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1
INTRODUCTION

This user manual contains essential information for the operator to make (safe) use of the hardness tester. This manual 
includes a description of the system functions, capabilities, safety provisions and instructions for the further life cycle of 
the machine. 

1.1 GENERAL INSTRUCTIONS

    WARNING
Before using, servicing or transporting the machine, read the “Safety chapter” of this manual thoroughly. In case of doubt, 
the manufacturer should always be consulted.

The user manual contains important warnings to use the FENIX 200ACL, also referred to as “machine” hereinafter, 
safely, professionally and economically. By following this information, hazards can be avoided, repair costs and 
downtime can be reduced and the reliability and service life of the machine can be increased.

The user manual must always be accessible and available to the user. Always keep a copy of this manual with the 
machine! Before you work with the machine or carry out any maintenance or repairs, you must first read the relevant 
chapter of this manual completely.

Text indicated as following: “EXAMPLE”, refers to a button or selector.
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1.2 TARGET GROUPS

The user / owner is, as legal person, responsible for the intended use of the machine and for the training and 
deployment of the authorized persons. The user/owner keeps a record of qualifications and competences of these 
authorized persons.

Professional is a person who, based on their professional training, knowledge and experience, is able to assess the 
assigned tasks and is able to identify possible hazards. Furthermore, they are aware of the applicable standards and 
conventions. The competence level of persons and therefore the qualification assessment is done by the user/owner. 

Educated / trained person is a person who has been trained in the assigned tasks and the possible hazards 
concerning improper use. Furthermore, this person is aware of the implemented protective devices and safety 
measures. The competence level of persons and therefore the qualification assessment is done by the user/owner. 

Assembly, disassembly, maintenance and repair may only be carried out by professionals. Normal use can be carried 
out by educated / trained persons. The legally permissible minimum age is to be observed.

1.3 LIABILITY AND DISCLAIMER

All indications and instructions for operation, maintenance and repair are given with due regard to our current 
experience and insight. The original of this user manual was written in the English language and checked by 
INNOVATEST® in terms of content. This user manual has been compiled with the utmost care. Should you nevertheless 
detect imperfections and / or errors, we ask you to inform us in writing. Your suggestions are well appreciated and will 
help us to improve the manual in the future.

1.4 RE-ORDER

This user manual will be supplied as an electronic copy. Also, a hard copy can be ordered, please note that there are 
costs associated with hard copies of this manual. A hard copy can be re-ordered at the address below:

INNOVATEST Europe BV
Borgharenweg 140
6222 AA Maastricht
The Netherlands
+31 43 3520060
www.innovatest-europe.com

1.5 COPYRIGHT

All rights reserved. No part of this user manual may be reproduced, modified or utilized otherwise without prior 
written permission.

1.6 INTENDED USE

The intended use of the machine is the hardness testing of products. The machine is to be used in an industrial or 
laboratory setting. The machine is intended to be used by non-disabled trained full aged people. The machine may 
only be operated as described in this manual. The manufacturer is not liable for the damage caused by incompetent 
use (unintentional use). Only use the machine when it is technically in good working order and use it according to the 
intended use, paying attention to the safety and potential hazards referred to in this manual.

•	 Manufacturer responsibilities expire when:
•	 Not or insufficiently complying with the information in this manual.
•	 Using spare parts or parts not approved by the manufacturer.
•	 The machine is operated incorrectly.
•	 Removing, manipulating or not using safety features.
•	 Changing functions of the machine.
•	 Unauthorized modifications to the machine are applied.
•	 Maintenance is not carried out according to instructions.
•	 The machine is used unintentional.

1.7 IMPROPER USE

Dangers and hazards can occur due to unintentional or improper use of the machine. The limits stated in the 
documentation may not be exceeded under any circumstances.

1.8 LAYOUT OF THE USER MANUAL

This FENIX 200ACL user manual may only be used with INNOVATEST® equipment covered by this user manual. 
This complete user manual consists of:

• 	 This FENIX 200ACL series user manual.
• 	 FENIX 200 series unpack instruction (attached to the packaging).
• 	 Declaration of Conformity. 

1. INTRODUCTION1. INTRODUCTION

http://www.innovatest-europe.com
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A load cell, closed loop, force feedback, test force application system that is absolutely unique in this class of 
instruments. Limited mechanical structure, without weights or weight selection. Hardness scales can be selected on 
the digital display. Conduct Rockwell hardness testing with great force precision and without the disadvantage of a 
relative complex mechanical dead weight system. The internal system can be serviced by removing the side and top 
covers, no need to turn the machine around.

2.1 IDENTIFICATION

This manual belongs to the model FENIX 200ACL from the FENIX 200 Series.
The type / identification plate with the CE mark is placed on the back of the machine and is shown in the following 
figure:

2 3
DESCRIPTION AND FUNCTION SAFETY

A first requirement for the safe handling and trouble-free operation of this machine is knowledge of the basic safety 
instructions.

Throughout this manual, warnings, cautions and notes have been used to direct the attention to:

•	 Potentially hazardous or dangerous situations. 
•	 Actions that could lead to potentially hazardous or dangerous situations. 

Definitions 

 	 WARNING:   
		  Situation, operation or action that could potentially harm the professional or  educated/trained person 
		  (operator) or lead to potentially dangerous situations for the professional or educated/trained person (operator).

 	 CAUTION:   
 		  Situation, operation or action that could damage the machine. 

		  NOTE:  
		  Text with higher priority than plain text but not being a warning or caution. 
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3.1 USED SYMBOLS

The following symbols are used on the machine or in this manual:

			   This symbol indicates a WARNING or CAUTION.

			   This symbol indicates hazards that could be dangerous for the environment.

			 
			   This symbol indicates that for disposal certain regulations must be considered.
			   All electrical and electronic products and batteries must be taken to a separate collection point at the 		
			   end of their working life. Do not dispose of these products as unsorted municipal waste: take them 
			   for recycling. For information on your nearest recycling point, check with your local waste authority.

 
3.2 FUNDAMENTAL SAFETY REQUIREMENTS

 WARNING
The machine complies with the essential health and safety requirements of the EC. Nevertheless, dangerous situations can arise.

1.		  To ensure safety, all persons who come into contact with the machine must take note of the contents of this user 		
		  manual. Only then possible risks can be reduced to a minimum.
2.		  It is not allowed to use the machine for any other purpose provided by the manufacturer. Unintended use can lead to 	
		  unexpected risks.
3.		  Local applicable safety regulations and laws must always be followed. The same applies to environmental regulations.
4.		  If the personnel detect any errors or dangers, the user/owner or his authorized representative must be informed 		
		  immediately.
5.		  When several people are working on the machine, good cooperation and precise coordination is necessary.
6.		  The professional knowledge and sense of responsibility of the employer and the employee largely determine the safe 	
		  and efficient use of the machine.
7.		  Safety devices, such as protective covers/safety switches, must never be removed or bridged during normal use of 		
		  the machine.
8.		  If disassembly of safety devices during installation, inspection, maintenance or repair is necessary, the reassembly 		
		  and inspection of the safety devices must be done immediately after the completion of these activities.
9.		  Work on the technical equipment (e.g. electrical) may only be carried out by the relevant professional personnel.
10.		 When handling oils, greases and other chemical substances, the safety regulations applicable to that product must 		
		  be observed! Contact with chemicals should be avoided as much as possible. Before working with these materials, 		
		  the instructions on the package must be read and followed. This applies to all chemicals, including cleaning agents. 
11.		 When handling electric motors, be aware these can get warm during use. Let the motors cool down before you work 	
		  on them. If this is not possible, appropriate safety measures should be taken, for example the use of gloves.
12.		 Untrained persons or persons present during a general training, may only perform work under the permanent 		
		  supervision of a competent person. 
13.		 All safety and hazard warnings on the machine must always be kept in a legible condition.
14.		 Hot parts should not come into contact with explosive or highly flammable chemicals.

3.3 SAFETY PROVISIONS

  WARNING
All safety provisions must be kept in perfect condition.

3.3.1 SAFETY DEVICES

Safety devices may in principle only be removed/deactivated by authorized persons and only if this is absolutely 
necessary. Immediately after carrying out this work, the safety devices must be mounted/activated again and checked 
for their functionality. Only the original fixing material of the safety devices may be (re)used for this purpose.

3.3.2 FIXED GUARDS

The fixed guards on drives such as a belt drive, chain drive and gear drive are fitted with fasteners.
These safety features prevent contact with these moving parts and therefore protect against severe
injuries. Removing fixed guards or operating the machine without these guards is not permitted!

3. SAFETY3. SAFETY
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For the execution of the activities described in this chapter, qualified persons with relevant professional knowledge are 
required. The machine must always be easily accessible, in a way that operation, maintenance and troubleshooting can 
be carried out easily and safely. 

The required space must be considered, as indicated in the chapter “10 technical specifications”.

For detailed unpacking instructions refer to the dedicated unpacking instruction.
After unpacking, store the original packaging. Avoid shipping or transporting the machine without the complete and 
original packing materials.

Install the machine according the conditions described in this chapter in order to make full use of its functions and 
performances and to avoid defects or inaccuracy of any kind.

4.1 LIGHTING

The machine may only be used in an environment where sufficient lighting is available, in accordance with the 
ergonomic regulations.

4.2 VIBRATION 

NOTE:  
Vibrations reaching the machine can result in inaccurate measurements in particular during low force Hardness tests.

To avoid unwanted vibrations reaching the machine, the following points must be considered:
•	 Install the machine in a place free from floor vibrations.
•	 Install the machine on a solid workbench.
•	 Do not install the machine in a place where many people come and go.
•	 Do not install the machine near equipment generating vibrations.
•	 Install the machine on ground level of a building if possible.
•	 Do not install the machine in a building near a road with heavy traffic.
•	 Do not install the machine in a building where a crane, vibration generator or similar equipment is installed.

4.3 WIND, SOUND AND HUMIDITY

To avoid environmental factors such as wind, sound and air humidity affecting the hardness measurement, 
the following points must be considered:
•	 Do not install the machine near an air conditioner or similar equipment.
•	 Do not install the machine in a room with excessive air circulation.
•	 Do not install the machine near an entrance or an exit.
•	 Do not install the machine near sound generating equipment.
•	 The ambient temperature should be between 10 °C and 35 °C.
•	 The recommended ambient temperature is: 23 ± 2 °C.
•	 The relative humidity in the room should be ≤70% ± 10%.

