 

• Equipment of overvoltage category I (OVC I) is 
equipment for connection to circuits in which 
measures are taken to limit transient overvoltages 
to an appropriately low level. 

OCV II for battery circuit P 

4.4.7.1.5 Supply earthing systems P 

 The following three basic types of system earthing 
are described in IEC 60364-1. 

• TN system: has one point directly earthed, the ac-
cessible conductive parts of the installation being 
connected to that point by protective conductors. 
Three types of TN system, TN-C, TN-S and TN-C-
S, are defined according to the arrangement of the 
neutral and protective conductors. 

• TT system: has one point directly earthed, the ac-
cessible conductive parts of the installation being 
connected to earth electrodes electrically inde-
pendent of the earth electrodes of the power sys-
tem. 

• IT system: has all live parts isolated from earth or 
one point connected to earth through an imped-
ance, the accessible conductive parts of the instal-
lation being earthed independently or collectively to 
the system earthing. 

 P 

4.4.7.1.6 Determination of impulse withstand voltage and temporary overvoltage P 

 Table 7 uses the system voltage (see 4.4.7.1.7) 
and overvoltage category of the circuit under con-
sideration to determine the impulse withstand volt-
age. The system voltage is also used to determine 
the temporary overvoltage. 

A PECS having more than one input or output shall 
be evaluated according to the input or output which 
gives the most severe requirements. 

 P 

4.4.7.1.7 Determination of the system voltage for mains supply and non-mains supply P 

4.4.7.1.7.1 For mains supply P 

4.4.7.1.7.2 For non-main supply P 



 Page 27 of 116 Report No.CN25HW7E 001 

IEC 62477-1 

Clause Requirement – Test Result – Remark Verdict 

 

TRF No. IEC62477_1F  

 For PSCS supplied by non-mains a.c. or d.c., the 
system voltage is the r.m.s. value of the supply 
voltage between phases. 

 P 

4.4.7.1.8 Components bridging insulation P 

 Components bridging insulation shall comply with 
the requirements of the level of insulation (e.g. 
basic, reinforced, double) they are bridging. 

 P 

4.4.7.2 Insulation to the surroundings P 

4.4.7.2.1 General P 

4.4.7.2.2 SPD monitoring N/A 

 If the PECS manufacturer bundles an external SPD 
with their product, this device shall have a monitor-
ing circuit that enables the PECS to indicate when 
the device is damaged by an overvoltage. If the 
SPD is internal to a PECS, the test of 5.2.3.15 ap-
plies. 

No such part N/A 

 The monitoring of an external SPD and the internal 
SPD monitoring test described above is not re-
quired on SPD circuits that are not part of a reduc-
tion of overvoltage category to allow for reduced 
clearances. 

 N/A 

 Compliance is determined through visual inspection 
in 5.2.1 or test according to 5.2.3.15 as appropriate. 

 N/A 

4.4.7.2.3 Circuits connected directly to mains supply N/A 

 Insulation between the surroundings and circuits 
which are connected directly to the mains supply 
shall be designed according to the impulse with-
stand voltage, temporary overvoltage, or working 
voltage, whichever gives the most severe require-
ment. 

 N/A 

4.4.7.2.4 Circuits connected directly to non-mains supply N/A 

 Insulation between the surroundings and circuits 
supplied from a non-mains supply shall be de-
signed according to: 

• the impulse withstand voltage determined from 
Table 7 using the system voltage; 

• the working voltage; 

• the temporary overvoltage if known to exist due to 
the nature of the supply; 

whichever gives the more severe requirement. 

 N/A 

 Temporary overvoltage on a non-mains supply 
shall be determined as follows: 

• Without detailed knowledge of the temporary 
overvoltage, it shall be according to Table 7. 

• If the temporary overvoltage is known this value 
shall be used. 

 N/A 

 By the determination of temporary overvoltages on 
non-mains supply, following situations should be 
considered: 

• loss of the neutral in a non-mains low-voltage sys-

 N/A 
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tem; 

• accidental earthing of a non-mains low voltage IT 
system; and 

• short circuit in the non-mains low voltage installa-
tion. 

4.4.7.2.5 PECS connected to both mains supply and non-mains supply P 

 For PECS with galvanic isolation between the 
mains supply and non-mains supply, the impulse 
voltage ratings of the mains supply and non-mains 
supply circuits are determined as in 4.4.7.2.3 and 
4.4.7.2.4. Thereafter, the effect of reduction of the 
overvoltage categories (OVC) across the isolation 
is evaluated as follows. 

 P 

 a) The magnitude of impulse voltages from the 
mains supply induced into the circuits connected to 
the non-mains supply is determined by reducing the 
OVC of the mains supply by one level, and deter-
mining the resulting impulse voltage rating based 
on mains supply system voltage. 

 P 

 b) The rating to be used on the circuits connected 
to the non-mains supply is the higher of the value in 
4.4.7.2.4 and the value determined in 4.4.7.2.5 a) 
above. 

 P 

 c) The magnitude of impulse voltages from the non-
mains supply induced into the circuits connected to 
the mains supply is determined by reducing the 
OVC of the non-mains supply by one level, and de-
termining the resulting impulse voltage rating based 
on non-mains supply system voltage. 

 P 

 d) The rating to be used on the circuits connected 
to the mains supply is the higher of the value in 
4.4.7.2.3 and the value determined in 4.4.7.2.5 c) 

 P 

 For PECS not providing galvanic isolation between 
circuits connected to the mains supply and circuits 
connected to the non-mains supply, the impulse 
withstand voltage ratings of the mains supply and 
non-mains supply circuits are determined as in 
4.4.7.2.3 and 4.4.7.2.4. The higher of the two im-
pulse withstand voltage ratings is used for the en-
tire combined circuit. 

 P 

 For circuits connected to the combined circuit with-
out galvanic isolation, the impulse withstand volt-
age rating of the combined circuit applies. 

 P 

4.4.7.2.6 DVC As or DVC B circuits supplied from mains supply or non-mains supply P 

 When circuits of DVC As or DVC B are supplied 
from the mains supply or non-mains supply through 
a transformer providing galvanic isolation working 
at a frequency of 10 kHz or more, the insulation be-
tween the circuit and the surroundings may be de-
termined according to the working voltage of the 
circuit. 

 P 

 In that case, the transformer’s ability to reduce the 
impulse voltages to values less than the impulse 

 P 
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withstand voltage associated with the working volt-
age determined from Table 7 shown by test in 
5.2.3.2, simulation or calculation. 

4.4.7.2.7 Insulation between circuits P 

 Insulation between two circuits shall be designed 
according to the circuit having the more severe re-
quirement. 

For the design of simple and protective separation 
between circuits the insulation shall be designed 
according to: 

• the circuit having the more severe requirement; or 

• the working voltage between the circuits; 

whichever gives the most severe requirement. 

 P 

4.4.7.3 Functional insulation P 

 Functional insulation shall satisfy one of the follow-
ing requirements a) or b).  

a) It meet the clearance and creepage distance re-
quirements for functional insulation  

according to 4.4.7.4 and 4.4.7.5.  

b) It comply with the decreased spacings require-
ments of 4.4.7.7.  

Where means are provided that reduce transient 
overvoltages within the circuit from OVC III to  

values of OVC II, or values of OVC II to values of 
OVC I, functional insulation may be designed  

for the reduced values. 

 P 

 Where the circuit characteristics can be shown by 
testing (see 5.2.3.2) to reduce impulse voltages, 
functional insulation may be designed for the high-
est impulse voltage occurring in the circuit during 
the tests. 

 P 

4.4.7.4 Clearance P 

4.4.7.4.1 General P 

 Clearances shall be determined for functional insu-
lation, basic insulation or supplementary  

insulation directly from Table 8 for inhomogeneous 
fields. 

 P 

 See 4.4.7.4.4 for reduced clearances due to homo-
geneous field conditions. 

 P 

4.4.7.4.2 Clearances for reinforced insulation P 

 Clearances for reinforced insulation shall be di-
mensioned to withstand  

• an impulse withstand voltage one step higher in 
column 1 of Table 8;  

• 1,6 times the peak temporary overvoltage; or 

• 1,6 times the peak working voltage.  

than required for basic insulation in Table 8. 

 P 

4.4.7.4.3 Clearances for use above 2 000 m and/or above 30 kHz P 
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 Clearances for functional insulation, basic insula-
tion or supplementary insulation and reinforced in-
sulation for use in altitudes between 2 000 m and 
20 000 m calculated using a correction factor ac-
cording to IEC 60664-1:2020, Table A.2, which is 
reproduced as Table E.1. 

 P 

 In the case of working voltage of frequency greater 
than 30 kHz, clearances for functional insulation, 
basic insulation or supplementary insulation and re-
inforced insulation due to working voltage shall be 
increased according to the requirements in Annex 
F. Clearances due to impulse withstand voltage 
and temporary overvoltage are still determined ac-
cording to 4.4.7.4.   

 P 

4.4.7.4.4 Clearances for homogeneous fields P 

 The dimensions in Table 8 correspond to the re-
quirements of an inhomogeneous electric field dis-
tribution across the clearance, which are the condi-
tions normally experienced in practice. 

 P 

 If a homogeneous electric field distribution is known 
to exist, the clearance for basic insulation or sup-
plementary insulation may be reduced to not less 
than that required by IEC 60664-1:2020, Table F.2 
(case B). In this case, the impulse withstand volt-
age test of 5.2.3.2 shall be performed across the 
considered clearance. 

 P 

 If working voltages (recurring peak) or temporary 
overvoltages according to Table 8 are used for the 
dimensioning of clearance and if these clearances 
are smaller than the values of Table 8, then an AC 
or DC voltage test performed. 

 P 

 During the impulse withstand voltage test and AC 
or DC voltage test, any insulation layers not fulfilling 
at least basic insulation removed. 

 P 

 Clearances for reinforced insulation not be reduced 
for homogeneous fields. 

 P 

4.4.7.4.5 Clearance to conductive enclosures P 

 The clearance between any uninsulated hazardous 
live part and the walls of a metal enclosure in ac-
cordance with 4.4.7.4. 

 P 

 During and following the deflection tests, clearance 
between any uninsulated hazardous live part and 
the walls of a metal enclosure in accordance with 
clearance requirements for basic insulation in 
4.4.7.4. 

 P 

 If the design clearance is at least 12,7 mm and the 
clearance required by Table 8 does not exceed 8 
mm, the deflection tests may be omitted. 

 P 

4.4.7.5 Creepage distance P 

4.4.7.5.1 Insulating material groups  P 

 Insulating materials are classified into four groups  P 
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corresponding to their comparative tracking  

index (CTI) when tested according to IEC 
60112:2020, Clause 11:  

• Insulating material group I: CTI ≥ 600;  

• Insulating material group II: 600 > CTI ≥ 400;  

• Insulating material group IIIa: 400 > CTI ≥ 175;  

• Insulating material group IIIb: 175 > CTI ≥ 100. 

 Creepage distance requirements for PWBs ex-
posed to pollution degree 3 environmental condi-
tions shall be determined based on Table 9 pollu-
tion degree 3 under "Other insulators". 

PD3(PD2 inside) evaluated N/A 

 If the creepage distance is ribbed, then the creep-
age distance of insulating material of group I ap-
plied using insulating material of group II and the 
creepage distance of insulating material of group II 
may be applied using insulating material of group 
III. 

 P 

 The spacing of the ribs equal or exceed the dimen-
sion X in Table D.1. For pollution degree 2 and 3, 
the ribs at least 2 mm high. 

 P 

 For inorganic insulating materials, which do not 
track, for example glass or ceramic, the creepage 
distance may be equal to the associated clearance, 
as determined in 4.4.7.4. 

 P 

4.4.7.5.2 Determination of creepage distances P 

 Creepage distances for functional insulation, basic 
insulation and supplementary insulation dimen-
sioned according to Table 9. 

 P 

 Creepage distances for reinforced insulation twice 
the distances required for basic insulation. 

 P 

 For fundamental frequencies greater than 30 kHz, 
additional requirements apply in Clause F.3 and 
Table F.3. 

 P 

 Compliance of creepage distances checked ac-
cording to 5.2.2.1 and according to Annex F if ap-
plicable. 

 P 

 In all cases, the associated creepage distance is 
not permitted to be smaller than the required clear-
ance. 

 P 

4.4.7.6 Coating N/A 

 A coating may be used to provide insulation, to pro-
tect a surface against pollution, and to allow a re-
duction in creepage and clearance distances (see 
4.4.7.8.4.3 and 4.4.7.8.5) 

Not use N/A 

4.4.7.7 Decreased spacings for functional insulation P 

 Spacings are permitted to be smaller than required 
in 4.4.7.3 a). In this case, an analysis performed 
according to 4.2. 

 P 

 This decreased spacing short-circuited in accordance to 5.2.4.7, when the analysis 
of 4.2 shows that a short-circuit would cause: 

P 
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 1) overheating of any material creating a risk of fire,  P 

 2) thermal damage to basic insulation, supplemen-
tary insulation or reinforced insulation, thereby cre-
ating a risk of electric shock. 

 P 

 Decreased spacings for functional insulation are only permitted: P 

 a) when all the following are satisfied for materials: P 

 • material has a flammability rating of V-0 or better 
(see IEC 60695-11-10:2013); and 

 P 

 • material has a minimum CTI of 100.  P 

 b) when all the following are satisfied for components: P 

 • pollution degree 1 or 2 environment; and  P 

 • comply with the requirements of 4.6.2.2.  P 

 In this case, the component manufacturer’s specifi-
cation used. 

 P 

4.4.7.8 Solid insulation P 

4.4.7.8.1 General  P 

 Materials selected for solid insulation shall be able 
to withstand the stresses occurring. These include 
mechanical, electrical, thermal, climatic and chemi-
cal stresses which are to be expected in normal 
use. Insulation materials shall also be resistant to 
ageing during the expected lifetime of the PECS. 

Tests shall be performed on components and sub-
assemblies using solid insulation, in order to ensure 
that the insulation performance has not been com-
promised by the design or manufacturing process. 

 P 

4.4.7.8.2 Material requirements N/A 

 The insulating material shall have a CTI of 100 or 
greater. 

The insulating material shall be suitable for the 
maximum temperature it attains as determined by 
the temperature rise test of 5.2.3.10. Consideration 
shall be given as to whether or not the insulating 
material additionally provides mechanical strength 
and whether or not the part can be subject to im-
pact during use. 

 N/A 

 The insulating material in contact with live parts 
higher than DVC As shall comply with: 

• the glow-wire test described in 5.2.5.3 at a test 
temperature of 850 °C; or 

• the glow-wire test described in 5.2.5.3, at a lower 
test temperature, but not less than 550 °C, depend-
ing on the classification of the use of the PECS, ac-
cording to Table A.1 of IEC 60695-2-11:2011; or 

• the alternative hot wire ignition test of 5.2.5.4. 

 N/A 

 Thermoplastic insulating materials used in contact 
with live parts higher than DVC As or used as part 
of the enclosure shall comply with the ball pressure 
test as abnormal heat test according to IEC 60695-

 N/A 
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10-2. 

 Where an insulating material is used in a PECS 
that incorporates switching contacts, and is within 
12,7 mm of the contacts, it shall comply with the 
high current arcing ignition test of 5.2.5.2. 

 N/A 

 In case the manufacturer of the insulating material 
provides data to demonstrate compliance with the 
above requirements no further testing is required. 

No further evaluation is required when generic ma-
terials are used according to Table 12. 

 N/A 

 Compliance is checked by inspection and by test of 
5.2.3.10 and 5.2.5.3 or 5.2.5.2. 

 N/A 

4.4.7.8.3 Thin sheet or tape material P 

4.4.7.8.3.1 General P 

 These requirements apply to the use of thin sheet 
or tape materials in assemblies such as wound 
components and busbars. 

 P 

 Subclause 4.4.7.8.3 also applies to components 
providing insulation. See 4.13.1 for the use of com-
ponent standards. 

 P 

 Insulation less than 0,7 mm consisting of thin sheet 
or tape materials is permitted, provided that it is 
protected from damage and is not subject to me-
chanical stress under intended use. 

 P 

 Where more than one layer of insulation is used, 
there is no requirement for all layers to be of the 
same material. 

 P 

 One layer of insulation tape wound with more than 
50 % overlap shall be considered as two layers. 

 P 

4.4.7.8.3.2 Thin sheet material thickness and number of layers P 

 Table 11 specifies the required number of layers 
depending on the thickness of the thin sheet mate-
rial and the type of insulation. 

 P 

 When a component or sub-assembly makes use of 
thin sheet insulating materials, it is permitted to per-
form the tests on the component rather than on the 
material. 

 P 

4.4.7.8.4 Printed wiring boards (PWBs) P 

4.4.7.8.4.1 General P 

 Printed wiring boards material have a flammability 
rating of V-2 or better and comply with the insulat-
ing material group IIIb or better according to 
4.4.7.5.1. 

V-0 used P 

 The requirements of 4.4.7.8.4 do not apply to print-
ed wiring boards which contain only limited power 
sources according to 4.6.5. 

 P 

 PWB shall meet the appropriate requirements of 4.4.7.10.1 and: P 

 • 4.4.7.10.2 for basic insulation or supplementary  P 
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insulation; 

 • 4.4.7.10.3 for double insulation or reinforced insu-
lation; and 

 P 

 • 4.4.7.7 for functional insulation.  P 

4.4.7.8.4.2 Inner layers of multi-layer printed wiring boards N/A 

 Insulation (prepreg) between conductor layers in 
multi-layer PWBs and metal core PWBs is solid in-
sulation according to IEC 60664-1:2020 and shall 
meet the applicable requirements of 4.4.7.8.1 and 
4.4.7.8.4.1. 

 N/A 

 The requirements in 4.4.7.8.3 for thin sheet or tape 
material are not applicable; however, a minimum 
overall material thickness of 0,4 mm for double in-
sulation and reinforced insulation apply to the final 
PWB. 

 N/A 

 Insulation between adjacent tracks on the same conductor layer shall be treated as 
either: 

N/A 

 a) a creepage distance for pollution degree 1 and a 
clearance as in air according to Table 8 and Table 
9 (see Figure D.14); or 

 N/A 

 b) solid insulation, in which case  N/A 

 • it meet the applicable requirements of 4.4.7.8.4.1,  N/A 

 • it shall meet the minimum distance from IEC 
60664-3:2016, Table 1, for basic insulation, sup-
plementary insulation and reinforced insulation, 

 N/A 

 • the requirements for clearance and creepage dis-
tances according to Table 8 and Table 9 do not ap-
ply, 

 N/A 

 • the PWB sample preconditioned according to 
5.2.3.16 followed by a type test required by 
4.4.7.8.4.1, and 

 N/A 

 • no routine test for the PWB is required.  N/A 

4.4.7.8.4.3 Use of coating materials N/A 

 A coating material used to provide functional, basic, 
supplementary and reinforced insulation shall meet 
the requirement as specified below. 

Not used N/A 

 Type 1 protection (as defined in IEC 60664-3:2016) 
improves the microenvironment of the parts under 
protection. The clearance and creepage distance of 
Table 8 and Table 9 for pollution degree 1 apply 
under the protection. Between two conductive 
parts, it is a requirement that one or both conduc-
tive parts, together with all the spacing between 
them, are covered by the protection. 

 N/A 

 Type 2 protection is considered to be similar to sol-
id insulation. Under the protection, the require-
ments for solid insulation specified in 4.4.7.8 are 
applicable, including the coating material itself, and 
spacings shall not be less than those specified in 
Table 1 of IEC 60664-3:2016. The requirements for 

 N/A 
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clearance and creepage in Table 8 and Table 9 do 
not apply. Between two conductive parts, it is a re-
quirement that both conductive parts, together with 
the spacing between them, are covered by the pro-
tection so that no air gap exists between the protec-
tive material, the conductive parts and the printed 
boards. 

 The coating material used to provide Type 1 and 
Type 2 protection shall be designed to withstand 
the stresses anticipated to occur during the ex-
pected lifetime of the PECS. A type test on repre-
sentative PWBs shall be conducted according to 
Clause 5 of IEC 60664-3:2003. For the cold test 
(5.7.1 of IEC 60664-3:2016), a temperature of -
25 °C shall be used, and for the rapid change of 
temperature test (5.7.3 of IEC 60664-3:2016): -
25 °C to +125 °C. No routine test is required. 

 N/A 

4.4.7.8.5 Potting materials N/A 

 A potting material may be used to provide solid in-
sulation or to act as a coating to protect against pol-
lution.  

Not used N/A 

 If used as solid insulation, it shall comply with the 
requirements of 4.4.7.8.1 and 4.4.7.10. 

 N/A 

 If used to protect against pollution, the require-
ments for Type 1 protection in 4.4.7.8.4.3 apply. 

 N/A 

4.4.7.9 Connection of parts of solid insulation (Cemented joints) N/A 

 The creepage and clearance path in the presence 
of a cemented joint between two insulating parts, 
are determined as follows. 

• Type 1 or type 2 protection as described in 
4.4.7.8.4.3 apply. 

• A cemented joint that is not evaluated as provid-
ing protection of type 1 or type 2, is neither consid-
ered solid insulation nor to reduce pollution degree. 
The clearance and creepage distances of 4.4.7.4 
and 4.4.7.5 apply for the pollution degree of the en-
vironment around the joint. See 5.2.5.7 for test. 

 N/A 

4.4.7.10 Requirements for electrical withstand capability P 

4.4.7.10.1 General P 

 Where verification of insulation is impossible by 
visual inspection according to 5.2.2.1, test accord-
ing to 4.4.7.10.2 or 4.4.7.10.3 applies between the 
considered circuits and for solid insulation on com-
ponents and sub-assemblies. 

 P 

4.4.7.10.2 Basic or supplementary insulation P 

 Test with impulse withstand voltage according to 
5.2.3.2 

 P 

 Test with AC or DC voltage according to 5.2.3.4  P 

4.4.7.10.3 Double insulation or reinforced insulation P 

 Double or reinforced insulation shall be tested as  P 
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follows: 

• Test with impulse withstand voltage according to 
5.2.3.2; and 

• Test with AC or DC voltage according to 5.2.3.4. 

 For solid insulation, the partial discharge test ac-
cording to 5.2.3.5 shall be performed in addition to 
the above tests, if the recurring peak working volt-
age across the insulation is greater than 750 V and 
the voltage stress on the insulation is greater than 1 
kV/mm. 

The partial discharge test shall be performed as a 
type test on all components, sub-assemblies and 
PWB. In addition, a sample test shall be performed 
if the insulation consists of a single layer of materi-
al. 

 N/A 

 Double insulation shall be designed so that failure 
of the basic insulation or of the supplementary insu-
lation will not result in reduction of the insulation 
capability of the remaining part of the insulation. 

 P 

4.4.8 Compatibility with residual current-operated protective devices N/A 

 To ensure the intended work of an RCD provided 
by the installation PECS shall satisfy one of the fol-
lowing conditions. 

a) A Pluggable Type A single-phase PECS, shall 
be designed so that, under normal and fault condi-
tions any resulting DC component of the current in 
the PE conductor does not exceed the DC current 
withstand requirements in IEC 60755:2017 for RCD 
of type A. 

b) For PECS that are Pluggable Type B or intended 
for permanent connection, d.c. current in the PE 
conductor is not limited if the information and mark-
ing requirements of 6.3.9.5 are complied with. 

 N/A 

 Compliance with RCD provided by the installation 
shall be checked by simulation or calculation of cur-
rent in the PE conductor under normal and single 
fault conditions according to the guideline provided 
in Annex H. 

 N/A 

4.4.9 Capacitor discharge N/A 

 For protection against electric shock (see IEC 61140:2016, 8.3), all capacitors with-
in a PECS discharged to a voltage less than DVC As, or to a residual charge less 
than 0,5 mJ after the removal of power from the PECS and shall satisfy a) or b) as 
applicable, and c): 

N/A 

 a) For pluggable equipment type A and pluggable 
equipment type B, the discharge time shall not ex-
ceed 1 s when unplugged, measured on the acces-
sible plug pins (see Figure 12, key 7). 

 N/A 

 b) For permanently connected equipment, the dis-
charge time shall not exceed 5 s, measured on in-
put ports and output ports. 

 N/A 

 c) For all PECS, when the discharge time exceeds 
5 s due to functional or other reasons, hazardous 
live parts shall be protected as described in 4.4.3.3, 

 N/A 
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and the information and marking requirements of 
6.5.2 apply. 

4.5 Protection against electrical energy hazards P 

4.5.1 General access areas P 

4.5.1.1 General P 

 PECS designed that there is no risk of electrical 
energy hazard to ordinary persons in general ac-
cess areas and skilled persons in service access 
areas from electrical accessible parts by fulfilling 
requirement of 4.2. 

