
Practical Workbook

Keeping Your Practical Skills Organised
R U S N A N I  Y A H Y A

 M A R I A N A  R O S D I  
K U  L E E  C H I N

First Edition

FLUKE VERSION



MEDICAL SYSTEM PRACTICE
Practical Workbook

FIRST EDITION 2022

ELECTRICAL ENGINEERING
DEPARTMENT

@ J A B A T A N  P E N G A J I A N  P O L I T E K N I K  D A N  K O L E J  K O M U N I T I  
K E M E N T E R I A N  P E N G A J I A N  T I N G G I 



ALL RIGHTS RESERVED

No part of this publication may be reproduced, distributed or
transmitted in any form or by any means, including
photocopying, recording or other electronic or mechanical
methods, without the prior written permission of Politeknik
Sultan Salahuddin Abdul Aziz Shah. 

MEDICAL SYSTEM PRACTICE
Practical Workbook

AUTHORS
RUSNANI YAHYA
MARIANA ROSDI
KU LEE CHIN

EDITOR
RUSNANI YAHYA

E-ISBN No: 978-967-0032-27-6

First Publication 2022

Published by:

UNIT PENERBITAN 
Politeknik Sultan Salahuddin Abdul Aziz Shah Persiaran
Usahawan, Seksyen U1, 40150 Shah Alam Selangor Telephone
No.: +603 5163 4000 Fax No. : +603 5569 1903 



PREFACE

This practical workbook is filled with information and procedure
to give students a ready reference and instructional material for
medical equipment maintenance activities.

It is designed to enable the students to learn by themselves
and/or by the guidance of their instructor, to discover new basic
maintenance procedures, and terminologies, and to acquire new
knowledge and skills in the maintenance of biomedical
equipment.

The practical workbook consists of six different chapters;
Electrical Safety Test for medical equipment according to IEC
60601 standard, Electrical Safety Test for medical equipment
according to IEC 61010 standard, Electrical Safety Test for
medical equipment according to IEC 62353 standard, Plan
Preventive Maintenance for medical equipment according to IEC
62353 standard, Operating and Maintaining Anesthesia Machine
and Performance Test for Infusion Pump Machine, which are
broke down into simple lessons, with accompanying activities
and exercises. Written in simple language, each lesson features
the fundamentals of medical equipment maintenance standards,
basic steps, safety precautions, and a diagram of connections
from different types of equipment, brand, and model in this
practical workbook.

The students may now share this knowledge with others who
need the motivation to learn. Selected medical equipment is
made for a simple and easy understanding of medical equipment
activities. But being a person who possesses knowledge, skills,
and attitude in maintenance technical activities is a different
thing. 

The Authors
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Synopsis

P R A C T I C A L  W O R K B O O K  

MEDICAL SYSTEM PRACTICE covers the knowledge of necessary
standards for safety in medical device according to International
and Malaysian Standard requirements. This course emphasizes
on electrical safety of medical equipment and safe use of
anesthesia machine. This course also provides the knowledge and
skills of maintenance for medical equipment including safety test
and performance test and also the safety system of infusion
devices.

Learning Outcome
PLO5: Apply appropriate techniques, resources, and modern
engineering and IT tools to well-defined engineering problems,
with an awareness of the limitations (DK6). 

CLO2: Perform the skills in maintenance and testing process for
medical equipment by using appropriate standards (P4, PLO 5)
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Electrical Safety Test for medical equipment
according to IEC 60601 standard

PRACTICAL WORK 1

At the end of the experiment, students will be able to

(i) Perform Electrical Safety Test using IEC 60601 Standard  
     for specified medical devices.

(ii) Measure the main voltage, insulation resistance and 
      different type of leakage current. 

Apparatus 

Electrical Safety Analyzer 
(Fluke ESA620)

NIBP machine 
(Device Under Test)

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 60601 standardPRACTICAL WORK 1

Before perform electrical safety test, please complete the details below:   

Equipment Under Test (EUT): 

Brand/Manufacturer:

Model: 

Serial Number:

Class: 

Accessories: 

Types: 

Origin: 

P R A C T I C A L  W O R K B O O K  
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ELECTRICAL SAFETY ANALYZER

Electrical Safety Test for medical equipment according to IEC 60601 standardPRACTICAL WORK 1

Figure 1: Connection Between Medical Equipment
 and Analyzer

NIBP MONITOR

CUFF

P R A C T I C A L  W O R K B O O K  
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Table 1.1 : Mains Voltage



