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Mitutoyo America Calibration Lab

Environmental specifications based on accuracy requirements

Mitutoyo

Temperature Impacts all Measurements

 Listen and understand. Temperature is out
there. It can’t be bargained with. It can’t be
reasoned with. It doesn’t feel pit, or remorse,
or fear. And it absolutely will not stop, ever,
until all your measurements are screwed up.
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Example: Long Gage Block Calibration

I — Master and test block

l

0.03°C/meter soak overnight

Heat shields to block
operator heat

Example: Step Gage Calibration on CMM

20+0.1°C

Separate room 0.03°C/hour

to reduce traffic

Automated to
remove operator

CM controller
body heat

4 in adjacent room

imm:nwu!

Temperature compensation
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Example: High Accuracy CMM Calibration

—

20+0.1°C

Use gage blocks of
low thermal
expansion material
(about 500X less
than steel)

Example: Ultra Accuracy Length Calibration

@ NIST Moore CMM in 20 + 0.01°C room

Separate control room

-8 No people in room for many
S hours prior to measurements

“Whoever has the best thermometer wins” - Dr. Doiron, NIST

Mitutoyo
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Justify Expense for Temperature Control

* CMM specifications in
accordance to ISO 10360-2.

» (alibrate with Checkmasters.

* E, test run in 7 positions. In
each position, 5 lengths and
3 repeats, for a total of 105
measurements.

* We need Checkmasters

calibrated with adequate
uncertainty.

CRYSTA-Apex s CRYSTA-Apex 5 CRYSTA-Apex $
Mhelled 0106/[0108]  O%6/[9168] 9206 /[9208]

X axis 35 43" 900mm)
P‘g%g“””g Y axis 39.36" (1000mm | 62.99" (1600mm}] 7%.3 (2000r)
7 s 2362 (600rmm} /[31.49" (300mm)]
STA Apex S Resallfion 0000004 ™ {0.000T )
Guide method Air bearings on each axis
SerIeS a 3- BODSnng[s] (CNfC(r}Ecliﬁ) dmaﬁI sEeSed 5}9mmfs
mmss ode Hi i
Drive speed 0 - 3mm/s (V5 Mode LO\?\' Sp%ed)
0.05mm/s (/S WMode: Fine Spead)
M. measuring speed Smm/s (3mms for Tepe Z800)
Wz drive acceleration 0.23G/{0.17G]{30)

Wagimum height 31.49" (B00mm) £[39 36" {1000mm)]
{1201 3 306lbs. (1500kg) |3.968bs. (1800kg)
139

&l ; - | Workplece Waninum mass | 2,845ks (12 00kg)
Mess fnchfing te contol device | 4.9190bs (231hg) | 632000 (2363kg) | £625hs. (391 2kg)
f— aned inctellation pletfoni) [s.98slbs. {2261k | [5,380lbs (2308kg] | (8,697, (242kq)

Pressure

| _—— 8PS0 AP
jon 21T CR B0Lmin under normal amdibions
Al source 3 53CM (1001 min)

STA-Apex § 900 Series Accuracy 150 10360-2 unit: pm

=

Air supply

Maximum  permissible error (Fowee) Mazimum permlsswble
Pl L I50'10360-2:2009 PG
SP2EM 174310 UUU(temperature emironment 13 17
{Stylus @4 2 S0mm) | 1.7+4 L1000 termperature emiranment 2) :
TE200 943 DDDEemperature enwonmenﬂg 19
(Stylus @4 3 10mim) | 1.9+4 LA 000 hernperature emiranment 2
T20 2243 L1000 (temperature enrorment 1; 73
P A At LT *Ira emironment 2

emzwoisaion ALl manufacturers specify"CMM accuracy  Tableon opposie page cescribes
following the ISO 10360 stan

Mitutoyo
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Eoype = 1.9 +3L/1000 um, with L in mm
Eompe = 75 + 3L pinches, with L in inches

Measured Length L (mm)
0 203 406 610 813 1016 1219 1422 1626
3.1 8
2.4
1.6
0.8
Eo mpe 9 B Eq mpe
(0.0001™) © At 40” (1000 mm), EO,MPE ~+0.0002” (5 um) — 0 (um)

-2

-4

-6

0 8 16 24 32 40 48 56 64
Measured Length L (inches)

Legex CMM - Length Calibration

andia
0.9 Uncertainty ak Ridge
0.8 - comparison
MAC

0.7 - MJ
0.6
0.5
0.4
0.3
02 NIST :

' T To ensure quality in CMM
0.1 - calibration, Mitutoyo America

0 ; ; ‘ ‘ developed methods that are the

0 250 500 750 1000 most accurate of any commercial
laboratory in the U.S.
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Fight Temperature to the Level You Need

» Temperature stability (vs 68°F).

