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Presenter
Presentation Notes
Electronic equipment must be designed to avoid accidental electric shock. Electric shock accidents can be so severe as to cause death, fire or explosion. What is the cause of electric shock, and what can we do to prevent it?
This presentation describes tests that have been instituted to prevent electric shock.
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Cause of Electrical Shock
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Presenter
Presentation Notes
When you touch an electrical device, for example, to change a panel setting, you may suddenly experience an electric shock. Although the shock itself might not be harmful, it could cause a fire or explosion, or even loss of life.
What causes an electric shock?
It is helpful to think of the human being as an electrical impedance. A body's resistance is typically several kOhms. An electric shock occurs when electric current flows through that resistance. Notice that the person in the diagram is standing on the ground, meaning he is electrically earthed.
For an electric current to flow through the body's resistance, there must be a potential difference between ground and another point, which in this case is the voltage at the control panel of the electrical device.
Many electrical devices have dangerous voltages within, such as transformers, motors and heaters. What can be done to prevent the body from coming into contact with such dangerous voltages?
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Countermeasure 1 : “Discharge” = Grounding
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Presenter
Presentation Notes
How about discharging dangerous voltages to earth ground?
This countermeasure consists of grounding the enclosure of the device, using a conductor with very low resistance. In this diagram, this resistance is shown as a resistor between the device and earth ground. When a body touches the control panel, the body's resistance and the grounding resistance are connected in parallel. As the ground resistance is a few hundred milliohms and the body's resistance is several kOhms, very little electric current is allowed to flow through the body.
When the enclosure of an electrical device is not insulated from the internal circuitry, dangerous voltage can be present on the enclosure if the ground line is not connected, so the insulation is the fundamental protection.
Safety standards that regulate the effectiveness of this countermeasure are established by the protective grounding test.
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Countermeasure 2 : “Enclosure” = Isolation
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Presenter
Presentation Notes
How about enclosing the dangerous voltage to prevent contact?
This countermeasure isolates the internal circuitry from the equipment enclosure. As an example, assume there is an insulation resistance between the internal circuitry and the enclosure. When a body touches the enclosure, such as at a control panel, the body's resistance and the insulation resistance are connected in series. As the body's resistance is only several kOhms relative to the many of MOhms of insulation resistance, very little electric current is allowed to flow through the body.
Safety standards that regulate the effectiveness of this countermeasure define the Withstanding Voltage test and insulation resistance test.
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Electrocution
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Presenter
Presentation Notes
Although we've mentioned electric shock in general, there are actually several grades of shock, ranging from the imperceptible to lethal. We will attempt to summarize the range of perceptual currents.
The graph shows the frequency characteristics of perceptual currents. The vertical axis indicates the perceptual current value, and the horizontal axis is the frequency of the perceptual current. The three curves are plots of the levels perceived by 99.5, 50 and 0.5% of test subjects, respectively. We know that people can sense unexpectedly low current levels; at the commercial mains frequency (50 or 60 Hz), 1 mA of current or less can be felt.
When too much current flows through a human body, the motor nerves begin to be paralyzed, preventing one from being able to escape from the danger. This limiting value is called the separation threshold current. In the case of commercial mains frequencies, this threshold is said to be 9 mA for an adult male, and 6 mA for an adult female.
With a current of tens of milliamperes, the autonomous nerves are paralyzed enough to kill, and several hundreds of milliamperes can result in fire.
One might think that a leakage-current circuit breaker could provide the necessary protection, by automatically cutting the power when the breaker senses leakage current. However, as the sensing current of such a breaker is 5 to 30 mA, it cannot protect the human body, but can only protect electrical equipment (from fire). It is not particularly useful to prevent electric shock.
Reference: Clinical Engineering Journal, Vol. 8, No. 2, 1997
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Double and triple protection standard
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Presenter
Presentation Notes
Insulation is fundamental to safety, and insulating against contact with dangerous voltages is fundamental to the design of electrical devices. Tests established by standards to determine the state of insulation are the Withstanding voltage test and the Insulation resistance test. These tests are required not only for electrical devices, but also at the level of individual components.
So what exactly does it mean when a device is damaged or has faulty insulation? The following protective principles are determined by the standards to answer this question.
Protective earthing is one principle. In the event that failure of the insulation causes dangerous voltage to be applied to an equipment enclosure, earthing the enclosure can prevent electric shock. The test regulated by standards to evaluate earthing conditions is the protective grounding test.
The other principle is insulation. Secondary insulation may be applied over the basic insulation to provide double protection. In this case, even if the basic insulation fails, the second layer of insulation retains protection.
Leakage current testing provides an overall evaluation of the effectiveness of any countermeasures to prevent electric shock. Even when insulation and earthing are present, the ultimate test is to determine how much current can flow through the body's resistance. The range of leakage current tests includes more than just these tests. Leakage current is also measured when the earth line is disconnected and the power cord damaged.
In short, leakage current testing to measure current flow through a body actually evaluates the overall safety of both normal and fault conditions of electrical equipment.
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Classification of electrical equipment