Electrical Safety Test for medical equipment according to IEC 60601 standardPRACTICAL WORK 1

P R A C T I C A L  W O R K B O O K  
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Table 1.2 : Insulation Resistance

Table 1.3 : Earth Leakage Current



Electrical Safety Test for medical equipment according to IEC 60601 standardPRACTICAL WORK 1

P R A C T I C A L  W O R K B O O K  

6

Table 1.4 : Enclosure Leakage Current



Electrical Safety Test for medical equipment according to IEC 60601 standardPRACTICAL WORK 1

P R A C T I C A L  W O R K B O O K  
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Table 1.5 : Patient Leakage Current



Electrical Safety Test for medical equipment according to IEC 60601 standardPRACTICAL WORK 1

P R A C T I C A L  W O R K B O O K  
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Table 1.6 : Patient Auxiliary leakage Current



Electrical Safety Test for medical equipment according to IEC 60601 standardPRACTICAL WORK 1

DISCUSSION:
Discuss your observations from theoretical, simulation result and practical result. 

CONCLUSION:
Give your conclusion pertaining to the experiment.

P R A C T I C A L  W O R K B O O K  
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   2. What is unit measurement of blood pressure?

   3. What are the normal reading of human blood   
       pressure ?

Electrical Safety Test for medical equipment according to IEC 60601 standardPRACTICAL WORK 1

Exercise 1

What is the function of Non Invasive Blood
Pressure Monitor?

1.

   4. List  FIVE (5) blood pressure monitor in the market.

Manufacturer Model

   5. What is the definition of IEC 60601?

P R A C T I C A L  W O R K B O O K  
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Electrical safety test for medical equipment
according to IEC 61010 standard

PRACTICAL WORK 2

At the end of the experiment, students will be able to
 

(i) Perform Electrical Safety Test using IEC61010 Standard
for specified medical laboratory equipment.

(ii) Measure the main voltage, insulation resistance and
different type of leakage current. 

Apparatus 

Electrical Safety Analyzer 
(Fluke ESA620)

Microscope RaxVision 
(Device Under Test)

P R A C T I C A L  W O R K B O O K  
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Before perform electrical safety test, please complete the details below:   

Equipment Under Test (EUT): 

Brand/Manufacturer:

Model: 

Serial Number:

Accessories: 

Origin: 

Electrical Safety Test for medical equipment according to IEC 61010 standardPRACTICAL WORK 2

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 61010 standardPRACTICAL WORK 2

Figure 2: Connection Between Medical Equipment
 and Analyzer

ELECTRICAL SAFETY ANALYZER

MICROSCOPE

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 61010 standardPRACTICAL WORK 2

P R A C T I C A L  W O R K B O O K  
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Table 2.1 Accessible Voltage Test



Electrical Safety Test for medical equipment according to IEC 61010 standardPRACTICAL WORK 2 

Exercise 2
1. Explain the definition of IEC61010
__________________________________________________________
__________________________________________________________

2. List FIVE (5) of medical laboratory equipment
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________

3. Which department related to the medical
laboratory equipment?
__________________________________________________________
__________________________________________________________
__________________________________________________________

4. List all the safety test related to medical laboratory
equipment
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________

5. Explain the importance of safety test for medical
laboratory equipment.
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________
__________________________________________________________

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical
equipment according to IEC 62353 standard

PRACTICAL WORK 3

At the end of the experiment, students will be able to

(i) Perform Electrical Safety Test using IEC62353 Standard for
specified medical laboratory equipment.

(ii) Measure the main voltage, protective earth, insulation
resistance, current consumption test, direct equipment
leakage current, direct applied part leakage current,
differential equipment leakage current, alternative
equipment leakage current and alternative applied part
leakage current

Apparatus 

Electrical Safety Analyzer 
(Fluke ESA620)

Defibrillator 
(Device Under Test)

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 62353 standardPRACTICAL WORK 3

Before perform electrical safety test, please complete the details below:   

Equipment Under Test (EUT): 

Brand/Manufacturer:

Model: 

Serial Number:

Class: 

Accessories: 

Types: 

Origin: 

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 62353 standardPRACTICAL WORK 3

Figure 3 : Connection Between Medical Equipment
 and Analyzer

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 62353 standardPRACTICAL WORK 3

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 62353 standardPRACTICAL WORK 3

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 62353 standardPRACTICAL WORK 3

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 62353 standardPRACTICAL WORK 3

P R A C T I C A L  W O R K B O O K  

22

Table 3.1 : Table of Test Result



DISCUSSION:
Discuss your observations from theoretical, simulation result and practical result. 