 P 

 A risk of injury due to an electrical energy hazard 
exists if it is likely that two or more bare parts (one 
of which may be earthed), between which a haz-
ardous energy level exists, will be bridged by a me-
tallic object. 

 P 

 The likelihood of bridging the parts under consider-
ation is determined by means of the test finger of 
Figure M.2 in any position. If it is possible to bridge 
the parts with this test finger, a hazardous energy 
level shall not exist. 

 P 

 Barriers, guards, and similar means preventing un-
intentional contact may be provided as an alterna-
tive to limiting the energy. 

 P 

 Compliance against unintentional contact is 
checked by visual inspection in 5.2.1 or test of 
5.2.2.2. 

 P 

4.5.1.2 Determination of hazardous electrical energy level P 

 A hazardous electrical energy level is considered to 
exist if the voltage is 2 V or more and 

• power available exceeds the limits of 4.6.5; or 

• the energy exceeds 20 J. 

Compliance shall be checked with the test in 
5.2.3.8 or by calculation. 

 P 

4.5.2 Service Access Areas P 

 Capacitors within a PECS shall be discharged to an 
energy level less than 20 J, as in 4.5.1.2, within 5 s 
after the removal of power from the PECS. If this 
requirement is not achievable for functional or other 
reasons, the information and marking requirements 
of 6.5.2 apply. 

 P 

 Compliance is checked by visual inspection in 5.2.1 
of the PECS and relevant circuit diagrams, taking 
into account the possibility of disconnection with 
any "ON/OFF" switch in either position and non-
operation of periodic power consuming devices or 
components within the PECS. If the capacitor dis-
charge time cannot be accurately calculated, the 
discharge time shall be measured. 

 P 

4.6 Protection against fire and thermal hazards P 

4.6.1 Circuits representing a fire hazard  
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 The following types of circuits are considered a fire 
hazard: 

- circuits directly connected to the mains supply 

- circuits that are not directly connected to the 
mains but exceed the limits for limited power 
sources in 4.6.5  

- components having unenclosed arcing parts 

 P 

4.6.2 Components representing a fire hazard P 

4.6.2.1 General P 

 The risk of ignition due to high temperature mini-
mized by the appropriate selection and use of com-
ponents and by suitable construction. 

 P 

 Electrical components shall be used in such a way 
that their maximum working temperature under 
normal operating conditions or single fault condi-
tions is less than that necessary to cause ignition of 
the surrounding materials with which they are likely 
to come into contact. Under normal operating con-
ditions, the limits in Table 14 shall not be exceeded 
for components or their surrounding material. 

Tested as required P 

 Where it is not practical to protect components 
against overheating under single fault conditions, 
all materials in contact with such components shall 
be of flammability class V-1 or better. 

V-0 used P 

 Compliance with 4.6.2 confirmed by visual inspec-
tion in 5.2.1 of component and material data sheets 
and, where necessary, by test. 

 P 

4.6.2.2 Components within a circuit representing a fire hazard P 

 Inside fire enclosures, materials for components 
and other parts and all materials in contact with 
such parts shall comply with flammability class V-2, 
HF-2 or VTM-2 or better. 

 P 

 When the manufacturer of components provides 
data to demonstrate compliance with the above re-
quirements, no further testing is required. 

 P 

 The above requirement does not apply to any of the 
following:  

• electrical components which do not present a 
fire hazard under abnormal operating  

conditions when tested according to 5.2.4.6; 

• materials and components within an enclosure 
of 0,06 m3 or less, consisting totally of metal  

and having no ventilation openings, or within a 
sealed unit containing an inert gas;  

• electronic components, such as integrated cir-
cuit packages, opto-coupler packages,  

capacitors and other small parts that are 
mounted on material of flammability class V-1 or  

VTM-1 or better;  

• wiring, cables and connectors  

– insulated with PVC, TFE, PTFE, FEP, neo-

 P 
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prene or polyimide;  

– rated VW-1 (UL/CSA C22.2 no. 2556) or FT-1 
(CSA C22.2 no. 0.3), or  

– fulfilling the requirements of the test methods 
in IEC 60332-1-2, IEC 60332-1-3,  

IEC 60332-2-2;  

• the following parts, provided that they are 
separated from electrical parts (other than  

insulated wires and cables) which under single 
fault conditions are likely to produce a  

temperature that could cause ignition, by at 
least 13 mm of air or by a solid barrier of material  

of flammability class V-1 or better:  

– other small parts which would contribute neg-
ligible fuel to a fire, including, labels,  

mounting feet, key caps, knobs and the like; or  

– tubing for air or any fluid systems, containers 
for powders or liquids and foamed plastic  

parts, provided that they are of flammability 
class HB or better. 

4.6.2.3 Components within a circuit not representing a fire hazard P 

 For components within a circuit not representing a 
fire hazard 4.6.2 does not apply. 

 P 

4.6.3 Fire enclosures P 

4.6.3.1 General P 

 Fire enclosures are used to reduce the spread of 
fire to the environment, independent of the location 
where they are installed.  

A fire enclosure provided for all PECS, unless: 

• it is an open type PECS and the documentation 
requires means against spread of fire according to 
6.3.6.1, or  

• the PECS is intended to be used only in areas 
without combustible materials and is marked ac-
cording to 6.3.9.7. 

Metal enclosure P 

4.6.3.2 Flammability of enclosure materials P 

 Materials used for fire enclosures of PECS shall 
meet the flammability test requirements of 5.2.5.5, 
except for those portions of the enclosure that en-
close only circuits not representing a fire hazard. 

Metal enclosure  P 

 Materials are considered to comply without test ac-
cording to 5.2.5.5 if, in the minimum thickness 
used, the material is of flammability class 5VB or 
better. 

 N/A 

 Materials for PECS designed as movable equip-
ment comply without test if the material is of flam-
mability class of V-1 or better for the minimum 
thickness which is used. 

 N/A 

 Metals, ceramic materials, and glass which is heat-
resistant tempered, wired or laminated, are consid-

 N/A 
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ered to comply without test according to 5.2.5.5. 

 Materials for components that fill an opening in a 
fire enclosure do not require to be tested  

according 5.2.5.5 provided that these materials 
comply with at least one of the following:  

• V-1 class material and no larger than 100 mm in 
any dimension; or  

• V-2 class material and either  

– not larger than 25 mm in any dimension;  

– not larger than 100 mm in any dimension and lo-
cated at least 100 mm from any part that  

is a source of fire hazard;  

• V-2 class material and there is a barrier or de-
vice(s) that forms a barrier made of a V-0 class  

material between the part and a source of fire haz-
ard; or  

• comply with a relevant IEC component standard 
that includes flammability requirements for  

components that are intended to form part of, or fill 
openings in, a fire enclosure. 

 N/A 

 Polymeric materials that serve as fire enclosure 
and have surface area greater than 1 m2 or a sin-
gle dimension larger than 2 m shall have a maxi-
mum flame spread index of 100 or better. 

 N/A 

 The manufacturer may provide data from the fire 
enclosure material manufacturer to demonstrate 
compliance with the above requirements. In this 
case, no further testing is required. 

 N/A 

4.6.3.3 Openings in fire enclosures N/A 

4.6.3.3.1 General N/A 

4.6.3.3.2 Openings in the top and the side of fire enclosures N/A 

 Openings in the top surfaces of fire enclosures 
shall be designed to prevent an external object fall-
ing vertically or at up to 5° from vertically from en-
tering the enclosure in an area that could lead to a 
fire hazard. 

This requirement applies to all sides of moveable 
equipment with no defined top and bottom, unless 
top and bottom surfaces can be suitably demon-
strated in the installation instructions. 

Compliance checked by test of 5.2.2.2. 

No opening N/A 

 Openings in the top surfaces of fire enclosures not 
located vertically above or within 5° from vertical of 
a circuit representing a fire hazard as defined in 
4.6.2 are not subject to the test of 5.2.2.2 and can 
be of any construction if the construction prevents 
access to parts greater than DVC As with the IP3X 
probe as detailed in 4.4.3.3. 

Where a portion of the side of a fire enclosure falls 
within the area traced out by the 5° angle in Figure 
6, the limitations in 4.6.3.3.3 regarding openings in 
bottoms of fire enclosures also apply to this portion 

 N/A 
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of the side. 

Compliance shall be checked by visual inspection. 

4.6.3.3.3 Openings in the bottom of fire enclosures N/A 

 The following constructions are considered to satis-
fy the requirement without test:  

• products intended to be mounted on a non-
combustible surface such as concrete. For marking, 
see 6.3.5;  

• no opening in the bottom of a fire enclosure;  

• openings in the bottom of any size under an inter-
nal barrier, screen or the like, which itself complies 
with the requirements for a fire enclosure;  

• openings in the bottom, each not larger than 40 
mm2, under components and parts meeting the 
flammability requirements of V-1 or HF-1 or better 
or under small components that pass the needle-
flame test of IEC 60695-11-5:2016 with the flame 
applied for a duration of 30 s;  

• baffle plate construction as illustrated in Figure 9;  

• metal bottoms of fire enclosures conforming to the 
dimensional limits of any line in Table 13;  

or  

• metal bottom screens having a mesh with nominal 
openings not greater than 2 mm between centre 
lines and with wire diameters of not less than 
0,45 mm. 

 N/A 

4.6.3.3.4 Doors of covers in fire enclosures N/A 

 If part of a fire enclosure consists of a door or a 
cover leading to an general access area, it comply 
with one of the following requirements:   

• the door or cover shall be provided with a safety 
interlock; or  

• a door or cover, intended to be routinely opened 
by the user, shall comply with both of the following 
conditions:  

– it shall not be removable from other parts of the 
fire enclosure by the user; and  

– it shall be provided with a means to keep it closed 
during normal operation.  

A door or cover intended only for occasional use by 
an installer, such as for the installation of  

specified accessories, is permitted to be removable 
provided that the documentation include  

directions for correct removal and reinstallation of 
the door or cover. 

 N/A 

4.6.4 Temperature limits P 

4.6.4.1 General P 

 Internal parts and external enclosure parts of the 
PECS shall not attain temperatures which can lead 
to a risk of fire, burn or electric shock due to high 
temperatures when the PECS is operated under 
normal operating condition and maximum ratings 

See table 4.6.4 P 
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as determined by 5.2.3.12. 

 Other rated operating conditions, such as duty cy-
cle operation, thermal derating, operation in altitude 
above 1 000 m and cooling control characteristic, 
shall be tested or calculated. 

 P 

4.6.4.2 Internal parts P 

 PECS and its component parts not attain tempera-
tures in excess of those in Table 14 when tested in 
accordance with the ratings of the PECS. 

 P 

4.6.4.3 Accessible parts P 

 In order to limit the touch temperatures of accessi-
ble parts of PECS, and to protect against long-term 
degradation of building materials, the maximum 
temperature for accessible parts of the PECS shall 
be in compliance with Table 15. 

 P 

 When surface temperatures of the PECS, close to 
mounting surfaces, exceed the limit of Table 15, a 
warning according to 6.3.5 shall be provided. 

 P 

 It is permitted that accessible parts that are re-
quired to get hot as part of their intended function 
(for example heatsinks including their cover) may 
have temperatures up to 100 °C, if the parts are not 
in contact with building materials upon installation, 
and are marked with the warning given in 6.4.4. 

 P 

 For products only for use in a restricted access ar-
ea, the temperature may exceed 100 °C.   

 P 

4.6.5 Limited power sources N/A 

 Where a limited power source is required, the 
source shall comply with Table 16 or Table 17 as 
applicable. 

 N/A 

 A limited power source shall comply with one of the 
following requirements: 

a) the output is inherently limited in compliance with 
Table 16; or 

b) a linear or non-linear impedance limits the output 
in compliance with Table 16. If a positive tempera-
ture coefficient device (e.g. PTC) is used, it shall 
pass the applicable tests specified in IEC 60730-1; 
or 

c) a regulating network limits the output in compli-
ance with Table 16, both with and without a single 
fault in the regulating network; or 

d) an overcurrent protective device is used and the 
output is limited in compliance with Table 17. 

 N/A 

 Compliance to determine the maximum available 
power is checked by test of 5.2.3.9. 

 N/A 

4.7 Protection against mechanical hazards P 

4.7.1 General  P 

 Failure of any component within the PECS shall not 
release sufficient energy to lead to a hazard, for 

 P 



 Page 43 of 116 Report No.CN25HW7E 001 

IEC 62477-1 

Clause Requirement – Test Result – Remark Verdict 

 

TRF No. IEC62477_1F  

example, expulsion of material into an area acces-
sible to ordinary persons or skilled persons. 

4.7.2 Specific requirements for liquid cooled PECS N/A 

4.7.2.1 Coolant N/A 

 Coolant temperature in operation not exceed the 
limit specified in Table 14. 

 N/A 

 The coolant used in a cooling system shall be a 
medium investigated for the purpose, water, glycol, 
a mixture of water and glycol or non flammable syn-
thetic oils. 

 N/A 

 Sealed heat-pipe cooling systems, used to transfer 
heat from a hot component to a heat sink, are not 
considered to be liquid cooling systems in this doc-
ument. 

 N/A 

 However, the possible failure of such components 
should be considered during the analysis of 4.2. 

 N/A 

4.7.2.2 Design requirements N/A 

4.7.2.2.1 General N/A 

 The liquid containment system components shall 
be compatible with the coolant medium to be used. 

 N/A 

 PECS using liquids shall be so constructed that it is 
unlikely that either a hazardous concentration of 
these materials or a hazard in the meaning of this 
document will be created by condensation, vapori-
zation, leakage, spillage or corrosion during normal 
operation, storage, filling or emptying. 

 N/A 

4.7.2.2.2 Corrosion requirements N/A 

 All cooling system components shall be suitable for 
use with the specified coolant. They shall be corro-
sion resistant and shall not corrode as a result of 
prolonged exposure to the coolant and/or air. 

 N/A 

4.7.2.2.3 Tubing, joints and seals N/A 

 Cooling system tubing, joints and seals shall be de-
signed to prevent leakage during excursions of 
pressure over the life cycle of the PECS. 

 N/A 

 The entire cooling system including tubing satisfy 
the requirements of the hydrostatic pressure test of 
5.2.7. 

 N/A 

4.7.2.2.4 Leakage of coolant N/A 

 Means taken to prevent leakage of coolant onto live 
parts as a result of normal operation, servicing or 
loosening or detachment of hoses or other cooling 
system parts during the expected life cycle. 

 N/A 

 If a pressure relief mechanism is provided, this 
shall be located so that there shall be no leakage of 
coolant onto live parts when it is activated. 

 N/A 

 During a leakage, means shall ensure that coolant 
will not result in wetting of live parts or electrical in-
sulation. 

 N/A 
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4.7.2.3.5 Loss of coolant N/A 

 Loss of coolant from the cooling system not result 
in thermal hazards, mechanical hazard or electric 
shock hazard. 

 N/A 

 The requirements of the loss of coolant test of 
5.2.4.9.4 shall be satisfied. 

 N/A 

4.7.2.3.6 Insulation requirements for coolant and coolant system N/A 

 When the coolant is intentionally in contact with live 
parts (for example non-earthed heatsinks), hazards 
shall not be present under normal operating condi-
tions or single fault conditions. 

 N/A 

4.7.2.3.8 Insulation requirements for coolant hoses N/A 

 When the coolant is intentionally in contact with live 
parts (for example non-earthed heatsinks), the 
coolant hoses form a part of the insulation system. 
Depending on the location of the hoses, the re-
quirements of 4.4.7 for functional or simple or pro-
tective separation shall be applied where relevant.  

 N/A 

 Also, the coolant system (e.g. hoses) form a part of 
the insulation system. The requirements of 4.4.7 for 
functional protection, basic protection or enhanced 
protection and 4.4.5.5 shall be applied where rele-
vant. 

 N/A 

4.7.3 Mechanical hazards from rotating parts N/A 

4.7.3.1 General N/A 

 Rotating parts not cause hazards.  N/A 

4.7.3.2 Mechanical hazards caused by fan N/A 

 Fans and their blades shall not cause injury under 
normal operating conditions, and during service 
and maintenance in service access areas. 

 N/A 

 Hazardous fan blades shall be protected by an en-
closure or barriers fulfilling IP2X. 

 N/A 

 For compliance, see test in 5.2.2.2.  N/A 

 The fan maximum speed in the application taken in-
to account. 

 N/A 

4.7.3.3 Expelled parts N/A 

 Risk of injury due to loosening of moving parts shall 
be mitigated as required by 4.2. 

 N/A 

 Possible mitigations include: N/A 

 • protection by enclosure, barrier or guarding; or  N/A 

 • usage of common mechanical practices such as 
lock washers, self-retaining hardware, proper tor-
quing of hardware, rivets, welding. 

 N/A 

4.7.4 Sharp edges N/A 

 Edges, projections, corners, openings, guards, 
handles and the like that are accessible to the user 
smooth and rounded so as not to cause injury dur-

Install in restrict area N/A 
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ing installation, normal operating conditions and 
maintenance of the PECS. 

 Conformity is checked by visual inspection type test 
in 5.2.1 and, if necessary, by application of an ob-
ject that represents a finger in size, shape and 
hardness, to check for abrasions or cuts. 

 N/A 

4.8 PECS with multiple sources of supply  N/A 

 PECS intended to be provided with more than one 
supply connection (for example, with different volt-
ages or frequencies or as backup power), shall be 
designed such that all of the following conditions 
are met: 

• separate means of connection are provided for 
different circuits; 

• supply plug connections, if any, are not inter-
changeable if a hazard could be created by incor-
rect plugging; and 

• hazards, within the meaning of this document, 
shall not be present under normal operating condi-
tions or single fault conditions due to the presence 
of multiple sources of supply. Actions such as dis-
connection or de-energizing of a supply are consid-
ered a normal operating condition. 

 N/A 

 Examples of the types of hazards that should be 
considered are: 

a) Backfeed prevention – preventing voltage 
or energy available within the PECS or one 
of its sources from being fed back to any of 
the input terminals for another source, ei-
ther directly or by a leakage path. 

b) Protection against unintentional islanding. 

c) Touch current levels may be higher with 
multiple sources connected simultaneously. 

d) Hazard resulting from damage to one or 
more connected sources due to energy 
from another source, for example the 
mains. 

e) Damage to wiring due to currents higher 
than the wiring is designed for flowing from 
another source. 

 N/A 

4.9 Protection against environmental stresses N/A 

 The manufacturer has to specify the following con-
ditions for operation, storage and transportation ac-
cording to IEC 60721: 

- Coolant temperature (min/max); 

- Ambient temperature (min/max); 

- Humidity (min/max) 

- Pollution degree; 

- Vibration; 

- U.V. resistance; 

- Over voltage category (OVC); 

- Altitude for thermal consideration, if rated for 

 N/A 
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operation above 1000 m; 

- Altitude for insulation coordination considera-
tions, if rated for operation above 2000 m. 

 The manufacturer shall state the environmental 
service condition for the PECS according to Table 
18. 

 N/A 

4.10 Protection against excessive acoustic noise hazards P 

 The PECS shall provide protection against exces-
sive acoustic noise. Compliance tests are carried 
out if the PECS is likely to cause such hazards. 

 P 

 If the sound pressure – except alarms – exceeds 
70 dBA, the documentation shall provide infor-
mation regarding the sound pressure of the PECS. 

67dB P 

 Compliance is checked by visual inspection in 
5.2.1, measurement or calculation of the maximum 
sound pressure level in accordance with ISO 
3746:2010 or ISO 9614-1:1993. 

 P 

4.11 Wiring and connections P 

4.11.1 General P 

 The wiring and connections between parts of the 
equipment and within each part protected from me-
chanical damage during installation. The insulation, 
conductors and routing of all wires of the equipment 
suitable for the electrical, mechanical, thermal and 
environmental conditions of use. Conductors which 
are able to contact each other shall be provided 
with insulation rated for the DVC requirements of 
the relevant circuits. 

The compliance with 4.11.2 to 4.11.8 checked by 
inspection (see 5.2.1) of the overall construction 
and datasheets if applicable. 

  

4.11.2 Insulation of conductors P 

4.11.2.1 General P 

 Conductors provide insulation according to the re-
quirements of this document. This may be achieved 
either by clearance and creepage distance or by 
solid insulation. 

 P 

 Uninsulated conductors, for example bus-bars, 
shall meet the appropriate requirements for clear-
ance and creepage distances within the circuit and 
against other circuits for the DVC of the voltage in-
volved according to Table 8 and Table 9. 

 P 

 Cable product standards do not specify impulse 
withstand voltage capability and ability against par-
tial discharge. 

 P 

 However, it is considered for this document that the combination of the insulation of 
the individual conductors and the non-metallic sheath of the cable provides en-
hanced protection according to Table 3 if the cable complies with the following re-
quirements: 

N/A 

 a) the cable complies with an applicable cable  N/A 
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product standard; 

 b) the rated voltage of the insulated conductor or 
cable not less than the rated voltage within the cir-
cuit and against other circuits; and 

 N/A 

 c) the test voltage of the insulated conductors shall 
comply with the applicable Table 28 or Table 29. 

 N/A 

 The insulation of the conductor is considered basic 
protection and the non-metallic sheath is consid-
ered fault protection. 

 N/A 

4.11.2.2 Accessible wiring system P 

 Accessible wiring systems outside of the enclosure are considered to meet the re-
quirements of barriers or enclosure in 4.4.3.3 for PECS, if adequate mechanical 
protection of the insulated conductor is provided by one or more of the following: 

P 

 a) a non-metallic sheath of the cable, provided that 
the requirements 4.11.2 are met; or 

 P 

 b) an insulated conductor providing basic insulation 
with 

1) a non-metallic cable duct complying with IEC 
61084 (all parts); 

2) a non-metallic conduit complying with IEC 61386 
(all parts) or equivalent; 

3) a metallic cable duct or conduit, provided that 
that metallic parts are connected with the equipo-
tential bonding system and comply with 4.4.4.2.2; 
or 

4) an insulated conductor complying with an appli-
cable insulated conductor product  

standard and providing reinforced insulation. 

 P 

4.11.2.3 Conductors of different circuits P 

 Conductors of different circuits in multiconductor 
cable or occupying the same duct (for example 
conduit, cable trunking system) shall be adequately 
protected against all other conductors according to 
Table 3, or all conductors shall have protection for 
the highest voltage involved. 

 P 

 If the insulation relies on clearance and creepage 
distance, means shall be provided to keep the con-
ductors separated. 

 P 

4.11.3 Stranded wire P 

 The connection points provided shall be of appro-
priate construction to preclude the possibility of 
loose strands reducing the spacing between con-
ductors when careful attention is paid to installation. 

 P 

 When stranded wiring or stranded shields of shielded wire is connected to a wire-
binding screw, terminal or other means for connecting, the construction shall be 
such that loose strands will meet the requirements in 4.4.7.4 and 4.4.7.5 against: 

P 

 • other uninsulated live parts not always of the 
same potential as the wire; or 

 P 

 • conductive metal parts not connected with PE.  P 
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4.11.4 Routing and clamping N/A 

 A hole through which insulated wires pass in a 
sheet metal wall within the enclosure of the PECS 
shall be provided with a smooth, well-rounded 
bushing or grommet or shall have smooth, well-
rounded surfaces upon which the wires bear to re-
duce the risk of abrasion of the insulation. 

 N/A 

 Wires shall be routed away from sharp edges, 
screw threads, burrs, fins, moving parts, drawers, 
and similar parts, which abrade the wire insulation. 

 N/A 

 The minimum bend radius specified by the wire 
manufacturer not be violated. 

 N/A 

 Clamps and guides, either metallic or non-metallic, 
used for routing stationary internal and external wir-
ing provided with smooth, well-rounded edges. 

 N/A 

 he clamping action and bearing surface such that 
abrasion or deformation of the insulation does not 
occur. 

 N/A 

 If a metal clamp is used for conductors having 
thermoplastic insulation less than 0,8 mm thick, 
non-conducting mechanical protection shall be pro-
vided. 

 N/A 

4.11.5 Identification of conductors and terminals N/A 

 Where the identification of internal conductors, ter-
minals and field wiring terminals is considered nec-
essary for safety during installation and/or mainte-
nance, it is in the responsibility of the PECS manu-
facturer to choose the appropriate method. Guid-
ance is given in IEC 60445:2021 and IEC 
61148:2011. 

 N/A 

 When identification by colour is used, it at termina-
tions and preferably throughout the length of the 
conductor either by the colour of the insulation or 
by colour markers, except for bare conductors 
where the colour identification shall be at termina-
tion and connection points. 