 
4.4 WORKBENCH

Place the machine on a sturdy and stable workbench, cabinet, desk or table which can carry the weight of the machine. 
For the weight and installation area needed see the technical specifications of the machine.

   CAUTIONS
When carrying or moving the machine, make sure not to hit any objects and the machine does not tilt by 30 degrees or more. 

When carrying or moving the machine, make sure you do not touch the test head.

4.4.1 SPINDLE

Machine has a spindle that can go lower than bottom of machine. In order to make use of the full range of vertical 
capacity, make a hole in the workbench; read technical drawing to see how far the spindle can move downwards. 
Keep a clearance of at least 10 mm around the spindle.

4.5 INSTALLATION

Before starting the installation, please check the following:
•	 The assembly and/or mounting of machine parts.
•	 The supporting surface has to be distributed evenly along all supporting points, avoiding critical tension.

   WARNING
In case of doubt, the manufacturer should always be consulted.

4
INSTALLATION

4. INSTALLATION
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4.5.1 LEVELING

The machine is equipped with a unique load application system which is not sensitive for incorrect leveling.
Nevertheless, to eliminate possible wear and tear of the mechanical structure of the machine we advise to verify your 
machine is correctly leveled. Your machine is standard equipped with 4 adjustable vibration dampers.
Install the dampers on the machine, if not installed yet, and use a correct tool to adjust the height of each damper.

 

4.5.2 REMOVE TRANSPORTATION SAFETY

• 	 Remove the “transportation safety spindle-indenter-shaft” (19) by rotating the hand wheel (7) so the spindle goes 	
	 down.

• 	 Temporal remove the top cover (6) by removing the bolts (rear: 2x 17, near indenter holder: 4x18).

4. INSTALLATION

• 	 Remove the “transportation safety loadarm-frame” (20) by removing the bolts.

• 	 Place back the top cover.

NOTE: Please make sure the transportation safety parts are stored with the packaging.

NOTE: Excessive movement of the load lever can severely damage the load application system, ALWAYS insert transportation 
security while moving the tester to any other position.

4.5.3 ELECTRICAL CONNECTIONS

This section describes the correct way of connecting electrical components of the machine.

  CAUTION
Make sure that the power requirement of the machine is in compliance with the local power mains to which the machine will 
be connected. The voltage details can be found on the reference label on the back of the unit.

  WARNING
Connecting your machine to an incorrect main power supply could cause severe damage to the machine and could create fire.

1.	 ON/OFF power switch
2. 	 Main power IN
3.	 Fuse holder 
4.	 USB B (for firmware upgrades only)

4. INSTALLATION

Adjustable vibration damper

transportation safety 
spindle-indenter-shaft

19

19

7

6

8

17

18 18

18 18

12

20
20

1 2

3

4
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4.5.4 INSTALLATION OF INDENTERS

The machine can be equipped with pre-installed indenters, following customer’s needs. Indenters for this machine have 
specific dimensions and quality approvals. Replacing the indenters by non-genuine indenters (non INNOVATEST®) can 
lead to severe damage to the machine (which is not covered by guarantee). Always use original INNOVATEST® parts.

Use a soft cloth to wipe any dirt or debris from the indenter holder or shoulder. The flat surface must face the screw 
hole in the indenter holder when being inserted. Insert the shank into the holder, entirely and securely and fasten the 
fixating screw finger-tight. 

Before testing a specimen, install an anvil and run a test on a test block to securely seat the indenter.

4.5.5 INSTALLATION OF ANVILS/CLAMPS/FIXTURES/VICES/SAMPLE HOLDER

An anvil supports the specimen during a hardness test. 
Use a V-type anvil for cylindrical specimens. 
Use a flat type anvil for flat specimens. Please make sure to use the appropriate anvil. 

The anvil can be installed as following:
•	 Be sure that there is enough room between the indenter and 
	 the spindle, to install the anvil.
•	 Use a soft (fiber-free) cloth to wipe any dirt or debris from the mat surfaces 
	 of the anvil and spindle.
•	 Carefully place the anvil on the spindle:
	 •  Most small anvils slide into the hole in the spindle 
	 •  Most large anvils are screwed onto the outside thread of the spindle 
	 •  Most tables are fixed with a locking ring around the spindle

Before testing a specimen, perform a few 
hardness tests on a test block, to securely seat the anvil.

4. INSTALLATION

4.5.6 INSTALLATION OF CLAMPING NOSE

Install the Clamping Nose by screwing in the nosepiece holder:

Individual Clamping Nose:			   Example of installed usage:

4.5.6.1 ADJUST CLAMPING FORCE

Increase the clamping force by lowering the nose:

Release nut that locks Clamping Nose:	       	 Rotate Clamping Nose to increase extension for higher clamp force:
				         	 Rotate Counter nut to lock Clamping Nose:
	

4.6 BASIC SETTINGS

It is not allowed to modify settings without the written permission of the manufacturer. Should, after agreement, 
changes be necessary, they must be done by a qualified professional.

4. INSTALLATION

6.35mm indenter:
The flat surface must face the screw 
hole in the indenter holder when 
being inserted.

SMALL ANVIL

LOCKING RINGLARGE ANVIL

TESTTABLE

SPINDLE
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This section describes the basic (hardware and software) controls of the machine and gives some basic instructions on how to 
get started:

5.1 MACHINE OVERVIEW

					     1. Screens: 
						      1a.	 Adjustable Hardness dial 
						      1b. 	Digital display for scale indication, dwell time count down 
					     2. Controls: 
						      2a. 	Zero dial slider 
						      2b. 	Start, Stop & menu selection buttons
					     3. Test head with:
						      • Nosepiece holder
						      • Indenter
						      • Adjustable clamping nose
					     4. Workpiece light
					     5. Workpiece table
					     6. Spindle protection cover
					     7. Elevator spindle screw
					     8. ABS Bottom cover
					     9. Adjustable vibration dampers
					   

		

5
OPERATION

1a

1b

2a

2b

4 3

6

5

7

9

8

5.1.1 SCREENS

5.1.1.1 LCD DISPLAY

Setup screen:
• Scale select; e.g. “HRA”
• Dwell time select; e.g. “5” seconds

5.1.1.2 HARDNESS DIAL

							       Rockwell hardness dial with: 
			   1. 	 “LARGE INDICATOR” as hardness pointer 
			   2. 	 “SET AREA” 
			   3. 	 “SMALL INDICATOR” as preload indicator 
			   4. 	 “GREEN DOT” 
			   5. 	 Scale HRA/HRC (all regular Rockwell scales with 	
					     cone indenter, also HRD)
			   6. 	 Scale HRB (all regular scales with ball indenter, 	
					     also HRE, F, G, H, K, L, M, P, R, S, V)

							       In general: 
			   Outer circle shows hardness value for all scales 		
			   with cone indenter (C). Inner circle shows hardness 	
			   value for all scales with Rockwell Ball indenters (B).

5.1.2 CONTROLS

5.1.2.1 ZERO DIAL SLIDER

After preload is applied, use this slider to rotate dial, so LARGE INDICATOR points exactly to zero on dial.

C0

C70

C60

C80

C90

C50

C20

C10

C30

C40

B30

B0

B90

B10

B20

B80

B50

B40

B60

B70

1

2

3

4

5

6

5. OPERATION

During indentation:
• Applied force; e.g. “59.7kg”
• Dwell time countdown; e.g. “5” seconds
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5.1.2.2 RUBBER BUTTONS

5.1.3 CLAMPING NOSE

The machine is equipped with a clamping nose that provides adjustable pressure on the workpiece surface and presses the 
workpiece firmly to the testing table or anvil. The clamp also protects the indenter against unwanted damage.

5.2 POWER ON THE MACHINE

1.	 Switch on the machine using the red ON/OFF button on the back panel.
2.	 The machine will start the initialization. During this initialization several system functions and parameters will be checked, 
	 in case there are any problems, a message will appear on the user interface.

5. OPERATION 5. OPERATION

5.3 STARTING HARDNESS TESTING SOFTWARE

NOTE: 
Do not start when indenter still touching sample.

1. 	 When there are no issues during initialization, the INNOVATEST® hardness testing software will be started. 
2.	 The following appears on your LCD screen, showing the software version and for what tester the 			 
	 software is configured. Show data is an example:

5.4 PERFORMING A HARDNESS TEST

Following example will describe, from start to end, a Rockwell test, based on default machine settings.

 CAUTION:
To prevent injury, keep your hands away from the moving spindle underneath the tester.

Rockwell measurement:

1.	 Position the sample on the test table:
	 • 	 Sample must not touching the indenter, else move Spindle down. 

2. 	 Select the hardness scale and load by:
	 • 	 Press “OK” button to enter scale selection mode; scale field gets highlighted.
	 • 	 Press “UP” or “DOWN” button to scroll till required Rockwell scale is shown.
	 • 	 Press “OK” to confirm scale and exit to main screen

3. 	 Move the elevator spindle upward (rotate spindle screw clockwise), preferable without interruption and at a 		
	 constant speed:
	 • 	 When the sample touches the indenter and is pushed upward, both INDICATORs will rotate.
	 • 	 Keep turning the spindle with the sample touching the indenter.
	 • 	 Stop turning the spindle when the SMALL INDICATOR has reached the GREEN DOT and the LARGE INDICATOR is 	
		  in SET AREA too; Three (3) rotations of the LARGE INDICATOR are needed
	 •	 The preload of 10kgf is applied now.

Main screen Scale selected Dwell time selected
“UP” (none) Show the next scale Increment the dwell 

time

“ENTER” / ”OK” Press: Go to scale 
selection 
Hold: Show firmware 
version

Go to dwell time 
selection

(none)

“DOWN” (none) Show the previous 
scale

Decrement the dwell 
time

“BACK” When the firmware 
version (settings 
screen) is shown and 
the back key is 
pressed, then go back 
to the main screen

When the scale is 
selected with the 
enter key and back is 
pressed, the scale is 
reset back to HRA.

When the dwell time 
is selected with the 
enter key and back is 
pressed, the dwell time 
is reset back to 1.