CONCLUSION:
Give your conclusion pertaining to the experiment.

Electrical Safety Test for medical equipment according to IEC 62353 standardPRACTICAL WORK 3

P R A C T I C A L  W O R K B O O K  
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Electrical Safety Test for medical equipment according to IEC 62353 standardPRACTICAL WORK 3 

Exercise 3

Explain the function of Defibrillator.1.
_________________________________________________
_________________________________________________
_________________________________________________

2. Are there different defibrillators for
children?
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________

3. What is energy range for defibrillator
Lifepak 20e
_________________________________________________
_________________________________________________

4. Discuss the difference between
defibrillator, AED dan Pacemaker?
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________

5. Find in the service/user manual, the
accuracy of the defibrillator Lifepak 20e.
_________________________________________________
_________________________________________________

P R A C T I C A L  W O R K B O O K  
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Plan Preventive Maintenance for medical
equipment according to IEC 62353 standard.

PRACTICAL WORK 4

At the end of the experiment, students will be able to
 

(i) Perform Plan Preventive Maintenance using appropriate
safety Standard for specified medical equipment.

Apparatus 

Electrical Safety Analyzer 
(Fluke ESA620) SPO2 machine 

(Device Under Test)
 SPO2 Analyzer 

P R A C T I C A L  W O R K B O O K  

25



Before perform plan preventive maintenance, please complete 
the details below:   

Equipment Under Test (EUT): 

Brand/Manufacturer:

Model: 

Serial Number:

Class: 

Accessories: 

Types: 

Origin: 

Plan Preventive Maintenance for medical equipment according to IEC 62353 standard.PRACTICAL WORK 4

P R A C T I C A L  W O R K B O O K  
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ELECTRICAL SAFETY ANALYZER
SPO2

FINGER PROBE

Plan Preventive Maintenance for medical equipment according to IEC 62353 standard.PRACTICAL WORK 4

Figure 4.1: Connection Between Medical Equipment
 and Safety Analyzer

A : ELECTRICAL SAFETY TEST

P R A C T I C A L  W O R K B O O K  
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P R A C T I C A L  W O R K B O O K  
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Plan Preventive Maintenance for medical equipment according to IEC 62353 standard.PRACTICAL WORK 4



P R A C T I C A L  W O R K B O O K  
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Plan Preventive Maintenance for medical equipment according to IEC 62353 standard.PRACTICAL WORK 4



P R A C T I C A L  W O R K B O O K  
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Plan Preventive Maintenance for medical equipment according to IEC 62353 standard.PRACTICAL WORK 4
Table 4.1 : Table of Test Result



Plan Preventive Maintenance for medical equipment according to IEC 62353 standard.PRACTICAL WORK 4

Figure 4.2: Connection Between Medical Equipment
 and SPO2 Analyzer

SPO2 ANALYZER

SPO2

FINGER PROBE

PULSE RATE ACCURACY

1. Connect the DUT to SPO2 Analyzer as indicated in Figure 4.2.

2. Switch ON the SPO2 Analyzer 

3. From the main menu of the SPO2 Analyzer, press the soft key labeled     
    ‘MORE’ for the second menu and press the soft key labeled ‘MAKE’. Use the  
    plus and minus keys to scroll through the available makes.

4. Select the make of the pulse oximeter to be tested. When the correct make 
    appears on the screen, press the ‘ESC’ key to return to the main menu.

5. From the main menu, press the soft key labeled ‘SIM’ to enter the simulation 
    mode.

6. Begin the manual simulation by pressing the soft key labeled ‘MAN’. Use the 
    plus and minus keys to adjust the O2 level and pulse rate.

7. Set the pulse rate as per the checklist

8. Turn on the SPO2 machine and initiate the measurement.

B : PERFORMANCE TEST

P R A C T I C A L  W O R K B O O K  
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DISCUSSION:
Discuss your observations from theoretical, simulation result and practical result. 

CONCLUSION:
Give your conclusion pertaining to the experiment.