 N/A 

 When identification by colour is used, the colour 
green-and-yellow shall be used for protective equi-
potential bonding or PE conductor(s). Green-and-
yellow colour shall not be used for other purpose. 
Where a circuit includes a neutral identified by col-
our, the colour used for this purpose light blue. 

 N/A 

 The choice of light blue for the neutral conductor 
and green or green-and-yellow for the protective 
equipotential bonding or PE conductor(s) is cov-
ered by national regulations. In some countries, the 
colour code deviates from the above requirement or 
allows other alternatives. 

 N/A 

 For insulated conductors which are integral to rib-
bon cable or multi-cord signal cable, only identified 
by the colour, the usage of single colours green, 
yellow and blue is permitted; however, the manu-
facture shall provide information and/or marking(s) 

 N/A 
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which clearly indicate the colour code meaning. 
This shall also prevent mis-identification with earth-
ing or other systems that might classically use 
these colours. 

4.11.6 Splices and connections N/A 

 All splices and connections shall be mechanically 
secured and shall provide electrical continuity. 

 N/A 

 Electrical connections soldered, welded, crimped, 
or otherwise securely connected. A soldered joint, 
other than a component on a PWB, shall additional-
ly be mechanically secured. 

 N/A 

 Stranded wire not be consolidated with solder 
where secured in a terminal that relies on pressure 
for contact. 

 N/A 

 When screw terminal connections are used, the re-
sulting connections may require routine mainte-
nance (tightening). 

 N/A 

 Appropriate reference shall be made in the docu-
mentation. 

 N/A 

4.11.7 Accessible connections N/A 

 In addition to means given in 4.4.2.5, it shall be en-
sured that neither insertion error nor polarity rever-
sal of connectors can lead to a voltage on an ac-
cessible connection higher than the maximum of 
DVC As, unless all circuits which supply this con-
nection meet the single fault condition requirements 
of Table 5 and all requirements of 4.5.1.2. 

 N/A 

 If the PECS is designed to be supplied only at volt-
ages not exceeding DVC As in normal operating 
conditions or single fault condition, or from a source 
used solely to supply that PECS, the plugs of the 
power supply cord shall not fit into the plug and 
socket-outlets of mains supply systems at voltages 
above the rated supply voltage of the PECS. 

 N/A 

 Standard mains supply plugs and socket-outlets 
shall not be used for purposes other than connec-
tion of a mains supply. This applies for example to 
plug-in sub-assemblies or other plug-in devices 
which can be plugged in without the use of a tool or 
key or which are accessible without the use of a 
tool or key. This does not apply to PECS intended 
to be installed in restricted access areas. 

 N/A 

 If plug pins of cord-connected PECS receive a 
charge from an internal capacitor, the pins shall in-
vestigated to 4.4.2.5 and 4.4.9. 

 N/A 

 Test according to 5.2.3.8 conducted, if necessary.  N/A 

 Marking is required on PECS with plug and socket-outlets: N/A 

 a) if the plug and socket-outlet can accept a stand-
ard mains supply plug, there shall be a marking as 
specified in 6.3.7.5; or 

 N/A 

 b) if the plug and socket-outlet has a terminal con-  N/A 
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tact for a PE conductor, the input mains supply 
connection to the PECS shall include a PE conduc-
tor connected to a PE conductor terminal. 

 If relevant, non-interchangeability and protection 
against polarity reversal of connectors, plugs and 
outlets shall be confirmed by visual inspection in 
5.2.1 and trial insertion. 

 N/A 

4.11.8 Interconnections between parts of the PECS P 

 Consideration shall be given to the voltage and the 
current rating of the circuit(s) and the temperature 
of the surroundings for wiring between parts of the 
complete PECS. All sections of the PECS comply 
with one of the following requirements of 

 P 

 • applicable subclauses 4.11.2 to 4.11.11;  N/A 

 • IEC 60364 (all parts); or  N/A 

 • local installation rules.  P 

 Cable assemblies and flexible cords provided for in-
terconnection between sections of PECS or be-
tween parts of a system shall be suitable for the 
electrical, mechanical, thermal and environmental 
conditions of use taking into account 4.4.7 and 4.9. 

 P 

 For enclosed PECS, cables protected from physical 
damage as they leave the enclosure and provided 
with mechanical strain relief according to 4.12.6. 

 P 

 Misalignment of male and female connectors, inser-
tion of a multipin male connector in a female con-
nector other than the one intended to receive it, and 
other manipulations of accessible parts not result in 
mechanical damage or a risk of thermal hazards, 
electric shock, or injury to persons. 

 P 

 When external interconnecting cables terminate in 
a plug which mates with a receptacle on the exter-
nal surface of an enclosure, no risk of electric 
shock shall exist at accessible part of contacts of 
either the plug or receptacle when disconnected. 

 P 

 Requirements for external interconnecting of DVC 
As and DVC B are given in 4.4.2.5. 

 P 

4.11.9 Supply connections N/A 

4.11.9.1 General N/A 

 PECS intended to be permanently connected to the 
mains supply or non-mains supply have means for 
connection to the applicable wiring system in ac-
cordance with the requirements where it is being 
installed. 

 N/A 

4.11.9.2 Mains supply cords N/A 

 The following requirements apply to non-
detachable mains supply cords and to detachable 
mains supply cords supplied with the PECS. 

 N/A 

 Cords shall comply with 4.11 as applicable and be 
rated for the maximum current for the PECS. 

 N/A 
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 If a cord is likely to contact hot external parts of the 
PECS, it made of suitably heat-resistant material. 

 N/A 

 If the cord is detachable, both the cord and the ap-
pliance inlet shall have adequate temperature rat-
ings. 

 N/A 

 The identification of the conductors and terminals 
shall be according to 4.11.5. 

 N/A 

 Detachable mains supply cords with mains supply 
connectors according to the relevant parts of IEC 
60320 (all parts) shall either meet the requirements 
of IEC 60799:2018, or shall be rated at least for the 
current rating of the mains supply connector fitted 
to the cord. 

 N/A 

4.11.9.2.1 Fitting of non-detachable mains supply cords N/A 

4.11.9.2.1.
1 

Cord entry N/A 

 Mains supply cords shall comply with 4.11.4 and be 
protected against abrasion and sharp bends at the 
point where the cord enters the PECS, by one of 
the following means: 

 N/A 

 a) an inlet or bushing with a smoothly rounded 
opening; or 

 N/A 

 b) reliably fixed flexible cord guard made of insulat-
ing material protruding beyond the inlet opening by 
at least five times the overall diameter of a cord 
with the largest cross-sectional area which can be 
fitted. For flat cords, the larger cross-sectional di-
mension is taken as the overall diameter. 

 N/A 

 Compliance is checked by visual inspection in 5.2.1 
and, if needed by measurement of dimensions. 

 N/A 

4.11.9.2.1.
2 

Cord anchorage N/A 

 The cord anchorage shall comply with the require-
ments and tests of strain relief in 4.12.6. 

 N/A 

4.11.9.2.1.
3 

Plugs and connectors P 

 Plugs and connectors for connecting PECS to the 
mains supply, including appliance couplers used to 
connect detachable mains supply cords, conform to 
the relevant specifications for plugs and socket-
outlets and connectors and shall comply with 
4.11.7. 

 P 

4.11.10 Field wiring terminals and internal terminals P 

4.11.10.1 Construction requirements P 

 All parts of field wiring terminals and internal termi-
nals which maintain contact and carry current of 
metal having adequate mechanical strength. 

 P 

 Terminals such that the conductors can be con-
nected by means of screws, springs or other equiv-
alent means so as to ensure that the necessary 

 P 
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contact pressure is maintained. 

 Terminals shall be constructed so that the conduc-
tors can be clamped between suitable surfaces 
without any significant damage either to conductors 
or terminals. 

 P 

 Terminals not allow the conductors to be displaced 
or be displaced themselves in a manner detrimental 
to the operation of PECS and the insulation shall 
not be reduced below the rated values. 

 P 

 The requirements of 4.11.10.1 are met by using 
terminals complying with IEC 60947-7 (all parts). 

 P 

4.11.10.2 Connecting capacity P 

 Field wiring terminals and internal terminals ac-
commodate installation of wiring specified in the 
documentation. Possible to perform the installation 
according to the wiring rules applicable at the in-
stallation. 

 P 

 The terminals shall be sized to cover all of the following requirements: P 

 • the wire size for 125 % of the maximum nominal current: P 

 – the intended material of the conductor for exam-
ple copper or aluminium; and  

– the longest permitted cable length; 

 P 

 • the wire size for the lowest specified load current 
intended to be used: the shortest permitted cable 
length; 

 P 

 • the temperature rating of the intended insulation 
for the conductor; and 

 P 

 • the highest ambient temperature of the intended 
installation of the load cable. 

 P 

4.11.10.3 Connection to external conductors N/A 

 Field wiring terminals for connection of external 
conductors shall be readily accessible during instal-
lation. See 4.11.5. 

 N/A 

 Sets of terminals for connection to the same input 
or output shall be grouped together and located in 
proximity to each other and to the main protective 
earthing terminal, if any. If the documentation pro-
vides detail on the proper earthing of the system, 
the protective earthing terminal need not be placed 
in proximity to the terminals. 

 N/A 

 For each connection with a neutral and/or PE ter-
minal, these terminal(s) shall be located near the 
associated phase terminals. 

 N/A 

 The required tightening torque stated in the installa-
tion documentation. 

 N/A 

 For PE terminals, 4.4.4.3.2 and 4.4.4.3.3 apply.  N/A 

 For marking, see 6.3.7.4.  N/A 

4.11.10.4 Wire bending space for wires 10 mm2 and greater N/A 
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 For PECS, the distance between a terminal for 
connection to the mains supply, or between major 
parts of the PECS (for example transformer, part of 
the PECS), and an obstruction toward which the 
wire is directed upon leaving the terminal shall be 
at least that specified in Table 19. 

 N/A 

4.11.11 Means for shield connection of shielded wire or shielded cable N/A 

 If means for connecting the shield of shielded wire 
or shielded cable are provided, their construction 
comply with 4.4.4.3.2, 4.11.3, 4.11.4, 4.11.10.1 and 
4.12.6. 

 N/A 

4.12 Enclosures P 

4.12.1 General P 

4.12.2 Handles and manual controls P 

 Handles, knobs, grips, levers and the like shall be 
reliably fixed so that they will not work loose in 
normal use, if this could result in a hazard. Sealing 
compounds and the like, other than self-hardening 
resins, shall not be used to prevent loosening. If  
handles, knobs and the like are used to indicate the 
position of switches or similar components, it shall 
not be possible to fix them in a wrong position if this 
could result in a hazard. 

 P 

4.12.3 Cast metal N/A 

 Die-cast metal, except at threaded holes for con-
duit, where a minimum of 6,4 mm thickness is re-
quired, shall be: 

• not less than 2,0 mm thick for an area larger than 
155 cm2 or having any dimension larger than 150 
mm; 

• not less than 1,2 mm thick for an area of 155 cm2 
or less and having no dimension larger than 150 
mm. 

The area under evaluation may be bounded by re-
inforcing ribs subdividing a larger area. 

Malleable iron or permanent-mould cast aluminium, 
brass, bronze, or zinc, except at threaded holes for 
conduit, where a minimum of 6,4 mm thickness is 
required, shall be: 

• at least 2,4 mm thick for an area greater than 155 
cm2 or having any dimension more than 150 mm; 

• at least 1,5 mm thick for an area of 155 cm2 or 
less having no dimension more than 150 mm. 

A sand-cast metal enclosure shall be a minimum of 
3,0 mm thick except at locations for threaded holes 
for conduit, where a minimum of 6,4 mm is re-
quired. 

 N/A 

4.12.4 Sheet metal P 

 The thickness of a metal enclosure at points to which a wiring system is to be con-
nected not be less than 

P 

 • 0,8 mm thick for uncoated ferrous metal; and  P 
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 • 1,2 mm thick for non-ferrous metal.  P 

 The base thickness of coated ferrous metal 0,8 mm 
minimum. 

 P 

 Constructions without supporting frame include P 

 • a single sheet with single formed flanges – formed 
edges; 

 P 

 • a single sheet which is corrugated or ribbed;  P 

 • an enclosure surface loosely attached to a frame, 
for example, with spring clips; or 

 P 

 • an enclosure surface having an unsupported 
edge. 

 P 

4.12.5 Stability requirement for enclosure P 

 Under conditions of intended use, floor-standing 
PECS without fixing or other PECS during commis-
sioning shall not become physically unstable to the 
degree that they could become a hazard. 

 P 

 If PECS are designed to be fixed together on site 
and not used individually, the stability of each indi-
vidual PECS is exempt from the requirements of 
4.12.5. 

 P 

 The requirements of 4.12.5 are not applicable if the 
documentation specifies that the PECS is to be se-
cured to the building structure before operation. 

 P 

 During operations performed by an ordinary per-
son, a stabilizing means, if needed, automatic in 
operation when drawers, doors, etc., are opened. 

 P 

 During operations performed by a skilled person, 
the stabilizing means, if needed, either be automat-
ic in operation, or a marking shall be provided to in-
struct the skilled person to deploy the stabilizing 
means. 

 P 

4.12.6 Strain relief N/A 

 Where an external flexible cord or cable are con-
nected to the PECS, strain relief provided to protect 
the conductors of the cord or cable from strain, in-
cluding twisting. The strain relief be also protect the 
insulation of the conductors from abrasion. 

 N/A 

 Strain reliefs shall meet the following requirements: N/A 

 a) the cord not be clamped by a screw which 
presses directly on the cord; 

 N/A 

 b) knots in the cord not be used as a means of 
strain relief; 

 N/A 

 c) the cord not be damaged when subjected to a 
torque of the value and time shown in Table 25 as 
close as possible to the external end of the cord 
strain relief or bushing; 

 N/A 

 d) clamps and guides, either metallic or non-
metallic, shall be provided with smooth, well-

 N/A 
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rounded edges to prevent failure of the insulation; 

 e) in general access areas, it not be possible to 
loosen the cord strain relief without the use of a 
tool. 

 N/A 

 A cable gland not be used as a strain relief unless 
the cable gland manufacturer’s specification states 
that it is suitable for use as a strain relief. 

 N/A 

4.12.7 Polymeric enclosure stress relief N/A 

 Enclosures of moulded or formed thermoplastic 
materials be constructed that any shrinkage or dis-
tortion of the material due to release of internal 
stresses caused by the moulding or forming opera-
tion does not result in the exposure of hazardous 
parts or in the reduction of creepage distances or 
clearances below the minimum required. 

Metal enclosure N/A 

4.12.8 Polymeric enclosure UV resistance N/A 

 Polymeric parts of an outdoor enclosure subjected 
to ultra-violet (UV) exposure sufficiently resistant to 
degradation by UV radiation. 

Metal enclosure N/A 

 Compliance is checked by visual inspection in 5.2.1 of the construction and also ei-
ther by 

N/A 

 • available data regarding the UV resistance char-
acteristics of the enclosure material and any asso-
ciated protective coating; or 

 N/A 

 • test according to 5.2.5.9.  N/A 

4.13 Components P 

4.13.1 General P 

4.13.2 PTC thermistors N/A 

 PTC thermistors used for limited power sources ac-
cording to 4.6.5 comply with IEC 60730-1:2013 and 
IEC 60730-1:2013/AMD2:2020, Clause 15, Clause 
17, Clause J.15, Clause J.17, Type 2.A.L. action. 

 N/A 

 For PTC thermistors whose continuous power dis-
sipation that appears at its maximum voltage at an 
ambient temperature of 25 °C or otherwise speci-
fied by the manufacturer for tripped state, deter-
mined as given in IEC 60738-1:2009, 3.38, ex-
ceeds 15 W and with a size of 1 750 mm3 or more, 
the encapsulation or tubing shall be made of V-1 
class material or better. 

 N/A 

4.13.3 Mains supply cords N/A 

4.13.4 Capacitors and RC units bridging insulation N/A 

 Capacitors and RC units for electromagnetic inter-
ference suppression that serve as (electrical) insu-
lation and connected to mains supply or non-mains 
supply comply with IEC 60384-14:2013. 

 N/A 

 RC units and EMC filters may consist of discrete 
components. Refer to IEC 60384-14:2013, Table 1 
and Table 2, and IEC 60940:2015, 7.1, for substitu-

 N/A 
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tion of Y capacitors. 

 Capacitors other than as mentioned above shall 
comply with relevant IEC standards based on the 
construction, type of dielectric medium, connection 
and application. 

 N/A 

 Capacitors and RC units used for bridging function-
al insulation do not need to fulfil the above require-
ments, when evaluated according to 4.2 for single 
fault conditions. 

 N/A 

4.13.5 Wound components P 

 Varnish or enamel insulation of wires not be used 
for basic insulation, supplementary insulation, dou-
ble insulation or reinforced insulation. 

 P 

 Wound components meet the requirements of 
4.4.7.8.1, 4.4.7.8.3 and 4.4.7.10. 

 P 

4.13.6 Plug and socket-outlets N/A 

 Requirements are given in 4.11.7.  N/A 

4.14 Protection against electromagnetic fields P 

 For more information, refer to Annex P.  P 

5 TEST REQUIRMENTS P 

5.1 General P 

5.1.1 Test objectives and classification P 

5.1.2 Selection of test samples P 

5.1.3 Sequence of tests P 

5.1.4 Earthing conditions P 

5.1.5 General conditions for tests P 

5.1.5.1 Application of tests P 

 Unless otherwise stated, upon conclusion of the 
tests, the equipment need not be operational.  

 P 

5.1.5.2 Test samples P 

5.1.5.3 Operating parameters for tests P 

5.1.5.4 Mounting P 

5.1.5.5 Representative tests P 

5.1.6 Compliance P 

5.1.7 Test overview P 

5.2 Test specifications P 

5.2.1 Visual inspections (type test, sample test and routine test) P 

 Before type testing, a check shall be made that the 
PECS delivered for the test is as expected with re-
spect to supply voltage, input and output ranges, 
etc. 

 P 

5.2.2 Mechanical tests P 

5.2.2.1 Clearances and creepage distance test (type test) P 
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 It shall be verified by measurement or visual in-
spection that the clearance and creepage distances 
comply with 4.4.7.4 and 4.4.7.5. 

 P 

 Where this verification is impossible to perform, an 
impulse voltage test (see 5.2.3.2) shall be per-
formed between the considered circuits. 

 P 

5.2.2.2 Non-accessibility test (type test) P 

 Test 1 (Protection against access with a finger, 
IP2X, IPXXB) 

 P 

 Test 2 (Protection against solid foreign objects, 
IP2X) 

 N/A 

 Test 3 (Protection against access with the back of 
the hand, IPXXA) 

 N/A 

 Test 4 (Protection against access to hazardous 
parts with a tool, IP3X, top surface) 

 N/A 

5.2.2.3 Ingress protection test (IP rating) (type test) N/A 

 The claimed IP rating of the enclosure shall be veri-
fied. This test shall be performed as a type test of 
the enclosure of a PSCS as specified in IEC 60529 
for the enclosure classification. 

 N/A 

5.2.2.3.1 General N/A 

5.2.2.3.2 Atomized water test (type test) N/A 

5.2.2.3.3 Enclosure category 1 or 2 test for IP5X (type test) N/A 

5.2.2.3.4 Acceptance criteria N/A 

5.2.2.4 Enclosure integrity test (type test) P 

5.2.2.4.1 General P 

 The integrity tests apply to PSCS, and also where 
PSCS are intended for operation without a further 
enclosure in restricted access areas. After comple-
tion of the integrity test, the PSCS shall pass the 
tests of 5.2.3.2 and 5.2.3.4 and shall be inspected 
to confirm that: 

 P 

 - no degradation of any safety-relevant component 
of the PSCS has occurred. 

 P 

 - live parts have not become accessible (see 
4.4.3.3). 

 P 

 - enclosures show no cracks or openings which 
could cause a hazard. 

 P 

 - clearances are not less than their minimum per-
mitted values and other insulation is undamaged. 

 P 

 - barriers have not been damaged or loosened.  P 

 - no moving parts which could cause a hazard are 
exposed. 

 P 

 The integrity tests shall be performed at the worst 
case point on representative accessible face(s) of 
the enclosure.  

 P 
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 The PSCS is not required to be operational after 
testing and the enclosure may be deformed to such 
an extent that its original IP rating is not main-
tained. 

 P 

5.2.2.4.2 Deflection test (type test) N/A 

5.2.2.4.2.1 General  N/A 

 If requested by 4.4.7.4.5 or 4.12.1, the test in 
5.2.2.4.2.2 and 5.2.2.4.2.3 apply for metallic enclo-
sure, as applicable. 

 N/A 

5.2.2.4.2.2 Steady force test, 30 N (type test) N/A 

5.2.2.4.2.3 Steady force test, 250 N (type test) P 

5.2.2.4.3 Impact test (type test) N/A 

5.2.2.4.4 Drop test (type test) N/A 

 The following is considered to be sufficiently rigid for the drop test: N/A 

 • the horizontal surface consists of hardwood at 
least 13 mm thick, mounted on two layers of ply-
wood each 19 mm to 20 mm thick, all supported on 
a concrete or equivalent non-resilient floor; or 

 N/A 

 • the horizontal surface consists of 50 mm thick 
hardwood board having a density of more than 700 
kg/m3 lying flat on a rigid base such as concrete. 

 N/A 

 The height of the drop for be N/A 

 • 1 000 mm for PECS designed as hand-held 
equipment and direct plug-in equipment; or 

 N/A 

 • 750 mm for PECS designed as movable equip-
ment. 

 N/A 

5.2.2.4.5 Mould stress relief distortion test (type test) N/A 

5.2.2.5 Stability test P 

5.2.2.6 Wall or ceiling mounted PECS test (type test) N/A 

5.2.2.7 Handles and manual controls securement test (type test) P 

5.2.2.8 Strain relief test (type test) N/A 

5.2.2.8.1 Performing the test N/A 

 Each strain relief in 4.12.6 and cord anchorage in 4.11.9.2.1.2 of a PECS shall be 
tested with each combination of cord and bushing: 

N/A 

 a) the cord is pushed one time into the PECS as far 
as possible; 

 N/A 

 b) the cord is subjected 25 times to a steady pull 
test with the value shown in Table 25, applied for 1 
s each time in the least favourable direction; and 

 N/A 

 c) the cord is subjected for 1 min to a rotational 
torque test with the value shown in Table 25 as 
close as possible to the external end of the cord 
strain relief or bushing. 

 N/A 

5.2.2.8.2 Acceptance criteria N/A 

 All of the following criteria be met: N/A 
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 1) the cord not have been damaged;  N/A 

 2) the cord not have been displaced longitudinally 
by more than 2 mm; 

 N/A 

 3) there no signs of strain at the point where the 
strain relief clamps the cord; 

 N/A 

 4) clearance and creepage distances not have 
been reduced below the applicable values; and 

 N/A 

 5) the cord shall pass the AC or DC voltage test of 5.2.3.4 as follows: N/A 

 a) for PECS with a PE conductor: N/A 

 i) the test is made between the PE conductor and 
the phase and neutral conductors joined together, 
with the test voltage for basic protection; and 

 N/A 

 ii) the continuity between conductive accessible 
parts and the PE conductor tested according to 
5.2.3.11.4; 

 N/A 

 b) for PECS without a PE conductor, the test is 
made between conductive accessible parts of the 
PECS and the phase and neutral conductors joined 
together, with the test voltage for enhanced protec-
tion. 

 N/A 

5.2.3 Electrical tests P 

5.2.3.1 General P 

 The electrical tests described in 5.2.3.2 to 5.2.3.5 
are applicable to basic insulation, supplementary 
insulation, double insulation and reinforced insula-
tion when required by 4.4.7.4 (clearance) and 
4.4.7.8 (solid insulation). 

 P 

 When performing electrical and preconditioning 
tests, the preferred procedure is to test the com-
plete PECS; however, it is acceptable to test the 
components or sub-assemblies providing the basic 
insulation and reinforced insulation. When compo-
nents or sub-assemblies are tested, test conditions 
shall simulate the least favourable conditions occur-
ring inside the PECS at the place of installation. 

 P 

5.2.3.2 Impulse voltage test (type test and sample test) P 

5.2.3.3 Alternative to impulse withstand voltage test (type test, sample test) N/A 

 For verification of clearance and solid insulation, an 
AC or DC voltage test according to 5.2.3.4 with fol-
lowing modifications may be used as an alternative 
method to the impulse withstand voltage test of 
5.2.3.2. 

 N/A 

 For an AC voltage test, the peak value of the AC 
test voltage shall be equal to the impulse test volt-
age of Table 27 and applied for three cycles of the 
AC test voltage. 