“STOP” When apply load is 
started, the stop key 
stops the indent and 
homes the motor

(none) (none)

“START” Start an indent and 
show the force and 
dwell time

(none) (none)
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NOTE:
When the large indicator ended up clockwise outside of the green area, do not move the hand wheel to move the large 
indicator counter clockwise, because the backlash will cause an inaccurate measurement at a slightly diffrent position. 
Repeat the test starting from point 1.

5. Rotate the ZERO DIAL SLIDER, so the large indicator points at “C0 B30”, in the middle of the green SET AREA.

NOTE: Moving the spindle downwards during the measurement will give a FALSE test result.

6. Press the “START” button:
	 •	 The indentation cycle starts automatically
	 •	 The indentation cycle can be stopped at any moment by selecting the “STOP” button
	 •	 The applied force is displayed during the test

7. When the main load is fully applied:
	 •	 The dwell time starts counting down to zero
	 •	 The main load is removed again.
	 •	 After the main load is removed, the initial force is still present.

NOTE: Do not move the spindle yet.

8. 	 The LARGE INDICATOR now points to the measured Rockwell hardness value of the sample:
	 •	 For scales HRA and HRC, read the outer circle of the dial
	 •	 For scale HRB, read the inner circle of the dial

9. 	 (Re)move the sample: 
	 •	 First move spindle down, to release the sample from the preload and (if applicable) clamping nose.			 
			 

5. OPERATION 5. OPERATION

Brinell measurement (with analogue microscope):

Follow the instruction as described for Rockwell test above (1-7), while now:
	 •	 Selecting a Brinell scale.
	 • 	Installing the required Brinell indenter

10.	Take the specimen from the test table

11.	Use the Brinell microscope to measure the horizontal (d1) and vertical diameter (d2) of the indentation and 		
	 calculate the average diameter.

12.	Use a Brinell table (ASTM E10-15: table X1) to define the correct hardness taken into acount:
	 •	 Indenter diameter
	 •	 Test force
	 • 	Mean diameter of the indentation [mm]

NOTE: For your convenience, this table is also available in the end of this document

For your convinience also digital Brinell microscopes are available. Article number UN-BIOSSCAN
Contact our sales departement for more information.

5.4.1 ADDITIONAL SETTINGS BEFORE STARTING AN INDENTATION

1. 	 Install the appropriate indenter based on required hardness scale.
	 •	 See tables Rockwell Scale – indenter – force and Brinell Scale – indenter - force
2. 	 Adjust force clamping nose.
3. 	 Set the main load dwell time to desired values by:
	 • 	Press “OK” till time field highlighted
	 •	 Press “UP”/”DOWN” to increase/decrease time
	 •	 Press “OK” to confirm and exit setting
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Table: Rockwell Scale – indenter - force:

Table: Brinell Scale – indenter - force:

5.4.2 ADDITIONAL ACTIONS AFTER A MEASUREMENT ROCKWELL SCALE

1. 	 For measuring the hardness on convex cylindrical parts we need to apply a shape correction and add this value to 	
	 the measured hardness.
	 •	 Lookup offset in ASTM E18-20 (Table A6.1 or A6.2), or ISO 6508-1 (Table C.1 or C.2)

ASTM E18-20 Table A6.1:
Offsets for HRA/HRC and D Rockwell hardness test when diameter of the specimen is less or equal than 38 mm:
These correction factors have to be added to the measured value.

ASTM E18-20 Table A6.2:
Offsets for HRB, F and G Rockwell hardness test when diameter of the specimen is less than 25 mm:

Scale Indenter Preload Mainload Application

A Diamond indenter conical angle 
120° spherical radius at vertex: 
0.2mm

10kgf 60kgf Hard alloy, carbide, surface quenched steel, carburizing 
steel

D Diamond indenter conical angle 
120° spherical radius at vertex: 
0.2mm

10kgf 100kgf Thin steel sheet, surface quenched steel

C Diamond indenter conical angle 
120° spherical radius at vertex: 
0.2mm

10kgf 150kgf Quenched steel, tempered steel, hard cast iron

F Ball indenter diameter 1.5875mm 
(1/16in)

10kgf 60kgf Cast iron, aluminum, magnesium alloy, bearing alloy, 
annealed copper alloy, mild steel sheet

B Ball indenter diameter 1.5875mm 
(1/16in)

10kgf 100kgf Mild steel, aluminum alloy, copper alloy, malleable cast iron, 
annealed steel

G Ball indenter diameter 1.5875mm 
(1/16in)

10kgf 150kgf Phosphorus iron, beryllium bronze, malleable cast iron

H Ball indenter diameter 3.175mm 
(1/8in)

10kgf 60kgf Aluminum, zinc, lead, etc.

E Ball indenter diameter 3.175mm 
(1/8in)

10kgf 100kgf Bearing alloy, tin, hard plastics, and other soft materials

K Ball indenter diameter 3.175mm 
(1/8in)

10kgf 150kgf Bearing alloy, tin, hard plastics, and other soft materials

Scale Ball Diameter, D Force 
Diameter 
Ratio

Nominal 
Value 
of Test 
Force, F

Recommended 
Hardness Range

mm kgf HBW
HBW 10/100 10 1 100 3.18 to 21.8

HBW 5/125 5 5 125 15.9 to 109

HBW 5/62.5 5 2.5 62.5 7.96 to 54.5

HBW 5/31.25 5 1.25 31.25 3.98 to 27.2

HWB 5/25 5 1 25 3.18 to 21.8

HBW 2.5/187.5 2.5 30 187.5 95.5 to 650

HBW 2.5/62.5 2.5 10 62.5 31.8 to 218

HBW 2.5/31.25 2.5 5 31.25 15.9 to 109

HBW 1/30 1 30 30 95.5 to 650

Hardness 
Value 
(HRA) 
(HRC) 
(HRD)

Diameter of Cylindrical Specimen (mm)

6 10 13 16 19 22 25 32 38

Offsets (HR) to Rockwell Scale C & A

20 2.5 2.0 1.5 1.5 1.0 1.0

25 3.0 2.5 2.0 1.5 1.0 1.0 1.0

30 2.5 2.0 1.5 1.5 1.5 1.0 1.0

35 3.0 2.5 2.0 1.5 1.0 1.0 1.0 1.0

40 2.5 2.0 1.5 1.0 1.0 1.0 0.5 0.5

45 3.0 2.0 1.5 1.0 1.0 1.0 0.5 0.5 0.5

50 2.5 2.0 1.5 1.0 1.0 0.5 0.5 0.5 0.5

55 2.0 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0

60 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0 0

65 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0 0

70 1.0 1.0 0.5 0.5 0.5 0.5 0.5 0 0

75 1.0 0.5 0.5 0.5 0.5 0.5 0 0 0

80 0.5 0.5 0.5 0.5 0.5 0 0 0 0

85 0.5 0.5 0.5 0 0 0 0 0 0

90 0.5 0 0 0 0 0 0 0 0

Hardness 
Value 
(HRB) 
(HRF/(HRG)

Diameter of Cylindrical Specimen (mm)

6 10 13 16 19 22 25

Offsets (HR) to Rockwell Scale B

20 4.5 4.0 3.5 3.0

30 5.0 4.5 3.5 3.0 2.5

40 4.5 4.0 3.0 2.5 2.5

50 4.0 3.5 3.0 2.5 2.0

60 5.0 3.5 3.0 2.5 2.0 2.0

70 4.0 3.0 2.5 2.0 2.0 1.5

80 5.0 3.5 2.5 2.0 1.5 1.5 1.5

90 4.0 3.0 2.0 1.5 1.5 1.5 1.0

100 3.5 2.5 1.5 1.5 1.0 1.0 0.5

5. OPERATION 5. OPERATION
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Following troubleshooting list shows the most common errors which may occur, their possible causes, and 
countermeasures to be taken against such errors. If proposed solution does not solve the problem, contact your service 
representative.
 

6
PROBLEM MESSAGES

Problem Possible cause Possible solution

User interface LCD does not 
light up.

• Power is not supplied. 
• Fuse has burnt out. 
• Mains Cable is connected improperly or   
  broken. 
• LCD defective.

• Check power mains & supply. 
• Replace fuse.
• Check mains cable otherwise contact service 
  representative. 
• Contact service representative.

Irregular indentation shape. • Indenter tip is dirty.
• Indenter tip is chipped off.
• Specimen surface is coarse (or dirty).
• Specimen is curved (spherical or 
  columnar).
• Hardness tester is faulty (such as 
  indenter shaft is broken).

• Check mains cable otherwise contact 
  service representative.
• Contact service representative.
• Contact service representative.
• Adjust the indentation position.

No indentation is made. • Indenter tip is chipped off.
• Hardness tester is faulty.
• Indenter shaft curve.
• Abnormal position of Indentation.

• Contact service representative.
• Replace indenter.
• Contact service representative
• Contact service representative
• Adjust the indentation position.

Abnormal hardness value. • Indenter tip is dirty.
• Installed in bad conditions.

• Wipe indenter.
• Improve installation conditions.

 

ISO 6508-1 Table C.1:
Test with diamond cone indenter (scales A, C, and D)

ISO 6508-1 Table C.2:
Tests with 1,587 5 mm ball indenter (scales B, F, and G)

5.5 EXIT HARDNESS TESTING SOFTWARE

Because the software in the FENIX 200ACL is a so-called embedded program, the software will stop during turning off 
of the machine.

5.6 POWER OFF THE MACHINE

1.	 Switch the machine OFF with the main ON/OFF switch.

Rockwell 
hardness
reading

Radius of curvature (mm)

3 5 6.5 8 9.5 11 12.5 16 19

20 2.5 2.0 1.5 1.5 1.0 1.0

25 3.0 2.5 2.0 1.5 1.0 1.0 1.0

30 2.5 2.0 1.5 1.5 1.0 1.0 0.5

35 3.0 2.0 1.5 1.5 1.0 1.0 0.5 0.5

40 2.5 2.0 1.5 1.0 1.0 1.0 0.5 0.5

45 3.0 2.0 1.5 1.0 1.0 1.0 0.5 0.5 0.5

50 2.5 2.0 1.5 1.0 1.0 0.5 0.5 0.5 0.5

55 2.0 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0

60 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0 0

65 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0 0

70 1.0 1.0 0.5 0.5 0.5 0.5 0.5 0 0

75 1.0 0.5 0.5 0.5 0.5 0.5 0 0 0

80 0.5 0.5 0.5 0.5 0.5 0 0 0 0

85 0.5 0.5 0.5 0 0 0 0 0 0

90 0.5 0 0 0 0 0 0 0 0

Rockwell 
hardness
reading

Radius of curvature (mm)

3 5 6.5 8 9.5 11 12.5

20 4.5 4.0 3.5 3.0

30 5.0 4.5 2.0 1.5 1.0

40 4.5 4.0 1.5 1.5 1.0

50 4.0 4.0 1.5 1.0 1.0

60 5.0 3.5 3.5 1.0 1.0 1.0

70 4.0 3.0 3.0 1.0 1.0 0.5

80 5.0 3.5 2.5 2.5 1.0 0.5 0.5

90 4.0 3.0 2.0 2.0 0.5 0.5 0.5

100 3.5 2.5 1.5 1.5 0.5 0.5 0.5

5. OPERATION
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This chapter describes the procedures for maintenance. Regular maintenance and inspection of the machine is of great 
importance. This reduces potential downtime and increases operational safety.

