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Notes on Use
Export Compliance
All products in this catalog are subject to the Foreign Exchange and Foreign Trade Control laws 
of Japan, US Export Administration Regulations (EAR) or the Canadian Export and Import Permits 
Act. Re-export or relocation of any of these products may require prior approval by an appropriate 
governing authority. If a purchased product is exported or re-exported, even if it is not considered 
a regulated item by a governing authority, Mitutoyo would like to be made aware, as the customer 
service available for that product may be affected. If you have any questions, please consult your local 
Mitutoyo sales office.

Safety Caution
Carefully read the specifications and functions in this catalog before selecting products. Safety may be 
compromised if you use products for purposes other than those stated here.
Feel free to contact your nearest Mitutoyo sales center if you wish to use a product for other purposes 
or in a special environment.

Appearance and Specifications
Appearance and specifications are subject to change without prior notice for product improvement. 
The product names in this catalog are registered trademarks or trademarks of Mitutoyo or their 
respective companies.
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• �Compact body and a wide measuring range assures 
precision that compares well with that of higher-grade 
models.

• �D.A.T. (Digital Adjustment Table) function aids manual 
workpiece centering and leveling.

• �Safety mechanism provided in the detection section as a 
standard feature. 

• �A sliding mechanism (optional sliding detector holder) 
can be installed in the detector holder. It enables 
one-touch measurement of a 
workpiece with a deep hole 
having a thick wall, which has 
been difficult with the standard 
detector.

Roundtest RA-1600M
SERIES 211 — �Roundness/Cylindricity Measuring System

RA-1600M

RA-2200AH
System vibration isolator (monitor arm type)*
* �Printer table (provided by the customer) not shown.

RA-2200AH
System vibration isolator (with side table)

Refer to the Roundtest RA-2200 
Series Brochure (E15001(3)-US) 
for more details.

Catalog No.E15001(3)

Roundness / Cylindricity Measurement
ROUNDTEST RA-2200 Series
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Refer to the Roundtest  
RA-1600M Brochure 
(E15000) for more details.
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SPECIFICATIONS
Model No. RA-1600M
Order No. inch/mm 211-724-11

Turntable

Rotational accuracy
(JIS B 7451-1997)

Radial direction (0.03 + 6H / 10000) µm H: Probing height (mm)
Axial direction (0.03 + 6X / 10000) µm X: Distance from the center of rotation (mm)

Maximum loading mass 25 kg
Maximum probing diameter ø280 mm

Vertical 
movement
(Z-axis column 
unit)

Vertical travel 300 mm

X-axis Travel range 165 mm (-25 mm to +140 mm from the rotation center)

Detector Measuring range
Standard ±400 µm/±40 µm/±4 µm
Tracking ±5 mm

SPECIFICATIONS
Model No. RA-2200AS RA-2200DS RA-2200AH RA-2200DH
Order No. inch/mm 211-511-11 211-514-13 211-512-11 211-516-13

Turntable

Rotational accuracy
(JIS B 7451-1997)

Radial direction (0.02 + 3.5H/10000) µm   H: Probing height (mm)
Axial direction (0.02 + 3.5X /10000) µm   X: Distance from the center of rotation (mm)

Maximum loading mass 30 kg
Maximum probing diameter ø300 mm

Vertical movement
(Z-axis column unit) Vertical travel 300 mm 500 mm

X-axis Travel range 175 mm (-25 mm to +150 mm from the rotation center)

Detector Measuring range
Standard ±400 µm/±40 µm/±4 µm
Tracking ±5 mm

Roundtest RA-2200
SERIES 211 — �Roundness/Cylindricity Measuring System

Detector safety mechanism

Achieved the world's highest level of 
accuracy for this class of machine. A high-
performance automatic system equipped 
with a high-speed automatic centering/
leveling function. 
• �High-speed automatic centering/leveling function 

contributes to a significant reduction in the man-hours 
required for setups. 

• �A fully automatic system which performs processing 
automatically from part program calling, centering/
leveling, measurement, calculation, all the way through 
to printing.

• �Capable of continuous inside/outside diameter 
measurement without changing the detector orientation 
(up to 50 mm ID).

• �The automatic positioning function of the turntable 
enables automatic measurement in combination with 
table rotation and slider/column movement. 

• �Advanced graphical analysis such as power spectrum 
chart is available. 

• �A sliding mechanism is incorporated in the detector 
holder part.

Roundtest
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Roundtest RA-H5200
SERIES 211 — �Roundness/Cylindricity Measuring System

Roundtest

Roundtest RA-2200 PLUS
SERIES 211 — �Roundness/Cylindricity Measuring System

A high-performance automatic system 
equipped with a high-speed automatic 
centering/leveling function achieves the 
world's highest level of accuracy.
• �High-speed automatic centering/leveling function 

contributes to a significant reduction in the man-hours 
required for setups.

• �The turntable with automatic centering and leveling 
function is equipped as standard, which frees operators 
from manual centering and leveling operations.

• �Automatic control of holder arm posture (vertical/
horizontal) and the rotation feature of the detector (rotates 
in 1° increments in the range of 0 to 270°) enables 
continuous measurement of various feature combinations, 
such as OD/ID and/or top/bottom plane measurements. 

• �A Mitutoyo linear scale is used in the X-axis drive unit to 
directly detect the position of the drive unit. It guarantees 
the highly precise positioning vital for automatic 
measurement.

• �A roughness detector (optional) is supported.

Centering and leveling is
complete within 1 min

Tilting: 520 µm

15
0 

m
m

Eccentricity: 200 µm

Refer to the Roundtest RA-2200 
Series Brochure (E15001(3)-US) 
for more details.