 N/A 

 For a DC voltage test, the average value of the DC 
test voltage shall be equal to the impulse test volt-
age of Table 27 and applied three times for 10 ms 

 N/A 
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in each polarity. 

 For PECS, the voltage can be applied using a ramp 
of up to 1 s in duration. 

 N/A 

5.2.3.4 AC or DC voltage test (type test, routine test) P 

5.2.3.4.1 Purpose of test P 

 The type test is used to verify that the clearances 
and solid insulation of components and assembled 
PECS have adequate dielectric strength to resist 
temporary overvoltage conditions and to verify the 
insulation coordination between adjacent circuits. 

 P 

5.2.3.4.2 Value and type of test voltage P 

 The values of the test voltage for circuits connected 
to mains supply are determined from column 2 or 3 
of Table 28. 

The voltage test shall be performed with a sinusoi-
dal voltage at 50 Hz or 60 Hz. If the circuit contains 
capacitors, the test may be performed with a DC 
voltage of a value equal to the peak value of the 
specified AC voltage. 

See table 4.4.7.10 P 

5.2.3.4.3 Additional test considerations P 

 Protective devices designed to reduce impulse 
voltages on the circuits under test (see 4.4.7.2.3 
and 4.4.7.2.4), and circuits belonging to monitoring 
or protection circuits, not designed to sustain the 
test overvoltage for the duration of the test, shall be 
disconnected in order to avoid damage and to en-
sure that the test voltage can be applied without a 
false indication of failure. 

 P 

 Wherever practicable, individual components form-
ing part of the insulation under test, for example in-
terference suppression capacitors, should not be 
disconnected or bridged before the test. In this 
case, it is recommended to use the DC test voltage 
according to 5.2.3.4.2. 

 P 

 Where testing is not possible in the assembled 
PECS due to a low impedance of SPD not de-
signed to sustain the test voltage for the duration of 
the test, the connection to the SPD opened before 
testing. In this case, the connection shall be care-
fully restored after the voltage test. 

 P 

 Protective impedances according to 4.4.5.5 either 
be included in the testing or the connection to the 
protectively separated part of the circuit shall be 
opened before testing. In this case, the connection 
shall be carefully restored after the voltage test. 

 P 

5.2.3.4.4 Performing the voltage test P 

 a) Test (1) between conductive accessible part 
(connected to earth) and each circuit sequentially 
(except DVC As circuits). Test voltage according to 
Table 28 or Table 29, column 2, corresponding to 
voltage of considered circuit under test. Test (2) be-
tween accessible surface (non-conductive or con-

 P 
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ductive but not connected to earth) and each circuit 
sequentially (except DVC As circuits). Test voltage 
according to Table 28 or Table 29, column 3 (for 
type test) or column 2 (for routine test), correspond-
ing to voltage of considered circuit under test. 

 b) Test between each considered circuit sequential-
ly and the other adjacent circuits connected togeth-
er. Test voltage according to Table 28 or Table 29, 
column 2, corresponding to voltage of considered 
circuit under test. 

 P 

 c) Test between DVC As circuit and each adjacent 
circuit sequentially. Test voltage according to Table 
28 or Table 29, column 3 (for type test) or column 2 
(for routine test), corresponding to the circuit with 
the higher voltage. Either the adjacent circuit or the 
DVC As circuit may be earthed for this test. It is 
necessary to test basic insulation between DVC As 
circuits, but it is not necessary to test functional in-
sulation between adjacent DVC As circuits. 

 P 

5.2.3.4.5 Duration of the AC or DC voltage test P 

 The test voltage may be applied with increasing 
and/or decreasing ramp voltage but the full voltage 
shall be maintained for minimum 60 s and 1 s re-
spectively for type and routine tests. 

60s tested P 

5.2.3.4.6 Verification of the AC or DC voltage test P 

 The test is successfully passed if no electric break-
down occurs during the test. 

 P 

5.2.3.5 Partial discharge test (type test, sample test) N/A 

 The partial discharge test shall confirm that the sol-
id insulation (see 4.4.7.8.2) used in components 
and sub-assemblies for enhanced protection of 
electrical circuits remains partial-discharge-free 
within the specified voltage range (see Table 30). 

 N/A 

 This test shall be performed as a type test and a 
sample test. It may be omitted for insulating materi-
als which are not degraded by partial discharge, for 
example ceramics. 

The partial discharge inception and extinction volt-
age are influenced by climatic factors (e.g. temper-
ature and moisture), equipment self-heating, and 
manufacturing tolerance. These influencing varia-
bles can be significant under certain conditions and 
shall therefore be taken into account during type 
testing. 

 N/A 

5.2.3.6 Protective impedance test (type test, routine test) N/A 

 A type test shall be performed to verify that the cur-
rent through a protective impedance under normal 
operating conditions or single fault conditions does 
not exceed the values given in 4.4.5.5. 

 N/A 

 The test shall be performed using the circuit of IEC 
60990:2016, Figure 4 (see Figure L.1), or by meas-
uring the current through the protective impedance 

 N/A 
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to protective earth. 

5.2.3.7 Touch current test and leakage current test P 

5.2.3.7.1 General P 

 If a PECS is intended to be connected to more than 
one supply system earthing (see 4.4.7.1.5), each of 
these different system networks (or the worst case, 
if that can be determined) used to make the touch 
current and leakage current measurement. The 
highest value of the measured current will be taken 
as the definitive result. 

 P 

 a) For a PECS to be connected to an earthed neu-
tral system, the neutral of the mains supply or non-
mains supply of the test site shall be directly con-
nected to the PE conductor. 

Only battery N/A 

 b) For a PECS to be connected to an isolated sys-
tem or impedance system, the neutral connected 
through a resistance of 1 kΩ to the PE conductor 
which shall be connected to each input phase in 
turn. The highest value will be taken as the defini-
tive result. 

 N/A 

 c) For a PECS to be connected to a corner-earthed 
or high-leg delta system, the PE conductor con-
nected to each input phase in turn. The highest 
value will be taken as the definitive result. 

 N/A 

 The PECS shall be set up in an insulated state 
without any connection to earth and operated at 
rated voltage. 

 P 

5.2.3.7.2 Touch current test (type test) P 

 The touch current test shall be performed as a type 
test to determine if the means in 4.4.4.3.3 are ap-
plicable. The touch current shall be measured be-
tween the means of connection for the PE conduc-
tor and the PE conductor itself with the test circuit 
of IEC 60990:2016, Figure 4 (see Figure L.1) 

 P 

 For PECS which may be energized from multiple 
sources of supply, the touch current limits in 
4.4.4.3.3 apply in all possible intended installation 
configurations and combinations of sources that 
may be energized at the same time, unless one of 
the means in 4.4.4.3.3.3 a) or 4.4.4.3.3.3 b) is 
used. 

 P 

5.2.3.7.3 Leakage current test (type test) P 

 The leakage current test shall be performed as a 
type test with the PECS in normal operating condi-
tions to determine if the means in 4.4.4.3.3 are ap-
plicable. 

 P 

 The PECS shall be set up in an insulated state with 
an current measuring device of negligible imped-
ance (less than 0,5 Ω) inserted between the means 
of connection for the PE conductor and the PE 
conductor itself. 

 P 
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5.2.3.8 Capacitor discharge test (type test) N/A 

 The capacitor discharge time as required by 4.4.9 
and 4.5.1.2 verified by a type test and/or by calcula-
tion taking into account the relevant tolerances. 

 N/A 

5.2.3.9 Limited power source test (type test) N/A 

 When required by 4.6.5, a limited power circuit 
tested as below, with the PECS operating under 
normal operating conditions. 

 N/A 

 In case the limited power source requirement de-
pends on overcurrent protective device(s), the de-
vice(s) short-circuited. 

 N/A 

 Single fault conditions are applied in a regulating 
network according to Clause 4.2 while operating 
under the following conditions. 

 N/A 

 The open-circuit output voltage shall not exceed the 
relevant value of Table 16 or Table 17, as applica-
ble. 

 N/A 

 With the PECS operating under normal operating 
conditions, a variable resistive load is connected to 
the parts under consideration. The resistive load is 
adjusted to obtain the limit of apparent power or 
current as indicated in Table 16 or Table 17. Fur-
ther adjustment is made, if necessary, to maintain 
the limit of apparent power or current for the time 
period indicated in Table 16 or Table 17. 

 N/A 

 The test is passed if, after the test period, the avail-
able apparent power or current does not exceed 
the limits indicated in Table 16 or Table 17. 

 N/A 

 In case the limited power source requirement de-
pends on overcurrent protective device(s), the cur-
rent rating of at least one of the protective device(s) 
in the current path shall not exceed the limit in Ta-
ble 17. 

 N/A 

5.2.3.10 Temperature rise test (type test) P 

 The test is intended to ensure that parts and ac-
cessible surfaces of the PECS do not exceed the 
temperature limits specified in 4.6.4 and the com-
ponent manufacturer’s temperature limits of safety-
relevant parts. 

 P 

 The PECS tested at worst case conditions of rated 
power and PECS output current, taking derating 
and cooling control characteristic into account. 

 P 

 For PECS where the amount of heating or cooling 
is designed to be dependent on temperature (for 
example, the PECS contains a fan that has a high-
er speed at a higher temperature), the temperature 
measurement shall be performed at the worst case 
ambient temperature condition within the manufac-
turer's specified operating range. 

 P 

 If this is not possible, it is permitted to simulate the 
temperature rise, if the validity of the simulation can 

 P 
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be demonstrated by tests at lower power levels. 

 The PECS tested with at least 1,2 m of wire at-
tached to each field wiring terminal. The wire shall 
be of the smallest size intended to be connected to 
the PECS as specified by the manufacturer for in-
stallation. When there is only means for the con-
nection of bus-bars to the PECS, they shall be of 
the minimum size intended to be connected to the 
PECS as specified by the manufacturer, and they 
shall be at least 1,2 m in length. 

 P 

 The test maintained until thermal stabilization has 
been reached. That is, when three successive 
readings, taken at intervals of 10 % of the previous-
ly elapsed duration of the test and not less than 10 
min intervals, indicate no change in temperature, 
defined as ±1 °C between any of the three succes-
sive readings, with respect to the ambient tempera-
ture. 

 P 

 The temperature of an electrical insulation (other 
than that of windings) is measured on the surface 
of the insulation at a point close to the heat source, 
if a failure of this insulation could cause a hazard. If 
temperatures of windings are measured by the 
thermocouple method, the thermocouple shall be 
located on the surface of the winding assuming the 
hottest part due to surrounding heat emitting com-
ponents. See also footnotes in Table 14. 

 P 

 The maximum temperature attained corrected to 
the rated ambient temperature of the PECS by add-
ing the difference between the ambient temperature 
during the test and the maximum rated ambient 
temperature. 

 P 

 For compliance P 

 • no corrected temperature exceed the rated tem-
perature of the material or component measured; 
and 

See table 4.6.4 P 

 • thermal cutout, overload detection functions and 
devices shall not operate during the test. 

 P 

5.2.3.11 Protective bonding tests (type tests and routine test) P 

5.2.3.11.1 General P 

 Each conductive accessible part under considera-
tion tested separately, to determine if the protective 
equipotential bonding path for that part is adequate 
to withstand the test current that the bonding path 
may be subjected to under single fault conditions. 

 P 

 The conductive accessible part under consideration 
shall be selected from amongst those circuits adja-
cent to the accessible part under consideration and 
not separated by enhanced protection. 

 P 

 All of these selected circuits analysed regarding 
prospective short-circuit current and the associated 
protective element(s). 

 P 
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 • If the circuit under consideration exceeds the 5 s 
disconnection time requirement of IEC 60364-4-
41:2005 and IEC 60364-4-41:2005/AMD1:2017, the 
protective equipotential bonding impedance test of 
5.2.3.11.2 and the protective equipotential bonding 
short-circuit test of 5.2.3.11.3 performed. 

 P 

 • If the circuit under consideration meets the 5 s 
disconnection time requirement of IEC 60364-4-
41:2005 and IEC 60364-4-41:2005/AMD1:2017, the 
protective equipotential bonding short-circuit test of 
5.2.3.11.3 performed. 

 P 

 • If the circuit under consideration meets the dis-
connection time requirement of IEC 60364-4-
41:2005 and IEC 60364-4-41:2005/AMD1:2017, 
Table 41.1, as applicable, depending on the earth-
ing system of the installation, no type test is re-
quired. 

 P 

 • For PECS designed as pluggable equipment type 
A only, the protective equipotential bonding imped-
ance test of 5.2.3.11.2 performed. 

 P 

 The testing include an individual test of the protec-
tive equipotential bonding path for each conductive 
accessible part unless analysis shows that the re-
sults of one combination are representative of other 
combinations. 

 P 

5.2.3.11.2 Protective equipotential bonding impedance test (type test) N/A 

5.2.3.11.2.
1 

Test Conditions N/A 

 Where required by 4.4.4.2.2 and 5.2.3.11.1, the impedance of protective equipoten-
tial bonding means checked by passing a test current through the bond for a period 
of time. The test current is based on the rating of the overcurrent protective device 
for the PECS or part of the PECS under consideration, as follows: 

N/A 

 • for PECS designed as pluggable equipment type 
A, the overcurrent protective device is that provided 
external to the PECS (for example, in the building 
wiring, in the mains supply plug or in an equipment 
rack); 

 N/A 

 • for PECS designed as pluggable equipment type 
B and permanently connected equipment, the max-
imum rating of the overcurrent protective device ex-
ternal to the PECS as specified in the documenta-
tion; or 

 N/A 

 • the rating of the overcurrent device for a circuit or 
part of the PECS for which an overcurrent protec-
tive device is provided as part of the PECS. 

 N/A 

5.2.3.11.2.
2 

Test current, duration, and acceptance criteria: N/A 

 a) For PECS with an overcurrent protective device 
rating of 16 A or less, this test may be omitted, if an 
impedance not exceeding 0,1 Ω can be demon-
strated. 

 N/A 

 b) As an alternative to Table 31, where the time-  N/A 
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current characteristic of the overcurrent protective 
device that limits the fault current in the protective 
equipotential bonding means is known because the 
device is either provided in the equipment or fully 
specified in the installation instructions, the test du-
ration may be based on that specific device’s time-
current characteristic. The tests are conducted for a 
duration corresponding to the 200 % current value 
on the time-current characteristic. 

 c) For PECS with an overcurrent protective device 
rating of more than 460 A, calculations or simula-
tions according to IEC 60949:1988 and IEC 
60949:1988/AMD1:2008 used to show the ability of 
the prospective short-circuit current to fulfil the re-
quirements. The protective equipotential bonding 
continuity routine test of 5.2.3.11.4 shall be per-
formed to show that the impedance of the protec-
tive equipotential bonding means during and at the 
end of the test not exceed the expected value. 

 N/A 

 The test current is 200 % of the overcurrent protec-
tive device rating and the duration of the test is as 
shown in Table 31. The voltage drop in the protec-
tive equipotential bonding means, during and at the 
end of the test, shall not exceed the limits from Fig-
ure 7 with respect to the accessible surface of the 
enclosure. 

 N/A 

 After the tests, visual inspection in 5.2.1 show no 
damage to the protective equipotential bonding 
means. 

 N/A 

5.2.3.11.3 Protective equipotential bonding short-circuit withstand test (type test) N/A 

 As required by 5.2.3.11.1, the short-circuit test in 
5.2.4.3 performed to ensure that protective equipo-
tential bonding has the ability to withstand the pro-
spective short-circuit current that it subjected to un-
der single fault conditions. 

 N/A 

 The testing include an individual test of the protec-
tive equipotential bonding path for each conductive 
accessible part unless analysis shows that the 
short-circuit withstand capability of the path is ade-
quate, or that the results of one combination are 
representative of the anticipated results of another 
combination. 

 N/A 

5.2.3.11.4 Protective equipotential bonding continuity test (type test, routine test) N/A 

 The protective equipotential bonding continuity routine test conducted when N/A 

 • the continuity of the protective equipotential bond-
ing is achieved by a single means only (for example 
a single conductor or a single fastener), 

 N/A 

 • the PECS is assembled at the installation loca-
tion, or 

 N/A 

 • this is required by 5.2.3.11.2.2 c).  N/A 

 The test current may be any convenient value suffi-
cient to allow measurement or calculation of the re-
sistance of the protective equipotential bonding 

 N/A 
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means. 

 The expected value of the resistance is the result of 
calculation or simulation according to 5.2.3.11.2.2 
considering the length, the cross sectional area and 
the material of the related protective bonding con-
ductor(s). 

 N/A 

 For acceptance criteria, the resistance measured 
within 90 % up to 110 % of the expected value. 

 N/A 

5.2.3.12 Input test (type test) P 

 The input test performed to determine the maximum input current and input power 
either by test or calculation or simulation with respect to the worst case conditions 
such as, but not limited to, 

P 

 • input voltage ratings range,  P 

 • power source characteristics range,  P 

 • maximum rated output power,  P 

 • maximum output current,  P 

 • derating characteristics,  P 

 • operation mode, and  P 

 • cooling control characteristics.  P 

 The test conducted for each power input port. Battery main DC port P 

 These worst case values of the maximum input cur-
rent or maximum input power from all power input 
ports are used for the temperature rise test in 
5.2.3.10 and specified according to 6.2.1.3. 

 P 

 Product standards (see Annex S) may specify more 
precise test conditions as applicable. 

 P 

5.2.3.13 Thin sheet material test (type test) N/A 

5.2.3.13.1 General N/A 

 5.2.3.13 provides requirements for tests of thin 
sheet materials according to 4.4.7.8.3. 

 N/A 

5.2.3.13.2 Standard test procedure for non-separable thin sheet material (type test) N/A 

 One layer of the material is placed in the electric 
strength test instrument, as shown in Figure 20, 
and the test voltages according to the requirements 
of Table 11 apply. In order to avoid an electrical 
breakdown around the edges of the layer of insulat-
ing material, the specimen under test sufficiently 
large to keep its edges away from the vertical test 
rods. 

 N/A 

 This test can be waived for non-separable material 
consisting of three or more layers used for rein-
forced insulation, in which case the mandrel test in 
5.2.3.13.3 applies. 

 N/A 

5.2.3.13.3 Mandrel test (type test) N/A 

 The purpose of the mandrel tests is to ensure that 
the material has adequate mechanical strength to 
resist damage when hidden in inner layers of insu-

 N/A 
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lation. 

 The test requirements for reinforced insulation 
made of non-separable material consisting of three 
or more layers are specified below. 

 N/A 

 Three test samples are used. The test is repeated 
on each sample. 

 N/A 

 Each sample is fixed to the mandrel of the test fix-
ture given in Figure 21. The fixing performed as 
shown in Figure 22. 

 N/A 

 A pull force is applied to the free end of the sample, using an appropriate clamping 
device. The mandrel is rotated 

N/A 

 • from the initial position (Figure 22) to the final po-
sition (Figure 23) and back, and 

 N/A 

 • a second time from the initial position to the final 
position. 

 N/A 

 If a sample breaks during rotation where it is fixed 
to the mandrel or to the clamping device, this does 
not constitute a failure. If a sample breaks at any 
other place, the test has failed. 

 N/A 

 After the above test, a sheet of metal foil, 0,035 mm 
± 0,005 mm thick, at least 200 mm long, is placed 
along the surface of the sample, hanging down on 
each side of the mandrel (see Figure 23). The sur-
face of the foil in contact with the sample shall be 
conductive, not oxidized or otherwise insulated. 
The foil is positioned so that its edges are not less 
than 20 mm from the edges of the sample (see 
Figure 24). The foil is then tightened by two equal 
weights, one at each end, using appropriate clamp-
ing devices. 

 N/A 

 While the mandrel is in its final position, and within 
the 60 s following the final positioning, electric 
strength tests are applied between the mandrel and 
the metal foil in accordance with 4.4.7.10. 

 N/A 

 For reinforced insulation, the test voltage Utest is N/A 

 • 100 % of the test voltage specified for the impulse 
withstand voltage test in 4.4.7.10, and 

 N/A 

 • 150 % of the test voltage specified for the AC or 
DC voltage test in 4.4.7.10. 

 N/A 

 Where the peak voltage of 150 % of Utest is less 
than 7,1 kV, the impulse withstand voltage test and 
the AC or DC voltage test shall be replaced by an 
AC voltage test of 5 kV RMS. 

 N/A 

5.2.3.14 Determination of working voltage (type test) P 

 When required in 4.4.7.1.2, the working voltage shall be determined P 

 • within circuits,  P 

 • against adjacent circuits, and  P 

 • against PE.  P 

 See A.5.1, A.5.3, A.5.4 and A.5.5 for guidance on  P 
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evaluating voltage waveforms. 

5.2.3.15 Internal SPD monitoring test (type tests) N/A 

 A PECS having an internal SPD with a monitoring 
circuit as described in 4.4.7.2.2 subjected to this 
test. A sample of the PECS shall have each SPD 
device in turn either shorted or open circuited, 
whichever is worst case. The PECS connected to 
its nominal source of supply. The PECS shall be 
monitored to determine if it detects and indicates 
the SPD failure. 

 N/A 

5.2.3.16 Preconditioning of material (type test) N/A 

 When required in 4.4.7.8.4.2, 4.4.7.8.4.3 or 4.4.7.9, on the same sample, the fol-
lowing preconditioning according to IEC 60664-3:2016, 5.7, conducted before per-
forming the type tests. The required number of samples is stated in the applicable 
4.4.7.8.4.2, 4.4.7.8.4.3 or 4.4.7.9: 

N/A 

 1) the dry heat test in 5.2.6.3.1; followed by  N/A 

 2) the rapid change of temperature test with −25 °C 
to +125 °C and 50 cycles according to IEC 60664-
3:2016, 5.7.4 (test Na of IEC 60068-2-14); followed 
by 

 N/A 

 3) the damp heat test in 5.2.6.3.2.  N/A 

5.2.4 Abnormal operation and simulated faults tests P 

5.2.4.1 General  P 

5.2.4.2 Acceptance criteria P 

 As a result of the simulated fault or abnormal operation tests, the PECS comply 
with the following: 

P 

 a) there no emission of flame, burning particles or 
molten metal; 

 P 

 b) the cheese cloth or surgical cotton indicator not 
have ignited; 

 P 

 c) the earth connection and protective equipotential 
bonding of the PECS not have opened; 

 P 

 d) doors and covers remain in place;  P 

 e) accessible circuits of DVC As P 

 1) not exhibit voltages greater than the time de-
pendent voltages of Table 2, Figure 5, Figure 6 and 
Figure 7 as applicable during the test, or 

 P 

 2) proven to remain separated from hazardous live 
parts by performing the AC or DC voltage test of 
5.2.3.4 for basic protection after the test; 

 P 

 f) during and after the test, hazardous live parts not 
become accessible; 

 P 

 g) no conductor being a hazardous live part get 
pulled out of its terminal connector; 

 P 

 h) no parts ejected.  P 

 The PECS comply with the AC or DC voltage test 
of 5.2.3.4 for basic protection following the abnor-

 P 
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mal operation tests of 5.2.4.7, 5.2.4.8 and 5.2.4.9. 
A single sample may be used for multiple tests; in 
this case, the AC or DC voltage test may be con-
ducted following each test or after the final test of 
the sequence. 

 The PECS is not required to be operational after 
testing and it is possible that the enclosure can be-
come deformed. Overcurrent protective device in-
tegral to the PECS, or required to be used with the 
PECS, is allowed to open. 

 P 

5.2.4.3 Protective bonding short circuit withstand test (type test) N/A 

5.2.4.3.1 General  N/A 

 When required by 5.2.3.11.1, a protective bonding 
path shall be subjected to the following short-circuit 
withstand test. 

 N/A 

5.2.4.3.2 Test conditions  N/A 

 The PECS under test shall be supplied with power 
and the output port operating as intended in 5.2.4.1 
prior to closing the switching means that applies the 
short-circuit, unless energizing the PECS with the 
short-circuit already applied will be more severe.   

 N/A 

 The protective equipotential bonding short-circuit 
test performed with the PECS working with light 
load, unless analysis shows that higher short-circuit 
currents are available under higher loading condi-
tions. 

 N/A 

 The PECS may be tested un-energized and not 
operating as intended prior to the protective equipo-
tential bonding test, unless analysis shows that the 
test result is affected. 

 N/A 

 A new sample used for each short-circuit test.  N/A 

5.2.4.3.3 Protective equipotential bonding short-circuit test 
method 

 N/A 

5.2.4.3.4 Acceptance criteria  N/A 

5.2.4.4 Output Short-circuit test (type test) P 

5.2.4.4.1 Load conditions  P 

 When required in 4.3.2.2, the short-circuit test per-
formed with the PECS at full load or light load 
whichever creates the more severe condition. 

