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ABSTRACT: This paper presents a theoretic and practical approach to confirm the dynamic 

errors induced by acceleration on CMMs during fast measuring. To simplify, a physical model, a 

mathematical model of the bridge component and the prismatic joint that move along X axis of a bridge 

CMM are presented. The research points out that there is sure to be the dynamic errors when there is 

acceleration. This has been  demonstrated by the simulation of the errors on the tip probe by Matlab 

sofware and the experimental results are obtained. The dynamic errors will decrease  the accuracy of 

CMMs so it is necessary to make out a compensation software to keep up the the accuracy of the 

measuring results. 

Keywords: Fast measuring, Fast probing, CMMs, Accuracy, Velocity, Acceleration, Dynamic 

error... 

1. INTRODUCTION 

Today, CMMs have been developed in the 

trend that they’re kept up their accuracy during 

fast measuring [2], [4], [12]. When CMMs are 

measuring at high speed, there are some kinetic 

elements, which cause the dynamic errors and 

reduce the accuracy of CMMs. They are the 

approach distance to the surface, the speed of 

the approach to the surface, t/he acceleration of 

the approach to the surface and the direction of 

the approach to the surface [5]. Therefore, it is 

necessary to research the influence of these 

kinetic elements on the accuracy of CMMs and 

suggest some methods or some directions of 

solution to make sure the demand CMM’s 

accuracy in fast probing. 

2. STRUCTURE OF THE MOVING 

BRIDGE CMM [14] 

 

 
 

Figure 1. The whole of structure of a moving  

bridge CMM 

Structure elements serve as the backbone 

of CMM.  The machine base, table to support 

the part to be measured, machine columns, 
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slide ways and probe shaft are essential 

structural elements [1]. 

 

Figure 2. Table, bridge and prismatic joint of  a  

moving bridge CMM 

 

Figure 3. The prismatic joint that moves along X 

axis of a moving bridge CMM 

3. PHYSICAL MODEL OF THE BRIDGE 

COMPONENT AND THE PRISMATIC 

JOINT MOVING ALONG THE Y AXIS  

 

 
 

a) Dynamic model of ( )tXδ  and ( )tZε ; b) Simplified model of ( )tXδ  and ( )tZε  

Figure 4. Top view of the CMM physical model depicts two component errors  ( )tXδ  and ( )tZε  

To create the physical model of CMM as 

shown in figure 4, the bridge is regarded as a 

mass point m attached to an elastic beam L. 

The air bearings, which links the elastic beam 

to the X slideway are supposed as three 

springs. When the probe tip runs at hight speed, 

accelerates or decelerates, inertia force induced 

and it makes the bridge, the prismatic joint and 

the slideways deformed. The translated error 

along the X axis (
Xδ ) and the rotated error 

X

Z

Y

X

Z

Y

O 

m 

X 

Y 

L
 

1 2 

k k 

KX, KY  

k’ 

δ1 δ2 

a b δX(1) 
 

δX(2) 
 

eX 

eY 

G 



Science & Technology Development, Vol 15, No.K1- 2012 
 

Trang 62 

about the Z axis (
Zε ) due to inertia force are 

determined as [2]: 
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4. MATHEMATICAL MODEL OF THE 

BRIDGE COMPONENT AND THE 

PRISMATIC JOINT MOVING ALONG 

THE X AXIS –THE DYNAMIC ERRORS 

OCCURSED ON THE TIP OF THE 

PROBE DURING FAST MEASURING 

In this case, the influence of  acceleration 

on the accuracy of CMM will be investigated 

when probe tip run fast along Y axis. To yield 

the wanted mathematical model from the 

physical model of CMM (figure 4), some 

following assumptions are used: 

- The stiffness in X and Y direction of the 

elastic beam are: KX, KY. 

- The distant between the carriage takes Z 

axis and Y slideway is L and the weight of the 

carriage takes Z axis is m. 

- The air bearings, which links the elastic 

beam to the Y slideway are regarded as three 

springs and their stiffness are k and k’. 

- The errrors of the probe tip in X and Y 

direction are ex and ey, respectively. 

The equation of motion of the multi-degree 

of freedom linear system has the following 

form [3]: 

 

( )tFKxxCxM =++ &&&      (2) 

Where: 

 + M is the inertia matrix 

 + C is the damping matrix 

 + K is the stiffness matrix 

 + F is the external excitation matrix 

 + x is the displacement matrix 

Application of the Newton’s law for the 

physical model in figure 3 result in the 

following equations of motion:  

In the Y direction: 

( ) ( ) ( ) 0. =++ tLKteKtem ZYYYY ε&&   (3) 

By using the moment equilibrium 

condition of the bridge about point G, the 

relationship of the KY, K, k and k’ stiffness is 

shown: 

2

22

L

ba
KK Y

+
= ;

'2

'.2

kk

kk
K

+
=  (a) 

To produce the solutions of the differential 

equation (3), this equation is presented in other 

form: 
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The general solution of the homogeneous 

linear differential equation has to be found: 
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The characteristic equation of the 

differential equation (c) has two root, they are:  
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By using Euler’s formula, the general 

solution of the homogeneous linear differential 

equation (c) is written : 
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To get the solution of the non-

homogeneous linear differential equation (b), 

we will use the variation of constants method 

with some assumptions:   

- C1, C2 are functions 

- C1, C2 are chosen: 
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Hence, the 
21;CC ′′  are determined by the 

set of following differential equations: 
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The C1, C2 constants are found out from set 

of equations (g): 
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The H1, H2 in the above expression are two 

arbitrary constants. To simplify, the H1, H2 are 

taken H1 = H2 =0. The eY error which occurs in 

the Y direction in fast probing is the solution of 

the differential equation (3) and it is presented 

by the following form: 
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Lm

ba
KtLe ZY .