Catalog No.E15001(3)

Roundness / Cylindricity Measurement
ROUNDTEST RA-2200 Series
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SPECIFICATIONS
Model No. RA-2200AS PLUS RA-2200AH PLUS
Order No. inch/mm 211-517-11 211-518-11

Turntable

Rotational accuracy
(JIS B 7451-1997)

Radial direction (0.02 + 3.5H /10000) µm   H: Probing height (mm)
Axial direction (0.02 + 3.5X /10000) µm   X: Distance from the center of rotation (mm)

Maximum loading mass 30 kg
Maximum probing diameter ø256 mm

Vertical movement
(Z-axis column unit) Vertical travel 300 mm 500 mm

X-axis Travel range 175 mm (-25 mm to +150 mm from the rotation center)

Detector Measuring range
Standard ±400 µm /±40 µm /±4 µm
Tracking ±5 mm

SPECIFICATIONS
Model No. RA-H5200AS RA-H5200AH
Order No. inch/mm 211-531-11 211-532-11

Turntable

Rotational accuracy
(JIS B 7451-1997)

Radial direction (0.02 + 3.5H/10000) µm  H: Probing height (mm)
Axial direction (0.02 + 3.5X /10000) µm  X: Distance from the center of rotation (mm)

Maximum loading mass 80 kg (On auto-centering: 65 kg)
Maximum probing diameter ø400 mm

Vertical movement
(Z-axis column unit) Vertical travel 350 mm 550 mm

X-axis Travel range 225 mm (-25 mm to +200 mm from the rotation center)

Detector Measuring range
Standard ±400 µm/±40 µm/±4 µm
Tracking ±5 mm

RA-H5200AS
with side table
(option 178-181)

RA-2200AH PLUS
System vibration isolator (with side table)

• �A fully automatic system which performs processing 
automatically from part program calling, centering/leveling, 
measurement, calculation, all the way through to printing.

• �Capable of continuous inside/outside diameter measurement 
without changing the detector orientation (up to 50 mm ID).

• �The automatic positioning function of the turntable enables 
automatic measurement in combination with table rotation 
and slider/column movement.

• �Advanced graphical analysis such as a power spectrum chart 
is available.

• �A sliding mechanism is incorporated in the detector holder. 
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Roundtest RA-H5200 PLUS
SERIES 211 — Roundness/Cylindricity Measuring System

A fully automated machine with highest-
level accuracy that can greatly improve 
productivity and efficiency.
• �The turntable with automatic centering and leveling 

function is equipped as standard, which frees operators 
from manual centering and leveling operations.

• �Automatic control of holder arm posture (vertical/
horizontal) and the rotation feature of the detector 
(rotates in 1° increments in the range of 0 to 270°) 
enables continuous measurement of various feature 
combinations, such as OD/ID and/or top/ bottom plane 
measurements.

• �A Mitutoyo linear scale is used in the X-axis drive 
unit to directly detect the position of the drive unit. 
It guarantees the highly precise positioning vital for 
automatic measurement.

• �A roughness detector (optional) is supported.

RA-H5200AS PLUS
with side table
(option 178-181)

Refer to the Roundtest  
RA-H5200 Series Brochure 
(E15011(2)-US) for more details.

Catalog No.E15011(2)
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ROUNDTEST RA-H5200 SERIES

SPECIFICATIONS
Model No. RA-H5200AS PLUS RA-H5200AH PLUS
Order No. inch/mm 211-533-11 211-534-11

Turntable

Rotational accuracy
(JIS B 7451-1997)

Radial direction (0.02 + 3.5H /10000) µm   H: Probing height (mm)
Axial direction (0.02 + 3.5X /10000) µm  X: Distance from the center of rotation (mm)

Maximum loading mass 80 kg (On auto-centering: 65 kg)
Maximum probing diameter ø356 mm

Vertical movement
(Z-axis column unit) Vertical travel 350 mm 550 mm

X-axis Travel range 225 mm (-25 mm to +200 mm from the rotation center)

Detector Measuring range
Standard ±400 µm /±40 µm /±4 µm
Tracking ±5 mm

Roundtest

Need Support?

https://measure.mitutoyo.com/catalog-form-measurement/?utm_source=catalog_2026&utm_medium=print_qr&utm_campaign=catalog_2026&utm_content=form_measurement
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ROUNDTRACER EXTREME 
SERIES 211 — �CNC Roundness/

Cylindricity 
Measuring System

Roundtracer

• �ROUNDTRACER EXTREME models are triple-role 
CNC profile measuring systems that integrate the 
roundness and cylindricity measuring capabilities of 
our ROUNDTEST models and the contour and surface 
roughness measuring capabilities of our hybrid, 
dual-role FORMTRACER models to measure surface 
roughness, contour, roundness, and cylindricity.

SPECIFICATIONS
Model No. RTX-0605-A
Order No. inch/mm 211-552-11

Turntable

Rotational accuracy
(JIS B 7451:1997)

Radial direction (0.02 + 3.5H/10000) µm   H: Probing height (mm)
Axial direction (0.02 + 3.5R/10000) µm   R: Measuring radius (mm)

Maximum loading mass 60 kg
Maximum probing diameter ø680  mm

Vertical movement
(Z-axis column unit) Travel range 550 mm

X-axis Travel range 197 mm (-33 mm to 164 mm from the rotation center)*
Detectors Measuring range ±400  µm /±40  µm /±3.6 µm

* �Value when the measuring system is mounted with a roundness detector and a standard stylus, and is in the outside diameter 
measuring position with the stylus at 0°.

SPECIFICATIONS
Model No. S100 S300
Order No. 211-581-01MEU 211-583-01MEU
Z-axis (column) vertical travel 100mm 300mm
Measuring Range ø60 mm
Max. turntable loading 6 kg

Measuring 
uncertainty

Length U95 (2+L[mm]/200) µm
Diameter U95 (1+LDmm]/200) µm

Workpiece loading mode Manual and automatic (by robot)
Workpiece rotation Standard
Measuring mode Static and dynamic
Dimensions (WxDxH) 925x615x640mm 925x615x840mm

Refer to the ROUNDTRACER 
EXTREME Brochure (E15032) 
for more details.

• �A detector holder with 
motorized sliding function 
enables continuous inside and 
upper surface measurement 
of thick workpieces.

Roundtracer Flash 
Series 211 - Roundness / Cylindricity Measuring System
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CNC Roundness /Cylindricity Measuring System
ROUNDTRACER EXTREME

Catalog No. E15032

E15032_RTX.indd   1 2020/12/16   16:42

RTX-0605-A
(Optional side table 12AAV541)

211-581-02MEU

The Roundtracer Flash is a fast, flexible and precise 
optical shaft measuring system. The instrument is 
a good solution for accurate quality control in a 
laboratory as well as in the production environment.