 P 

5.2.4.4.2 Short-circuit test method  P 

 Power output port terminals shall be provided with 
cable of a cross-section as specified for the installa-
tion connected to an appropriate switching means 
that will not limit the short-circuit current. The com-
plete length of the cable (forth and back) approxi-
mately 2 m, unless the size of the PECS requires a 
greater length, in which case the length shall be as 
short as practical to perform the test. 

Tested for main DC port (P+ 
to P-).  

Max short circuit current 
10517Adc, 5.09ms measured. 

P 

 The PECS under test supplied with power and the 
output port operating as intended prior to closing 

 P 
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the switching means that applies the short-circuit, 
unless energizing the PECS with the short-circuit 
already applied will be more severe. 

 The testing include individual tests of each output 
port where combinations of two or more terminals, 
including earth, on each individual port are subject-
ed to short-circuit tests on those terminals.   

 N/A 

 A new sample used for each short-circuit test.  P 

 In addition to determining compliance with the crite-
ria of 5.2.4.2, this test is used to determine the out-
put short-circuit current rating of the port under 
consideration, in accordance with 4.3.2.4. An oscil-
loscope or other suitable instrument shall be used 
to measure the peak current during the test, and to 
measure or calculate the RMS value of the current. 

 P 

 The value(s) to be recorded and to be provided with the documentation, in accord-
ance with 6.2, are the peak current, and the highest of the RMS current values 
measured or calculated over a time period as follows: 

P 

 a) for AC signals, three cycles of the nominal AC 
frequency for the port under consideration, in which 
case the value shall be stated as the 3-cycle RMS 
value; 

 N/A 

 b) for all signals, the duration of the short-circuit 
from the time the short-circuit is applied, until the 
time the short-circuit current is interrupted by a pro-
tective device or other mechanism, in which case 
the value stated include the RMS value and the 
time period in seconds; and 

 P 

 c) for short-circuit tests that result in a continuous 
non-zero value, the steady-state RMS value, in 
which case the value shall be stated as a continu-
ous RMS value. 

 N/A 

 For PECS with internal short-circuit protection ac-
cording to 4.3.2.4, which protects the output port 
within some few μs, the requirements in a), b) and 
c) above are not applicable. 

 N/A 

 The PECS comply with the acceptance criteria of 
5.2.4.2. 

 P 

5.2.4.4.3 Short-time withstand current (Icw) test (type test) N/A 

5.2.4.4.3.1 General N/A 

 As required in 4.3, the short-time withstand current 
test performed as a type test to verify the safety of 
the PECS. 

 N/A 

 Short-circuits are applied in the PECS at locations 
based on the evaluation in 4.2 so that terminals and 
other parts in the fault current path are being ex-
posed to the short-circuit current. 

 N/A 

5.2.4.4.3.2 Short-time withstand current test method N/A 

 The input mains supply port terminals provided with 
a cable with a cross-section as specified for the in-
stallation. 

 N/A 
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 If a switching device is used to initiate the short-
circuit or switch the power to the PECS, it not limit 
the test current. 

 N/A 

 The testing include individual tests for each input 
mains supply port. The worst case combination of 
terminals (including neutral and earth) shall be sub-
jected to a short-circuit test. 

 N/A 

 The PECS can be tested un-energized and not op-
erating as intended prior to the short-circuit with-
stand test, if it can be shown that the test result is 
not affected. 

 N/A 

 A new sample may be used for each short-circuit 
test. 

 N/A 

 Table 32 lists the AC current test method for DC 
current are under consideration. 

 N/A 

 If the specified Icp value is higher than listed in Ta-
ble 32, the recommended test current is: 16 kA, 20 
kA, 25 kA, 35 kA, 50 kA, 65 kA, 85 kA, 100 kA. 

 N/A 

 Depending on the characteristics of the PECS, the 
actual values observed during the test different 
from those listed in Table 32, in which case the ob-
served values used for the declaration of Icw. 

 N/A 

5.2.4.4.3.3 Acceptance criteria N/A 

 As a result of the short-time withstand current (Icw) 
test, the PECS comply with the acceptance criteria 
of 5.2.4.2. 

 N/A 

5.2.4.5 Output Overload test (type test)  N/A 

5.2.4.6 Breakdown of components test (type test) P 

5.2.4.6.1 Load conditions P 

 The breakdown of a component, identified as a re-
sult of the analysis of 4.2, tested with the PECS at 
full load or light load, whichever creates the more 
severe condition. 

See table 4.2 P 

5.2.4.6.2 Application of short-circuit or open-circuit P 

 The short-circuit shall be applied with cable of a 
cross-section appropriate for the current that nor-
mally flows through the component, but not less 
than 2,5 mm2. The length of the loop as short as 
practical to perform the test. Short-circuits and 
open circuits are applied using an appropriate 
switching device. 

 P 

 Each identified component shall be subjected to on-
ly one breakdown of components test unless both 
open-circuit failure and short-circuit failure modes 
are likely in that component. 

 P 

5.2.4.6.3 Test sequence P 

 For the Breakdown of components test, identified 
components shall be short-circuited or open-
circuited, whichever creates the worst hazard, one 

 P 
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at a time.  

5.2.4.7 Material short-circuit test (type test) N/A 

 Functional insulation provided by clearances and 
creepage distances which are less than those 
specified in Table 8 and Table 9 type tested as de-
scribed below. 

 N/A 

 The decreased clearances and creepage distances 
shall be short-circuited one at a time, on repre-
sentative samples, and the short-circuit shall be 
maintained until no further damage occurs. 

 N/A 

5.2.4.8 Loss of phase test (type test) N/A 

 A multi-phase PECS operated with each phase (in-
cluding neutral, if used) disconnected in turn at the 
input. The test performed by disconnecting one 
phase with the PECS operating at its maximum 
normal load and shall be repeated by initially ener-
gizing the PECS with one lead disconnected. 

 N/A 

 If the disconnection of a single phase can decisive-
ly be determined to result in a more severe condi-
tion, for example disconnection of the phase with 
the protective device least likely to respond to the 
loss of phase, then the test can be conducted by 
disconnecting only that phase instead of each 
phase in turn. 

 N/A 

 The test shall continue until terminated by a protec-
tive mechanism, a component failure occurs, or the 
temperature stabilizes. 

 N/A 

 For PECS with rated input current greater than 500 
A, compliance can be shown through simulation. 

 N/A 

 The PECS comply with the acceptance criteria of 
5.2.4.2. 

 N/A 

5.2.4.9 Cooling failure tests (type test) P 

5.2.4.9.1 General and acceptance criteria P 

 For PECS having a combination of cooling mecha-
nisms, all relevant tests performed. It is not neces-
sary to perform the tests simultaneously. 

 N/A 

 • the temperature stabilizes, in which case the tem-
perature limits of 4.6.4.3 apply, or 

 P 

 • terminated by a protective mechanism or a com-
ponent failure occurs, in which case the tempera-
ture limits of accessible parts in 4.6.4.3 may be ex-
ceeded by not more than 5 °C. If this is not possi-
ble, a warning statement shall be provided in the 
documentation. 

 P 

 The PECS comply with the acceptance criteria of 
5.2.4.2. 

 P 

5.2.4.9.2 Inoperative blower motor test (type tests) N/A 

 A PECS having forced ventilation shall be operated 
at rated load with fan or blower motor or motors 
made inoperative by physically preventing their ro-

 N/A 
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tation. If more than one blower motor is comprised, 
analysis according to 4.2 demonstrate whether one 
after the other or more at the same time blocked, 
taking into account a single fault condition. 

5.2.4.9.3 Clogged filter N/A 

 Enclosed PECS having filtered ventilation openings 
shall be operated at rated load with the openings 
blocked to represent clogged filters. 

 N/A 

 The test shall be performed initially with 50 % of the 
ventilation openings surface blocked. The test re-
peated under a 100 % blocked condition. 

 N/A 

5.2.4.9.4 Loss of coolant test (type tests) N/A 

 A liquid cooled PECS operated at rated load. Loss 
of coolant shall be simulated by draining the cool-
ant, blocking the flow or disabling the system cool-
ant pump. 

 N/A 

 If the PECS is shut down due to the operation of a 
thermal device measuring the coolant temperature, 
then the test repeated with the coolant drained out 
of the system. 

 N/A 

5.2.4.9.5 Covering of openings for cooling air test (type test) N/A 

 The top, sides, bottom and the back of enclosed 
PECS, if such have openings for cooling, covered 
one at a time. 

 N/A 

 All openings of a PECS designed as movable 
equipment are covered simultaneously. 

 N/A 

 Openings above 1,8 m do not need to be blocked.  N/A 

5.2.5 Material tests N/A 

5.2.5.1 General N/A 

 When requested by 4.4.7.8.2, the flammability 
properties of the materials used for insulating pur-
poses tested, as defined in 5.2.5.2, 5.2.5.3 and 
5.2.5.4.  

When requested by 4.6.3.2, the flammability prop-
erties of the materials used for fire enclosure test-
ed, as defined in 5.2.5.5. 

 N/A 

5.2.5.2 High current arcing ignition test (type test) N/A 

5.2.5.3 Glow-wire test (type test) P 

 The glow-wire test shall be made under the condi-
tions specified in 4.4.7.8.2 according to IEC 60695-
2-10:2013 and IEC 60695-2-13:2010 and IEC 
60695-2-13:2010/AMD1:2014. 

 P 

5.2.5.4 Hot wire ignition test (type test) N/A 

5.2.5.5 Flammability test (type test) N/A 

5.2.5.6 Flaming oil test (type test) N/A 

5.2.5.7 Test of cemented joints (type test) N/A 

 After the conditioning, the samples pass all of the  N/A 
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following tests in the prescribed order.  

a) The mechanical strength of the joint evaluated 
by loading the joint using the forces  

anticipated to be present under normal conditions. 
There shall be no separation of the parts.  

b) The insulation resistance between the conduc-
tive parts separated by the joint at least 100 MΩ 
and measured according to IEC 60664-3:2016, 
5.8.3.  

c) Cemented joints treated as to be thin sheet ma-
terial and tested according to 4.4.7.8.3.  

d) The sectioning of the joint shall not show any 
cracks, voids or separation. The joint visually exam-
ined according to IEC 61189-3:2007, 6.2 (test 
3V02). 

5.2.5.8 Durability, legibility and permanence of marking test (type test) N/A 

 Each required printed or screened marking tested. 
However, if the data sheet for a label confirms 
compliance with the test requirements, the test 
need not be performed. The test is conducted as 
follows:  

a) by rubbing the marking by hand without appre-
ciable force for 15 s with a piece of cloth soaked 
with water and at a different place or on a different 
sample for 15 s with a piece of cloth soaked with 
petroleum spirit; or  

b) the markings are rubbed by hand, without undue 
pressure, for 30 s with a cloth soaked with each 
specified cleaning agent or, if not specified, with 
70 % isopropyl alcohol. 

 N/A 

5.2.5.9 UV resistance test (type test) N/A 

5.2.6 Environmental tests (type test) P 

5.2.6.1 General P 

 Compliance is shown by conducting test of 5.2.6.3, 
5.2.6.4, 5.2.6.5 and 5.2.6.6 according to Table 33 
as applicable for the environmental conditions 
specified by the manufacture. 

 P 

5.2.6.2 Acceptance criteria P 

 The following acceptance criteria shall be satisfied:  

a) no degradation of any safety-relevant component 
of the PECS;  

b) no potentially hazardous behaviour of the PECS 
during the test;  

c) no sign of component overheating;  

d) no hazardous live part shall become accessible;  

e) no cracks in the enclosure and no damaged or 
loose insulators;  

f) pass routine AC or DC voltage test 5.2.3.4; 

g) pass protective equipotential bonding impedance 
test 5.2.3.11.2; 

h) no potentially hazardous behaviour when the 

 P 
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PECS is operated following the test. 

5.2.6.3 Climatic tests P 

5.2.6.3.1 Dry heat test (steady state) P 

 To prove the ability of components and equipment 
to be operated, transported or stored at high tem-
peratures the dry heat (steady state) test shall be 
performed according to the conditions specified in 
Table 34. 

 P 

5.2.6.3.2 Damp heat test (steady state) (type tests) P 

 To prove the resistance to humidity, the PECS sub-
jected to a damp heat test (steady state) according 
to the conditions specified in Table 35. 

 P 

5.2.6.4 Vibration test (type test)  P 

 To verify the mechanical vibration strength, the 
PECS in combination with its installation evaluated 
by  

a) tests defined in 5.2.6.4 according to the condi-
tions specified in Table 36, or  

b) calculation or simulation based on tests, as de-
fined in 5.2.6.4, on a representative model of 
PECS. 

Test on representative system 

1 battery + 1control box 

P 

5.2.6.5 Salt mist (type test) N/A 

 To verify the resistance against salt mist, the PECS 
in combination with its installation shall be evaluat-
ed by tests defined in this section according to the 
conditions specified in Table 34. 

For PSCS with a mass more than 100 kg, this test 
may be performed on sub-assemblies. 

Not intended to be used in this 
environmental 

N/A 

5.2.6.6 Dust test (type test) N/A 

 To verify the mechanical strength against dust, the 
PECS in combination with its installation evaluated 
by tests defined in 5.2.6.6 under the conditions 
specified in Table 38.  

For PECS with a mass more than 100 kg, this test 
performed on sub-assemblies. 

Not intended to be used in this 
environmental 

N/A 

5.2.6.7 Sand test (type test) N/A 

 To verify the ability to operate under the influence 
of sand, the PECS in combination with its installa-
tion evaluated by tests defined in 5.2.6.7 under the 
conditions specified in Table 39 mainly to demon-
strate the robustness against abrasion by sand. 

Not intended to be used in this 
environmental 

N/A 

5.2.7 Hydrostatic pressure test (type test, routine test) N/A 

 For type tests, the pressure inside the cooling sys-
tem of a liquid cooled PECS (see 4.7.2.2.3) in-
creased at a gradual rate until a pressure relief 
mechanism (if provided) operates, or until a pres-
sure of twice the operating value or 1,5 times the 
maximum pressure rating of the system is 
achieved, whichever is the greater. 

 N/A 
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 For routine tests, the pressure shall be increased to 
the maximum pressure rating of the system. 

  

 For acceptance criteria,  

• there shall be no thermal, electric shock, or other 
hazard resulting from the test. There no leakage of 
coolant or loss of pressure during the test, other 
than from a pressure relief mechanism during a 
type test, and 

• the PECS pass the AC or DC voltage test in 
5.2.3.4 after the hydrostatic pressure type test. 

 N/A 

5.2.8 Electromagnetic fields (EMF) P 

 For more information, refer to Annex P.  P 

6 INFORMATION AND MARKING REQUIREMENTS P 

6.1 General P 

6.2 Information for selection P 

6.2.1 General P 

6.2.1.1 Overview P 

 As required in 4.1, each part of a PECS including 
specified accessories that is supplied as a separate 
product provided with information for the intended 
use relating to its function, electrical characteristics, 
and intended environment (see 6.3.3), so that its 
fitness for purpose and compatibility with other 
parts of the PECS can be determined. This infor-
mation includes, but is not limited to, 6.2.1.2, 
6.2.1.3, 6.2.1.4, 6.2.1.5 and 6.2.1.6. 

 P 

6.2.1.2 Identifying the product P 

 • name or trademark of the manufacturer, supplier 
or importer; 

 P 

 • catalogue number or equivalent.  P 

6.2.1.3 Electrical ratings for each port P 

 • maximum nominal input voltage;  P 

 • maximum nominal output voltage;  P 

 • maximum nominal output current or nominal pow-
er output rating; 

 P 

 • duty cycle rating for PECS designed to operate in-
termittently; 

 N/A 

 • maximum nominal input current RMS for dimen-
sioning overload protective elements and wiring; 

 N/A 

 • number of phases (e.g. 3 AC);  N/A 

 • nominal frequency range (e.g. 50 Hz to 60 Hz);  N/A 

 • equipment class (I, II, III), see 6.3.9.2;  P 

 • A DVC As circuit durably marked where visible af-
ter installation to indicate the class of supply and its 
electrical rating (for example, 30 Vac, DVC As), or 
equivalent. 

 N/A 
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6.2.1.4 Supplementary information for each port P 

 • multiple rated PECS;  N/A 

 • DVC classification according to 4.4.2.1;  N/A 

 • for a DVC As circuit not evaluated for use in wet or salt water-wet locations, one of 
the following information, whichever is applicable according to Table 18, or equiva-
lent wording: 

N/A 

 – "Not for use in wet locations"; or  P 

 – "Not for use in salt water-wet locations";  P 

 • electrical (overvoltage category);  P 

 • the type of electrical supply system (e.g. TN, IT, 
etc.) to which the PECS may be connected  

(see 4.4.7.1.5); 

Not direct connect to mains N/A 

 • thermal derating characteristics for operation at 
an altitude above 1 000 m or by increased ambient 
temperature; and 

 P 

 • short-circuit current rating(s) in terms of P 

 – conditional short-circuit current (Icc) and mini-
mum required prospective short-circuit current 
Icp,mr and the characteristics of the short-circuit 
protective device according to 4.3.2.2, 

 P 

 – rated short-time withstand current (Icw), duration 
and the rated peak withstand current (Ipk) accord-
ing to 4.3.2.3, 

Icc specified N/A 

 – output short-circuit current in accordance with 
4.3.2.4, 

 P 

 – protective device characteristics, in accordance 
with 4.3.2 and 5.2.4.4, or 

 P 

 – supply requirements of the load (if applicable).  N/A 

6.2.1.5 Liquid cooled PECS N/A 

 • liquid coolant type;  N/A 

 • nominal operating pressure;  N/A 

 • maximum operating pressure.  N/A 

6.2.1.6 General PECS marking P 

 • intended use (see 4.1);  P 

 • specified accessories (see 4.1);  P 

 • specific auxiliary equipment (see 4.1);  P 

 • reference(s) to relevant standard(s) for manufac-
ture, test, or use; 

 P 

 • reference to documentation for installation, use 
and maintenance. 

 P 

6.2.2 Instructions and markings pertaining to accessories P 

 As required in 4.1, the following information for identification shall be marked on the 
accessory when the accessory is not delivered with the PECS: 

P 
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 a) the manufacturer’s name or trademark;  P 

 b) the catalogue number or equivalent;  P 

 c) other information, as specified in 6.3 to 6.5.  P 

6.3 Information for installation and commissioning P 

6.3.1 General P 

6.3.2 Mechanical considerations P 

 As required in 4.1, the following information provided: P 

 • IP rating for enclosed PECS;  P 

 • dimensional drawing;  P 

 • mounting drawing;  P 

 • mass information.  P 

 For enclosed PECS designed as pluggable equip-
ment type A, marking of the IP rating is not manda-
tory on the product. 

 N/A 

 For PECS weighing 18 kg or less, marking of the 
mass information is not mandatory on the product. 

 N/A 

6.3.3 Environment P 

 As required in 4.1, and in accordance with 4.9, the following environmental condi-
tions specified for operation, transportation and storage: 

P 

 • climatic (ambient temperature, humidity condi-
tions, altitude, ultra-violet light (UV), etc.); 

 P 

 • mechanical (vibration, shock, drop, topple, etc.);  P 

 • pollution degree for which the PECS has been 
designed, when required in 4.4.7.1.3. 

 P 

6.3.4 Handling and mounting P 

 In order to prevent injury or damage as required in 
4.2, the installation documents include warnings of 
any hazards which can be experienced during in-
stallation. Where necessary, instructions shall be 
provided for 

 P 

 • packing and unpacking,  P 

 • moving,  P 

 • lifting,  P 

 • strength and rigidity of mounting surface,  P 

 • fastening, and  P 

 • provision of adequate access for operation, ad-
justment and maintenance. 

 P 

6.3.5 Enclosure temperature N/A 

 When surface temperatures of the PECS, close to 
mounting surfaces, exceed the limit of 4.6.4.3, the 
installation manual shall contain a warning to con-
sider the combustibility of the mounting surface. 

 N/A 

 The following marking or equivalent shall appear: N/A 
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 "Suitable for mounting on concrete or other non-
combustible surfaces only". 

 N/A 

6.3.6 Open type PECS N/A 

6.3.6.1 Fire protection for open type PECS N/A 

 When required by 4.6.4.3, the documentation shall include the following warning 
text or equivalent: 

N/A 

 "This open type PECS does not provide compre-
hensive mitigation for fire hazards. It is intended to 
be installed inside a supplementary enclosure or in 
a restricted access area which provides appropriate 
protection against the spread of fire." 

 N/A 

6.3.6.2 Protection against electric shock not provided by enclosures or barriers N/A 

 When required by 4.4.3.3, the documentation include the following warning text or 
equivalent: 

N/A 

 "This open type PECS does not provide protective 
means for access to hazardous live parts. It is in-
tended to be installed inside a supplementary en-
closure or in a restricted access area which pro-
vides appropriate protection against access to haz-
ardous live parts". 

 N/A 

6.3.7 Connections  P 

6.3.7.1 General P 

 Information provided to enable the installer to make 
safe electrical connection to the PECS. This include 
information for protection against hazards that may 
be encountered during installation, operation or 
maintenance. 

 P 

6.3.7.2 Interconnection and wiring diagrams P 

 As required in 4.1 and 4.2, the documentation in-
clude details of all necessary connections, together 
with a suggested interconnection diagram. 

 P 

6.3.7.3 Conductor (cable) selection P 

 As required in 4.11.2, the documentation define the 
voltage and current levels for all connections to the 
PECS, together with cable insulation requirements. 
These worst case values, taking into account short-
circuit and overload conditions and the possible 
effects of non-sinusoidal currents. 

 P 

6.3.7.4 Identification and other details of field wiring terminals N/A 

6.3.7.4.1 Identification of field wiring terminals N/A 

 The identification of all field wiring terminals marked 
on the PECS, either directly or by a label attached 
close to the terminals (see 4.11.5 and 4.11.10.3). 

 N/A 

 The documentation identify all field wiring terminals 
relating to circuits of DVC As. 

 N/A 

 A field wiring terminal for the connection of the neu-
tral conductor as required by 4.11.5 readily distin-
guishable by location and/or marking or colour from 
the other field wiring terminals, or proper identifica-

 N/A 
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tion of the field wiring terminal for the connection of 
the neutral conductor clearly shown in some other 
manner, such as on an attached wiring diagram. 

6.3.7.4.2 Other details of field wiring terminals N/A 

 To ensure a safe installation, the documentation shall specify the following in a), b), 
c), d) and e) as applicable. 

N/A 

 a) Terminal capacity N/A 

 • range of acceptable conductor sizes and types 
(solid or stranded) for all terminals (see 4.11.10.2); 

 N/A 

 • maximum number of conductors which can simul-
taneously be connected in parallel per terminal; 

 N/A 

 • size of the fasteners (see d)).  N/A 

 b) Tightening torque value N/A 

 • required tightening torque value;  N/A 

 • required strength of bolts and nuts.  N/A 

 c) Cable type and temperature N/A 

 • whether the terminals are suitable for connection of 
copper, aluminium and/or copper-clad aluminium 
conductors; 

 N/A 

 • the insulation temperature rating requirements for 
the conductor or cable based on the results of the 
temperature test in 5.2.3.10. 

 N/A 

 d) Accessories for wire connection N/A 

 • the stripping length of the wire;  N/A 

 • specific ring lugs, ferrules, leads, wire binding 
screws or pressure wire connectors; 

 N/A 

 • pressure wire connector or component terminal ac-
cessory kits; 

 N/A 

 • wiring accessories such as nuts, bolts, spring 
washers; 

 N/A 

 • accessories for the securement, routing and fixing 
of cables. 

 N/A 

 e) Wire terminal components N/A 

 • when wire terminals components are not provided 
on the PECS as shipped, the documentation state 
which component terminal kits are intended for use 
with the PECS; 

 N/A 

 • when parts of terminals (e.g. cable lugs or remova-
ble part of two-part connectors) are not provided on 
the PECS as shipped, the documentation state 
which terminal kits are intended for use with the 
PECS, or standard off the shelf parts of the termi-
nals. 

 N/A 

6.3.7.5 Plug and socket-outlets N/A 

 When required in 4.11.7, plug and socket-outlets ac-
cepting standard mains supply plugs marked with 

 N/A 
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the voltage if it is different from the mains supply 
voltage. If the plug and socket-outlet is for use only 
with specific accessories, it shall be marked to identi-
fy the accessories for which it is intended. If not, the 
maximum rated current or power marked, or symbol 
ISO 7010-W001:2011-05 or ISO 7000-0434:2006-12 
shown in Annex C placed beside the plug and sock-
et-outlet with the full details included in the docu-
mentation. 