 WARNING
Assembly, disassembly, maintenance and repair may only be carried out by a professional.

			   Consider safe and environmentally friendly disposal of operating and auxiliary materials as well as 
			   replacement parts. Harmful substances must be disposed in such a way that there is no danger to 
			   people and the environment. Leakage of hazardous substances also leads to an environmental 		
			   hazard. The locally applicable regulations must be observed.

7.1 CLEANING

 WARNINGS
When using cleaning agents, the instructions on the packaging must be observed. 

Avoid contact with chemicals as much as possible. For example, if your hands come into direct contact with chemicals, clean 
them immediately.

Avoid using compressed air to clean the machine. Although dirt particles are blown away with compressed air, there is a risk 
that these dirt particles enter vital parts (e.g. bearings). This can result in increased wear, tear and malfunction.

7
MAINTENANCE

The machine must be kept clean during operation. 
•	 Keep the surfaces of the machine clean. 
•	 Make sure the surrounding is clean, meaning free of packaging materials, chemicals, tools, brooms, vacuum 		
	 cleaners etc.

The following is to be observed:
•	 Avoid aggressive and/or abrasive cleaning agents.
•	 Do not use wire brushes or other hard tools.
•	 Always use fiber-free cloths for cleaning the machine.
•	 Use a soft brush in combination with a vacuum cleaner to remove dust.

Procedure:
1.	 Before cleaning the machine with cleaning agents, cover all openings in which no cleaning agent may enter (for 
	 safety and/or functional reasons). Do not use water or a steam cleaner/high-pressure cleaner for cleaning.
2.	 After cleaning, the protective covers, previously applied to openings, must be removed.
3.	 After cleaning, check the machine for any damage or defects. Fix any defects immediately.

 WARNING
Any defects observed must be repaired before using the machine. 

7.2 MAINTENANCE GENERAL

  WARNINGS
If it is necessary to dismantle safety devices during installation, maintenance or repair, the reassembly and inspection of the 
safety devices must be done immediately after the completion of these activities. 

The machine must be disconnected from the mains during all maintenance, repairs and inspections. 

When handling oil, grease and other chemical substances, the safety regulations applicable to that product must be 
observed! 

Loosened connections during the maintenance or repairs must always be tightened.

Instructions for handling the machine:
1.	 Disassembly of springs or parts subject to mechanical stress must be carried out with caution, the mechanical 		
	 energy stored in these parts can cause injury.
2. 	 When installing, inspecting or maintaining live parts, a second person must be available, who can handle the 		
	 emergency stop in case of an emergency. Only use voltage isolated tools!
3. 	 Before connecting or disconnecting cables, make sure that the power is switched OFF, to prevent electric shock or 	
	 malfunction of the machine.
4. 	 Disassembly of springs or parts subject to mechanical stress must be carried out with caution, the mechanical 		
	 energy stored in these parts can cause injury.

7. MAINTENANCE
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7.2.1 PERIODICAL INSPECTION

It is recommended to inspect the following before every hardness test but at least every week:

Part To be checked Action & tool Precaution

Indenter Indenter tip dirty Wipe indenter
Soft fiber-free cloth
(e.g. micro-fiber, cotton)

Do not bend the indenter shaft

LensA Lens surface
polluted

Wipe lens
Lens brush, Lens cleaning 
tissue or Lens cloth 
(microfiber) B

Do not scratch the lens

AnvilA Rust Remove rust
Rust solvent and a Soft cloth 
(e.g. microfiber, cotton)

Do not bring stage into contact 
with turret, etc.

Test block Rust Replace test block Do not use a rusted or expired 
test block

A) Depending on the configuration of the machine
B) Only use special lens products and take notion of the instructions on the packaging of the lens cleaning product.

7.2.2 FORCE CALIBRATION

If the application forces of your machine need to be recalibrated, please seek advice from you supplier or contact the 
service department of INNOVATEST® directly, hence for the calibration of the application force specific equipment is 
required.

7. MAINTENANCE

7.3 REPLACEMENT OF THE FUSE(S)

 CAUTION
Only use fuses with the correct (specified ratings).

For this machine the fuse dimensions and ratings are:
5x20mm
3.15AT, 250V

Replacement procedure
•	 Turn off the machine and disconnect the main power cable.
•	 Pull out the fuse holder using a small flat-headed screwdriver.

 

•	 Inside the fuse holder a spare fuse is stored.
•	 Replace the broken blown fuse with the new fuse.

 
•	 Reconnect the main power cable and turn on the machine again.

7.4 SPARE PARTS

 CAUTION
Only use spare parts or parts approved by the manufacturer.

Spare parts must meet the technical requirements specified by the supplier. This is always guaranteed with original 
spare parts. The installation and/or use of spare parts not supplied by the supplier can potentially affect certain 
machine properties and active and/or passive safety provisions, negatively. For ordering spare parts you can contact 
your supplier. After replacing parts, always perform a functional test

7. MAINTENANCE
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7.5 FUNCTIONAL TEST

To verify the machine is in good working order, perform a functional test when in doubt and after, maintenance, 
repairs or replacing any parts. A functional test is performed on a valid and certified test block and by following the 
instructions of chapter 5.4 “performing a hardness test”. The measured hardness value should match the hardness 
value of the test block.

7.6 ADJUSTMENT OF THE HARDNESS VALUE DISPLAY

The tester is calibrated at the factory. If improper handling during transportation affected the accuracy of the tester, 
the operator can correct this by doing adequate adjustments. However, prior to doing that, the user shall thoroughly 
understand the structure and working principle of the tester.

The procedure is as following: 
1.	 Temporal remove the plug in the top cover, so the adjustment screws are accessible. 
2. 	 Loosen the two outer M4 lockbolts: 
	 A. 	If the measured value was lower than the actual hardness of the test specimen (standard block), gently and slightly 	
		  move the set plate towards the dial, so towards the front of the tester. 
	 B. 	If the measured value was higher than the actual hardness of the test specimen, then move the set plate 		
		  towards the back of the tester. 
3. 	 Then tighten the two outer M4 lockbolts again to lock the set plate. 
4. 	 By moving the set plate, the “LARGE INDICATOR” now has moved away from the vertical position, either 	
	 clockwise or counter clockwise: 
	 A. 	Loosen the M4 locknut of the setscrew situated in the middle of the two outer bolts. 
	 B. 	Adjust the setscrew until the “LARGE INDICATOR” is pointing straight up (vertical) again. 
	 C. 	To lock the set screw tighten the locknut carefully without moving the set screw. 
5. 	 Repeat the whole process until the measured hardness value is within the specified tolerance. 
6. 	 Place back the plug in the top cover.

Setplate

Lockbolts

Locknut

Setscrew

This section gives some guidance for the decommissioning or disposal of the machine.

8.1 DECOMMISSIONING

NOTE:
The machine has different hazardous parts that must be handled with care. Therefore, please note the following comments.

Consider:
•	 Government regulations, inspections of certain authorities.
•	 Conditions and/or status for exterior or interior configurations, depending on condition.
•	 Instructions for temporary decommissioning:
	 1.	 Planning.
	 2.	 Sequence.
	 3.	 Special procedures.
•	 Work to be performed during decommissioning.
•	 Special measures for continuity.
•	 Special measures for safety and the environment.

The following must be observed:
	 1.	 All electrical parts must first be completely de-energized and discharged before disassembly.
	 2.	 Disassembly of springs or parts subject to mechanical stress must be carried out with caution, the mechanical 	
		  energy stored in these parts can cause injury.
	 3.	 Batteries that may have been used in the machine must be disposed of separately according to local 		
		  regulations.
	 4.	 In addition, instructions mentioned in the other manuals, which are part of this user manual, are to be 		
		  observed, see chapter “1.8 layout of the user manual”.

8. DECOMMISSIONING OR DISPOSAL

8
DECOMMISSIONING OR DISPOSAL

FENIX 200ACL USER MANUAL

7. MAINTENANCE
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The following actions should be carried out:
•	 Disconnect from all supply connections.
•	 Releasing all attachments from the floor, wall or ceiling.
•	 Fixation of individual parts.

8.2 DISPOSAL

For disposal certain regulations must be considered. All electrical and electronic products and batteries must be taken 
to a separate collection point at the end of their working life. Do not dispose of these products as unsorted municipal 
waste: take them for recycling. For information on your nearest recycling point, check with your local waste authority.

The following actions should be carried out:
•	 Remove and destroy the reference label with the CE marking, at the backside of the unit.
•	 Complete removal/disposal of machine parts.  

8. DECOMMISSIONING OR DISPOSAL

This section gives some guidelines in the event the machine needs to be transported or stored.

9.1 TRANSPORT/MOVEMENT

Transport or movement of the machine must be performed by authorized, trained and experienced personnel, capable 
of transporting or moving the machine (e.g. a specialized industrial moving company). 

 WARNINGS
Use only undamaged transportation equipment and tools that are suitable for the load. 

Cabling should be stored and fixated to prevent hazards and damage during transport. 

Care and cleanliness are required.

 CAUTIONS
When carrying or moving the machine, make sure not to hit any objects and the machine does not tilt by 30 degrees or more. 

When carrying or moving the machine, make sure you do not touch the test head.

NOTE: 
Excessive movement of the load lever can severely damage the load application system, ALWAYS insert transportation 
security while moving the tester to any other position.