• �Dimensional, position, form analysis in static and 
dynamic mode. 

• �Image sensors integrated in a fixed position 
across the product structure to cover the entire 
measurement range. 

• �Less mechanical stress.�
• �Side-by-side 2D image architecture. 
• �Short cycle time.
• �One-click measuring cycle activation.
• �Graphical user interface via touchscreen monitor.
• �Thread and camshaft measurement functionality.

Smart search 
function provides 
part detail review 
by images and 
trend visualization.

Superior setup 
flexibility

Intuitive user 
interface



J-26

J

ROUNDPAK
Roundness/Cylindricity measurement/Analysis software

•	A wide variety of 
parameters including those 
for roundness / cylindricity, 
as well as flatness and 
parallelism, are provided 
as standard features. You 
can visually select these 
parameters using icons.

	 ROUNDPAK also comes with specialized functions, 
such as the design value best-fit analysis function, 
the harmonic analysis function, and a function 
for recording the peak or trough points on a 
circumference. Data that has already been collected 
can be easily used for re-calculation or deleted.

•	Analysis results such as cylindricity and coaxiality 
can be visually expressed in 3D graphics.

•	An offline teaching function is provided to create 
a part program (measurement procedure) without 
an actual measurement target, enabling the user to 
virtually execute the measurement operation in a 
3D simulation window.

Normal display Wire-frame display Surface-map display Shading display

Machine Control View

Workpiece view

Icon View

Part Program List

Operation Coordinates View

Model
Analysis type RTX-0605-A RA-2200/H5200 RA-2200 

PLUS/H5200 PLUS RA-1600 RA-120P RA-120 RA-10

Roundness 3 3 3 3 3 3

Cylindricity 3 3 3

Concentricity 3 3 3 3 3 3

Coaxiality
Axis element 3 3 3 3 3 3
Axis 3 3 3 3

Flatness 3 3 3 3 3 3

Parallelism 3 3 3 3 3

Perpendicularity 3 3 3 3 3

Radial deviation 3 3 3

Thickness deviation 3 3 3 3 3

Radial runout 3 3 3 3 3 3

Total runout 3 3 3

Diameter measurement 3 3 3

Straightness 3 3 3

Inclination 3 3 3

Taper 3 3 3

Diameter contour tolerancing 3 3 3

Rectilinear contour tolerancing 3 3 3

Width measurement (only CNC) 3 3 (only PLUS and CNC)

Power spectrum 3 3 3

Harmonic analysis 3 3 3 3

Profile operation 3 3 3 3

Tapered surface analysis 3 3 3

Lead (twist) analysis 3 (optional)

3D surface property analysis 3 (optional)

•	The customer can create reports in custom formats 
by specifying how the analysis results will be 
displayed as well as the sizes and positions of 
graphics. The analysis result window can be directly 
utilized as a layout window. Since the measurement 
procedure, including the layout information, is 
saved, the entire process, from measurement start, 
calculation, result saving, and finally to printing, can 
be automatically executed.

Data deletion

Roundtracer

Find Training

https://measure.mitutoyo.com/catalog-form-measurement/?utm_source=catalog_2026&utm_medium=print_qr&utm_campaign=catalog_2026&utm_content=form_measurement
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Geometrical tolerances   ISO/DIS 1101: 1996*1, ISO 5459*2
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Notation example

Notation example

Notation exampleNotation
example

Notation example

Notation exampleNotation
example

Notation
example

Notation example

Notation example

Notation example

Notation example

Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument

Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument

Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument Verification example using a roundness measuring instrument

 Roundness
Any circumferential line must be contained within 
the tolerance zone formed between two coplanar 
circles with a difference in radii of t

Tolerance zone

Tolerance zone

Tolerance zone

Tolerance zone Tolerance zone

Tolerance zone

Tolerance zone

Tolerance zone

Tolerance zone Tolerance zone

Tolerance zone

Tolerance zone

 Straightness
Any line on the surface must lie within the 
tolerance zone formed between two parallel straight 
lines a distance t apart and in the direction specified

 Flatness
The surface must be contained within the 
tolerance zone formed between two parallel 
planes a distance t apart 

 Cylindricity
The surface must be contained within the 
tolerance zone formed between two coaxial 
cylinders with a difference in radii of t

 Concentricity
The center point must be contained within the 
tolerance zone formed by a circle of diameter t 
concentric with the datum

 Coaxiality
The axis must be contained within the tolerance 
zone formed by a cylinder of diameter t 
concentric with the datum

Datum
center

Datum axis

Datum axisDatum axis

Datum  A

Datum axis

Datum axisDatum axis

 Perpendicularity
The line or surface must be contained within the tolerance zone formed between two planes a 
distance t apart and perpendicular to the datum

 Circular Runout (Radial and Axial) 
The line must be contained within the tolerance zone formed between two coplanar and /or concentric 
circles a distance t apart concentric with or perpendicular to the datum

  Total Runout (Radial and Axial)
The surface must be contained within the tolerance zone formed between two coaxial cylinders with a 
difference in radii of t, or planes a distance t apart, concentric with or perpendicular to the datum

Adjustment prior to Measurement    ISO 4291: 1985*3

  Centering
A displacement offset (eccentricity) between the Roundtest's turntable axis and that of the workpiece 
results in distortion of the measured form (limaçon error) and consequentially produces an error in the 
calculated roundness value. The larger the eccentricity, the larger is the error in calculated roundness. 
Therefore the workpiece should be centered (axes made coincident) before measurement. 
Some roundness testers support accurate measurement with a limaçon error correction function. 
The effectiveness of this function can be seen in the graph below.

  Leveling
Any inclination of the axis of a workpiece with respect to the rotational axis of the measuring 
instrument will cause an elliptic error. Leveling must be performed so that these axes are sufficiently 
parallel.