6.3.8 Commissioning P 

 If commissioning tests are necessary to ensure the 
electrical and thermal safety of a PECS, information 
to support these tests provided for each part of the 
PECS. This information can depend on the specific 
installation, and close cooperation between manu-
facturer, installer, and user can be required. 

 P 

 As required in 4.1 and 4.2, commissioning infor-
mation include references to hazards that might be 
encountered during commissioning, for example 
those mentioned in 6.4 and 6.5. 

 P 

6.3.9 Protection requirements P 

6.3.9.1 Accessible parts circuits P 

 The installation and maintenance documentation 
identify any conductive accessible parts and acces-
sible circuits at voltages greater than DVC As (see 
4.4.2.1), and describe the insulation and protective 
means required for protection. 

 P 

 The documentation also indicate the precautions to 
be taken to ensure that the safety of DVC As con-
nections is maintained during installation. 

 P 

 Where a hazard is present after the removal of a 
cover of an enclosed PECS (see 4.4.3.3), a warning 
label shall be placed on the PECS. The label shall 
be visible before the cover is removed. 

 P 

 The documentation of a PECS state the maximum 
voltage allowed to be connected to each port. 

 P 

 The documentation provide instructions for the use 
of DVC As circuits within a zone of equipotential 
bonding. 

 P 

6.3.9.2 Equipment class P 

6.3.9.2.1 General P 

6.3.9.2.2 PECS designed as class I equipment P 

 Means of connection for the external PE conductor to the PECS as required by 
4.4.4.3.2 clearly and indelibly marked with one or more of the following: 

P 

 • the symbol IEC 60417-5019:2006-08  

(see Annex C); 

 P 

 • the letters "PE";  P 

 • the colour coding green or green-and-yellow.  P 

 When requested by 4.11.5, the documentation  P 
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specify clear instruction on the location of the PE-
terminal and correct connection to the terminal. 

6.3.9.2.3 PECS designed as class II equipment N/A 

 PECS of class II equipment marked with symbol IEC 
60417-5172:2003-02 (see Annex C). Where such 
PECS has means for the connection of an earthing 
conductor for functional reasons (see 4.4.6.3), the 
means of connection marked with symbol IEC 
60417-5018:2011-07 (see Annex C).   

 N/A 

6.3.9.2.4 PECS designed as class III equipment N/A 

 PECS of class III equipment marked with symbol 
IEC 60417-5180:2003-02 (see Annex C). 

 N/A 

6.3.9.3 Protective equipotential bonding circuit P 

 The protective equipotential bonding circuit in 4.4.4.2 
marked as follows. 

 P 

 • For the means of connection for the external PE 
conductor in 4.4.4.3.2, see 6.3.9.2.2. 

 P 

 • The internal protective equipotential bonding con-
ductor readily distinguishable from other conductors 
by shape, location, marking, or colour. 

 P 

 • Where the internal protective equipotential bonding 
conductor can be easily identified by its shape, posi-
tion, or construction (for example a braided conduc-
tor, uninsulated stranded conductor), no additional 
marking is required. 

 P 

 • When identification is by colour alone, the bicolour combination green-and-yellow 
used throughout the length of the conductor, or where the insulated conductor is not 
readily accessible or is part of a multicore cable, colour coding throughout its length is 
not necessary. However, where the conductor is not clearly visible throughout its 
length, the ends or accessible locations clearly identified by 

P 

 – the symbol IEC 60417-5017:2006-08,  P 

 – the bicolour combination green-and-yellow, or  P 

 – markings, if explained in the documentation.  P 

 • However, where terminals for the connection are 
provided on a component or subassembly, either the 
symbol IEC 60417-5017:2006-08 or the symbol IEC 
60417-5019:2006-08 is permitted. 

 P 

 As required in 4.4.4.2.1, where screws for connect-
ing the protective equipotential bonding are used for 
other purpose, this specified in the documentation. 

 P 

6.3.9.4 Touch current or high leakage current N/A 

6.3.9.4.1 General N/A 

6.3.9.4.2 Touch current N/A 

 Where the touch current exceeds the limits given in 
4.4.4.3.3.3, this stated in the documentation. In addi-
tion, a warning symbol ISO 7010-W001:2011-05 or 
ISO 7000-0434:2006-12 (see Annex C) shall be 
placed on the PECS, and a notice provided in the 
documentation to instruct the user that the minimum 

Not exceed N/A 
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size of the PE conductor comply with the local safety 
regulations for high touch current. 

6.3.9.4.3 High leakage current N/A 

 If the PE conductor current exceeds the limits given 
in 4.4.4.3.3.4, this stated in the documentation. In 
addition, a warning symbol ISO 7010-W001:2011-05 
or ISO 7000-0434:2006-12 (see Annex C) shall be 
placed on the PECS and a notice provided in the 
documentation about the protective means to in-
struct the user that connection of simultaneously 
conductive accessible parts adjacent to the PECS to 
the protective bonding circuit of the PECS is re-
quired. 

Not exceed  

6.3.9.5 Compatibility with RCD P 

 The documentation shall indicate compatibility with RCDs (see 4.4.8). When 4.4.8 b) 
applies, a caution notice and the symbol ISO 7010-W001:2011-05 or ISO 7000-
0434:2006-12 (see Annex C) shall be provided in the documentation, and the symbol 
placed on the PECS. The caution notice the following or equivalent: 

P 

 "This product can cause a DC current in the PE con-
ductor. Where a residual current-operated protective 
device (RCD) is used for protection against electric 
shock, only a RCD of type B is allowed on the supply 
side of this product." 

 P 

6.3.9.6 External protective devices N/A 

 Where external protective devices are necessary to 
protect against hazards, the documentation specify 
the required characteristics (see also 5.2.4 and 
4.3.2.1). 

 N/A 

6.3.9.7 Fire enclosure P 

 When it is intended to use the PECS only in areas without combustible material to 
avoid the use of a fire enclosure according to 4.6.3.1, the following marking or an 
equivalent text appear: 

P 

 "Intended to be used only in areas without combus-
tible materials". 

 P 

 When required by 4.6.3.3.4, the documentation in-
clude information for correct removal and reinstalla-
tion of the door or cover, to ensure that the fire en-
closure is maintained during installation or mainte-
nance. 

 N/A 

 When required by 4.6.3.3.2, the documentation 
specify appropriate mounting instructions to ensure 
moveable equipment has a well-defined top and bot-
tom. 

 N/A 

6.4 Information for intended use P 

6.4.1 General P 

 As required in 4.1, the documentation include all information regarding the safe oper-
ation of the PECS. In particular, it identify any 

P 

 • hazardous materials,  P 

 • risks of electric shock,  P 
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 • overheating,  P 

 • explosion, and  P 

 • excessive acoustic noise (see 4.10).  P 

6.4.2 Adjustment P 

 As required in 4.2, the documentation give details of 
all safety-relevant adjustments intended for the user. 
The identification or function of each control or indi-
cating device and overcurrent protective devices 
marked adjacent to the item. Where it is not possible 
to do this on the product, the information shall be 
provided pictorially in the documentation. 

 P 

 Maintenance adjustments also be described in this 
documentation, but it made clear that they should 
only be made by skilled persons. 

 P 

 Clear warnings provided in the documentation where 
excessive adjustment could lead to a hazardous 
state of the PECS. 

 P 

 Any special tools necessary for making adjustments 
specified and described. 

 P 

6.4.3 Labels, signs, symbols and signals P 

6.4.3.1 General  P 

 Labelling in accordance with good ergonomic princi-
ples so that notices, controls, indications, test facili-
ties, overcurrent protective devices, etc., are sensi-
bly placed and logically grouped to facilitate correct 
and unambiguous identification. 

 P 

 As required in 4.2, all safety related PECS labels lo-
cated so as to be visible after installation or readily 
visible by opening a door or removing a cover. 

 P 

 All safety related caution and warning labels re-
quired for location "2" according to 6.1 and Table 40 
indicating a hazard shall be located so as to be visi-
ble after installation or readily visible by opening a 
door or removing a cover when PECS is installed as 
intended including side-by-side with specified clear-
ance. 

 P 

 Where a symbol is used, the information provided 
with the PECS contain an explanation of the symbol 
and its meaning. 

 P 

 Labels shall P 

 • wherever possible, use international symbols as 
given by ISO 3864-1, ISO 7000, ISO 7010 or IEC 
60417, 

 P 

 • if no international symbol is available, be worded 
in an appropriate language or in a language asso-
ciated with a particular technical field, 

 P 

 • be conspicuous, legible and durable,  P 

 • be concise and unambiguous, and  P 
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 • state the hazards involved and give ways in which 
risks can be reduced. 

 P 

 When instructing the person(s) concerned as to P 

 • what to avoid, the wording should include "no", 
"do not" or "prohibited", 

 P 

 • what to do, the wording should include "shall" or 
"must", 

 P 

 • the nature of the hazard, the wording should in-
clude "caution", "warning" or "danger", as appropri-
ate, and 

 P 

 • the nature of safe conditions, the wording should 
include the noun appropriate to the safety device. 

 P 

 The signal words indicated hereinafter used and the following hierarchy respected: P 

 • DANGER indicates a hazardous situation which, if 
not avoided, will result in death or serious injury, for 
example: "High voltage"; 

 P 

 • WARNING indicates a hazardous situation which, 
if not avoided, could result in death or serious inju-
ry, for example: "This surface can be hot"; 

 P 

 • CAUTION indicates a hazardous situation which, 
if not avoided, could result in minor or moderate in-
jury, for example: "Some of the tests specified in 
this document involve the use of processes impos-
ing risks on persons concerned". 

 P 

 Danger, warning and caution markings on the 
PECS shall be prefixed with the signal word 
"DANGER", "WARNING", or "CAUTION" as appro-
priate in letters not less than 3,2 mm high. The re-
maining letters of such markings shall be not less 
than 1,6 mm high. 

 P 

 If the danger, warning or caution marking is on a 
visible surface whose width and length are both 
20 cm or more, the signal word "DANGER", 
"WARNING", or "CAUTION" as appropriate have 
letters not less than 5 mm high. The remaining let-
ters of such markings shall not be less than 2,5 mm 
high. 

 P 

 Cautionary markings not be located solely on a part 
that is removable unless removal of the part is only 
possible by means of a tool and impairs the opera-
tion. 

 P 

 The signal word hierarchy shall be observed as a 
minimum. For example, "Danger" may be substitut-
ed for either "Warning" or "Caution" but not vice 
versa. 

 P 

 Cautionary marking for operating instructions shall 
be legible and visible during normal operation con-
ditions of the PECS. 

 P 

 A marking that provides servicing instructions shall 
be legible and visible when such servicing is being 
performed. 

 P 
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 All markings P 

 • moulded, die-stamped, paint-stencilled, stamped,  P 

 • etched metal that is permanently secured, or  P 

 • indelibly stamped lettering on a pressure-sensitive 
label secured by adhesive that is rated for the envi-
ronmental ratings of the PECS. 

 P 

 Usage, handling, storage, and similar conditions to 
which the product is exposed applied in the deter-
mination of the permanency of a marking. For test, 
see 5.2.5.8. 

 P 

 Unless otherwise specified, safety signs do not 
need to be in colour.   

 P 

 If a safety sign is in colour, the colour in accord-
ance with ISO 3864 (all parts). 

 P 

 Markings that are engraved or moulded need not 
be in contrasting colours provided that they are leg-
ible and readily discernible under normal lighting 
conditions. 

 P 

6.4.3.2 Isolating devices and disconnects N/A 

 Where an isolating device is not intended to interrupt load current, a warning state: N/A 

 DO NOT OPEN UNDER LOAD Could open under load  N/A 

 The following requirements apply to any supply isolating device which does not dis-
connect all sources of power to the PECS. 

N/A 

 • If the isolating device is mounted in a PECS enclo-
sure with the operating handle externally operable, a 
warning label provided adjacent to the operating 
handle stating that it does not disconnect all power 
to the PECS. 

 N/A 

 • Where a control circuit disconnector can be con-
fused with power circuit disconnectors due to size or 
location, a warning label provided adjacent to the 
operating handle of the control circuit disconnector 
stating that it does not disconnect all power to the 
PECS. 

 N/A 

6.4.3.3 Visual and audible signals  P 

 Visual signals such as flashing lights, and audible 
signals such as sirens, may be used to warn of an 
impending hazardous event such as the driven 
equipment start-up and identified. 

 P 

 It is essential that these signals P 

 • are unambiguous,  P 

 • can be clearly perceived and differentiated from all 
other signals used, 

 P 

 • can be clearly recognized by the user, and  P 

 • are emitted before the occurrence of the hazardous 
event. 

 P 

 It is recommended that higher frequency flashing  P 
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lights be used for higher priority information. 

6.4.5 Control and device marking P 

 As required in 4.2, the identification of each control 
or indicating devices and internal overcurrent protec-
tive devices marked adjacent to the item.   

 P 

 Each replaceable internal overcurrent protective de-
vice marked with its characteristics or manufacturer’s 
name and catalogue number nearby.   

 P 

 Where it is not possible to do this on the PECS, the 
information provided pictorially in the documentation.   

 P 

 There shall also be a marking near all replaceable fuses that states the following text 
or equivalent wording: 

P 

 Warning – Risk of fire. Replace fuses only as 
marked 

 P 

 Appropriate identification marked on or adjacent to 
each movable connector. 

 P 

 Test points individually marked with the circuit dia-
gram reference. 

 P 

 The polarity of any polarized devices marked adja-
cent to the device. 

 P 

 The diagram reference and, if possible, the function 
marked adjacent to each pre-set control in a position 
where it is clearly visible while the adjustment is be-
ing made. 

 P 

6.5 Supplementary information P 

6.5.1 Maintenance P 

6.5.1.1 General P 

 As required in 4.2, the manufacturer provide infor-
mation to ensure that maintenance of the PECS can 
be conducted in a safe manner providing safety 
markings as specified in 6.5.1.2 and 6.5.1.3. 

 P 

6.5.1.2 Manufacturing date P 

 The manufacturing date of the PECS determined by 
a code marked on the product. This code can be a 
unique identification code, date code, serial number 
or similar. 

 P 

6.5.1.3 Safety information P 

 The documentation include, as appropriate, the following safety information: P 

 • preventive maintenance procedures and sched-
ules; 

 P 

 • safety precautions during installation, commission-
ing and maintenance; 

 P 

 • location of hazardous live parts that can be acces-
sible during maintenance (for example, when covers 
are removed) – see 4.4.3.3; 

 P 

 • sub-assembly and component repair and replace-
ment procedures; 

 P 
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 • any other relevant information;  P 

 • qualification required for installation, commissioning 
and maintenance. 

 P 

6.5.2 Capacitor discharge N/A 

 When required by 4.4.9 c) or 4.5.2, the warning 
symbol IEC 60417-6042:2010-11 or ISO 7010-
W012:2011-05 and IEC 60417-5416:2015-04 (see 
Annex C) and an indication of the minimum dis-
charge time (see Annex C) required for discharge 
under worst conditions (e.g. discharge time 5 min) 
shall be located according to 6.4.3.1 in a clearly visi-
ble position on the enclosure, the capacitor protec-
tive barrier, or at a point close to the capacitor(s) 
concerned (depending on the construction). The 
symbol explained and the time required for the ca-
pacitors to discharge after the removal of power from 
the PECS stated in the documentation. 

 N/A 

6.5.3 Auto restart/bypass connection N/A 

 As required in 4.2, if a PECS can be configured to 
provide automatic restart or bypass connection, the 
documentation contain appropriate warning state-
ments. 

 N/A 

 A PECS which is set to provide automatic restart or 
bypass connection, after the removal of power, be 
clearly identified at the installation. 

 N/A 

6.5.4 Other hazards N/A 

 As required in 4.2, the manufacturer identify, as ap-
plicable, any components and materials of a PECS 
which require special procedures to prevent haz-
ards. 

 N/A 

6.5.5 Equipment with multiple sources of supply N/A 

 In accordance with 4.8, where there is more than 
one source of supply energizing the PECS, infor-
mation provided to indicate which disconnect device 
or devices are required to be operated in order to 
completely isolate the PECS. 

 N/A 

6.5.6 Replaceable fuses in neutral of single-phase PECS N/A 

 When required in 4.3.4, a suitable marking provided in the documentation to inform a 
skilled person of a possible hazard, where both of the following conditions exist: 

N/A 

 • a fuse is used in the neutral of single-phase PECS 
either permanently connected or provided with a 
non-reversible plug; 

 N/A 

 • after operation of the fuse, parts of the PECS that 
remain energized might represent a hazard during 
servicing. 

 N/A 

 The following or similar wording is regarded as suitable: N/A 

 CAUTION 

DOUBLE POLE/NEUTRAL FUSING 

 N/A 

 As an alternative to the above wording, the use of the following combination of repre- N/A 
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sentative symbols is permitted: 

 • the electric shock hazard symbol IEC 60417-
6042:2010-11 or ISO 7010-W012:2011-05; 

 N/A 

 • the fuse symbol IEC 60417-5016:2002-10;  N/A 

 • an indication that the fuse is in the neutral N (see 
Annex C). 

 N/A 

 However, in this case, the statement also be provid-
ed in the documentation. 

 N/A 

A ANNEX A - ADDITIONAL INFORMATION FOR PROTECTION AGAINST 
ELECTRIC SHOCK 

N/A 

A.1 General N/A 

A.2 Protection by means of DVC As N/A 

A.3 Protection by means of protective impedance N/A 

A.4 Protection by using limited voltages N/A 

A.5 Evaluation of the working voltage of circuits N/A 

A.5.1 General N/A 

 The decisive voltage of each circuit of the PECS in 
respect of the protective means to be employed 
against electric shock is the highest voltage which 
occurs between any two arbitrary live parts within 
this circuit during rated worst operating conditions 
when used as intended. 

 N/A 

 If connection of the circuit to PE is provided, then the 
decisive voltage is the highest voltage which occurs 
between any arbitrary live part of this circuit and 
earth 

 N/A 

 A portion of a DVC As circuit may exceed the volt-
age limits of Table 2 when this portion is protected 
against direct contact according to 4.4.3.3 and the 
accessible portion of the DVC As circuit complies 
with the voltage limits of Table 2 under single fault 
conditions according to 4.2. However, the voltages in 
this higher voltage portion of the circuit shall still be 
used in the determination of clearances for the circuit 
under consideration to its surroundings in 4.4.7.4 
and 4.4.7.5. 

 N/A 

A.5.2 Classification of the working voltage N/A 

 The limits of Table 2 are valid for nearly sinusoidal 
AC and nearly ripple free DC. However, electronic 
power conversion circuits present voltage wave-
forms which are neither nearly sinusoidal AC nor 
ripple free DC. 

 N/A 

 In A.5.2, methods and rules are provided to classify 
any voltage shape into one of the DVC in Table 2 

 N/A 

 In the first step, the mean value of the voltage under 
investigation is determined. 

 N/A 

 If the mean value is zero, this voltage is considered 
AC working voltage and the rules are given in A.5.3. 

 N/A 
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 If the mean value is unequal to zero, in the second step the RMS value of the super-
posed ripple voltage is determined as follows: 

N/A 

 • if this RMS value of the ripple does not exceed 
10 % of the mean value of the DC, this voltage is 
considered DC working voltage and the rules are 
given in A.5.4; 

 N/A 

 • if this RMS value of the ripple exceeds 10 % of the 
mean value of the DC, this voltage is considered 
pulsating working voltage and the rules are given in 
A.5.5. 

 N/A 

 In the third step, determination of the applicable values for the DVC is done consider-
ing the: 

N/A 

 • AC RMS (UAC),  N/A 

 • AC recurring peak (UACP),  N/A 

 • DC mean (UDC), and  N/A 

 • DC recurring peak (UDCP),  N/A 

 Three cases of waveforms are considered: Figure 
A.4, Figure A.5 and Figure A.6 shows typical wave-
forms for the evaluation of working voltage.   

 N/A 

A.5.3 AC working voltage                                             UAC  N/A 

A.5.4 DC working voltage                                             UDC  N/A 

A.5.5 Pulsating working voltage                                   UACP  N/A 

A.6 The concept of protective means according to 4.4  N/A 

A.6.1 General N/A 

 Protection against electric shock shall be achieved by means of N/A 

 • combination of basic protection according to 4.4.3 
and fault protection according to 4.4.4, or 

 N/A 

 • means for enhanced protection according to 4.4.5.  N/A 

A.6.2 Examples of the use of elements of protective means N/A 

 Table A.1 provides examples of typical combinations of means for protection against 
electric shock. 

N/A 

 The required grade of protection depends on N/A 

 • the DVC of the live parts according to Table 2,  N/A 

 • the insulation requirement between adjacent cir-
cuits according to 4.4.7.2.1, 

 N/A 

 • the connection of conductive accessible parts to 
earth by protective equipotential bonding according 
to 4.4.4.2, and 

 N/A 

 • non-conductive accessible parts.  N/A 

 As an alternative to solid insulation, a clearance ac-
cording to Table 8, shown by L1 and L2 in Table A.1 
may be provided. 

 N/A 

 In Table A.1, three cases are considered: N/A 

 • Case a) – Accessible parts are conductive and are  N/A 
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connected to earth by protective equipotential bond-
ing 

 • Cases b) and c) – Accessible parts are non-
conductive (case b) or conductive but not connected 
to earth by protective equipotential bonding (case c) 

 N/A 

 The required insulation is as follows. N/A 

 – Double insulation or reinforced insulation between 
accessible parts and hazardous live parts of DVC C. 
The relevant voltage is that of the live parts (see Ta-
ble A.1, cells 1b, 1c, 2b and 2c). 

 N/A 

 – Supplementary insulation between accessible 
parts and hazardous live parts of circuits of DVC C 
which are separated by basic insulation from another 
adjacent circuits of DVC C. The relevant voltage is 
the highest voltage of the adjacent circuits (see Ta-
ble A.1, upper cells 3b, 3c). 

 N/A 

D ANNEX D - EVALUATION OF CLEARANCE AND CREEPAGE DISTANCES P 

D.1 Measurement P 

 Clearance and creepage distances evaluated as il-
lustrated in the examples contained in Figure D.1 to 
Figure D.15. 

 P 

 For paths consisting of parts with different pollution 
degrees, as for example when including a cemented 
joint that provides protection type 1 (IEC 60664-
3:2016) in a pollution degree 2 environment, the 
clearance and creepage distances are determined 
according to Table 8 and Table 9, using the following 
rules. 

 P 

 In general, a creepage distance split in several por-
tions of different materials and/or have different pol-
lution degrees if one of the creepage distances is 
dimensioned to withstand the total voltage or if the 
total distance is dimensioned according to the mate-
rial having the lowest CTI and the highest pollution 
degree. 

 P 

 For creepage distances for functional insulation on 
PWB and components assembled on PWB, de-
signed for pollution degree 1 and 2, the sum of the 
determining voltages of each part of the path not be 
less than the determining voltage of the circuits in-
volved. The distances for each portion of the creep-
age distance under consideration shall comply with 
the minimum distances according to Table D.1. 

 P 

D.2 Relationship of measurement to pollution degree P 

 The "X" values are a function of pollution degree and 
shall be as specified in Table D.1. If the associated 
permitted clearance is less than 3 mm, the X value is 
one third of the clearance. 

 P 

D.3 Examples P 

E ANNEX E - ALTITUDE CORRECTION FOR CLEARANCES P 

E.1 Correction factor for clearances at altitudes above 2 000 m P 
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 Dimensioning of clearances at altitudes between 2 
000 m and 20 000 m according to 4.4.7.4.3 in com-
bination with the correction factor from Table E.1. 

 P 

E.2 Test voltages for verifying clearances at different altitudes P 

 Since the withstand voltage of air depends on the air 
pressure and thus on the altitude of the test laborato-
ry above sea level, the test voltage (see 5.2.3.2 and 
Table 28 and  Table 29) corrected according to Ta-
ble E.2. 

 P 

F ANNEX F - CLEARANCE AND CREEPAGE DISTANCE DETERMINATION FOR 
FREQUENCIES GREATER THAN 30 KHZ 

N/A 

F.1 General influence of the frequency on the withstand characteristics N/A 

 The insulation requirement for clearance, creepage 
distances and solid insulation as mentioned in 4.4.7 
are given for frequencies up to and including 30 kHz. 
For higher frequencies, a reduction of the withstand 
capability of any type of insulation needs to be ex-
pected and taken into account for dimensioning. 

 N/A 

 For frequencies greater than 30 kHz and up to 10 
MHz, IEC 60664-4:2005 applied together with IEC 
60664-1:2020, for the design of clearance and 
creepage distances as well as solid insulation. 

