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Figure A.10 – Touch t ime- d.c. vol tage zones of  dry skin condit ion 
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Figure A.11 – Touch t ime- d.c. vol tage zones of  water-wet skin condit ion 
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A.5.9 Touch t ime-a.c. vol tage zones of  ventr icular f ibr i l lat ion  

Figures A.12, A.13 and A.14 provide information about the short term non-recurring a.c. 
touch voltage limits for protection against ventricular fibrilation.  

The figures provide information for acceptable level for part of the body, hand and finger tip 
under dry, water-wet and salt water wet conditions. 

For some combinations no information for time-voltage zone is given and basic protection 
against accessibility is required. 
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Figure A.12 – Touch t ime- a.c. vol tage zones for dry skin condit ion  
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Figure A.13 – Touch t ime- a.c. vol tage zones of  water-wet skin condit ion 
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Figure A.14 – Touch t ime- a.c. vol tage of  sal twater-wet skin condit ion 
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A.5.10 Touch t ime- a.c. vol tage zones of  muscular react ion (inabi l i ty to let  go 
react ion) 

Figures A.15, A.16 and A.17 provide information about the short term non-recurring a.c. 
touch voltage limits for protection against muscular reaction.  

The figures provide information for acceptable level for part of the body, hand and finger tip 
under dry, water-wet and salt water wet conditions. 

For some combinations no information for time-voltage zone is given and basic protection 
against accessibility is required. 
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Figure A.15 – Touch t ime- a.c. vol tage zones of  dry skin condit ion 
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Figure A.16 – Touch t ime- a.c. vol tage zones of  water-wet skin condit ion 
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Figure A.17 – Touch t ime- a.c. vol tage zones of  sal twater-wet skin condit ion 
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A.5.11 Touch t ime- a.c.voltage zones for start le react ion  

Figures A.18 and A.19 provide information about the short term non-recurring a.c. touch 
voltage limits for protection against startle reaction.  

The figures provide information for acceptable level for part of the body, hand and finger tip 
under dry, water-wet and salt water wet conditions. 

For some combinations no information for time-voltage zone is given and basic protection 
against accessibility is required. 
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Figure A.18 – Touch t ime- a.c. vol tage zones of  dry skin condit ion 
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Figure A.19 – Touch t ime- a.c. vol tage zones of  water-wet skin condit ion 

A.6 Evaluat ion of the working voltage of  c ircui ts 

A.6.1 General 

Determination of the working voltage for  

• a.c. r.m.s. (UAC); 

• a.c. recurring peak (UACP); and 

• d.c. (average) 

is done with the method set out below. Three cases of waveforms are considered as an 
example. 

Figures A.20 to A.22 show typical waveforms for the evaluation of working voltage.  
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A.6.2 AC working voltage  
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Figure A.20 – Typical waveform for a.c. working voltage 

The working voltage has an r.m.s. value UAC and a recurring peak value UACP. 

The DVC is that of the lowest voltage row of Table 5 for which both of the following conditions 
are satisfied: 

• UAC ≤ UACL 

• UACP ≤ UACPL 

Example with values: 

UAC = 39 V --> is lower than UACL = 50 V --> DVC B   

UACP = 91 V --> is higher than UACPL = 71 V --> DVC C 

The rule for determination of DVC of the voltage is to select the highest DVC. 

Result:  --> this working voltage becomes DVC C. 

A.6.3 DC working voltage  
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Figure A.21 – Typical waveform for d.c. working voltage 

The working voltage has a mean value UDC and a recurring peak value UDCP, caused by a 
ripple voltage of r.m.s. value not greater than 10 % of UDC. 

The DVC is that of the lowest voltage row of Table 5 for which both of the following conditions 
are satisfied: 

• UDC ≤ UDCL 
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• UDCP ≤ 1,17 × UDCL 

A.6.4 Pulsat ing working voltage  
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Figure A.22 – Typical waveform for pulsat ing working voltage 

The working voltage has a mean value UDC and a recurring peak value UACP, caused by a 
ripple voltage of r.m.s. value UAC greater than 10 % of UDC. 