Eccentricity versus roundness error

Effect of eccentricity compensation function
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Inclination versus elliptic error
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Workpiece
Diameter

Workpiece
Diameter

Specified direction
Radial - Direction that 
intersects the datum 
axial straight line and 
is vertical to the 
datum axis line

Specified direction
Axial - Direction 
that is parallel to 
the datum axial 
straight line

Specified direction
Axial - Direction 
that is parallel to 
the datum axial 
straight line

Specified direction
Radial - Direction that 
intersects the datum 
axial straight line and 
is vertical to the 
datum axis line

Roundtest (Roundform Measuring Instruments)
Quick Guide to Precision 
Measuring Instruments
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ΔZq=17.61 µm

ΔZq=12.35 µm

ΔZq=22.14 µm

ΔZq=16.60 µm ΔZq=20.72 µm ΔZq=22.04 µm

ΔZq=18.76 µm ΔZq=14.50 µm

 Evaluating the Measured Profile Roundness   ISO 12181-1: 2011*5, ISO 4291: 1985*3

 Roundness testers use the measurement data to generate reference circles whose dimensions define the roundness value. There are four 
 methods of generating these circles, as shown below, and each method has individual characteristics so the method that best matches
 the function of the workpiece should be chosen. 
 Each method results in a different center position for the reference circles and therefore affects the axial location of the circular feature 
 measured.

 Effect of Filter Settings on the Measured Profile    ISO 12181-2: 2011*4

 Profiles can be filtered in various ways to reduce or eliminate unwanted detail, with a cut-off value set in terms of undulations per 
 revolution (upr). The effect of different upr settings is shown in the diagrams below, which illustrate how the measured roundness 
 value decreases as lower upr settings progressively smooth out the line. 

15 upr

A 1 UPR condition indicates eccentricity of the workpiece relative to the rotational 
axis of the measuring instrument. The amplitude of undulation components 
depends on the leveling adjustment.

Undulations Per Revolution (UPR) data in 
the roundness graphs
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Measurement result graphs

Angle

Angle

Angle

Angle

Angle

Angle

Angle

Angle

Angle

A 15 (or more) UPR condition is usually caused by tool chatter, machine vibration, 
coolant delivery effects, material non-homogeneity, etc., and is generally more 
important to the function than to the fit of a workpiece.

A 5 to 15 UPR condition often indicates unbalance factors in the machining method 
or processes used to produce the workpiece.

A 3 to 5 UPR condition may indicate: (1) Deformation due to over-tightening of the 
holding chuck on the measuring instrument; (2) Relaxation deformation due to 
stress release after unloading from the holding chuck on the machine tool that 
created its shape.

A 2 UPR condition may indicate: (1) insufficient leveling adjustment on the 
measuring instrument; (2) circular runout due to incorrect mounting of the 
workpiece on the machine tool that created its shape; (3) the form of the workpiece 
is elliptical by design as in, for example, an IC-engine piston.

Band-pass 
filter

Low-pass 
filter

Unfiltered

50-500 upr15-500 upr15-150 upr

500 upr150 upr50 upr

A circle is fitted to the measured profile such that the sum of the squares 
of the departure of the profile data from this circle is a minimum. The 
roundness figure is then defined as the difference between the 
maximum deviation of the profile from this circle (highest peak to the 
lowest valley).

Two concentric circles are positioned to enclose the measured profile 
such that their radial difference is a minimum. The roundness figure is 
then defined as the radial separation of these two circles.

The smallest circle that can enclose the measured profile is created. The 
roundness figure is then defined as the maximum deviation of the 
profile from this circle. This circle is sometimes referred to as the ‘ring 
gage’ circle.

The largest circle that can be enclosed by the profile data is created. 
The roundness figure is then defined as the maximum deviation of the 
profile from this circle. This circle is sometimes referred to as the `plug 
gage' circle.

ΔZq = Rmax-Rmin
ΔZq: A symbol indicating roundness value by LSC.

ΔZz = Rmax-Rmin
ΔZz: A symbol indicating roundness value by MZC.

ΔZi = Rmax-Rmin
ΔZi: A symbol indicating roundness value by MIC. 

ΔZc = Rmax-Rmin
ΔZc: A symbol indicating roundness value by MCC.

Least Square Circle
(LSC)

Minimum Zone Circles
(MZC)

Minimum Circumscribed
Circle (MCC)

Maximum Inscribed
Circle (MIC)

Rmax
Rmin

Rmax
Rmin

Rmax
Rmin

Rmax
Rmin

Standard
Attenuation rate

2CR filter

ISO 4291: 1985*3

75%

Gaussian filter

ISO 12181-1: 2011*5

50%

Abbreviated terms Terms

LSCI
LSCY
LSLI
LSPL
LCD
LFD
LRD
LSD
MICI
MICY
MCCI
MCCY
MZCI
MZCY
MZLI
MZPL
UPR

Least squares reference circle
Least squares reference cylinder
Least squares reference line
Least squares reference plane
Local cylindricity deviation
Local flatness deviation
Local roundness deviation
Local straightness deviation
Maximum inscribed reference circle
Maximum inscribed reference cylinder
Minimum circumscribed reference circle
Minimum circumscribed reference cylinder
Minimum zone reference circles
Minimum zone reference cylinder
Minimum zone reference lines
Minimum zone reference planes
Undulations per revolution

Abbreviated 
terms Parameter

CYLtt
STRsg
STRIc
CYLp
FLTp
RONp
STRp
CYLt
FLTt
RONt
STRt
CYLv
FLTv
RONv
STRv
CYLq
FLTq
RONq
STRq
STRsa

Minimum
 zone

✓

✓

✓

✓

✓

Minimum 
circumscribed

✓

✓

✓

Minimum 
inscribed

✓

✓

✓

Least 
square

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

Cylinder taper
Generatrix straightness deviation
Local generatrix straightness deviation
Peak-to-reference cylindricity deviation
Peak-to-reference flatness deviation
Peak-to-reference roundness deviation
Peak-to-reference straightness deviation
Peak-to-valley cylindricity deviation
Peak-to-valley flatness deviation
Peak-to-valley roundness deviation
Peak-to-valley straightness deviation
Reference-to-valley cylindricity deviation
Reference-to-valley flatness deviation
Reference-to-valley roundness deviation
Reference-to-valley straightness deviation
Root-mean-square cylindricity deviation
Root-mean-squareflatness deviation
Root-mean-square roundness deviation
Root-mean-square straightness deviation
Straightness deviation of the extracted median line

Filtering

Terms and abbreviated terms    ISO 12181-1: 2011*5

Parameters and abbreviated terms    ISO 12181-1: 2011*5 

Reference element*

* The reference elements to which the parameter can be applied.

