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Abstract 

This paper discusses the expanded uncertainty in 
the measurement system of the scale vernier caliper which 
has ± . mm resolution. Japanese Industrial Standard 
(JIS B7507: 1997) is employed for 3 steps calibration in 
the range beginning from 5.00 mm to 150.00 mm. The 
result of calibration with a Gauge Block, Grade 0 which 
has + 1.4 m maximum error in range of  100.00 mm 

shows that the error cannot be found while the combined 
standard uncertainty of measurement can be found with 
the EA-4/02 guideline. Consequently, the total combined 
uncertainty calculation is presented in this paper. It is 
found that the expanded uncertainty in the measurement 
system at the maximum range of 150.00 mm is ± 0.06 mm 
is based on a standard uncertainty multiplied by a 
coverage factor k=2, providing a level of confidence  is 
95% approximately.  
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- (Gauge Block 
Comparator) 

 
Ring gauge, Plug gauge, Thread gauge, Bore gauge, 

Taper gauge, Snap gauge, Spline gauge 4.
(Angular)  5. (Surface Texture)  6. 

(Form) Dial gauge 7.  3 
(Coordinate Measuring Machine: CMM)  8. Line Scale 

CNC                                                             

(Metre:  m) 

CMM  

  

Type A 

Type B 
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-  0.05/0.02 ± 0.05/0.03 0.01 ± 0.03 
-  0.05/0.02 ± 0.05/0.03 0.03 ± 0.03 
-  0.05/0.02 ± 0.05/0.03 0.03 ± 0.03 
-  0.05 ± 0.1 0.03 ± 0.03 
-  0.05 ± 0.15 0.03 ± 0.03 
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N 
Value 

 
CS 

 
True Value 

 

Read-Out 

1 2 3 
5 +0.00003 5.00003 5.00 5.00 5.00 
25 +0.00001 25.00001 25.00 25.00 25.00 
50 +0.00015 50.00015 50.00 50.00 50.00 
75 -0.00012 74.99988 75.00 75.00 75.00 
100 +0.00014 100.00014 100.00 100.00 100.00 
150 +0.00015 150.00015 150.00 150.00 150.00 
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(JIS B7507:1993) 
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3.2   
 

EA-4/02   ( )  
 l

s
     Length of the Gauge Block 

 l
x
       Indication Length of the Vernier 

 l
ds
    Stability of the Gauge Block

 
x
      Thermal Expansion of Vernier

s
       Thermal Expansion of the Gauge Block 

t
x
        Temperature of the Vernier

 t
s
        Temperature of the Gauge Block
l
ix
    Resolution of the Vernier 

 l
mx

   Mechanical Effect of the Vernier 
 l

fx
     Flatness of the Vernier 

 l
fs
     Flatness of the Gauge Block 

l
px
    Parallelism of the Vernier

 l
ps
    Parallelism of the Gauge Block 

 l
ws
   Wring Gauge Block
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s ds ws s s s x ix fx px mx x x xl l l l t l l l l l l t   (2) 
 

 ( Correction)  
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x s x ds ws ix fx px mx s s s x x xC l l l l l l l l l t l t
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3.2.2  A (Type A) 
( )xu l  

Au

 

       
1( ) n

xu l
n

                                 (4) 
 

 
1n
 = 0.00  

 = 3    ( )  
 

0.00 .( ) 0.00
3x

mm
u l mm  

 

3.2.3  B (Type B) 
 

 

( )su l 1Bu  
  % (k=2) 

 μm + 1.0×10-6×    0.00025 mm 
  

 % (k=1)  
 

0.00025( ) 0.000125
2s

ExpandedUncertainty mm
u l mm

k
 

 

 
( )dsu l  2Bu   

    
( )

3ds

Stabilityof Gauge Block
u l                  (5) 

 

:  ISO3650/JIS B7506 
 
 

   
Grade Maximum Permissible Change in Length per Year 
K , 0 ±(0.02 μm+0.25×10-6× ) 
1 , 2 ±(0.05 μm+0.5×10-6× ) 

NOTE:    is expressed in millimeters. 
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3  
 

60.00002 (0.25 10 150)( ) 0.000033
3dsu l mm mm  

 

( )wsu l  3Bu  
 

0.00002( ) 0.000012
3 3ws

Wringing Error
u l mm      (6) 

 

( )ixu l 4Bu  
 

Re 0.05( ) 0.02886
3 3ix

solution
u l mm        (7) 

 

( )u T  5Bu  
 

0

6

( ) ( )( )
3 3

1 3 )150 11.5 10 0.0029
3

i

u T u T
u T c l

C
mm

C

        (8) 

 

    
 

 
 

 
 
 
 

 
 

 
 

 
 

( )Fxu l 6Bu  
 

 
0.005( ) 0.0029

3 3fx

Flatness
u l mm            (9) 

: Flatness of Measure Jaw Vernier Caliper  
 = 0.005 mm ISO 6906-1984 

( )pxu l 7Bu  
 
 

 
0.01( ) 0.0058

3 3px

Parallelism
u l mm           (10) 

 

: Parallellism of Measuring Jaw Vernier Caliper        
                  = 0.01 mm ISO 6906-1984 

( )mxu l

8Bu 15  

 
a

f h h
l

                               (11) 
 

(
( ) =

( ) =  
(11) = 0.003  

 

0.003( ) 0.0017
3 3mx

Mechanical effect mm
u l mm

 
(12)

 
4  

cu

%  
 

 
 

 

 
0.0297cu mm  

 

 

(Coverage Factor)   
EA-4/02 

Welch-Satterwaite Equation  
 

 
 

4 4

4 4

1

0.0297

3 1

c
eff n

i

i i

u

u

                (13) 

 

eff

 
Student’s “t” Distribution

%     = 2.00   
 

 95% 2 0.0297 0.06
c

U k u mm      (14) 

2 2 2 2 2 2 2 2 2
1 2 3 4 5 6 7 8c A B B B B B B B Bu u u u u u u u u u
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   Student’s “t” Distribution 

eff  1 2 3 4 5 6 

95% ( )t  13.97 4.53 3.31 2.87 2.65 2.52 
 

eff  7 8 10 20   

95% ( )t  2.43 2.37 2.28 2.13   
 

   -   

N  
cu  eff  -factor 95%U  

5 0.0060317 2481782 2.00 0.01 
25 0.0060409 2496885 2.00 0.01 
50 0.0060692 2544032 2.00 0.01 
75 0.0061160 2623435 2.00 0.02 

100 0.0081809 2736553 2.00 0.03 
150 0.0297625 3072685 2.00 0.06 

 
    (  ) 

N  Cx-U95% Cx Cx+U95% 95%U  
5 -0.01 0.00 +0.01 0.01 
50 -0.01 0.00 +0.01 0.01 
75 -0.02 0.00 +0.02 0.02 

100 -0.03 0.00 +0.03 0.03 
150 -0.06 0.00 +0.06 0.06 
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