9
TRANSPORT AND STORAGE
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The below indicates important lifting information, relevant for transport or moving the machine:
•	 Dedicated unpacking instruction.
•	 Machine weight; see chapter “10 Technical specifications”.
•	 Center point of gravity; see chapter “10.1 Technical drawing”.

9.2 PACKAGING

After unpacking, store the original packaging. Avoid shipping or transportation of the machine without the complete 
and original packing materials. 

When the machine is equipped with a motorized XY-stage, be sure the transportation safety strip is placed correctly to 
the machine, otherwise the load application system could be damaged (see the dedicated unpack instruction).

To avoid possible damage, the packaging of the different parts must be carried out professionally. The measures taken 
in this context must fulfill the following objectives, depending on the situation (outdoors or indoors):
•	 Protection against rain during transport.
•	 Protection against damage caused by doors, walls and other objects.
•	 Protection against high (air)humidity (risk of corrosion due to condensation!).

9.3 STORAGE

When storing the machine, the following points must be considered:
•	 Protect the corrosion-sensitive parts (bare metal). 
•	 Store the machine only in dry rooms.
•	 Store the machine in a way that any damage is avoided.
•	 Store the machine including all parts, avoiding important parts are missing when putting it back into operation.

9. TRANSPORT AND STORAGE

Hardness scales          (scales available depends on hardness tester configuration)

Rockwell 
(ISO 6508)
(ASTM E18)

Regular Rockwell scales; 
Pre Load: 10kgf 
Main Load: 60kgf | 100kgf | 150kgf

A, B, C, D, E, F, G, H, K, L, M, P, R, S, V

Brinell
(ISO 6506)
(ASTM E10)

HBW1/30 HBW 2.5/31.25
HBW 2.5/62.5
HBW 2.5/187.5

HBW5/25
HBW 5/62.5
HBW 5/125

HBW 10/100

Standards ISO 6506 (Brinell)
ISO 6508 (Rockwell)

ASTM E10 (Brinell)
ASTM E18 (Rockwell)

Test forces

Force application Closed loop, force feedback, loading, dwell, unloading

Test forces 10kgf – 187.5kgf

Test force tolerance < 0.25 %

Dwell time settings Default 10 seconds, user defined. Up to 999 seconds

FENIX 200ACL USER MANUAL

10
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Test Head		      

Type Single position

Clamp Adjustable/Removable

Light PowerLED workpiece illumination

Indenters Certified indenters (ISO/ASTM) available at choice

Camera Analogue Brinell microscope (Option)

System		        

Electronic system Embedded controller

Screen(s) 1. Adjustable dial indicator with 0.5 HR Rockwell units
2. 1.22 inch round display for scale indication, dwell time count down

Display resolution 0.5 HR

Software Embedded firmware

General		        

Dimensions D 555 x W 270 x H 765 mm

Weight 104kg

Power supply 100 – 240 VAC, 50/60Hz, single phase

Operating temperature 10 – 35 °C

Power consumption 10W

Humidity 10 – 90 %, non-condensing

Fuse size/rating 5x20 mm, 3.15AT, 250V

Noise emission < 70 dB(A)

Workpiece
accomodation

H 150 x V 260 mm

10. TECHNICAL SPECIFICATIONS

10.1 TECHNICAL DRAWING

All dimensions in these drawings are in mm, approximate. Working heights and or workpiece accommodation varies depending 
on the stages and/or (stage) accessories used.

10. TECHNICAL SPECIFICATIONS
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10.2 STANDARD DELIVERY

•	 Four adjustable vibration dampers
•	 User manual

10.3 OPTIONAL ACCESSORIES

•	 INNOVATEST calibration certificate
•	 Certified indenters
•	 Certified hardness reference blocks
•	 Flat anvils and V-Anvils
•	 Testing tables
•	 Machine cover
•	 Cabinet test table with drawer
•	 etc.

For detailed information about available accessories, please contact the sales office of INNOVATEST Europe BV 
for up-to-date information.

10. TECHNICAL SPECIFICATIONS

MANUFACTURER
INNOVATEST Europe BV
Borgharenweg 140
6222 AA Maastricht
The Netherlands

Declares fully under own responsibility that the Hardness Tester:
Make:	 INNOVATEST
Product name:	 FENIX 200 series
Model:	 FENIX 200AR, 200ACL, 200DCL
Serial number:	 200xx(x)(r)mmyysssss
(200xx(x)=model, (r)=hardware revision, mmyy=manufacturing month year, sssss=IDnr.)

To which this declaration refers, 
is in accordance with the provisions of the Directive(s):
2006/42/EC	 Machinery directive
2014/30/EU	 Electromagnetic Compatibility

And is in compliance with the following standard(s) or other 
standard documentation: 

Authorized person to compile the technical file:
Edwin Lansink
Borgharenweg 140
6222 AA Maastricht
The Netherlands

EC DECLARATION 
OF CONFORMITY

EN ISO 12100:2010

EN ISO 13850:2015

EN 60204-1:2006/AC:2010

EN 55011-1:2009/A1:2010

EN 61326-1:2013

EN 61000-3-2:2014

EN 61000-3-3:2013

EN 61000-4-2:2009

EN 61000-4-3:2006

EN 61000-4-4:2012

EN 61000-4-5:2014

EN 61000-4-6:2014

EN 61000-4-8:2010

EN 61000-4-11:2014/A1:2017

Place and Date	 Edwin Lansink

Maastricht, 1- 08 -2018	 R&D Manager/CTO

EN Original
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647.96
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637.18

631.89

626.66

621.49

616.39

611.35

606.37

601.45

596.59

591.79

587.04

582.35

577.71

573.13

568.60

564.13

559.70

555.33

551.01

546.73

542.51

538.33

534.20

530.12

526.08

522.09

518.14

217.82

215.99

214.18

212.39

210.63

208.89

207.16

205.46

203.78

202.12

200.48

198.86

197.26

195.68

194.12

192.57

191.04

189.53

188.04

186.57

185.11

183.67

182.24

180.84

179.44

178.07

176.71

175.36

174.03

172.71

108.91

107.99

107.09
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105.31
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103.58

102.73

101.89

101.06
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99.43

98.63

97.84
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96.29
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94.77

94.02

93.28

92.56

91.83
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90.42
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89.03
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87.68

87.01
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54.45

54.00
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53.10

52.66

52.22

51.79

51.37

50.95

50.53

50.12

49.72

49.32

48.92

48.53

48.14

47.76

47.38

47.01

46.64

46.28
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45.56

45.21

44.86

44.52

44.18

43.84

43.51
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27.23
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26.55

26.33

26.11
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25.68

25.47

25.27

25.06

24.86

24.66

24.46

24.26

24.07

23.88

23.69

23.51

23.32

23.14

22.96

22.78

22.60

22.43

22.26

22.09

21.92

21.75

21.59

21.78

21.60

21.42

21.24

21.06

20.89

20.72

20.55

20.38

20.21

20.05

19.89

19.73

19.57

19.41

19.26

19.10

18.95

18.80

18.66

18.51

18.37

18.22

18.08

17.94

17.81

17.67

17.54

17.40

17.27

Mean diameter of the indentation
d

mm

10	
	 5	
		  2,5	
			   1	

	 -	 -	 -	 -	 125	 100
	 -	 -	 125	 62,5	 31,25	 25
	187,5	 62,5	 31,25	 -	 -	 -
	 30	 -	 -	 -	 -	 -

Brinell hardness
HBW

Test force
F

kgf

Force-diameter ratio
F/D2

	 30	 10	 5	 2,5	 1,25	 1

 	
Ball indenter

D
mm

Annex 1: Calculation Brinell hardness (ASTM E10-15: table X1)

F = Test force [kgf]     D = Ball diameter [mm]     d = Indentation diameter [mm]

2.70

2.71

2.72

2.73

2.74

2.75

2.76

2.77

2.78

2.79

2.80

2.81

2.82

2.83

2.84

2.85

2.86

2.87

2.88

2.89

2.90

2.91

2.92

2.93

2.94

2.95

2.96

2.97

2.98

2.99

3.00

3.01

3.02

1.350

1.355

1.360

1.365

1.370

1.375

1.380

1.385

1.390

1.395

1.400

1.405

1.410

1.415

1.420

1.425

1.430

1.435

1.440

1.445

1.450

1.455

1.460

1.465

1.470

1.475

1.480

1.485

1.490

1.495

1.500

1.505

1.510

0.6750

0.6775

0.6800

0.6825

0.6850

0.6875

0.6900

0.6925

0.6950

0.6975

0.7000

0.7025

0.7050

0.7075

0.7100

0.7125

0.7150

0.7175

0.7200

0.7225

0.7250

0.7275

0.7300

0.7325

0.7350

0.7375

0.7400

0.7425

0.7450

0.7475

0.7500

0.7525

0.7550

0.270

0.271

0.272

0.273

0.274

0.275

0.276

0.277

0.278

0.279

0.280

0.281

0.282

0.283

0.284

0.285

0.286

0.287

0.288

0.289

0.290

0.291

0.292

0.293

0.294

0.295

0.296

0.297

0.298

0.299

0.300

0.301

0.302

514.24

510.38

506.56

502.78

499.04

495.35

491.69

488.08

484.50

480.97

477.46

474.00

470.58

467.19

463.83

460.51

457.23

453.98

450.76

447.58

444.43

441.31

438.23

435.17

432.15

429.16

426.19

423.26

420.36

417.48

414.64

411.82

409.03

171.41

170.13

168.85

167.59

166.35

165.12

163.90

162.69

161.50

160.32

159.15

158.00

156.86

155.73

154.61

153.50

152.41

151.33

150.25

149.19

148.14

147.10

146.08

145.06

144.05

143.05

142.06

141.09

140.12

139.16

138.21

137.27

136.34

85.71

85.06

84.43

83.80

83.17

82.56

81.95

81.35

80.75

80.16

79.58

79.00

78.43

77.86

77.31

76.75

76.20

75.66

75.13

74.60

74.07

73.55

73.04

72.53

72.02

71.53

71.03

70.54

70.06

69.58

69.11

68.64

68.17

42.85

42.53

42.21

41.90

41.59

41.28

40.97

40.67

40.38

40.08

39.79

39.50

39.21

38.93

38.65

38.38

38.10

37.83

37.56

37.30

37.04

36.78

36.52

36.26

36.01

35.76

35.52

35.27

35.03

34.79

34.55

34.32

34.09

21.43

21.27

21.11

20.95

20.79

20.64

20.49

20.34

20.19

20.04

19.89

19.75

19.61

19.47

19.33

19.19

19.05

18.92

18.78

18.65

18.52

18.39

18.26

18.13

18.01

17.88

17.76

17.64

17.51

17.40

17.28

17.16

17.04

17.14

17.01

16.89

16.76

16.63

16.51

16.39

16.27

16.15

16.03

15.92

15.80

15.69

15.57

15.46

15.35

15.24

15.13

15.03

14.92

14.81

14.71

14.61

14.51

14.40

14.31

14.21

14.11

14.01

13.92

13.82

13.73

13.63

 	 Ball indenter
D

mm

	 10	 5	 2,5	 1	

Mean diameter of the indentation
d

mm

Brinell hardness
HBW

Force-diameter ratio
F/D2

	 30	 10	 5	 2,5	 1,25	 1
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3.03