*1 ISO/DIS 1101: 1996 Geometrical Product Specifications (GPS) - Geometrical tolerancing - Tolerancing of form, orientation, location and run-out
*2 ISO 5459 Technical drawings - Geometrical tolerancing - Datums and datum-systems for geometrical tolerances
*3 ISO 4291: 1985 Methods for the assessment of departure from roundness - Measurement of variations in radius
*4 ISO 12181-2: 2011 Geometrical Product Specifications (GPS) - Roundness - Part2: Specification operators
*5 ISO 12181-1: 2011 Geometrical Product Specifications (GPS) - Roundness - Part 1: Vocabulary and parameters of roundness
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Micro Vickers Hardness Testing Machines
HM 200 series Type A
Refer to page K-4 for details.

Micro Vickers Hardness Testing Machines
HM-200 Series Type B and Type D
Refer to page K-5 for details.

Vickers Hardness Testing Machines
HV-100 Series
Refer to page K-6 for details.

Rockwell Hardness Testing Machines
HR-300/HR-400
Refer to page K-9 for details.

Rockwell Hardness Testing Machines
HR-530/530L
Refer to page K-10 for details.
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Rockwell Hardness 
Testing Machines
HR-600
Refer to page K-11 for details.

Portable Hardness 
Testing Instruments
Hardmatic HH-V400
Refer to page K-14 for details.
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HV-110/120 Standard Vickers Hardness	 K-6
Optional Accessories Micro-Vickers/Vickers Hardness 
Testing Machine	 K-8

 
Rockwell Hardness Testing Machines
HR-300/HR-400 Rockwell Tester	 K-9
HR-530/530L Rockwell Tester	 K-10
HR-600 Rockwell Tester 	 K-11
Optional Accessories for Rockwell Testers	 K-12

Portable Hardness Testing Machines	
Hardmatic HH-V400	 K-14
Hardmatic HH-300	 K-15
Hardmatic HH-300 Test Block Set	 K-16
Quick Guide to Precision Measuring Instruments - 
Hardness Testing Machines	 K-17



Hardness testing machines provide the simplest and most economical testing methods among many 
material testing machines, playing an important role in research activities, production activities, and 
commercial transactions.  

Mitutoyo offers a choice of standard hardness testing machines that are optimal for hard materials such 
as metals to soft materials such as plastic and rubber, as well as custom-designed testers such as in line-
type automatic machines and labor-saving machines required on the shop floor.
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HM-210 / 220 Type A

• The electromagnetic force motor used in the 
loading mechanism enables the test force to 
be freely selected (see test force specifications) 
over the wide range of 0.4903mN to 19610mN 
(0.05gf to 2 kgf). It is also possible to freely 
set load dwell times. Now your desire for 
absolute control over the indentation size in 
Vickers hardness testing can be satisfied. The 
HM-200 series always offers the test force most 
appropriate for the specimen material and shape.

• Newly-designed ‘MH Plan’ objectives are 
optimized for measuring indentation images. 
The lineup includes 6 types of long working 
distance objectives: 10X, 20X, 50X and 100X for 
measuring indentation images, and 2X and 5X 
for enabling wide-range measurement around 
indentations.

Technical Data
Test force range:
HM-210A:	 9 steps + arbitrary test force
HM-220A:	 19 steps + arbitrary test force
Load dwell time:  0 - 999s
Manual XY stage unit
Stage size:	 100x100mm 
Travel range: 25x25mm 
	 with Digimatic in/mm micrometer heads
Resolution: 	 0.001mm
Max. specimen height: 133mm (Stage size: 25 x 25mm)
Max. specimen height: 121mm (Stage size: 50 x 50mm)
Max. specimen depth: 160mm (from the center of indenter)
Optical path: 4-port objectives switching system of
	 Infinity-correction optical system
Resolution: 	 0.01μm (When using objectives of X40 or more)
Data output: Serial interface (RS-232),
Digimatic interface, USB 2.0
Power supply: 39VA 100-125/220-240V AC, 50/60Hz
Dimensions: (W x D x H): 315x671x595mm
Mass: 43kg

Optional Accessories (Factory-installed option)
11AAE665:	 Objective lens unit 2X
11AAE666:	 Objective lens unit 5X
11AAE667:	 Objective lens unit 10X
11AAE668:	 Objective lens unit 20X
11AAE669:	 Objective lens unit 100X
11AAE677:	 Measuring microscope (Digital ocular)
11AAE670:	 Knoop Indenter Assembly (HM-210 Series)
11AAE671:	 Knoop Indenter Assembly  (HM-220 Series)

Optional Accessories
810-454-20A:	 TV camera unit (8.4 inch LCD)
19BAA058: 	 Diamond indenter for Vickers 
	 (HM210 Series standard test force)
19BAA059: 	 Diamond indenter for Vickers	
	 (HM220 Series low test force)
19BAA061: 	 Diamond indenter for Knoop (HM210 Series)
19BAA062: 	 Diamond indenter for Knoop (HM220 Series)
810-013: 	 Specimen (thin plate) holder
810-014-1: 	 Specimen (wire) holder
810-015-1: 	 Specimen (wire or ball) holder
810-016:	 50 mm Vise
810-017:	 100 mm Vise
810-019: 	 Specimen tilting holder
810-020: 	 Universal specimen holder
810-018: 	 Rotary table
810-084: 	 Rotatable universal specimen holder
810-085: 	 Adjustable specimen (thin plate) holder
810-095: 	 Rotatable specimen stage
375-056: 	 Stage Micrometer (glass) Micro-scale
810-650-1:	 Resin mold specimen stage ø25.4
810-650-2: 	 Resin mold specimen stage ø30
810-650-3: 	 Resin mold specimen stage ø31.75
810-650-4:	  Resin mold specimen stage ø38.1
810-650-5: 	 Resin mold specimen stage ø40
810-641: 	 Vibration Isolator
810-420: 	 25x25mm stage (metric only)
810-423: 	 50x50mm stage (metric only)
810-424: 	 1”x1” in/mm stage (standard)
810-427: 	 2”x2” in/mm stage

• The long working distance  objectives enable 
a comfortable working distance between 
the objective and the specimen surface. This 
greatly reduces the possibility of collision 
between the specimen and the objective 
during focusing operations. (e.g. for 50X 
objectives: 1.1mm for conventional models, 
2.5mm for HM-200 series).