1st protecton 2nd Protection

Insulation

Insulation Insulation

Earth＋

＋

Class 1 equipment

Class 2 equipment

?

Presenter
Presentation Notes
If you look around at different electrical equipment items, you will find power cords with both two- and three-pin plugs, as well as equipment operating from batteries, either plain or rechargeable. How do the standards differ for these types of equipment? For protection against electric shock, two independent protection methods are required. When equipment is operating correctly, the basic protection (protection under normal conditions) is sufficient, but when the equipment is faulty, supplementary protection (protection under single-fault conditions) is necessary. The basic protection is provided by the insulation method called basic insulation. There are two means by which the supplemental protection can be applied, and the classification of electrical equipment is determined by these means.
Class I equipment incorporates basic insulation for protection under normal conditions, and is earthed for protection under single-fault conditions. The protection from electric shock is provided by the insulation and earthing.
Class II equipment also incorporates basic insulation for protection under normal conditions, but a second layer of insulation is provided for protection under single-fault conditions. The two layers of insulation therefore provide protection from electric shock.
So in answer to the earlier question, the difference between Class I and Class II equipment is the method of protection against single-fault conditions. Class I equipment must be earthed, meaning a three-wire power cord must be used, while Class II equipment is protected without the need for earthing, so a two-wire power cord is used.
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Insulation system
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Class I equipment

Ｍ

Power Source

Basic Insulation

Ｍ

Enclosure

Ｍ

Plug with
protective

earthing contact

Middle circit

Motor having an
exposed shaft

Functional
earh terminal

Supplementary insulation or
protectively earthing screen

Presenter
Presentation Notes
Protection against electric shock in a Class I equipment is provided by the basic insulation and earthing. The basic insulation is intended to prevent the possibility of dangerous voltage from the internal circuitry being applied to the enclosure. The enclosure is therefore earthed to ensure that no dangerous voltage can occur in the event that the basic insulation fails. The protective earth terminal (also called protective earth, which is typically the earthing pin of the power cord) provides the earth connection to earth.
Supplementary insulation is also applied for safety considerations to, for example, a motor having an exposed shaft, or to exposed points of the internal circuitry such as output terminals for converted voltage. However, even though the equipment may contain some supplementary insulation, it is still considered to be Class I because of the necessity for earthing.
This diagram shows the general concept of Class I equipment. The power section is completely covered with insulating material. Of course actual equipment is not structured like this, but you can think of the basic insulation to be constructed as described on the previous page.
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Class II equipment
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Presenter
Presentation Notes
Protection against electric shock in Class II equipment is provided by both basic and supplementary insulation. The basic insulation is applied first, and the supplementary insulation is then applied over it (double insulation). Electric shock prevention is not dependent upon earthing, so a two-wire power cord may be used. Points where one could come into direct contact with internal circuitry, such as the power switch or an exposed motor shaft have reinforced insulation. The reinforced insulation is designed to provide the same degree of insulation as double insulation, to ensure that the entire apparatus retains the same level of safety as the double insulation.
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Safety Standards for Electrical Equipment
IEC 60601-1:2005+AMD1:2012, or  IEC 60601-1 Edition 3.1
Medical electrical equipment-Part1:General requirements for basic safety and essential performance 