» Match materials between gage and part.

* Allow proper thermal soak-out time.

* Reduce handling and operator influences.

* Reduce traffic and large doors.

* Reduce heat sources (lights/people/equipment).
* Eliminate direct blowing of air.

» Monitor the environment (with alarms).

» Keep the lights on all the time.

» Temperature compensation.

Mitutoyo :

Understanding Temperature Issues

» Thermal expansion:
AL = (L)(a)(T-20)
where o 1s the coefficient of

thermal expansion, or CTE,
of the material.

» 20” gage block at 21°C.
AL = (20)(10.8)(21-20)

Mitutoy0 i

AL ~ 0.0002 inches
* 20” gage block, Grade 00, WM | g gage block -
tolerance is 10x smaller. calibration
Mitutoyo 14

© 2018 Mitutoyo America Corporation




www.mitutoyo.com/education

Coefticient of Thermal Expansion (CTE)

CTE (10°C) * 10.5+1.5x 10%°C:
20 - Aluminum — Most steels
— Steel gage blocks
15 — Ceramic gage blocks
- Steel — Calipers
10 - Ceramic (ZrO,) [| - Carbon fiber calipers
- Glass scales — Micrometers
5
- Tungsten Carbide — Micrometers standards
0 - Zero CERA Use of similar CTE
reduces thermal errors
Mitutoyo Is

Matching Materials (similar CTE) is Good

e Similar CTE materials

at same temperature
(even not 68°F) will
reduce thermal errors

Calibrate in lab and use on shop
floor relies on similar materials
between micrometer and standard

© 2018 Mitutoyo America Corporation
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Thermal Error — Aluminum Part, Steel Micrometer

0.0016

0.0014

0.0012

0.0010

0.0008

0.0006

Thermal Error (inches)

0.0004

0.0002

0.0000

To reduced this error:
(1) Manually compensate
(2) Adjust zero point

76°F

74°F

72°F

70°F

2 4 6 8 10 12 14 16 18 20 22 24
Measured Length (inches)

High Accuracy Height Gage: Mitutoyo LH-600

Calibration at 20°C

Used at 23°C

High accuracy equipment often requires temperature compensation

to fully utilize the accuracy for which you paid

Mitutoyo

18
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Steel Part on LH-600 without Temp Comp

0.00040 9oF
0.00035
0.00030 76°F
5
5 000025
& 74F
g
£ 0.00020
E
5 0.00015 72°F
=
0.00010
70°F

0.00000
0 2 4 6 8 10 12 14 16 18 20 22 24
Measured Length (inches)

LH-600 Temperature Compensation

* LH-600 temperature

compensation is [CONFIGURATION 2618-86-07 00:43
built-in and is easy to W seni-fiasting . £x3 -
use: B

« Historical good . et
practice of “thermal  Werrrarrryi10.51
equilibrium” needs to EHDrkpiece material
be updated for 0:Exit setting

Set conditions.

modern equipment.

Mitutoyo 20
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Thermal Error (inches)

Aluminum Part on LH-600 without Temp Comp

0.00100

0.00090

0.00080

0.00070

0.00060

0.00050

0.00040

0.00030

0.00020

0.00010

0.00000

73°F

72°F

70°F

69°F

LH-600 Spec

2 4 6 8 10 12 14 16 18 20 22 24
Measured Length (inches)

Built-In Real-Time Temperature Compensation

* Temp comp is standard
on many CMMs today.

* CMM accuracy relies on
use of temp comp.

* Ifnot used properly, you
may create a false
temperature differential
that results in big errors.

Workpiece temperature sensor

22
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Steel part on temp comp CMM when NOT
correctly using the temperature compensation
0.0016

0.0014

0.0012 76°F

0.0010

74°F
0.0008

Thermal Error (inches)

0.0006 72°F

0.0004
70°F
0.0002

0.0000 =

0 2 4 6 8 10 12 14 16 18 20 22 24
Measured Length (inches)

CMM spec

CMM Accuracy across Temperature Range

* CMMs are generally
specified to be accurate
across a range of
temperatures.

» Example for Mitutoyo
Crysta-Apex S:
— 16-26°C (60.8-78.8°F)
» Specification assumes

proper use of temperature
compensation. Workpiece temperature sensors
in use during calibration

Mitutoyo 2
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Temp Comp on CMMs Made Easy

 Part temperature can be
estimated by keeping
workpiece temperature
sensors attached to
nearby fixturing.

» Must still use correct
CTE of measured part.

 Also helps eliminate
wear and tear on the
temperature sensor.

25

Thank You
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