• LEDs, which have a longer life, produce less 
heat, consume less power and are more energy 
efficient than incandescent bulbs, are employed 
for the illumination system.

• The motorized turret allows for up to 4 
objective lenses and 2 indenter assemblies to 
be mounted at the same time.

HM-211

Model No.  HM-210 Type A  HM-210 Type A V/K  HM-220 Type A  HM-220 Type A  V/K

Order No. 64AAB305PA 64AAB306PA 64AAB307PA 64AAB308PA

Fixed test force (mN) 98.07, 196.1, 294.2, 490.3, 980.7, 1961, 
2942, 4903, 9807 (10gf-1000gf)

0.4903, 0.9807, 1.961, 2.942, 4.903, 9.807, 
19.61, 29.42, 49.03, 98.07, 196.1, 294.2, 490.3, 
980.7, 1961, 2942, 4903, 9807, 19610 (0.05 gf-

2kgf)

Arbitrary test force ≤100 gf in 1 gram increments, > 100gf in 10 
gram increments

< 1 gf in .1 gf increments,  ≤100 gf in 1 gram  
increments,  > 100gf in 10 gram increments

Test force control Force generation by electromagnetic and automatic control (load, dwell, unload)

Control unit  Color LCD Touch Screen

Loading rate 60 µ/ sec 60μm/s, Variable  
between 2 and 60μm/s. ≤ 30 gf.

Load dwell time 0-999 sec

Indenter Vickers Vickers and Knoop Vickers Vickers and Knoop

Objective lenses 10x, 50x 10x, 20x, 50x 10x, 50x, 100x 10x, 50x, 100x

Objective turret  Motor driven and manual operation

Filar eye piece Dual Line, 10X, .01µ min

SPECIFICATIONS

HM-210A

Power turret with 
up to 2 indenter 
mounts and 4 
objective mounts
(manual operation 
possible)

Touch-screen type 
control panel

Observation image of the indentation (50X) 

Stray light reduction around the indentation

TYPE A  Digital Hardness Tester

Measurement of indentation dimensions on a TV monitor 
reduces eye fatigue, which leads to improvement in 
operation efficiency in multi-point testing.

With TV camera unit  810-454-20A
(selectable with HM-210A/220A)

SERIES 810 — Micro Vickers Hardness Testing Machines
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Model No.  HM-210 Type B  HM-210 Type B V/K  HM-220 Type B  HM-220 Type B  V/K

Order No. 64AAB323PA 64AAB324PA 64AAB325PA 64AAB326PA

Model No.  HM-210 Type D  HM-210 Type D V/K  HM-220 Type D  HM-220 Type D  V/K

Order No. 64AAB380PA 64AAB381PA 64AAB382PA 64AAB383PA

Fixed test force (mN) 98.07, 196.1, 294.2, 490.3, 980.7, 1961, 
2942, 4903, 9807 (10gf-1000gf)

0.4903, 0.9807, 1.961, 2.942, 4.903, 9.807, 
19.61, 29.42, 49.03, 98.07, 196.1, 294.2, 490.3, 
980.7, 1961, 2942, 4903, 9807, 19610 (0.05 gf-

2kgf)

Arbitrary test force ≤100 gf in 1 gram increments, > 100gf in 10 
gram increments

< 1 gf in .1 gf increments,  ≤100 gf in 1 gram 
increments,  > 100gf in 10 gram increments

Test force control Force generation by electromagnetic and automatic control (load, dwell, unload)
Control unit  None, By PC*
Loading rate 60 µ/ sec 60μm/s, Variable between 2 and 60μm/s. ≤ 30 gf.
Load dwell time 0-999 sec
Indenter Vickers Vickers and Knoop Vickers Vickers and Knoop
Objective lenses 10x, 50x 10x, 20x, 50x 10x, 50x, 100x 10x, 50x, 100x
Objective turret Motor-driven and manual operation 
Filar eye piece None
CCTV camera 3 megapixel, 1/2” 3 megapixel, 1/2”
Software AV Pak AV Pak

Motorized X-Y  
Stage

Travel Max 50 x 50 mm*
Travel Min 1µ
Table Size 130 x 130mm
Speed Max 25mm/ sec

Motorized Focusing 
Stage

Max Range 1.4mm
Min Unit .1µ

Max Speed 1mm/ sec

Joystick Controller 
Functions

Functions X and Y Lock out
Axis X, Y and Z (Focus)

Speed Control Adjustable H,M,L
Tester Control Indent, Turret Position

Other Emergency Stop

System D  (HM-210D/220D)
System D Technical Data

System B is equipped with AVPAK-10, a software package that automatically measures 
the diagonal length of an indentation and calculates the corresponding hardness value. 
This means that measurement error caused by variation in operator interpretation is 
eliminated, thereby reducing costs.

Automatic measurement of indentation/ manual stage

In addition to the functions of System B, 
System D is equipped with the autofocus 
function and motorized x-y stage. This 
function allows for automatic hardness 
testing, thereby increasing efficiency and 
reducing labor costs.

Automatic measurement of indentation / 
motorized XY stage / Autofocusing

Indentation-reading example

*Must use specified PC

AVPAK Software

*Optional 100 x 100 mmTYPE B  PC-Driven Test System   TYPE D  PC-Driven Test System with motorized stage and auto focusSPECIFICATIONS

Bulletin No. 2055(2)

Test Equipment

Micro Vickers Hardness Testing Machines

Refer to HM-200 Series Brochure  
2055(2) for more details.
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For semi and fully automatic Type B and D Systems

HM-200 Series with AVPAK software 

System B (HM-210B/220B)



• Heavy load Vickers testing machines feature 
motorized force selection from  1-50kgf or 
.3 to 30kgf.  Fully adjustable long-life LED 
illumination runs cool. 