P R A C T I C A L  W O R K B O O K  
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Plan Preventive Maintenance for medical equipment according to IEC 62353 standard.PRACTICAL WORK 4



 Exercise 4

Plan Preventive Maintenance for medical equipment according to IEC 62353 standard.PRACTICAL WORK 4

P R A C T I C A L  W O R K B O O K  
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Operating and Maintaining
Anesthesia Machine

PRACTICAL WORK 5

At the end of the experiment, students will be able to
 

(i) Perform Electrical Safety Test using IEC62353 Standard
for specified medical laboratory equipment.

(ii) Measure the main voltage, insulation resistance and
different type of leakage current. 

Apparatus 

Electrical Safety Analyzer 
(Fluke ESA620)Anesthesia Machine 

(Device Under Test)

P R A C T I C A L  W O R K B O O K  
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               Operating and Maintaining Anaesthesia MachinePRACTICAL WORK 5

Before perform safety test, please complete the details below:   

Equipment Under Test (EUT): 

Brand/Manufacturer:

Model: 

Serial Number:

Class: 

Accessories: 

Types: 

Origin: 

P R A C T I C A L  W O R K B O O K  
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ELECTRICAL SAFETY
ANALYZER

ANAESTHESIA
MACHINE

Figure 5: Connection Between Medical Equipment
 and Safety Analyzer

P R A C T I C A L  W O R K B O O K  
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               Operating and Maintaining Anaesthesia MachinePRACTICAL WORK 5

5



P R A C T I C A L  W O R K B O O K  
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               Operating and Maintaining Anaesthesia MachinePRACTICAL WORK 5



P R A C T I C A L  W O R K B O O K  
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               Operating and Maintaining Anaesthesia MachinePRACTICAL WORK 5



P R A C T I C A L  W O R K B O O K  
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               Operating and Maintaining Anaesthesia MachinePRACTICAL WORK 5
Table 5.1 : Table of Test Result



DISCUSSION:
Discuss your observations from theoretical, simulation result and practical result. 

CONCLUSION:
Give your conclusion pertaining to the experiment.

P R A C T I C A L  W O R K B O O K  
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               Operating and Maintaining Anaesthesia MachinePRACTICAL WORK 5



 Exercise 5

P R A C T I C A L  W O R K B O O K  
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               Operating and Maintaining Anaesthesia MachinePRACTICAL WORK 5



Apparatus 

Infusion Pump machine 
(Device Under Test)

Performance Test for Infusion
Pump Machine

PRACTICAL WORK 6

At the end of the experiment, students will be able to
 

(i) Perform Electrical Safety Test using IEC62353 Standard
for specified medical laboratory equipment.

(ii) Measure the main voltage, insulation resistance and
different type of leakage current. 

Infusion Pump Analyzer 
 

P R A C T I C A L  W O R K B O O K  
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                Performance Test for Infusion Pump MachinePRACTICAL WORK 6

Before perform safety test, please complete the details below:   

Equipment Under Test (EUT): 

Brand/Manufacturer:

Model: 

Serial Number:

Class: 

Accessories: 

Types: 

Origin: 

P R A C T I C A L  W O R K B O O K  
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INFUSION 
PUMP DEVICE

INFUSION PUMP ANALYZER

WATER DRAIN

Figure 6: Connection Between Medical Equipment and
Safety Analyzer

P R A C T I C A L  W O R K B O O K  
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                Performance Test for Infusion Pump MachinePRACTICAL WORK 6

Table 6.1 : Verify Unit Operates on Battery

6.1



P R A C T I C A L  W O R K B O O K  
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                Performance Test for Infusion Pump MachinePRACTICAL WORK 6

6

Table 6.2: Flow Rate Accuracy



P R A C T I C A L  W O R K B O O K  
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                Performance Test for Infusion Pump MachinePRACTICAL WORK 6

Table 6.3: Volume Accuracy

Table 6.4: KVO Rate



P R A C T I C A L  W O R K B O O K  

47

                Performance Test for Infusion Pump MachinePRACTICAL WORK 6

Table 6.5: Occlusion Pressure



DISCUSSION:
Discuss your observations from theoretical, simulation result and practical result. 

CONCLUSION:
Give your conclusion pertaining to the experiment.

P R A C T I C A L  W O R K B O O K  
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                Performance Test for Infusion Pump MachinePRACTICAL WORK 6



Exercise 6

P R A C T I C A L  W O R K B O O K  
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                Performance Test for Infusion Pump MachinePRACTICAL WORK 6
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