IEC 60990:1999
Methods of measurement of touch current and protective conductor current

IEC 61010-1:2010
Safety requirements for electrical equipment for measurement, control, and laboratory use – Part 1: 
General requirements

IEC 60065:2010
Audio, video and similar electronic apparatus – Safety requirements
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Safety Standards for Electrical Equipment
IEC 60601-1:2005+AMD1:2012, or  IEC 60601-1 Edition 3.1
Medical electrical equipment-Part1:General requirements for basic safety and essential performance 

IEC 60990:1999
Methods of measurement of touch current and protective conductor current

IEC 61010-1:2010
Safety requirements for electrical equipment for measurement, control, and laboratory use – Part 1: 
General requirements

IEC 60065:2010
Audio, video and similar electronic apparatus – Safety requirements

Medical standard
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What is leakage current testing for electrical equipment’s safety validation?

Purpose
To check insulation performance
Leak current testing is extremely important,
particularly for medical-use electrical devices 
(medical devices)

Criterion
Leakage current values that would 
flow to the human body (through a person)
(Applicable standards define a person in terms of simulated human resistance.)

×

Presenter
Presentation Notes
Leak current testing is carried out to check the insulation performance of the DUT. 
It is similar in meaning to withstand voltage testing and insulation resistance testing. 
However, leak current as used in the context of the ST5540 differs from the term in its ordinary usage. 
The most important difference lies in its use to measure current flowing through the human body. 
Consequently, this type of current differs from current that does not flow through the human body, for example in clamp tester and withstand voltage testing.
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Source：IEC60601-1
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Person = Simulated human resistance 
= Measurement network: Example

Presenter
Presentation Notes
This circuit diagram from IEC 60601-1, a standard that governs medical devices, simulates the resistance of the human body. 
It consists of a combination of resistors and capacitors. 
In addition to defining this combination of components, some standards delineate the circuit’s frequency characteristics. 
Although some customers choose to build their own circuits in-house, 
it is difficult to do so in a way that maintains the frequency characteristics that are defined by the standards.
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UL standard Act on Product Safety of Electrical Appliances 
and Materials (PSE)
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IEC 60990（IEC 60065-1,IEC 60950-1,IEC 61010-1 etc）
IEC 60990：Methods of measurement of touch current and protective conductor current

Person = Simulated human resistance 
= Measurement network: Example

Presenter
Presentation Notes
UL standards and the Act on Product Safety of Electrical Appliances and Materials also define simulated human resistance. 
The component values and specific combinations of components they use to do so differ. 
Simulated human resistance as defined by IEC 60990 has enjoyed particularly wide use recently. 
IEC 60990 defines methods for measuring touch current and protective conductor current, and most other IEC standards that define touch current refer to this standard (IEC 60990).
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Test conditions for leakage current testing

PASS

Different 

Equipment

PASS

PASS

Malfunctioning 

device

FAIL Supply voltage ×
110% applied

Break in power 
wire

Break in 
ground 

wire

Normal condition Single fault condition

Perform leakage current testing at normal and single fault conditions
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ST5540 – features

• Perform testing in compliance with 

IEC 60601-1 Ed. 3.0:2005, IEC 60601-1 Amd.1 Ed. 3.0:2014

*IEC 60601-1：Standards for medical devices

• Uninterrupted-power polarity switching function

• Current ratings: 20 A

• Measure protective conductor current.

• Operation check functionality.
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Standard compliance



© 2020  HIOKI USA CORPORATION

24

Easy to set up test sequences
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• Embedded human body resistance networks for  
safety standards 

• Easy to set up test sequences 
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Uninterrupted-power polarity switching
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Issues：

The DUT will lose power when the 
polarity is switched.