• A dual-line filar eyepiece combines with a 
color touch-screen LCD to create accurate 
measurements with the touch of a button. 

Optional Accessories
Lens:	
11AAC712	 OBJECTIVE LENS 2X
11AAC713	 OBJECTIVE LENS 5X
11AAC714	 OBJECTIVE LENS 20X
11AAE675	 OBJECTIVE LENS 50X
11AAE676	 OBJECTIVE LENS 100X
	
Stage	
810-423	 MANUAL STAGE 50X50
810-427	 MANUAL STAGE 2”X 2”(In/mm)

936937 	 SPC cable (1m / 40”)
	
Optical	
11AAC711	 “C” mount CAMERA ADAPTER
810-454-20A	 CCTV System
	
Indenters	
19BAA060	 DIAMOND INDENTER (VICKERS TYPE)
19BAA063	 KNOOP DIAMOND INDENTER	
06AFM380D 	 USB Input Tool Direct for data entry  
	 into Excel

Model  HV110 HV120
Order No.  810-441A 810-446A

Test force 
 9.807N (1kgf),19.61N (2kgf),29.42N (3kgf), 

49.03N (5kgf), 98.07N (10kgf), 196.1N 
(20kgf)294.2N (30kgf), 490.3N (50kgf)

2.942N (0.3kgf),4.903N (0.5kgf), 9.807N 
(1kgf),24.51N (2.5kgf),49.03N (5kgf), 98.07N 

(10kgf), 196.1N (20kgf)294.2N (30kgf)
Supported test method HV, HK, HB (Light Force*), Kc
Test force selection  Motorized
Loading accuracy ±1%
Load control 60μ/s, 150μ/s Automatic (loading, duration, unloading)
Load rate  5~999 sec.
Objective lens 2X, 5X, 10X (standard), 20X, 50X, 100X
Measuring microscope 10X Dual-line filar
Total magnification 20-1000X (100X Standard)1

Field of view 1,400µ (10X Lens) Type A 
Minimum reading < 50x = 0.1μm,  ≥50x = 0.01μm
Display Color LCD touch-screen
Scaled conversion: 8 Types (ASTM, ISO, JIS, SAE and BS)

Statistics: N, Max., Min., Average, Range, High, Low, Good, Over, Under, SD(n-1),  
SD(n-1), SD(n) Go/No-go judgment,

Curvature correction: 0.01 to 200.00mm
Maximum sample height 210mm Type A
Maximum sample depth 160mm
Maximum sample weight 20 Kg Anvil, 10 Kg with x-y Stage
Optical path 100% Eyetube or Camera
Output Rs232, SPC, USB2.0
Power supply 120 Volt AC/ 60 Hz
Dimensions  main unit 
(WxDxH) 9.9”x 24.7”x30.7 “ (252x627x781mm)

Mass                              110lbs. (50kg)

* Optional test forces may be required.
1: 10x eyepiece included.
Contact Mitutoyo for more information.

SPECIFICATIONS

• The motorized turret can accommodate up 
to 3 long working distance objective lenses 
for an even wider range of materials and a 
wide variety of anvils and x-y stages are also 
available.

HV120 show with optional  
810-545-20A CCTV Camera
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HV110 / HV120

Series 810—Vickers Hardness Testing Machines – Type A

Got Questions?
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•	The Type B HV110/ HV120 Vickers hardness 
testers add computer control to make 
measurements even more repeatable.  

•	A high-resolution 3 mega-pixel camera 
produces crisp images that are automatically 
measured in less than .3 seconds.

SPECIFICATIONS

•	Various software functions such as 
automatic light intensity, simple-to-use 
report generator and programming 
wizards make tedious and repetitive 
testing requirements more accurate than 
manual testing and eliminates common 
operator errors.	

•	The Type D HV110 / 120 adds a 
motorized X-Y stage  with up to 
100mm x 100mm of travel for large 
samples.  A motorized focusing 
platform is also utilized for a  
complete walk away system. 

Type B System
show with optional PC

Type D System
show with optional PC

Model  HV110 Main Unit Only HV120 Main Unit Only

Order No.  810-443A 810-448A

Test force 
 9.807N (1kgf),19.61N (2kgf),29.42N (3kgf), 

49.03N (5kgf), 98.07N (10kgf), 196.1N 
(20kgf)294.2N (30kgf), 490.3N (50kgf)

2.942N (0.3kgf),4.903N (0.5kgf), 9.807N 
(1kgf),24.51N (2.5kgf),49.03N (5kgf), 98.07N 

(10kgf), 196.1N (20kgf)294.2N (30kgf)

Supported test method HV, HK, HB (Light Force**), Kc

Measuring microscope Optional

Field of View w/ 10X Lens 590 x 443 µm  

Display Via PC 

Curvature correction: 0.01 to 200.00mm

Maximum sample height 172mm Type B, 132mm Type D

Maximum sample depth 160mm

Maximum sample weight  10 Kg Type B, 3 kg Type D

Optical path 100% Eyetube or Camera

Output  USB2.0

Mass                              110lbs. (50kg)

*Other specifications as Type A testers
** Optional test forces may be required

Basic Configuration Type B Type D

Main Unit 810-443A or 810-448A 810-443A or 810-448A

AVPak-10 Software 11AAE268-USE 11AAE268-USE

PC*** *** ***

Automatic Focus Stage 810-465

Motorized  X-Y Stage 50x50 810-461-10

Motorized  X-Y Stage 100x100 810-462-10

*** PC not included
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HV110 / HV120

Talk to Sales
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Type D System
show with optional PC