3.04

3.05

3.06

3.07

3.08

3.09

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

3.28

3.29

3.30

3.31

3.32

3.33

3.34

3.35

1.515

1.520

1.525

1.530

1.535

1.540

1.545

1.550

1.555

1.560

1.565

1.570

1.575

1.580

1.585

1.590

1.595

1.600

1.605

1.610

1.615

1.620

1.625

1.630

1.635

1.640

1.645

1.650

1.655

1.660

1.665

1.670

1.675

0.7575

0.7600

0.7625

0.7650

0.7675

0.7700

0.7725

0.7750

0.7775

0.7800

0.7825

0.7850

0.7875

0.7900

0.7925

0.7950

0.7975

0.8000

0.8025

0.8050

0.8075

0.8100

0.8125

0.8150

0.8175

0.8200

0.8225

0.8250

0.8275

0.8300

0.8325

0.8350

0.8375

0.303

0.304

0.305

0.306

0.307

0.308

0.309

0.310

0.311

0.312

0.313

0.314

0.315

0.316

0.317

0.318

0.319

0.320

0.321

0.322

0.323

0.324

0.325

0.326

0.327

0.328

0.329

0.330

0.331

0.332

0.333

0.334

0.335

406.27

403.54

400.83

398.15

395.49

392.86

390.26

387.68

385.13

382.60

380.10

377.61

375.16

372.72

370.31

367.92

365.56

363.21

360.89

358.59

356.31

354.05

351.81

349.60

347.40

345.22

343.07

340.93

338.81

336.71

334.63

332.57

330.53

135.42

134.51

133.61

132.72

131.83

130.95

130.09

129.23

128.38

127.53

126.70

125.87

125.05

124.24

123.44

122.64

121.85

121.07

120.30

119.53

118.77

118.02

117.27

116.53

115.80

115.07

114.36

113.64

112.94

112.24

111.54

110.86

110.18

67.71

67.26

66.80

66.36

65.92

65.48

65.04

64.61

64.19

63.77

63.35

62.94

62.53

62.12

61.72

61.32

60.93

60.54

60.15

59.76

59.39

59.01

58.64

58.27

57.90

57.54

57.18

56.82

56.47

56.12

55.77

55.43

55.09

33.86

33.63

33.40

33.18

32.96

32.74

32.52

32.31

32.09

31.88

31.67

31.47

31.26

31.06

30.86

30.66

30.46

30.27

30.07

29.88

29.69

29.50

29.32

29.13

28.95

28.77

28.59

28.41

28.23

28.06

27.89

27.71

27.54

16.93

16.81

16.70

16.59

16.48

16.37

16.26

16.15

16.05

15.94

15.84

15.73

15.63

15.53

15.43

15.33

15.23

15.13

15.04

14.94

14.85

14.75

14.66

14.57

14.48

14.38

14.29

14.21

14.12

14.03

13.94

13.86

13.77

13.54

13.45

13.36

13.27

13.18

13.10

13.01

12.92

12.84

12.75

12.67

12.59

12.51

12.42

12.34

12.26

12.19

12.11

12.03

11.95

11.88

11.80

11.73

11.65

11.58

11.51

11.44

11.36

11.29

11.22

11.15

11.09

11.02

 	 Ball indenter
D

mm

	 10	 5	 2,5	 1	

Mean diameter of the indentation
d

mm

Brinell hardness
HBW

Force-diameter ratio
F/D2

	 30	 10	 5	 2,5	 1,25	 1

3.36

3.37

3.38

3.39

3.40

3.41

3.42

3.43

3.44

3.45

3.46

3.47

3.48

3.49

3.50

3.51

3.52

3.53

3.54

3.55

3.56

3.57

3.58

3.59

3.60

3.61

3.62

3.63

3.64

3.65

3.66

3.67

3.68

1.680

1.685

1.690

1.695

1.700

1.705

1.710

1.715

1.720

1.725

1.730

1.735

1.740

1.745

1.750

1.755

1.760

1.765

1.770

1.775

1.780

1.785

1.790

1.795

1.800

1.805

1.810

1.815

1.820

1.825

1.830

1.835

1.840

0.8400

0.8425

0.8450

0.8475

0.8500

0.8525

0.8550

0.8575

0.8600

0.8625

0.8650

0.8675

0.8700

0.8725

0.8750

0.8775

0.8800

0.8825

0.8850

0.8875

0.8900

0.8925

0.8950

0.8975

0.9000

0.9025

0.9050

0.9075

0.9100

0.9125

0.9150

0.9175

0.9200

0.336

0.337

0.338

0.339

0.340

0.341

0.342

0.343

0.344

0.345

0.346

0.347

0.348

0.349

0.350

0.351

0.352

0.353

0.354

0.355

0.356

0.357

0.358

0.359

0.360

0.361

0.362

0.363

0.364

0.365

0.366

0.367

0.368

328.50

326.50

324.51

322.54

320.58

318.65

316.73

314.82

312.94

311.07

309.21

307.37

305.55

303.74

301.95

300.18

298.42

296.67

294.94

293.22

291.52

289.83

288.16

286.50

284.85

283.22

281.60

279.99

278.40

276.82

275.25

273.70

272.16

109.50

108.83

108.17

107.51

106.86

106.22

105.58

104.94

104.31

103.69

103.07

102.46

101.85

101.25

100.65

100.06

99.47

98.89

98.31

97.74

97.17

96.61

96.05

95.50

94.95

94.41

93.87

93.33

92.80

92.27

91.75

91.23

90.72

54.75

54.42

54.08

53.76

53.43

53.11

52.79

52.47

52.16

51.84

51.54

51.23

50.93

50.62

50.33

50.03

49.74

49.44

49.16

48.87

48.59

48.31

48.03

47.75

47.48

47.20

46.93

46.67

46.40

46.14

45.88

45.62

45.36

27.38

27.21

27.04

26.88

26.72

26.55

26.39

26.24

26.08

25.92

25.77

25.61

25.46

25.31

25.16

25.01

24.87

24.72

24.58

24.44

24.29

24.15

24.01

23.87

23.74

23.60

23.47

23.33

23.20

23.07

22.94

22.81

22.68

13.69

13.60

13.52

13.44

13.36

13.28

13.20

13.12

13.04

12.96

12.88

12.81

12.73

12.66

12.58

12.51

12.43

12.36

12.29

12.22

12.15

12.08

12.01

11.94

11.87

11.80

11.73

11.67

11.60

11.53

11.47

11.40

11.34

10.95

10.88

10.82

10.75

10.69

10.62

10.56

10.49

10.43

10.37

10.31

10.25

10.19

10.12

10.07

10.01

9.95

9.89

9.83

9.77

9.72

9.66

9.61

9.55

9.50

9.44

9.39

9.33

9.28

9.23

9.18

9.12

9.07

 	 Ball indenter
D

mm
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Mean diameter of the indentation
d

mm

Brinell hardness
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Force-diameter ratio
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3.69

3.70

3.71

3.72

3.73

3.74

3.75

3.76

3.77

3.78

3.79

3.80

3.81

3.82

3.83

3.84

3.85

3.86

3.87

3.88

3.89

3.90

3.91

3.92

3.93

3.94

3.95

3.96

3.97

3.98

3.99

4.00

4.01

1.845

1.850

1.855

1.860

1.865

1.870

1.875

1.880

1.885

1.890

1.895

1.900

1.905

1.910

1.915

1.920

1.925

1.930

1.935

1.940

1.945

1.950

1.955

1.960

1.965

1.970

1.975

1.980

1.985

1.990

1.995

2.000

2.005

0.9225

0.9250

0.9275

0.9300

0.9325

0.9350

0.9375

0.9400

0.9425

0.9450

0.9475

0.9500

0.9525

0.9550

0.9575

0.9600

0.9625

0.9650

0.9675

0.9700

0.9725

0.9750

0.9775

0.9800

0.9825

0.9850

0.9875

0.9900

0.9925

0.9950

0.9975

1.0000

1.0025

0.369

0.370

0.371

0.372

0.373

0.374

0.375

0.376

0.377

0.378

0.379

0.380

0.381

0.382

0.383

0.384

0.385

0.386

0.387

0.388

0.389

0.390

0.391

0.392

0.393

0.394

0.395

0.396

0.397

0.398

0.399

0.400

0.401

270.63

269.11

267.61

266.12

264.64

263.17

261.71

260.27

258.84

257.41

256.00

254.60

253.21

251.84

250.47

249.11

247.77

246.43

245.10

243.79

242.48

241.19

239.90

238.63

237.36

236.11

234.86

233.62

232.40

231.18

229.97

228.77

227.58

90.21

89.70

89.20

88.71

88.21

87.72

87.24

86.76

86.28

85.80

85.33

84.87

84.40

83.95

83.49

83.04

82.59

82.14

81.70

81.26

80.83

80.40

79.97

79.54

79.12

78.70

78.29

77.87

77.47

77.06

76.66

76.26

75.86

45.11

44.85

44.60

44.35

44.11

43.86

43.62

43.38

43.14

42.90

42.67

42.43

42.20

41.97

41.74

41.52

41.29

41.07

40.85

40.63

40.41

40.20

39.98

39.77

39.56

39.35

39.14

38.94

38.73

38.53

38.33

38.13

37.93

45.11

44.85

44.60

44.35

44.11

43.86

43.62

43.38

43.14

42.90

42.67

42.43

42.20

41.97

41.74

41.52

41.29

41.07

20.43

20.32

20.21

20.10

19.99

19.89

19.78

19.68

19.57

19.47

19.37

19.26

19.16

19.06

18.96

11.28

11.21

11.15

11.09

11.03

10.97

10.90

10.84

10.78

10.73

10.67

10.61

10.55

10.49

10.44

10.38

10.32

10.27

10.21

10.16

10.10

10.05

10.00

9.94

9.89

9.84

9.79

9.73

9.68

9.63

9.58

9.53

9.48

9.02

8.97

8.92

8.87

8.82

8.77

8.72

8.68

8.63

8.58

8.53

8.49

8.44

8.39

8.35

8.30

8.26

8.21

8.17

8.13

8.08

8.04

8.00

7.95

7.91

7.87

7.83

7.79

7.75

7.71

7.67

7.63

7.59
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D

mm
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Mean diameter of the indentation
d