Uninterrupted-power polarity switching

Ground connection only switched
 No power interruption to DUT (Patented)  

*Requires use of an isolation transformer.

Uninterrupted-power polarity switching unit
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Current supply to DUT

Source：Siemens Healthineer website
https://www.siemens-healthineers.com/en-us/

Terminal block: 20 A

Increase of current consumption in modern 
medical equipment
 Require supply of higher current 

https://www.siemens-healthineers.com/en-us/
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Protective conductor current measurement
Protective conductor current 
measurement in compliance with 
IEC 60990:1999
 Require negligible resistance 
insertion for an ammeter
 35 Ω at the ST5540 故障機器

故障機器 故障機器

Malfunctioning
device

Malfunctioning
device

Malfunctioning
device

Protective conductor current 
(Normal condition)



© 2020  HIOKI USA CORPORATION

28

Operation check function 1
Wiring and VA check for the power supply of DUT
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Operation check function 2

Relay check function – Check internal relays for human body 
resistance networks and normal/single fault condition)

LINE IN
Power supply connected to the LINE IN



© 2020  HIOKI USA CORPORATION

30

Operation check function 3
Fuse check function – Check internal fuses 

LINE IN
Power supply connected to the LINE IN
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Safety compliance testing
• Leakage Current Measurement

• Insulation Test

• Withstanding Voltage (Hi-pot) Test

• Protective Grounding (Ground Bond) Test

• Safety Test Data Management

ST5540

3153
or
3174

3157-01

9267
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Hi-pot/Insulation resistance Testing
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3153 vs. 3174
3174

Automatic Insulation
AC Withstanding Tester
Stable Output

3153
Automatic Insulation
AC/DC Withstanding Tester
Stable Output
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Safety compliance testing
• Leakage Current Measurement

• Insulation Test

• Withstanding Voltage (Hi-pot) Test

• Protective Grounding (Ground Bond) Test

• Safety Test Data Management

ST5540

3153
or
3174

3157-01

9267
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Protective Grounding (Ground Bond) Test
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3157・AC 3.0A ～ 31.0A Output
・ No-load voltage Less than 6V
・ Soft Start function

Output
Current

End of test time

3s max.

blinking
TESTTESTREADY PASS

Selected current output

Current output start

Connect the probe to
a device under test

Soft Start function can avoid a 
sparks

No Sparks
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Safety compliance testing
• Leakage Current Measurement

• Insulation Test

• Withstanding Voltage (Hi-pot) Test

• Protective Grounding (Ground Bond) Test

• Safety Test Data Management

ST5540

3153
or
3174

3157-01

9267
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Interface

4 Port USB to RS232 Serial 
DB9 Adapter HubPC

ST5540

3153
or
3174

3157-01

+
Option RS232C Interface

USB  RS232C
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Safety Test Data Management App 9267
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Summary
Electrical equipment requires to be tested referring to 
safety standards below
• IEC 60601-1: Medical standard
• IEC 61010-1
• IEC 60990, etc.
Electrical safety is validated by;
• Leakage current test – ST5540
• Hi-pot and Insulation resistance test – 3153 or 3174 
• Protective grounding test – 3157
Leakage current test by ST5540
• Complies with IEC 60601-1
• Equips human body networks for medical standards
• Uninterrupted power-polarity switching (Patented) 
• 20 A current rating & OP. check functions

For more information
HIOKI USA Corporation
6600 Chase Oaks Blvd. Suite 150
Plano, TX 75023, USA
Phone: 469-983-1700

https://www.hiokiusa.com

https://www.hioki.com/
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For more product information
ACA TMetrix
3585 Laird Road, Units 15-16, 
Mississauga, ON L5L 5Z8 
TEL:1-800-665-7301

Email: info@tmetrix.com

Website: https://tmetrix.com/

ST5540

Hi-POT Tester
3153

AC GROUNDING HiTESTER
3157

mailto:info@tmetrix.com
https://tmetrix.com/
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Questions?
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