The DVC is that of the lowest voltage row of Table 5 for which both of the following conditions 
are satisfied: 
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A.7 Examples of the use of elements of protect ive measures 

Protection against electric shock shall be achieved by means of: 

• combination of basic protection according to 4.4.3 and fault protection according to 
4.4.4; or 

• Enhanced protection according to 4.4.5. 

Table A.4 provides examples of typical combinations of those measures. 

The grade of insulation depends on: 

• the DVC of the live parts according to Table 5; 

• the insulation requirement between adjacent circuits according to Table 6;  

• the connection of accessible conductive parts to earth by protective equipotential 
bonding according to Table 6; and 

• non conductive accessible parts. 

As an alternative to solid insulation, a clearance according to 4.4.7.4, shown by L1 and L2 in 
Table A.4 may be provided. 

In Table A.4, three cases are considered:  

Case a): 
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Accessible parts are conductive and are connected to earth by protective equipotential 
bonding.  

• Basic insulation is required between accessible parts and the live parts. The relevant 
voltage is that of the live parts (see Table A.4, cells 1a, 2a, 3a). 

Cases b) and c): 

Accessible parts are non-conductive (case b) or conductive but not connected to earth by 
protective equipotential bonding (case c). The required insulation is: 

• Double or reinforced insulation between accessible parts and live parts of DVC C. The 
relevant voltage is that of the live parts (see Table A.4, cells 1b), 1c), 2b) and 2c)). 

• Supplementary insulation between accessible parts and live parts of circuits of DVC A 
or B which are separated by basic insulation from adjacent circuits of DVC C. The 
relevant voltage is the highest voltage of the adjacent circuits (see Table A.4, upper 
cells 3b), 3c)). 

• Basic insulation between accessible parts and live parts of circuits of DVC B which 
have protective separation from adjacent circuits of DVC C. The relevant voltage is 
that of the live parts (see Table A.4, lower cells 3b), 3c)). 
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Table A.4 – Examples for protect ion against  electr ical  shock 

Type of  insulat ion  
Insulat ion  conf igurat ion 

a 

Accessib le 
conduct ive par ts  

connected to ear th 
by protect ive 
equipotent ial  

bonding  

b  

Accessib le par ts   
not  conduct ive 

c   

Accessib le par ts  conduct ive, but  
NOT connected to ear th by  

protect ive equipotent ial  bonding  

1. Sol id    

2. Total ly or  
par t ial ly by ai r  
c learance 

   

3. Insulat ion  for  
adjacent  c i rcui ts :  

Ci rcui t  A:  lower  
vol tage c i rcui t  

Ci rcui t  C:  h igher  
vol tage c i rcui t ;  
DVC C  

   

4. Requi rements 
for  aper tures in  
enclosures  

   

A live part L
1
 clearance for basic insulation T test finger (Clause 12 of 

IEC 60529:1989) 

B basic insulation for circuit A L
2
 clearance for reinforced insulation Z supplementary insulation for 

circuit A 

BC basic insulation for circuit C M conductive part ZC supplementary insulation for 
circuit C 

C adjacent circuit R reinforced insulation for circuit A * also applies to plastic screws 

D double insulation for circuit A RC reinforced insulation for circuit C F functional insulation for circuit A 

I insulation less than B S surface of equipment 

NOTE 1 In column c) a plastic screw is treated like a metal screw because a user could replace it with a metal screw during 
the life of the equipment. 

NOTE 2 In row 4, the insertion of the test finger is considered to represent the first fault. 

a
 Functional insulation is sufficient if the opening is covered during normal operation. It shall not be possible to remove the 

cover without the use of a tool or key. If the opening is not covered during normal operation, basic insulation is required. 
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