mm

Brinell hardness
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4.02

4.03

4.04

4.05

4.06

4.07

4.08

4.09

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

4.32

4.33

4.34

2.010

2.015

2.020

2.025

2.030

2.035

2.040

2.045

2.050

2.055

2.060

2.065

2.070

2.075

2.080

2.085

2.090

2.095

2.100

2.105

2.110

2.115

2.120

2.125

2.130

2.135

2.140

2.145

2.150

2.155

2.160

2.165

2.170

1.0050

1.0075

1.0100

1.0125

1.0150

1.0175

1.0200

1.0225

1.0250

1.0275

1.0300

1.0325

1.0350

1.0375

1.0400

1.0425

1.0450

1.0475

1.0500

1.0525

1.0550

1.0575

1.0600

1.0625

1.0650

1.0675

1.0700

1.0725

1.0750

1.0775

1.0800

1.0825

1.0850

0.402

0.403

0.404

0.405

0.406

0.407

0.408

0.409

0.410

0.411

0.412

0.413

0.414

0.415

0.416

0.417

0.418

0.419

0.420

0.421

0.422

0.423

0.424

0.425

0.426

0.427

0.428

0.429

0.430

0.431

0.432

0.433

0.434

226.39

225.22

224.05

222.90

221.75

220.61

219.48

218.36

217.24

216.13

215.04

213.94

212.86

211.79

210.72

209.66

208.61

207.56

206.53

205.50

204.47

203.46

202.45

201.45

200.45

199.47

198.49

197.51

196.55

195.59

194.63

193.69

192.75

75.46

75.07

74.68

74.30

73.92

73.54

73.16

72.79

72.41

72.04

71.68

71.31

70.95

70.60

70.24

69.89

69.54

69.19

68.84

68.50

68.16

67.82

67.48

67.15

66.82

66.49

66.16

65.84

65.52

65.20

64.88

64.56

64.25

37.73

37.54

37.34

37.15

36.96

36.77

36.58

36.39

36.21

36.02

35.84

35.66

35.48

35.30

35.12

34.94

34.77

34.59

34.42

34.25

34.08

33.91

33.74

33.57

33.41

33.24

33.08

32.92

32.76

32.60

32.44

32.28

32.12

18.87

18.77

18.67

18.57

18.48

18.38

18.29

18.20

18.10

18.01

17.92

17.83

17.74

17.65

17.56

17.47

17.38

17.30

17.21

17.12

17.04

16.95

16.87

16.79

16.70

16.62

16.54

16.46

16.38

16.30

16.22

16.14

16.06

9.43

9.38

9.34

9.29

9.24

9.19

9.14

9.10

9.05

9.01

8.96

8.91

8.87

8.82

8.78

8.74

8.69

8.65

8.61

8.56

8.52

8.48

8.44

8.39

8.35

8.31

8.27

8.23

8.19

8.15

8.11

8.07

8.03

7.55

7.51

7.47

7.43

7.39

7.35

7.32

7.28

7.24

7.20

7.17

7.13

7.10

7.06

7.02

6.99

6.95

6.92

6.88

6.85

6.82

6.78

6.75

6.71

6.68

6.65

6.62

6.58

6.55

6.52

6.49

6.46

6.42
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4.35

4.36

4.37

4.38

4.39

4.40

4.41

4.42

4.43

4.44

4.45

4.46

4.47

4.48

4.49

4.50

4.51

4.52

4.53

4.54

4.55

4.56

4.57

4.58

4.59

4.60

4.61

4.62

4.63

4.64

4.65

4.66

4.67

2.175

2.180

2.185

2.190

2.195

2.200

2.205

2.210

2.215

2.220

2.225

2.230

2.235

2.240

2.245

2.250

2.255

2.260

2.265

2.270

2.275

2.280

2.285

2.290

2.295

2.300

2.305

2.310

2.315

2.320

2.325

2.330

2.335

1.0875

1.0900

1.0925

1.0950

1.0975

1.1000

1.1025

1.1050

1.1075

1.1100

1.1125

1.1150

1.1175

1.1200

1.1225

1.1250

1.1275

1.1300

1.1325

1.1350

1.1375

1.1400

1.1425

1.1450

1.1475

1.1500

1.1525

1.1550

1.1575

1.1600

1.1625

1.1650

1.1675

0.435

0.436

0.437

0.438

0.439

0.440

0.441

0.442

0.443

0.444

0.445

0.446

0.447

0.448

0.449

0.450

0.451

0.452

0.453

0.454

0.455

0.456

0.457

0.458

0.459

0.460

0.461

0.462

0.463

0.464

0.465

0.466

0.467

191.81

190.88

189.96

189.05

188.14

187.24

186.34

185.45

184.57

183.69

182.82

181.95

181.09

180.23

179.38

178.54

177.70

176.87

176.04

175.22

174.40

173.59

172.79

171.99

171.19

170.40

169.61

168.83

168.06

167.29

166.52

165.76

165.01

63.94

63.63

63.32

63.02

62.71

62.41

62.11

61.82

61.52

61.23

60.94

60.65

60.36

60.08

59.79

59.51

59.23

58.96

58.68

58.41

58.13

57.86

57.60

57.33

57.06

56.80

56.54

56.28

56.02

55.76

55.51

55.25

55.00

31.97

31.81

31.66

31.51

31.36

31.21

31.06

30.91

30.76

30.61

30.47

30.32

30.18

30.04

29.90

29.76

29.62

29.48

29.34

29.20

29.07

28.93

28.80

28.66

28.53

28.40

28.27

28.14

28.01

27.88

27.75

27.63

27.50

15.98

15.91

15.83

15.75

15.68

15.60

15.53

15.45

15.38

15.31

15.23

15.16

15.09

15.02

14.95

14.88

14.81

14.74

14.67

14.60

14.53

14.47

14.40

14.33

14.27

14.20

14.13

14.07

14.00

13.94

13.88

13.81

13.75

7.99

7.95

7.92

7.88

7.84

7.80

7.76

7.73

7.69

7.65

7.62

7.58

7.55

7.51

7.47

7.44

7.40

7.37

7.34

7.30

7.27

7.23

7.20

7.17

7.13

7.10

7.07

7.03

7.00

6.97

6.94

6.91

6.88

6.39

6.36

6.33

6.30

6.27

6.24

6.21

6.18

6.15

6.12

6.09

6.06

6.04

6.01

5.98

5.95

5.92

5.90

5.87

5.84

5.81

5.79

5.76

5.73

5.71

5.68

5.65

5.63

5.60

5.58

5.55

5.53

5.50
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4.68

4.69

4.70

4.71

4.72

4.73

4.74

4.75

4.76

4.77

4.78

4.79

4.80

4.81

4.82

4.83

4.84

4.85

4.86

4.87

4.88

4.89

4.90

4.91

4.92

4.93

4.94

4.95

4.96

4.97

4.98

4.99

5.00

2.340

2.345

2.350

2.355

2.360

2.365

2.370

2.375

2.380

2.385

2.390

2.395

2.400

2.405

2.410

2.415

2.420

2.425

2.430

2.435

2.440

2.445

2.450

2.455

2.460

2.465

2.470

2.475

2.480

2.485

2.490

2.495

2.500

1.1700

1.1725

1.1750

1.1775

1.1800

1.1825

1.1850

1.1875

1.1900

1.1925

1.1950

1.1975

1.2000

1.2025

1.2050

1.2075

1.2100

1.2125

1.2150

1.2175

1.2200

1.2225

1.2250

1.2275

1.2300

1.2325

1.2350

1.2375

1.2400

1.2425

1.2450

1.2475

1.2500

164.26

163.51

162.77

162.04

161.30

160.58

159.85

159.14

158.42

157.71

157.01

156.31

155.61

154.92

154.23

153.55

152.87

152.20

151.53

150.86

150.20

149.54

148.88

148.23

147.59

146.95

146.31

145.67

145.04

144.41

143.79

143.17

142.55

54.75

54.50

54.26

54.01

53.77

53.53

53.28

53.05

52.81

52.57

52.34

52.10

51.87

51.64

51.41

51.18

50.96

50.73

50.51

50.29

50.07

49.85

49.63

49.41

49.20

48.98

48.77

48.56

48.35

48.14

47.93

47.72

47.52

75.46

75.07

74.68

74.30

73.92

73.54

73.16

72.79

72.41

72.04

71.68

71.31

70.95

70.60

70.24

69.89

69.54

69.19

68.84

68.50

68.16

67.82

67.48

67.15

66.82

66.49

66.16

65.84

65.52

65.20

64.88

64.56

64.25

27.38

27.25

27.13

27.01

26.88

26.76

26.64

26.52

26.40

26.29

26.17

26.05

25.94

25.82

25.71

25.59

25.48

25.37

25.25

25.14

25.03

24.92

24.81

24.71

24.60

24.49

24.38

24.28

24.17

24.07

23.96

23.86

23.76

13.69

13.63

13.56

13.50

13.44

13.38

13.32

13.26

13.20

13.14

13.08

13.03

12.97

12.91

12.85

12.80

12.74

12.68

12.63

12.57

12.52

12.46

12.41

12.35

12.30

12.25

12.19

12.14

12.09

12.03

11.98

11.93

11.88

6.84

6.81

6.78

6.75

6.72

6.69

6.66

6.63

6.60

6.57

6.54

6.51

6.48

6.46

6.43

6.40

6.37

6.34

6.31

6.29

6.26

6.23

6.20

6.18

6.15

6.12

6.10

6.07

6.04

6.02

5.99

5.97

5.94

5.48

5.45

5.43

5.40

5.38

5.35

5.33

5.30

5.28

5.26

5.23

5.21

5.19

5.16

5.14

5.12

5.10

5.07

5.05

5.03

5.01

4.98

4.96

4.94

4.92

4.90

4.88

4.86

4.83

4.81

4.79

4.77

4.75
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5.01