 N/A 

 Annex F provide detailed information for the design 
of clearance, creepage distances and solid insula-
tion based on the requirement from IEC 60664-
4:2005. 

 N/A 

 The following situation needs to be considered for the design: N/A 

 • clearance for inhomogeneous fields;  N/A 

 • clearance for approximately homogenous fields;  N/A 

 • creepage distance  N/A 

 • solid insulation  N/A 

 The result of the investigation for frequencies above 
30 kHz shall be compared to the investigation in 
4.4.7 and the greater value of the two investigations 
shall be chosen. 

 N/A 

F.2 Clearance N/A 

F.2.1 General N/A 

 The withstand voltage capability within the scope of 
IEC 60664-4:2005 will only be influenced by the fre-
quency for periodic voltages. For transient overvolt-
ages, dimensioning according to 4.4.7.4 shall be 
used. 

 N/A 

 For frequencies exceeding 30 kHz within the scope 
of IEC 60664-4:2005, the withstand voltage capabil-
ity of clearances with homogenous and approximate-
ly homogenous field distribution can be reduced by 
up to 25 %. 

 N/A 

 The requirement for clearance will depend on the 
field distribution of the insulation under investigation. 

 N/A 
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F.2.2 will give the requirement for clearance for in-
homogeneous fields and F.2.3 provide design crite-
ria for clearance for approximately homogenous 
fields. 

 For frequencies exceeding 30 kHz, an approximately 
homogeneous field is considered to exist when the 
radius of curvature r of the conductive parts is equal 
or greater than 20 % of the clearance. The neces-
sary radius of curvature can only be specified at the 
end of the dimensioning procedure. 

 N/A 

 The result of the investigation of clearance for fre-
quencies above 30 kHz compared to the investiga-
tion in 4.4.7.4 and the greater value of the two inves-
tigations shall be chosen. See Figure F.1. 

 N/A 

F.2.2 Clearance for inhomogeneous fields N/A 

 For frequencies exceeding 30 kHz, an inhomogene-
ous field is considered to exist when the radius of 
curvature of the conductive parts is less than 20 % 
of the clearance. For inhomogeneous field distribu-
tion, the reduction of the withstand voltage capability 
of clearances can be much higher. 

 N/A 

 Dimensioning for inhomogeneous field distribution is 
done for the required withstand voltage of the clear-
ance according to the values in Table F.1. No with-
stand voltage test other than the requirement in 
4.4.7 is required. 

 N/A 

F.2.3 For clearance with approximately homogenous fields 
conditions, the clearance found in Table 8, where 
the clearance is determined on the working voltage 
(recurring peak) (Table 8, column 2 or column 3), is 
increased by a multiplication factor depending on the 
fundamental frequency. The multiplication factors 
are indicated in Table F.2. 

 N/A 

F.3 Creepage distance N/A 

 For frequencies of the voltage greater than 30 kHz, 
in addition to tracking, thermal effects need to be 
taken into account with respect to the withstand ca-
pability of creepage distances. 

 N/A 

 Dimensioning is performed both for the required 
RMS withstand voltage of the creepage distance ac-
cording to the values in Table 9 and for the required 
peak withstand voltage according to the values in 
Table F.3. 

 N/A 

 This peak withstand voltage is the highest value of 
any periodic peak of the voltage across the creep-
age distance. The greater of the distances is appli-
cable. 

 N/A 

 The dimensioning according to Table F.3 is applica-
ble for all insulating materials which can deteriorate 
due to thermal effects. This includes typical base 
materials for printed circuit boards made from epoxy 
resin. 

 N/A 

 For materials which cannot deteriorate due to ther-  N/A 
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mal effects and where no tracking needs to be ex-
pected, dimensioning according to the clearance re-
quirements, as described in 4.4.7.5, is sufficient. See 
Figure F.2. 

F.4 Solid insulation N/A 

F.4.1 General N/A 

 If solid insulation is used at frequencies above 
30 kHz, heating effects and accelerated degradation 
will increase. 

 N/A 

F.4.2 Approximately uniform field distribution without air gaps or voids N/A 

 For solid insulation where uniform field distribution is present and no air gaps or voids 
are present in the solid insulation, the maximum field distribution shall be calculated 
as follows. 

N/A 

 • For thick layers of solid insulation of d1 ≥ 0,75 mm, 
the peak value of the field strength E needs to be 
equal or less than 2 kV/mm. 

 N/A 

 • For thin layers of solid insulation of d2 ≤ 30 μm, the 
peak value of the field strength needs to be equal or 
less than 10 kV/mm. 

 N/A 

 • For d1 > d > d2, Formula (F.1) is used for interpola-
tion for a certain thickness d 

 N/A 

F.4.3 Other cases N/A 

 The evaluation according to 4.4.7.8.1 for solid insulation shall be performed for solid 
insulation where 

N/A 

 • uniform field distribution is not present,  N/A 

 • air gaps or voids are to be expected, or  N/A 

 • the field strength is above the calculation in F.4.2.  N/A 

 If possible, when insulation is being evaluated ac-
cording to Annex F, the partial discharge test de-
scribed in 5.2.3.5 performed using the frequency of 
the voltage that will be applied across this insulation 
under normal operating conditions. At the time of 
writing, such test equipment is not commonly availa-
ble, and this standard allows test to be conducted at 
50 Hz or 60 Hz. Product committees using this doc-
ument as reference document take this into consid-
eration. 

 N/A 

M ANNEX M - TEST PROBES FOR DETERMINING ACCESS P 

 These test probes are used for the non-accessibility 
test in 5.2.2.2. 

 P 
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4 TABLE: mains supply electrical data in normal condition P 

Type U (V) DC I (A) DC P (kW) DC U (V) grid I (A) AC P (kW) AC 

Start of 
Charge 

520.2 180.0 -- -- -- -- 

End of 
Charge 

613.3 180.0 -- -- -- -- 

Start of Dis-
charge 

582.2 220.0 -- -- -- -- 

End of Dis-
charge 

513.1 220.0 -- -- -- -- 

Notes: Test on representative model GW112.6-BAT-AC-G10. 

 

4.2 to 4.3 TABLE: fault condition tests P 

 ambient temperature (C)  ....................................... : 25.0 ⎯ 

No. 
component 

No. 
fault 

test volt-
age (V) 

test time 
fuse 
No. 

fuse current 
(A) 

result 

BMU board TH290-20260-00 

Power supply 

1.  
L9 
(INPUT) 

O-C 307.2 10min -- -- 

BMU communication fault is 
reported. Relay operates 
and the charg-
ing/discharging process 
stops. No hazard. 

Cell voltage sampling 

2.  
R82 
(CELL14) 

O-C 307.2 10min -- -- 

Voltage fault is reported. 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

3.  
C95 
(CELL12&
13) 

S-C 307.2 10min -- -- 

Voltage fault is reported. 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

Temperature sampling 

4.  
C147 
(TEMP6) 

S-C 307.2 10min -- -- 

Temperature fault is report-
ed. Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

5.  
R149 
(TEMP5) 

O-C 307.2 10min -- -- 

Temperature fault is report-
ed. Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

6.  
C173 
(TEMP4) 

S-C 307.2 10min -- -- 

Temperature fault is report-
ed. Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 
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4.2 to 4.3 TABLE: fault condition tests P 

 ambient temperature (C)  ....................................... : 25.0 ⎯ 

No. 
component 

No. 
fault 

test volt-
age (V) 

test time 
fuse 
No. 

fuse current 
(A) 

result 

7.  
U1 
PIN2&PIN
4 

S-C 307.2 10min -- -- 

Temperature fault is report-
ed. Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

8.  
U1 PIN14 
STUCK 0 
AND 1 

O-C 307.2 10min -- -- 

Temperature fault is report-
ed. Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

Communication  

9.  R4 O-C 307.2 10min -- -- 

Communication fault is re-
ported. Relay operates and 
the charging/discharging 
process stops. No hazard. 

LCU board TH290-20262 

Power supply 

10.  
C100 
(INPUT) 

S-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

11.  
C59 
(5V) 

S-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

12.  
C124 
(3.3V) 

S-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

13.  
R172 
(REF) 

O-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

14.  
C81 
(MCU 
REF) 

S-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

MCU 

15.  

CTL4 

S-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

16.  O-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

17.  50%F 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

18.  200%F 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 
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4.2 to 4.3 TABLE: fault condition tests P 

 ambient temperature (C)  ....................................... : 25.0 ⎯ 

No. 
component 

No. 
fault 

test volt-
age (V) 

test time 
fuse 
No. 

fuse current 
(A) 

result 

19.  
R781 
(WATCHD
OG) 

S-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

Current sampling 

20.  C296 S-C 307.2 10min -- -- 

Current fault is reported. Re-
lay operates and the charg-
ing/discharging process 
stops. No hazard. 

21.  R225 O-C 307.2 10min -- -- 

Current fault is reported. Re-
lay operates and the charg-
ing/discharging process 
stops. No hazard. 

22.  D28 S-C 307.2 10min -- -- 

Current fault is reported. Re-
lay operates and the charg-
ing/discharging process 
stops. No hazard. 

23.  C89 S-C 307.2 10min -- -- 

Current fault is reported. Re-
lay operates and the charg-
ing/discharging process 
stops. No hazard. 

RELAY control of BCU 

24.  RELAY + 

S-C dur-
ing 
charge/di
scharge, 
then sim-
ulate the 
V/T/I fault 

307.2 10min -- -- 

Relay stuck fault is reported. 
The contactor operates and 
the charging/discharging 
process stops. No hazard. 

 

25.  RELAY - 

S-C dur-
ing 
charge/di
scharge, 
then sim-
ulate the 
V/T/I fault 

307.2 10min -- -- 

Relay stuck fault is reported. 
The contactor operates and 
the charging/discharging 
process stops. No hazard. 

 

26.  
R611 
(DIN2) 

O-C 307.2 10min -- -- 

Relay stuck fault is reported. 
The contactor operates and 
the charging/discharging 
process stops. No hazard. 

27.  
C511 
(DIN3) 

S-C 307.2 10min -- -- 

Relay stuck fault is reported. 
The contactor operates and 
the charging/discharging 
process stops. No hazard. 

28.  C686 S-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

Communication  
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4.2 to 4.3 TABLE: fault condition tests P 

 ambient temperature (C)  ....................................... : 25.0 ⎯ 

No. 
component 

No. 
fault 

test volt-
age (V) 

test time 
fuse 
No. 

fuse current 
(A) 

result 

29.  
R724 
(SPI) 

O-C 307.2 10min -- -- 

Communication fault is re-
ported. Relay operates and 
the charging/discharging 
process stops. No hazard. 

30.  C574 S-C 307.2 10min -- -- 

Communication fault is re-
ported. Relay operates and 
the charging/discharging 
process stops. No hazard. 

Total voltage 

31.  R325 O-C 307.2 10min -- -- 

Voltage fault is reported. 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

32.  R334 O-C 307.2 10min -- -- 

Voltage fault is reported. 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

Insulation 

33.  R469 O-C 307.2 10min -- -- 

Insulation fault is reported. 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

34.  
Lock func-
tion 

V/I/T 307.2 10min -- -- Normal operation. 

I/O 

35.  C626 S-C 307.2 10min -- -- 

FSS fault is reported. Circuit 
braker and relays operate. 
The charging/discharging 
process stops. No hazard. 

36.  R796 O-C 307.2 10min -- -- 
Relays operate. The charg-
ing/discharging process 
stops. No hazard. 

37.  R191 O-C 307.2 10min -- -- 

Level three fault is reported. 
Relays operate. The charg-
ing/discharging process 
stops. No hazard. 

38.  SPD O-C 307.2 10min -- -- 

Level three fault is reported. 
Relays operate. The charg-
ing/discharging process 
stops. No hazard. 

Power board TH290-50102-00 

39.  R132 O-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 

40.  
C104 
(24V) 

S-C 307.2 10min -- -- 
Relay operates and the 
charging/discharging pro-
cess stops. No hazard. 
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4.2 to 4.3 TABLE: fault condition tests P 

 ambient temperature (C)  ....................................... : 25.0 ⎯ 

No. 
component 

No. 
fault 

test volt-
age (V) 

test time 
fuse 
No. 

fuse current 
(A) 

result 

supplementary information  

In Fault column, s-c=short circuit, o-c=open circuit. The unit passed electric strength test after single fault test 

above.  Test on representative system 1 control box + 6 battery pack. 



 Page 101 of 116 Report No.CN25HW7E 001 

IEC 62477-1 

Clause Requirement – Test Result – Remark Verdict 

 

TRF No. IEC62477_1F  

4.6.4 TABLE: heating temperature rise measurements P 

 test voltage (V) ........................................................ : 513.1~613.2 ⎯ 

 t1 (C) ...................................................................... : 55.0 ⎯ 

 t2 (C)  ..................................................................... : -- ⎯ 

temperature rise dT of part/at: dT (K)  

at t1 

dT (K)  

at t2 

permitted 
dT (K) 

at t1 

permitted 
dT (K) 

at t2 

Control box 

B+ Connector 46.1 -- 70 -- 

Insulation sheet of B+ copper 35.6 -- 70 -- 

Main breaker 21.9 -- 25 -- 

Terminal under fuse 34.6 -- 70 -- 

Fuse body 59 -- 70 -- 

Insulation sheet of communication wire 6.7 -- 145 -- 

Hell 17.8 -- 45 -- 

Pre-charge resistor -4.4* -- 30 -- 

AC input wire  -0.5* -- 70 -- 

Connector (P4) -2.8* -- 70 -- 

Connector (P2) -4.2* -- 70 -- 

Transformer  0* -- 50 -- 

Optocoupler  -2.6* -- 30 -- 

PCB near IC -2* -- 75 -- 

Mylar sheet under PCB -4.5* -- 70 -- 

B+ terminal  21.1 -- 70 -- 

Breaker  -11.7* -- 15 -- 

Metal enclosure  -10.6* -- 10 -- 

P+ terminal 12.5 -- 70 -- 

Rack  

Botton switch 1.7 -- 25 -- 

Metal enclosure 1.1 -- 10 -- 

Handle  0.4 -- 25 -- 

Pack B+ terminal 3.7 -- 70 -- 

Battery wire  3.6 -- 70 -- 

Smoke detector -10.2* -- 15 -- 

Temperature detector -10.6* -- 15 -- 

Air intake -7.5* -- -- -- 

Air outlet -10.7* -- -- -- 

Pack  

Metal enclosure -12.9* -- 10 -- 
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Mylar sheet  -10* -- 70 -- 

B+ terminal -7.7* -- 70 -- 

Insulation tube of copper 3.8 -- 70 -- 

Cell1 -5.7* -- 10 -- 

Cell2 -6.1* -- 10 -- 

Cell3 -6.6* -- 10 -- 

Isolation -13* -- 30 -- 

PCB near MOS -9.9* -- 75 -- 

Terminal P2 -12.3* -- 70 -- 

PCB near IC  -10.3* -- 75 -- 

Supplementary information:  

*The cabinet is equipped with an air conditioner, the test temperature is lower than the ambient temperature. 

Test was conducted on representative model GW112.6-BAT-AC-G10 at t1=55ºC and with max 
charge/discharge current.  
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4.4.7.4 to 4.4.7.5 TABLE: clearance and creepage distance measurements P 

clearance cl and creepage distance 
dcr at / of: 

Up 
(V) 

U r.m.s. 
(V) 

required 
cl (mm) 

cl 
(mm) 

required 
dcr (mm) 

dcr 
(mm) 

Control box 

DC+ to DC- (FI) 4000 

Mains L-
N: 

230Vac 

DC: 650V 

3.9 
See be-

low 
6.5 

See be-
low 

--at P+, P- connector - - - >50.0 - >50.0 

--at B+, B- connector - - - >50.0 - >50.0 

Battery circuit to PE (BI) 4000 

Mains L-
N: 

230Vac 

DC: 650V 

3.9 
See be-

low 
6.5 

See be-
low 

-at Fuse - - - 20.0 - 20.0 

-at P+/P- connector  - - - 11.0 - 11.0 

Control board 

DC+ to DC- (FI) 4000 

Mains L-
N: 

230Vac 

DC: 650V 

3.9 
See be-

low 
6.5 

See be-
low 

--at P+, P- connector - - - 10.4 - 10.4 

Battery circuit to PE (BI) 

4000 

Mains L-
N: 

230Vac 

DC: 650V 

3.9 
See be-

low 
6.5 

See be-
low 

-at fuse - - - 13.9 - 21.2 

Battery circuit to Communication (RI) 

6000 

Mains L-
N: 

230Vac 

DC: 650V 

7.1 
See be-

low 
6.5 

See be-
low 

-at transformer U25   - - - 13.6 - 13.6 

Battery Pack 

DC+ to DC- (FI) 4000 

Mains L-
N: 

230Vac 

DC: 650V 

3.9 
See be-

low 
6.5 

See be-
low 

--at B+, B- connector - - - >15.0 - >15.0 

Battery circuit to PE (BI) 4000 

Mains L-
N:  

DC: 650V 

3.9 
See be-

low 
6.5 

See be-
low 

--Battery circuit to Gnd - - - 6.6 - 6.6 

BMU board 

Battery circuit to PE (BI) 
4000 

Mains L-
N:  

3.9 
See be-

low 
6.5 

See be-
low 
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4.4.7.4 to 4.4.7.5 TABLE: clearance and creepage distance measurements P 

DC: 650V 

--Battery circuit to Gnd - - - 8.1 - 8.1 

Battery circuit to communication (RI) 

6000 

Mains L-
N:  

DC: 650V 

7.1 
See be-

low 
13.0 

See be-
low 

--at Transformer (T1, T2) - - - 25.8 - 25.8 

Note(s): System voltage max 650 Vdc (battery) considered and max 230/400Vac for ac mains, PD = PD2. 
Altitude ≤ 4000m (correction factor:1.29). MG IIIa or IIIb for PCB board and other insulators. OVC II for bat-
tery. 

 

4.4.7.8.3.2 
to 

4.4.7.9 

TABLE: distance through insulation measurement N/A 

distance through insulation di at/of: 
U r.m.s. 

(V) 
test voltage 

(V) 
required di 

(mm) 
di 

(mm) 

-- -- -- -- -- 

Note: Not applicable 

 

4.4.7.10 TABLE: electric strength measurements, impulse voltage test and partial dis-
charge test 

P 

test voltage applied between: 
test voltage 

(V) 

impulse with-
stand voltage 

(V) 

partial dis-
charge extinc-

tion voltage 
(V) 

result 

Battery system 

Battery power circuit (+) to PE (BI) DC 2120 4600 - P 

Battery power circuit (-) to PE (BI) DC 2120 4600 - P 

Battery power circuit (+) to Communication 
circuit (RI)  

DC 4240 6600 - P 

Battery power circuit (-) to Communication 
circuit (RI)  

DC 4240 6600 - P 

Air conditioning 

AC power L/N to PE (BI) DC 2120 2500 - P 

Auxiliary AC power L/N to Communication 
circuit (RI) 

DC 4240 4000 - P 
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14 TABLE: list of critical components P 

object/part No. 
manufacturer/ 

trademark 
type/model technical data standard 

mark(s) of 
conformity1) 

Battery Pack 

Cell 
EVE Power Co., 
Ltd. 

LF100LA 3.2V,102Ah IEC 62619:2022 
TUV SUD: B 
0989520027 

Heat Shrink 
Tubing 

SHENZHEN 
WOER HEAT-
SHRINKABLE 
MATERIAL CO 
LTD 

RSFR-H 

600VDC 

125C 

VW-1 

UL 224 UL: E203950 

Epoxy plate be-
tween cell and 
cell 

GOLDENMAX 
INTERNATION
AL 
TECHNOLOGY 
(ZHUHAI) LTD 

GDM-R1, ILM-
R1 

RTI=130C 

T=2mm 

V-0 

UL 94 

UL 746 
UL: E330731 

-Alt 
Anhui Yisola 
Composite Ma-
terial Co Ltd 

FR-4 

RTI=90C 

T=2mm 

V-0 

UL 94 

UL 746 
UL: E510612 

-Alt 

KINGBOARD 
LAMINATES 
HOLDINGS 
LTD 

KB-6160C 

RTI=130C 

T=2mm 

V-0 

UL 94 

UL 746 
UL: E123995 

Module Plastic 
Sheet 

SUZHOU 
DEJUCHUNTIA
N 
MATERIALTEC
HNOLOGY CO., 
LTD 

DC42B 

RTI=80C 

T=0.5mm 

VTM-0 

UL 94 

UL 746 
UL: E523474 

-Alt 

Taicang 
Pinchuang Op-
toelectronic Co 
Ltd 

8F43B 

RTI=80C 

T=0.5mm 

V-0 

UL 94 

UL 746 
UL: E525289 

-Alt 

CHENGDU 
KANGLONGXIN 
PLASTICS CO 
LTD 

KLX FRPC-
1860B 

RTI=80C 

T=0.5mm 

VTM-0 

UL 94 

UL 746 
UL: E315185 

CCS fixed nail 
buckle 

INV Nylon Pol-
ymers Ameri-
cas, LLC 

U4820L(r1) 

RTI=75C 

T=2.5~3.2mm 

V-2 

UL 94 

UL 746 
UL: E333734 

Plastics of insu-
lator(support 
pole of  BUS 
BAR) 

CHI MEI 
CORPORATIO
N 

PC-540 (Y)(a) 

RTI=80C 

T=1.5 mm 

V-0 

UL 94 

UL 746 

 

UL: E56070 

CCS Blister Top 
Cover 

SHENZHEN TE
ESUN TECHNO
LOGY CO LTD 

TS-FR370DL 

RTI=80C 

T=0.5mm 

V-0 

UL 94 

UL 746 
UL: E329660 

PC 
Taicang 
Pinchuang Op-
toelectronic Co 

8F(XY) 
RTI=80C 

T=0.25mm 
UL746B UL: E525289 

javascript:;
javascript:;
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Ltd V-0 

Plastic of cell 
Support 

JIANGSU BI-
GOLD NEW 
MATERIAL 
STOCK CO 
LTD 

YD0304E 

RTI=130C 

T=3mm 

V-0, 5VA 

UL 94 

UL 746 
UL: E240680 

BMU Blister 
Protective Cov-
er 

SHENZHEN TE
ESUN TECHNO
LOGY CO LTD 

TS-FR370DL 

RTI=80C 

T=0.5mm 

V-0 

UL 94 

UL 746 
UL: E329660 

Pack enclosure 

(Base) 

Suzhou Shu-
ofeng Precision 
Machinery Co., 
Ltd 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

820*563*131.5
mm 

T=1.5mm 

Material：

SGCC 

-- -- 

-Alt 
Su Zhou 
Ronsde Mold 
Co.,LTD 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

820*563*131.5
mm 

T=1.5mm 

Material：

SGCC 

-- -- 

-Alt Interchangeable 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

820*563*131.5
mm 

T=1.5mm 

Material：

SGCC 

-- -- 

Pack enclosure 

(cover) 

Suzhou Shu-
ofeng Precision 
Machinery Co., 
Ltd 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

820*563*1.2mm 

T=1.2mm 

Material：

SGCC 

-- -- 

-Alt 
Su Zhou 
Ronsde Mold 
Co.,LTD 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

820*563*1.2mm 

T=1.2mm 

Material：

SGCC 

-- -- 

-Alt Interchangeable 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

820*563*1.2mm 

T=1.2mm 

Material：

SGCC 

-- -- 

Fan Mounting 
Plate 

Suzhou Shu-
ofeng Precision 
Machinery Co., 
Ltd 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

118×118×1mm 

T=1mm 
-- -- 

-Alt 
Su Zhou 
Ronsde Mold 
Co.,LTD 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

118×118×1mm 

T=1mm 
-- -- 

-Alt Interchangeable 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

118×118×1mm 

T=1mm 
-- -- 
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Maintenance 
Panel 

Suzhou Shu-
ofeng Precision 
Machinery Co., 
Ltd 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

342×118×1.5m
m 

T=1.5mm 

-- -- 

-Alt 
Su Zhou 
Ronsde Mold 
Co.,LTD 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

342×118×1.5m
m 

T=1.5mm 

-- -- 

-Alt Interchangeable 

SGCC/ Hot Dip 
Galvanized 
Steel Sheet and 
Coil 

342×118×1.5m
m 

T=1.5mm 

-- -- 

DC connector 

B+/B 

Sichuan Re-
codeal Inter-
connnect Sys-
tem Co., Ltd 

REA6-CZAD2-A 

REA6-CZBD2-A 

REA6-CTWA-
70-A 

REA6-CTWB-
70-A 

1500VDC 

250A 

-40 to 125C 

EN 61984:2009 
IEC 61984:2008 

TUV R: J 
50604193 

-Alt 
Shen zhen GU 
Precision Indus-
try Co.,Ltd 

RF080MM06OR
BB-07 

RF080MM06BK
AA-07 

PS080C070OR
B 

PS080C070BK
A 

1500VDC 

250A 

-40 to 125C 

EN 61984:2009 
TUV R: J 
50569529  

FPC on CCS 
SHENGYI 
TECHNOLOGY 
CO LTD 

SF305 
RTI=200C 

T=0.155mm V-0 

UL 94 

UL 746 
UL: E109769 

NTC Resistor 
for cell 

THINKING 
ELECTRONIC 
INDUSTRIAL 
CO LTD 

TSM1A104 

Resistance at 

25°C:100KΩ, 

Tmoa:125C 

Class C4 

UL 1434 UL: E138827 

-Alt 

ShenZhen 
KangTai-
SongLong Elec-
tronics Technol-
ogy Co Ltd 

EKT0603N104
@4250%B 

Resistance at 

25°C:100KΩ, 

Tmoa:125C 

Class C3 

UL 1434 UL: E531237 

PC in CCS 
Hunan Dobesty 
Optical Material 
Co Ltd 

DB98KM 
RTI=80C 

T=0.5mm V-0 

UL 94 

UL 746 
UL: E524866 

-Alt 

SHENZHEN 
TEESUN 
TECHNOLOGY 
CO LTD 

TS-FR370DL 
RTI=80C 

T=0.5mm V-0 

UL 94 

UL 746 
UL: E329660 

DC FAN in pack 
Dongguan Pro-
technic Elec-
tric.,Ltd 

MGT9224XB-
W38 E 

DC24V 1A 
EN IEC 62368-
1:2020/A11:202
0 

TUV SUD: B 
031023 0142 
Rev.01 

-Alt 
Ningbo Shengjiu 
Thermal Tech-
nology Co.,LTD. 