Optional Accessories

Indenters

Order No. Type Model

19BAA058 Vickers Indenter HM-210 Series 

19BAA059 Vickers Indenter HM220

19BAA061 Knoop Indenter HM-210 Series

19BAA062 Knoop Indenter HM220

19BAA060 Vickers Indenter HV Series

19BAA063 Knoop Indenter HV Series

Test Blocks

Order No. Description Load

64HAA375 Vickers 100HV Test Block 100gf
64HAA376 Vickers 200HV Test Block 100gf
64HAA377 Vickers 300HV Test Block 100gf
64HAA378 Vickers 400HV Test Block 100gf
64HAA379 Vickers 500HV Test Block 100gf
64HAA380 Vickers 600HV Test Block 100gf
64HAA381 Vickers 700HV Test Block 100gf
64HAA382 Vickers 800HV Test Block 100gf
64HAA383 Vickers 900HV Test Block 100gf
64HAA384 Vickers 100HV Test Block 300gf
64HAA388 Vickers 500HV Test Block 300gf
64HAA385 Vickers 200HV Test Block 300gf
64HAA386 Vickers 300HV Test Block 300gf
64HAA387 Vickers 400HV Test Block 300gf
64HAA389 Vickers 600HV Test Block 300gf
64HAA390 Vickers 700HV Test Block 300gf
64HAA391 Vickers 800HV Test Block 300gf
64HAA392 Vickers 900HV Test Block 300gf
64HAA393 Vickers 100HV Test Block 500gf
64HAA394 Vickers 200HV Test Block 500gf
64HAA395 Vickers 300HV Test Block 500gf
64HAA396 Vickers 400HV Test Block 500gf
64HAA397 Vickers 500HV Test Block 500gf
64HAA398 Vickers 600HV Test Block 500gf
64HAA399 Vickers 700HV Test Block 500gf
64HAA400 Vickers 800HV Test Block 500gf
64HAA401 Vickers 900HV Test Block 500gf
64HAA402 Vickers 100HV Test Block 1,000gf
64HAA403 Vickers 200HV Test Block 1,000gf
64HAA404 Vickers 300HV Test Block 1,000gf
64HAA405 Vickers 400HV Test Block 1,000gf
64HAA406 Vickers 500HV Test Block 1,000gf
64HAA407 Vickers 600HV Test Block 1,000gf
64HAA409 Vickers 800HV Test Block 1,000gf
64HAA408 Vickers 700HV Test Block 1,000gf
64HAA410 Vickers 900HV Test Block 1,000gf
64HAA411 Knoop 100HK Test Block 100gf
64HAA412 Knoop 200HK Test Block 100gf
64HAA413 Knoop 300HK Test Block 100gf
64HAA414 Knoop 400HK Test Block 100gf
64HAA415 Knoop 500HK Test Block 100gf
64HAA416 Knoop 600HK Test Block 100gf
64HAA417 Knoop 700HK Test Block 100gf
64HAA418 Knoop 800HK Test Block 100gf
64HAA419 Knoop 100HK Test Block 500gf
64HAA420 Knoop 200HK Test Block 500gf
64HAA421 Knoop 300HK Test Block 500gf
64HAA422 Knoop 400HK Test Block 500gf
64HAA423 Knoop 500HK Test Block 500gf
64HAA424 Knoop 600HK Test Block 500gf
64HAA425 Knoop 700HK Test Block 500gf
64HAA426 Knoop 800HK Test Block 500gf
64HAA427 Knoop 100HK Test Block 1,000gf
64HAA428 Knoop 200HK Test Block 1,000gf
64HAA429 Knoop 300HK Test Block 1,000gf

Used to secure a specimen that 
has a measuring surface that is 
hard to stabilize perpendicular 
to the indenter axis.

810-020

Universal Specimen Holder

Mounted Specimen Vise

1.5” (39mm) Max Height	           Diameter	
810-650-1	 1”	 25.4mm
810-650-2		  30mm
810-650-3	 1.25”	 31.75mm
810-650-4	 1.5”	 38.1mm
810-650-5		  40mm

50x50mm travel 
stage
Manual XY Stage Unit 50 x 50
Manual XY Stage Unit 2”x 2” 
810-423  Metric
810-427  Inch/Metric

Clamping devices (Vises)

Vise
Max. opening: 3.94”(100mm)
810-017

Vise
Max. opening: 2”(51mm)
810-016

Rotary Table
Rotary Table
810-018

Used to horizontally or vertically secure a wire or 
needle specimen that has a diameter of .126”(3.2mm) 
or less.
810-014-1  horizontal
810-015-1  vertical

Specimen (wire) Holder

64HAA430 Knoop 400HK Test Block 1,000gf
64HAA431 Knoop 500HK Test Block 1,000gf
64HAA434 Knoop 800HK Test Block 1,000gf
64HAA432 Knoop 600HK Test Block 1,000gf
64HAA433 Knoop 700HK Test Block 1,000gf
64HAA435 Vickers 100HV Test Block 10kgf
64HAA436 Vickers 200HV Test Block 10kgf
64HAA437 Vickers 300HV Test Block 10kgf
64HAA438 Vickers 400HV Test Block 10kgf
64HAA439 Vickers 500HV Test Block 10kgf
64HAA440 Vickers 600HV Test Block 10kgf
64HAA441 Vickers 700HV Test Block 10kgf
64HAA442 Vickers 800HV Test Block 10kgf
64HAA443 Vickers 100HV Test Block 30kgf
64HAA444 Vickers 200HV Test Block 30kgf
64HAA445 Vickers 300HV Test Block 30kgf
64HAA446 Vickers 400HV Test Block 30kgf
64HAA447 Vickers 500HV Test Block 30kgf
64HAA448 Vickers 600HV Test Block 30kgf
64HAA449 Vickers 700HV Test Block 30kgf
64HAA450 Vickers 800HV Test Block 30kgf

*Other hardness ranges and test forces available

Round Tables
Dimensions: 7.08”(180mm)
810-037

Specimen (thin plate) 
Holder
Secures a plate with a thickness 
of .197”(5mm) or less, or foil-like 
specimens.
810-013
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965 Corporate Blvd.
Aurora, Illinois 60502
Phone: (630) 820-9666
Email:  info@mitutoyo.com
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1-888-MITUTOYO (1-888-648-8869)
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