5.02

5.03

5.04

5.05

5.06

5.07

5.08

5.09

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

5.19

5.20

5.21

5.22

5.23

5.24

5.25

5.26

5.27

5.28

5.29

5.30

5.31

5.32

5.33

2.505

2.510

2.515

2.520

2.525

2.530

2.535

2.540

2.545

2.550

2.555

2.560

2.565

2.570

2.575

2.580

2.585

2.590

2.595

2.600

2.605

2.610

2.615

2.620

2.625

2.630

2.635

2.640

2.645

2.650

2.655

2.660

2.665

1.2525

1.2550

1.2575

1.2600

1.2625

1.2650

1.2675

1.2700

1.2725

1.2750

1.2775

1.2800

1.2825

1.2850

1.2875

1.2900

1.2925

1.2950

1.2975

1.3000

1.3025

1.3050

1.3075

1.3100

1.3125

1.3150

1.3175

1.3200

1.3225

1.3250

1.3275

1.3300

1.3325

0.501

0.502

0.503

0.504

0.505

0.506

0.507

0.508

0.509

0.510

0.511

0.512

0.513

0.514

0.515

0.516

0.517

0.518

0.519

0.520

0.521

0.522

0.523

0.524

0.525

0.526

0.527

0.528

0.529

0.530

0.531

0.532

0.533

141.94

141.33

140.73

140.13

139.53

138.93

138.34

137.75

137.17

136.59

136.01

135.44

134.87

134.30

133.73

133.17

132.62

132.06

131.51

130.96

130.42

129.87

129.34

128.80

128.27

127.74

127.21

126.69

126.16

125.65

125.13

124.62

124.11

47.31

47.11

46.91

46.71

46.51

46.31

46.11

45.92

45.72

45.53

45.34

45.15

44.96

44.77

44.58

44.39

44.21

44.02

43.84

43.65

43.47

43.29

43.11

42.93

42.76

42.58

42.40

42.23

42.05

41.88

41.71

41.54

41.37

23.66

23.56

23.45

23.35

23.25

23.16

23.06

22.96

22.86

22.76

22.67

22.57

22.48

22.38

22.29

22.20

22.10

22.01

21.92

21.83

21.74

21.65

21.56

21.47

21.38

21.29

21.20

21.11

21.03

20.94

20.86

20.77

20.68

11.83

11.78

11.73

11.68

11.63

11.58

11.53

11.48

11.43

11.38

11.33

11.29

11.24

11.19

11.14

11.10

11.05

11.01

10.96

10.91

10.87

10.82

10.78

10.73

10.69

10.64

10.60

10.56

10.51

10.47

10.43

10.38

10.34

5.91

5.89

5.86

5.84

5.81

5.79

5.76

5.74

5.72

5.69

5.67

5.64

5.62

5.60

5.57

5.55

5.53

5.50

5.48

5.46

5.43

5.41

5.39

5.37

5.34

5.32

5.30

5.28

5.26

5.24

5.21

5.19

5.17

4.73

4.71

4.69

4.67

4.65

4.63

4.61

4.59

4.57

4.55

4.53

4.51

4.50

4.48

4.46

4.44

4.42

4.40

4.38

4.37

4.35

4.33

4.31

4.29

4.28

4.26

4.24

4.22

4.21

4.19

4.17

4.15

4.14
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5.34

5.35

5.36

5.37

5.38

5.39

5.40

5.41

5.42

5.43

5.44

5.45

5.46

5.47

5.48

5.49

5.50

5.51

5.52

5.53

5.54

5.55

5.56

5.57

5.58

5.59

5.60

5.61

5.62

5.63

5.64

5.65

5.66

2.670

2.675

2.680

2.685

2.690

2.695

2.700

2.705

2.710

2.715

2.720

2.725

2.730

2.735

2.740

2.745

2.750

2.755

2.760

2.765

2.770

2.775

2.780

2.785

2.790

2.795

2.800

2.805

2.810

2.815

2.820

2.825

2.830

1.3350

1.3375

1.3400

1.3425

1.3450

1.3475

1.3500

1.3525

1.3550

1.3575

1.3600

1.3625

1.3650

1.3675

1.3700

1.3725

1.3750

1.3775

1.3800

1.3825

1.3850

1.3875

1.3900

1.3925

1.3950

1.3975

1.4000

1.4025

1.4050

1.4075

1.4100

1.4125

1.4150

0.534

0.535

0.536

0.537

0.538

0.539

0.540

0.541

0.542

0.543

0.544

0.545

0.546

0.547

0.548

0.549

0.550

0.551

0.552

0.553

0.554

0.555

0.556

0.557

0.558

0.559

0.560

0.561

0.562

0.563

0.564

0.565

0.566

123.60

123.10

122.60

122.10

121.60

121.11

120.62

120.13

119.65

119.17

118.69

118.21

117.74

117.26

116.80

116.33

115.86

115.40

114.94

114.49

114.03

113.58

113.13

112.68

112.24

111.80

111.36

110.92

110.48

110.05

109.62

109.19

108.77

41.20

41.03

40.87

40.70

40.53

40.37

40.21

40.04

39.88

39.72

39.56

39.40

39.25

39.09

38.93

38.78

38.62

38.47

38.31

38.16

38.01

37.86

37.71

37.56

37.41

37.27

37.12

36.97

36.83

36.68

36.54

36.40

36.26

20.60

20.52

20.43

20.35

20.27

20.19

20.10

20.02

19.94

19.86

19.78

19.70

19.62

19.54

19.47

19.39

19.31

19.23

19.16

19.08

19.01

18.93

18.86

18.78

18.71

18.63

18.56

18.49

18.41

18.34

18.27

18.20

18.13

10.30

10.26

10.22

10.17

10.13

10.09

10.05

10.01

9.97

9.93

9.89

9.85

9.81

9.77

9.73

9.69

9.66

9.62

9.58

9.54

9.50

9.47

9.43

9.39

9.35

9.32

9.28

9.24

9.21

9.17

9.14

9.10

9.06

5.15

5.13

5.11

5.09

5.07

5.05

5.03

5.01

4.99

4.97

4.95

4.93

4.91

4.89

4.87

4.85

4.83

4.81

4.79

4.77

4.75

4.73

4.71

4.70

4.68

4.66

4.64

4.62

4.60

4.59

4.57

4.55

4.53

4.12

4.10

4.09

4.07

4.05

4.04

4.02

4.00

3.99

3.97

3.96

3.94

3.92

3.91

3.89

3.88

3.86

3.85

3.83

3.82

3.80

3.79

3.77

3.76

3.74

3.73

3.71

3.70

3.68

3.67

3.65

3.64

3.63
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5.67

5.68

5.69

5.70

5.71

5.72

5.73

5.74

5.75

5.76

5.77

5.78

5.79

5.80

5.81

5.82

5.83

5.84

5.85

5.86

5.87

5.88

5.89

5.90

5.91

5.92

5.93

5.94

5.95

5.96

5.97

5.98

5.99

6.00

2.835

2.840

2.845

2.850

2.855

2.860

2.865

2.870

2.875

2.880

2.885

2.890

2.895

2.900

2.905

2.910

2.915

2.920

2.925

2.930

2.935

2.940

2.945

2.950

2.955

2.960

2.965

2.970

2.975

2.980

2.985

2.990

2.995

3.000

1.4175

1.4200

1.4225

1.4250

1.4275

1.4300

1.4325

1.4350

1.4375

1.4400

1.4425

1.4450

1.4475

1.4500

1.4525

1.4550

1.4575

1.4600

1.4625

1.4650

1.4675

1.4700

1.4725

1.4750

1.4775

1.4800

1.4825

1.4850

1.4875

1.4900

1.4925

1.4950

1.4975

1.5000

0.567

0.568

0.569

0.570

0.571

0.572

0.573

0.574

0.575

0.576

0.577

0.578

0.579

0.580

0.581

0.582

0.583

0.584

0.585

0.586

0.587

0.588

0.589

0.590

0.591

0.592

0.593

0.594

0.595

0.596

0.597

0.598

0.599

0.600

108.34

107.92

107.50

107.08

106.67

106.25

105.84

105.43

105.03

104.62

104.22

103.82

103.42

103.02

102.63

102.23

101.84

101.46

101.07

100.68

100.30

99.92

99.54

99.16

98.79

98.41

98.04

97.67

97.31

96.94

96.58

96.21

95.85

95.49

36.11

35.97

35.83

35.69

35.56

35.42

35.28

35.14

35.01

34.87

34.74

34.61

34.47

34.34

34.21

34.08

33.95

33.82

33.69

33.56

33.43

33.31

33.18

33.05

32.93

32.80

32.68

32.56

32.44

32.31

32.19

32.07

31.95

31.83

18.06

17.99

17.92

17.85

17.78

17.71

17.64

17.57

17.50

17.44

17.37

17.30

17.24

17.17

17.10

17.04

16.97

16.91

16.84

16.78

16.72

16.65

16.59

16.53

16.46

16.40

16.34

16.28

16.22

16.16

16.10

16.04

15.98

15.92

9.03

8.99

8.96

8.92

8.89

8.85

8.82

8.79

8.75

8.72

8.68

8.65

8.62

8.59

8.55

8.52

8.49

8.45

8.42

8.39

8.36

8.33

8.30

8.26

8.23

8.20

8.17

8.14

8.11

8.08

8.05

8.02

7.99

7.96

4.51

4.50

4.48

4.46

4.44

4.43

4.41

4.39

4.38

4.36

4.34

4.33

4.31

4.29

4.28

4.26

4.24

4.23

4.21

4.20

4.18

4.16

4.15

4.13

4.12

4.10

4.09

4.07

4.05

4.04

4.02

4.01

3.99

3.98

3.61

3.60

3.58

3.57

3.56

3.54

3.53

3.51

3.50

3.49

3.47

3.46

3.45

3.43

3.42

3.41

3.39

3.38

3.37

3.36

3.34

3.33

3.32

3.31

3.29

3.28

3.27

3.26

3.24

3.23

3.22

3.21

3.20

3.18
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