SA240938BH 24VDC 1.14A 
EN IEC 62368-
1:2014 

TUV R: R 
50438525  

https://iq.ul.com/ul/cert.aspx?ULID=104646474
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-Alt 
Asia Vital Com-
ponents Co.,Ltd. 

DBPQ0938B4H
PK01 

24VDC 1.5A 
EN IEC 62368-
1:2020/A11:202
0 

TUV SUD: B 
025730 0973 
Rev. 10 

Control box 

Breaker QF 

Shanghai 
Liangxin Electri-
cal Co., Ltd 

NDM3Z-250VM 

1000VDC 

250A/2P 

-40 to 80C 

EN 60947-2: 
2017 

TUV R: R 
50451893 

-Alt. 
ProJoy Electric 
Co.,Ltd 

PEMC-250 

1000VDC 

250A/2P 

-35 to 70C 

EN 60947-2: 
2017/A1:2020 

TUV SUD: B 
123375 0003 
Rev.00 

Pre-charge 
Relay KM3  

Shanghai 
Liangxin Electri-
cal Co., Ltd. 

NDZ3W-50  

Ue:1000V 

Ie:10A 

-40 to 85C 

EN IEC 60947-
4-1:2019 

TUV SUD: B 
083574 0405 
Rev.01 

-Alt. 
Join Electric 
(ShangHai) 
Co.,Ltd 

EVHC30A-24S 

Ui:1000V 

Ie:30A 

-40 to 85C 

EN IEC 60947-
4-1:2019 

TUV SUD: N8A 
109076 0001 
Rev.02 

Relay KM1/KM2 
Shanghai 
Liangxin Electri-
cal Co., Ltd. 

NDZ3A-250 

Ue:1500V 

Ith:350A 

-40 to 85C 

EN IEC 60947-
4-1:2019 

TUV SUD:B 
083574 0469 
Rev.01 

-Alt. 
Xiamen Hongfa 
Electroacoustic 
Co., Ltd. 

HFE82P-
250W/1500-24-
HA-C5-6 

Ui:1500V 

Ith:250A 

-40 to 85C 

EN IEC 60947-
4-1:2019 
EN 60947-
1:2007/A2:2014 
EN IEC 60947-
1:2021 

TUV SUD: B 
053286 0063 
Rev. 00 

-Alt. 
Join Electric 
(ShangHai) 
Co.,Ltd 

EVHB300A-24B 

Ui:1500V 

Ith:300A 

-40 to 85C 

EN IEC 60947-
4-1:2019 

TUV SUD: N8A 
109076 0001 
Rev.02 

Fuse  
Advanced Sur-
getech Materials 
Ltd. 

A4305-350A 
DC1000V 350A 

-40 to 125C 

IEC 60269-
1:2006+A1+A2 

IEC 60269-
7:2021 

TUV R: R 
50593884 

-Alt. 
Xi’an Sinofuse 
Electric Co., Ltd. 

RS306-01 se-
ries 

1000VDC 

350A 

-40 to 85C 

EN 60269-
4:2009+A1+A2 

EN 60269-
1:2007+A1+A2 

TUV R: R 
50405695 0001 

Current diverter 

VICTORY 
CHINA FAR 
EAST 
ELECTRONICS 
CO.,LTD OF 
BENGBU 

FL-2 

300A 

75mV, ±2% 

-20 to 60C 

-- -- 

-Alt. 

Anhui Laifu 
Electronic 
Technology 
Co.,Ltd 

FL-2 

300A 

75mV, ±2% 

-40 to 60C 

-- -- 

Button Switch  SHANGHAI 
HONGBO 

HBS1-AY 250V UL 61058-1 UL: E480150 
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ELECTRIC CO 
LTD 

5A 

-25 to 65C 

HV sampling 
wires 

 

DONG GUAN 
SHENG PAI 
ELECTRIC 
WIRE & CABLE 
CO LTD 

3239 

22/24AWG, 

3kVdc, 150C, 
VW-1 

UL 758 UL: E347603 

-Alt. Interchangeable Interchangeable 

22/24AWG, 

1000Vdc, 

105C, VW-1 

UL 758 UL approved 

Glassfiber 
Sleeving  

DONGGUAN 
YONGCHAO 
INSULATION 
MATERIAL CO 
LTD 

YC-15-25-40-70 

0.35mm 

VW-1 

200C 

UL 1441 UL: E325767 

-Alt. Interchangeable Interchangeable 
0.35mm VW-1 

200C 
UL 1441 UL approved 

DC connector 

B+/B-/P+/P- 

Sichuan Re-
codeal Inter-
connnect Sys-
tem Co., Ltd 

REA6-CZAD2-A 

REA6-CZBD2-A 

REA6-CZCD2-A 

REA6-CZDD2-A 

1500VDC 

250A 

-40 to 125C 

EN 61984:2009 
IEC 61984:2008 

TUV R: J 
50604193 

-Alt 

Shen zhen GU 
Precision Indus-
try 
Co.,Ltd 

RF080MM06OR
BB-07 

RF080MM06BK
AA-07 

1500VDC 

250A 

-40 to 125C 

EN 61984:2009 
TUV R: J 
50569529 0001 

SPS DC/DC  
Mean Well En-
terprises Co., 
Ltd 

RSDH-300-24 
Vin:250~1500V
dc Vout:24Vdc 

IEC 62109-
1:2010 

CB: NL-86144 

-Alt 
Mean Well En-
terprises Co., 
Ltd 

DDRH-240-24 
Vin:250~1500V
dc Vout:24Vdc 

IEC 62109-
1:2010 

CB: NL-86430 

DC Power 

breaker 

（QF2） 

Shanghai 
Liangxin Electri-
cal Co., Ltd. 

NDB2Z-63  

Ui：DC1000V 

In：10A -40℃～

+70℃ 

EN 60947-
2:2017 

TUV R: R 
50450631 

-Alt 
Zhejiang Benyi 
Electrical Co., 
Ltd. 

BB1-63 

Ui ：1200V 

In：10A 

-25℃~70℃ 

IEC 60947-
2:2016 

CB:CN54301-A1 

PCU 

enclosure 

(Base) 

Keymate Preci-
sion Industry Co 
Ltd 

Base 

820*390*180m
m T=1.2mm 

Material：

SGCC 

-- -- 

-Alt. 
Shuofeng Preci-
sion Machinery 
Co., Ltd 

Base 

820*390*180m
m T=1.2mm 

Material：

SGCC 

-- -- 

-Alt. Newyuda Preci-
sion Machinery 

Base 
820*390*180m
m T=1.2mm 

-- -- 
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Co., Ltd/ Material：

SGCC 

-Alt. Interchangeable Interchangeable 

820*390*180m
m T=1.2mm 

Material：

SGCC 

-- -- 

Pcu enclosure 

(Cover) 

Keymate Preci-
sion Industry Co 
Ltd 

Cover 

818*388*1.2mm 
T=1.2mm 

Material：

SGCC 

-- -- 

-Alt. 
Shuofeng Preci-
sion Machinery 
Co., Ltd 

Cover 

818*388*1.2mm 
T=1.2mm 

Material：

SGCC 

-- -- 

-Alt. 
Newyuda Preci-
sion Machinery 
Co., Ltd 

Cover 

818*388*1.2mm 
T=1.2mm 

Material：

SGCC 

-- -- 

-Alt. Interchangeable Interchangeable 

820*390*180m
m T=1.2mm 

Material：

SGCC 

-- -- 

QS 

Support Frame  

Keymate Preci-
sion Industry Co 
Ltd 

Support Frame  

102.5*46*34.5m
m T=1mm 

Material：

SGCC 

-- -- 

-Alt. 
Kangfu Preci-
sion Machinery 
Co., Ltd 

Support Frame  

102.5*46*34.5m
m T=1mm 

Material：

SGCC 

-- -- 

-Alt. Interchangeable Interchangeable 

102.5*46*34.5m
m T=1mm 

Material：

SGCC 

-- -- 

QF 

Support Frame  

Keymate Preci-
sion Industry Co 
Ltd/ 

Support Frame  

160*60*15mm 
T=1mm 

Material：

SGCC 

-- -- 

-Alt. 
Kangfu Preci-
sion Machinery 
Co., Ltd 

Support Frame  

160*60*15mm 
T=1mm 

Material：

SGCC 

-- -- 

-Alt. Interchangeable Interchangeable 

160*60*15mm 
T=1mm 

Material：

SGCC 

-- -- 

PC SUZHOU 
DEJUCHUNTIA

DC42B RTI=80C UL 94 UL: E523474 
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N 
MATERIALTEC
HNOLOGY CO., 
LTD 

T=0.5mm 

VTM-0 

UL 746 

-Alt 

Taicang 
Pinchuang Op-
toelectronic Co 
Ltd 

8F43B 

RTI=80C 

T=0.5mm 

V-0 

UL 94 

UL 746 
UL: E525289 

-Alt 

CHENGDU 
KANGLONGXIN 
PLASTICS CO 
LTD 

KLX FRPC-
1860B 

RTI=80C 

T=0.5mm 

VTM-0 

UL 94 

UL 746 
UL: E315185 

Insulator (Col-
umn) 

Jiangsu BI-
GOLD New Ma-
terial Stock 
Co.Ltd 

YD0304E 

RTI=130C 

T=3mm 

V-0, 5VA 

UL 94 

UL 746 
UL: E240680 

Heat Shrink 
Tubing 

Wujiang Tuoyan 
Electronic Mate-
rials Co., Ltd 

TY-HFT-300 
125℃ 

VW-1 300V 
UL224 UL: E479329 

Rack  

Air condition 
Shenzhen Envi-
cool Technology 
Co., Ltd. 

MC30HDNC1A 

Refrigerating 

/heat capacity：

3kW/2.5kW 

Size:550×250×

1350mm(W×D×

H)  

Nominal volt-
age: 

220V,50/60Hz 

Refrigerating 
fluid:R134A 

EN 60335-
1:2012+A11+A1
3+A1+A14+A2+
A15+A16 

EN 60335-2-
40:2003+A11+A
12+A1+A2+A13 

EN 62233:2008 

TUV R:AM 
50659656 

-Alt. 
Shenzhen Envi-
cool Technology 
Co., Ltd. 

MC30HDNC1D 

Refrigerating 

/heat capacity：
3kW/2.5kW 

Size:550×250

×1350mm(W×

D×H)  

Nominal volt-
age: 

220V,50/60Hz 

Refrigerating 
fluid: 513A 

EN 60335-
1:2012+A11+A1
3+A1+A14+A2+
A15+A16 

EN 60335-2-
40:2003+A11+A
12+A1+A2+A13 

EN 62233:2008 

TUV R:AM 
50665880  

Scram Protec-
tive Cover 

IDEMITSU 
KOSAN CO 
LTD 

(u)Y2200(+)(f1) T=3.0 mm 

V-0 RTI=130℃ 

UL 94 

UL 746 

UL: E48268 

Surface Mount POLYVANTIS 
F&S US LLC 

OQ92W(f1) 

 

T=0.5 mm， 

HB75 

f1 

UL 94 

UL 746 

UL: E539157 

 

-Alt. Suzhou 
Tongfengda 

SE11 T=5mm 

V-0 

UL 94 

UL 746 

UL: E249605 

javascript:;
javascript:;
https://iq.ul.com/ul/cert.aspx?ULID=240367
https://iq.ul.com/ul/cert.aspx?ULID=104685242
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New Energy Co 
Ltd 

RTI=80℃ 

Heat Insulation 
cotton 

ASIA 
LANNERET 

SCIENCE&TEC
HNOLOGY CO 
LTD 

2630-B T=20.0mm 

HF-1 

UL 94 

UL 746 

UL: E248065 

Over wire rub-
ber plug 

KINGFA SCI 
&TECH CO LTD 

PA66-
RG301(##)(f1) 

T=1.5 mm 

V-0、F1 

RTI=115℃ 

UL 94 

UL 746 

UL: E171666 

Cabinet Newyuda Preci-
sion Machinery 
Co., Ltd 

Kangfu Preci-
sion Machinery 
Co., Ltd 

Cabinet 1055*870*2000
mm 

T=1.5mm 

Material：

SGCC 

-- -- 

-Alt. Interchangeable Interchangeable 

1055*870*2000
mm T=1.5mm 

Material：

SGCC 

-- -- 

Power wires 

WUXI 
XINHONGYE 
WIRE & CABLE 
CO LTD 

3932TB0A-XX-
002 

70mm²(2/0AWG
) 

2000Vac 

-40C~+125C 

UL7581 UL: E248566 

-Alt. Interchangeable Interchangeable 

70mm²(2/0AWG
) 

1000Vdc 

-40C~+125C 

UL 758 UL approved 

Limit Switch 
Kenaida Electric 
Co., Ltd. 

LA167-Z Ue Ie:220V/0.3A 
EN 60947-5-
1:2017 

ECM:  
0P191031.KES0
50 

Emergency 
Stop Switch  

Kenaida Electric 
Co., Ltd. 

LA167 Ue Ie:380V/1A 
EN 60947-5-
1:2017 

ECM: 
0P191118.KEST
82 

BCU board: TH290-20196-T2 

PCB material 

KUNSHAN 
HUATAO 
ELECTRONICS 
CO LTD 

HT-M(cj) 

130C 

V-0 

400>CTI≥100 

UL 796  UL: E318580 

-Alt. Interchangeable Interchangeable 
130C V-0 

400>CTI≥100 
UL 796 UL approved 

MCU 

（U12） 

STMicroelec-
tronics 

STM32H745xI/
G 

1.62V-3.6V 

125C 
-- -- 

NTC Resistor  

（L20） 

THINKING 
ELECTRONIC 
INDUSTRIAL 
CO LTD 

TSM1A103 

R25 =10KΩ±1% 

B25/85=3435K±1

% 125C 

EN 60539-
2:2004 

EN 60539-
1:2008 

TUV R: R 
50167657 
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MOSFET 

（Q1,Q6,Q27, 

Q28） 

Wuxi NCE 
Power Co., Ltd 

NCE25P60K 
-50A,-60V 

175C 
-- -- 

-Alt. 

CHONGQING 
PINGWEI 
ENTERPRISE 
CO., LTD 

PW250P06GSL 
-38A,-60V 

150C 
-- -- 

Transformer 

（T1） 

Shenzhen Sun-
lord Electronics 
Co., Ltd. 

ALTWR-H96TF 
1500Vdc 

-40~125C 
-- -- 

-Case 
WAH HONG 
INDUSTRIAL 
CORP 

WH-
9100(G1)(G2) 

V-0 

RTI=130℃ 

UL 94 

UL 746 
UL: E150608 

-Wire 

BO LUO FENG 
CHING METAL 
WIRE 
MANUFACTURI
NG LTD 

FIW-F(*)($), 
FIW-F(*)($)HB, 
FIW-F(*)($)SB 

Temp Class：

155（F） 

3000V 

41-26 AWG 

UL 2353 UL: E323329 

-Glue 
Dow Silicones 
Corporation 

CC-2588 

130℃ 

Coating Flame 
Class:V-0 

UL 746E UL: E81611 

-Alt 

-Glue 

GUANGZHOU 
HUITIAN NEW 
MATERIAL CO 
LTD 

9415 

130℃ 

Coating Flame 
Class:V-0 

UL 746E UL: E310258 

Transformer 

-Alt 

DONGGUAN 
PULSE 
ELECTRONICS 
CO LTD 
ZHUHAI 
BRANCH 

PGT6541NL 

1500Vdc 

Min 25uH 

-40C ~ 85C 

IEC 62368-
1:2018 

DK-137889-UL 

High voltage 

isolation switch 

（U29,U30,U32

） 

Suzhou Novo-
sense Microe-
lectronics 
Co., Ltd. C1-
501, 

NSI7258-
DSWLR 

1700V,250Ω 

150C 

 EN IEC 60747-
17:2020+AC 

TUV R: R 
50632636 

COMM-IC 

（U25） 

Shanghai 
Chipanalog Mi-
croelectronics 
Co., Ltd 

CA-
IS3841HWW 

SOIC16-WWB 

Ext. 
Dcr.≥14.5mm,  
-40~125°C. iso-
lation voltage: 

2828V 

transient volt-
age: 8000V 

EN IEC 60747-
17:2020+AC:20
21 

VDE: 40057278 

-Alt. 

Suzhou Novo-
sense Microe-
lectrionics 
Co.,Ltd. 

NSI8241W1-
DSWWR 

Surge test：

10000 

TS=150℃ 

ISO=316mA 

EN IEC 60747-
17:2020+AC:20
21 

VDE: 40052820 

SPD board: TH290-70670-T0 
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PCB material 

KUNSHAN 
HUATAO 
ELECTRONICS 
CO LTD 

HT-M(cj) 

130C 

V-0 

400>CTI≥100 

UL 796  UL: E318580 

-Alt. Interchangeable Interchangeable 
130C V-0 

400>CTI≥100 
UL 796 UL approved 

Optical Isolators 

（U3） 

Xiamen Hualian 
Semiconductor 
Technology Co., 
LTD 

HPL6W147 

Ext. 
Dcr.≥15mm,  
Working voltage 
of reinforced In-
sulation:750V 

transient 
voltage: 8000V 

EN IEC 60747-
5-5:2020 

VDE:40004708 

-Alt 
LITE-ON 
TECHNOLOGY 
CORP. 

LTVH819-V 

Ext. 
Dcr.≥15mm, 
-55~125°C. iso-
lation voltage: 
7500V 

EN IEC 60747-
5-5:2020 

IEC 60747-5-
5:2020 

TUV R: R 
50650689 

Transformer 

(T1) 

Shenzhen Sun-
lord Electronics 
Co., Ltd. 

ALTWR-H96TF 
1500Vdc 

-40~125C 
-- -- 

-Case 
WAH HONG 
INDUSTRIAL 
CORP 

WH-
9100(G1)(G2) 

V-0 

RTI=130℃ 
UL 94 UL: E150608 

-Wire 

BO LUO FENG 
CHING METAL 
WIRE 
MANUFACTURI
NG LTD 

FIW-F(*)($), 
FIW-F(*)($)HB, 
FIW-F(*)($)SB 

Temp Class：

155（F） 

3000V 

41-26 AWG 

UL 2353 UL: E323329 

-Glue 
Dow Silicones 
Corporation 

CC-2588 

130℃ 

Coating Flame 
Class:V-0 

UL 746E UL: E81611 

-Alt 

-Glue 

GUANGZHOU 
HUITIAN NEW 
MATERIAL CO 
LTD 

9415 

130℃ 

Coating Flame 
Class:V-0 

UL 746E UL: E310258 

SPD 
Anhui Jinli Elec-
tric Tech.Co.,Ltd 

GTSP-
MDV670/20/A 

Ucpv:670V 

In:10kA 

Imax:20kA 

Umov:820V±10
% 

EN 61643-
31:2019 

IEC 61643-
31:2018 

TUV R: R 
50496555 

-Alt 

SHENZHEN 
HAIPENGXIN 
ELECTRONICS 
CO.,LTD. 

PV20K-670 

Ucpv:670V 

In:10kA 

Imax:20kA 

Umov:820V±10
% 

EN 61643-
11:2012+A11 
IEC 61643-
11:2011 

TUV R: R 
50585247 

BMU board: TH290-20292-T2 

PCB material 
KUNSHAN 
HUATAO 
ELECTRONICS 

HT-M(cj) 
130C 

V-0 
UL 796  UL: E318580 
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CO LTD 400>CTI≥100 

-Alt. Interchangeable Interchangeable 

130C 

V-0 

400>CT I≥100 

UL 796 UL approved 

Transformer 

(T1, T2) 

Dongguan 
Mentech Optical 
& Magnetic Co., 
Ltd. 

TB201BQ 

1500Vdc 

150~450uH 

-40~125C 

-- -- 

-Insulated Wind-
ing Wire 

E&B 
TECHNOLOGY 
CO LTD 

E&B-XXXH-3* 

Temp Class：

180（H） 

1410V 

0.127mm 

UL 2353 UL: E315265 

-Alt 
Bo Luo Dian 
Xing Metal Wire 
Co Ltd 

FTIW-H@(x) 

FTIW-H@-
HB(x) 

Temp Class：

180（H） 

1410V 

0.127mm 

UL 2353 UL: E483990 

-Wire 
GUANGDONG 
SUNTEK WIRE 
CO.,LTD 

@*xUEW/Y180, 
QPN180,QPN2
00 

180C 

0.127mm 
UL 1446 UL: E234867 

-Alt 
ELEKTRISOLA 
HANGZHOU 
CO LTD 

Polysol 180 
180C 

0.127mm 
UL 1446 UL: E258243 

-Case 
WAH HONG 
INDUSTRIAL 
CORP 

WH-
9100(G1)(G2) 

V-0 

RTI=160℃ 

0.85mm 

UL 94 

UL 746 
UL: E150608 

-Sillicone 

MIANYANG 
WELLS 
ELECTRONIC 
MATERIALS 
CO LTD 

WR7501 HB 
UL 94 

UL 746 
UL: E223455 

-Alt 
Shenzhen Sun-
lord Electronics 
Co., Ltd. 

ALTWR-F14TF 

1500Vdc 

150~450uH 

-40~125C 

-- 
Certificated 
components as 
follows: 

-Case 
WAH HONG 
INDUSTRIAL 
CORP 

WH-
9100(G1)(G2) 

V-0 

RTI=160℃ 

0.85mm 

UL 94 UL: E150608 

-Wire 

BO LUO FENG 
CHING METAL 
WIRE 
MANUFACTURI
NG LTD 

FIW-F(*)($), 
FIW-F(*)($)HB, 
FIW-F(*)($)SB 

Temp Class：

155（F） 

3000V 

41-26 AWG 

UL 2353 UL: E323329 

-Glue 
Dow Silicones 
Corporation 

CC-2588 

130℃ 

Coating Flame 
Class:V-0 

UL 746E UL: E81611 

-Alt 

-Glue 

GUANGZHOU 
HUITIAN NEW 
MATERIAL CO 

9415 
130℃ 

Coating Flame 
UL 746E UL: E310258 
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LTD Class:V-0 

1) an asterisk indicates a mark which assures the agreed level of surveillance 

 

 

 

- End of report - 
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Internal view of GW112.6--BAT-AC-G10 (as representative for others) 

 

Picture of protective earthing terminal 
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Front view for battery pack 

 

Right view for battery pack 
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Back view for battery pack 

 

 

Left view for battery pack 
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Bottom view for battery pack 

 

Internal view1 of battery pack 
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Internal view2 of battery pack 

 

Top view of control box 
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Front view of control box 

 

Left view of control box 
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Right view of control box 

 

Back view of control box 
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Bottom view of control box 

 

Internal view of control box 
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Top view for BMU board 

 

Bottom view for BMU board 
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Top view for LCU board 

 

Bottom view for LCU board 
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Top view for CSC board(optional) 

 

Bottom view for CSC board(optional) 
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