ELECTRICAL SAFETY ANALYZER AND ITS MEASURMENTS

DEFINITION:

- An Electrical Safety Analyzer (ESA) is a device used to test the safety of electrical medical
equipment and ensure compliance with safety standards.

o Importance:

= Essential for patient safety, operator safety, and device reliability.
o Standards referred:

= |EC 60601-1, NFPA 99, AAMI ES1, ANSI/AAMI standards.
Why Electrical Safety Testing?

o To detect leakage currents, insulation failures, and earth (ground) faults.
e Prevent hazards like:

o Electrical shock

o Fires

o Equipment malfunction
e Mandatory for:

o Hospitals

o Biomedical engineering departments

o Equipment maintenance companies

THEORY

To help verify the functionality and safety of medical devices, electrical safety standards
have been established in the United States, European countries, and other parts of the world. The
standards differ in criteria, measurements, and protocol. The International Organization for
Standardization (ISO) and the International Electro-Technical Commission (IEC) organizations
based in Europe provide standards worldwide in partnership with the World Trade Organization.
These include standards for electro-medical equipment. There are general and specific standards
for medical device electrical safety. IEC60601 AAMI/NFPA 99 The primary standard for medical
devices is IEC 60601. General requirements for protection against electric shock hazards are
covered in IEC 60601.1, Section 3.

In this standard, each instrument has a class:

e Class I—Live part covered by basic insulation and protective earth
e Class ll—Live part covered by double or reinforced insulation
e Class IP—Internal power supply

Each patient applied part or patient lead has a type:




e Type B—Patient applied part earthed
o Type BF—Patient applied part floating (surface conductor)
e Type CF—Patient applied part floating for use in direct contact with the heart

Leakage measurement limits have been developed for equipment types and measurements. They
include:

e NC—normal conditions
e SFC—single fault conditions

Applied Parts:

Any conductive components that are intended to contact the patient in normal use. Examples:
connectors for ECG or EEG electrodes, defibrillator pad connectors or paddles, active or return
ESU electrodes.

Earth Leakage Current:

Current that flows in the Earth wire of a protectively earthed device.

Enclosure Leakage Current (Touch or Chassis leakage):

Current that flows to earth from any exposed conductive part of the enclosure other than through
the protective earth wire.

Patient Leakage Current (Lead to Ground Current):

Current that flows to earth through a patient connected to an applied part or parts.
Patient Auxiliary Current:

Current that flows between applied parts which serves no design purpose.
Isolation Leakage Current (Mains-on-Applied-Parts Current):

Current that flows to earth through the applied parts (connected as one) when momentarily
connected to the mains voltage.

Single Fault Condition:
A condition in which a normal connection (Earth or L2) is open.

The terminology used in IEC 60601.1 3rd Edition includes:

Protective earth resistance




Earth leakage current

Touch current (formerly enclosure leakage current)
Patient leakage current

Patient auxiliary current

Mains on applied part (MAP)

Protective Earth Resistance Ground Wire Resistance

Earth Leakage Current Ground Wire Leakage Current
Touch or Enclosure Leakage Current Chassis Leakage Current
Patient Leakage Current Lead to Ground Leakage Current
Patient Auxiliary Leakage Current Lead to Lead Leakage Current
Mains on Applied Part (MAP) Leakage Current Isolation Leakage Current

Patient
leakage
Patient Patient current Patient
Earth Touch leakage leakage mains on anxiliary
Leakage leakage current current AC | current DC applied current
current (pA) current mA (nA) (nA) (rA) (nA) (pa)
Type B NC 5 100 100 10 = 100
SFC 10 500 500 50 — 500
Type BF | NC 5 100 100 10 — 100
SFC 10 500 500 50 5000 500
Type CF | NC 5 100 10 10 — 10
SFC 10 500 50 50 50 50

Testing Procedure

e Physical Inspection: Inspect the power cord, especially the plug. Inspect the patient
interface components: cables, tubing, pads, cuffs, etc. Anything that is damaged or beyond
cleaning for reasonably good appearance should be replaced.

o Configure the Safety Analyzer: Select the standard that you will be using, then verify if
the device to be tested is used in the patient care vicinity (defined in IEC 60601), and
whether it is a Class | (line- powered) or Class 11 (double insulated) device

e Mains Voltage: Measure the voltage from Hot to Neutral, from Neutral to Ground, and
from Hot to Ground. The voltage from Hot to Neutral and from Hot to Ground should be
within +/- 10% of nominal. On 120v wiring, there should be no more or less than 3.6v from
Neutral to Ground.




Acceptable Interpretation if Out of

Measurement Ideal VValue
Range Range
- If too high (>132V):
Hot to Neutral .\ 108 V to 132 V _O"el?’o':gge o (<10g'\5/';_-
(H-N) (£10% of 120V) -
Undervoltage, poor
equipment performance.
Hot to Ground 108V to 132 V Should  match  H-N.

120V - If much different: Ground

— +100,

(H-G) (£10% of 120V) fault or wiring error.
- >3.6 V indicates:
. Loose neutral  wire

Close to 0 V

Neutral to (Ideally < 1 0 Vi3V - Grounding issue

Ground (N-G) V) y (maximum) * Shared neutrals without
proper separation

» Load imbalance

Ground Wire (Protective Earth) Resistance: NFPA-99 and AAMI ES-1 set the
maximum acceptable resistance at 0.50 Q. It is a good practice (in fact specified in most
standards) to stress the power cord at both connector ends while testing, in order to detect
any incompetency of the ground wire continuity.

Ground Wire (Protective Earth) Leakage Current: The analyzer is configured to
measure the current in the Ground Wire.

Touch or Chassis (Enclosure) Leakage Current: The analyzer measures current from
the device’s enclosure; usually, the “ground pin” is the best option. In the absence of a
ground pin, you may connect to any conductive feature likely to be contacted by the patient
or user, and which is continuous with the enclosure.

Patient (Applied Part to Ground) Leakage Current: This measures the current between
any and all conductive components which necessarily come in contact with the patient in
normal use. Measurements are taken from each applied part, and from all applied parts
connected together, Auxiliary (“Lead to Lead”) Leakage Current:

Auxiliary (“Lead to Lead”) Leakage Current: The analyzer is configured to determine
the current between any two applied parts or any combination of applied part groups, user-
selectable on the analyzer.

Isolation (Mains-on-Applied-Parts) Leakage Current: In order to verify that the
isolation of the applied parts is competent, this test exposes the applied parts, connected
together, to the mains voltage created by an isolation transformer within the analyzer.




Electrical Safety Analyzers

Wiring / Receptacle Testing

I'évl Wiring Codes [ = = LED on)
(Black) '{;D 1. Hot apen {or all hot!) o6 o o
2. Neutral open ¥ O (]
10k 10 kit 3. No possible wiring o ® O
Ground 4. Ground open o o *
{Green) 10 5. Hetjground reversed = . O
3K LED 6. Correct (or ground/neutral reversed)  # o] *
-‘21. 7. Hotfneutral reversed o ] *
L] L Ll

LED 8, Hot open and neutral/hot

Neutral

{%frlilt]

* Three LED receptacle tester:

* Simple device used to test common wiring problems (can detect
only & of possible 64 states)

* Will not detect ground/neutral reversal, or when ground/neutral
are hot and hot is grounded (GFC| would detect the latter)

Electrical Safety Analyzers
Testing Electrical Appliances

* Ground-pin-to-chassis resistance: Should be <0.15Q during the life of
the apj Appliance Patient

power switch lead selector

Polarity

120 V

Appliance

Exposed conductive surface

R<0.1502
Ohmmeter

Ground-pin-to-chassis resistance test




Electrical Safety Analyzers

Testlng Electrical ApPllances

¢ Chassls leakage current: The leakage current should not exceed 500ps with single fault for
devices not intended for patient contact, and not exceed 300 pa for those that are intended
for patient contact. Appliance power switch

{use both OFF and ON positions)

Open switeh Grounding-centee Pelarity- reversing Il
fer appllances swiich (use in switch {nze badh I|I
not intended ta OFEN position) pusitions] | Appliasto
cemiact o panest - |I !
; - r
H iblack) P . ————
— T 1 i To expossd cosdeenive
HHH -}'_'?.-r"{? é' : | '}:__!' 1 sarface or if none, then 10 by
1207 . M{J\_ﬂ I = ; N el | 30 em medal il in contack
N iwhirg) “‘; [ e ':|-I I o : : with the expozed morface
I ——— I 11

—a | (I
: | .
.r'r 1 G (grean) — -El} :| Insulating =wrface
& -_ | L |
Y Pwibing : Curresl e ber : H = bot
.. ground ] . N = mewival [groumdod)
., . G = grounding comderier
.,
This conneciion Tocit carcule
ks atservice J = 50 pA for facility fowned honzekeeping and maintesance appliamces
emfrance o on J= 40 pA for appliasces istended for wee in the patiest vicisity
supply side of
meparabeh dermed
syetem




Electrical Safety Analyzers
Testing Electrical Appliances

* Leakage current in patient leads:

* Potentially most damaging leakage is the one with patient leads, since they
typically have low impedance patient contacts

* Current should be restricted to S50uA for non-isolated leads and to 10 pA for
isolated leads (used with catheters / electrodes that make connection to the
heart)

* Leakage current between any pair of leads, or between a single lead and
other patient connections should also be controlled

* Leakage in case of line voltage appearing on the patient should also be
restricted.

Leakage current Testers

Test for leakage current from switch (if any)
(activated as required)

Apphiance power switch

(use bath OFF and ON positions)

Polanty.reversing Appliance
switch (use both

patient leads to ground

Patient leads
*

Current meter

Tﬁlglﬂlil H=hot

Grounding contact switch N = neutral (grounded)

(use both OPEN and G= conductor

CLOSED positions) SR guuning

This conmection

is at service I < 50 A for isolated patient leads
— COLFANCE OF ON with the ground open

sepply side of 1 < 10 A for isolated

. #A for patient leads
separately derived with the ground meact

system




Leakage Current testers

Patient-lead selector

Test for leakage current switch (activated as
between patient leads _ ':‘q“‘"d)
Appliance power switch Patient-connected leads

(closed)
Polarity-reversing
switch (use both
positions)

(grouped and connected
as required)

Current meter
N = neutral (grounded)

> = grounding condact
Test circuit N\ L o bommomond

Grounding contact switch I < 50 pA for isolated patient leads
(use in both OPEN and with the ground open

CLOSED positions) I < 10 pA for isolated patient leads
with the ground intact

Leakage Current Testers

Carrest meser
T'est for ac isolation current o
Isolation current is the current 200 442 Polary-reversing Applissce power switch Putiat:Bead pilocics
that passes through patient switch (use both (use both OFF asd ON swilch (activated
leads to ground if and when positices) as requised)

line voltage appears on the
patent. This should also be
limited 1o 50pA

H (black) —

120V

N (whise)
<€ e 1

Patient-conaccred

L . leads (check cach)
W Tnsulating surface (other beads
| o (m"): i & ba left uncoasected)
— Building ! "
| = . I N = neutral (grounded)
grosnd 1 20 e armdloe s
b %
Test circuit

Thas coanection I < 50 pA for soluied patsent deads measured at normal
is ot service coanectson between patient aad patient Jead
entrance of 1< 25 uA for isolated patsent Jeads af the appleance terminaly
on supply side
of separately
derived system