.
.2cos.

2

22













 +
−= ε  (4) 

The natural frequency in the X direction:  

( )
2

22

.Lm

baK
Y

+
=ω   (5) 

The eY error on the probe tip in the Y 

direction in fast measuring is simulated by 

MatLab software:  

 

function d=ptvp(t,ey) 

F0=100;K=60000;m=66.44;a=230; 

b=230;L=500;t1=1.0;t2=5; 

w0=sqrt(K*(a^2+b^2)/(m*L^2)); 

if t>=t1 & t<=t2,F=F0;else F=0;end 

d=[ey(2);(-ey(1)*w0^2)+F/m]; 

%------------------------------------------------- 

clear all; 

ey0=[0;0];ts=[0 5]; 

[t,ey]=ode45('ptvp',ts,ey0); 

figure;plot(t,ey(:,1)); 

title('sai so Ey khi thuc hien do 

nhanh');grid on 
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Figure 5. The eY error on the probe tip in fast 

measuring has been simulated by MatLab.  

In the X direction: 

( ) ( ) ( ) 0. =++ tKteKtem XXXXX δ&&  (6) 

The KX stiffness has relationship with K, k 

and k’. This relationship is defined by force 

equilibrium condition in the Y direction: 
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The differential equation (6) is written in 

other form:  
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The order to find out the solution of the 

differential equation (6) is similar to the way to 

get the solution of the differential equation (3). 

The eX error on the probe tip in fast measuring 

is the solution of the differential equation (6): 
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The natural frequency in the X direction: 

m

K
X =ω   (8) 

The eX error on the probe tip in X direction 

is simulated by MatLab software: 

function d=ptvp(t,ex) 

F0=100;K=60000;m=66.44;a=230; 

b=230;t1=1.0;t2=5; 

w0=sqrt(K/m); 

if t>=t1 & t<=t2,F=F0;else F=0;end 

d=[ex(2);(-ex(1)*w0^2)+F/m]; 

%------------------------------------------------- 

clear all; 

ex0=[0;0];ts=[0 10]; 

[t,ex]=ode45('ptvp',ts,ex0); 

figure;plot(t,ex(:,1)); 

title('sai so Ex khi thuc hien do 

nhanh');grid on 

 

 

Figure 6. The eX error on the probe tip in fast 

measuring has been simulated by MatLab.  

5. THE EXPERIMENT CONFIRMS THE 

DYNAMIC ERRORS INDUCED BY 

ACCELERATION DURING FAST 

PROBING   

To confirm the dynamic errors which 

caused by acceleration in fast measuring, a 
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experiment has been carried out with the CMM 

made in Viet Nam at the National Key Lab of 

Digital Control and System Engineering 

(DCSELAB) 

5.1 To make preparations for the 

experiment 

a. The moving bridge CMM made in Viet 

Nam 

b. The length of the end measure is 100 

mm, it has been taken from the gage block 

comparator: 

Code:  No 516-507 

Set:  No BM1-46/2-1 

Grade: 1 

Serial: No 983762 

c. The probe tip with the radius 1mm 

d. The end measure is put on the table and 

then fastened by bolt and nut. The end measure 

is placed so that its length is parallel with the Y 

axis (as shown in figure 7). 

 

Figure 7. Place and fasten the end measure 

 

Figure 8. Performing the experiment 

5.2. Perform the experiment 

In the experiment some factors are taken as 

following: 

- The traveling distance of the probe tip:20mm 

- The approach distance to the surface:

 5mm  

- The position of the probe tip in the X 

direction: 500mm ± 2mm 

5.3. The results of the experiment 

a. When measuring with the little changing 

measuring speed: the speed of the approach to 

the surface is taken 1mm/s; the traveling speed 

is chosen less than 8mm/s, the measuring 

results are accurate. The length of the end 

measure is: 

mml 003.0102 ±=  

b. When the traveling speed is taken 

10mm/s and the speed of the approach to the 

surface is chosen 1mm/s, the length of the 

length bar is measured in the Y direction as 

results in following table:   

A 

B 

B 
A 
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Table 1. 

Point 
Side A(YA) 

(mm) 

Side B (YB) 

(mm) 

Z 

(m) 

Errors in  the Y 

direction 

(µm) 

1 1.894 103.918 0 24 

2 1.893 103.917 1 24 

3 1.892 103.917 2 25 

4 1.899 103.915 3 16 

5 1.901 103.915 -2 14 

 8958.1=AY  9164.103=BY   20.6 

c. The length of the length bar is measured 

in the Y direction when the traveling speed is 

chosen 60mm/s and the speed of the approach 

to the surface is 1mm/s 

Table 2. 

point 
Side A (YA) 

(mm) 

Side B (YB) 

(mm) 

Z 

(mm) 

Errors in  the 

Y direction 

(µm) 

1 1.800 103.893 -2 93 

2 1.805 103.888 -1 83 

3 1.802 103.889 0 87 

4 1.803 103.920 1 117 

5 1.809 103.919 2 110 

 8038.1=AY  9018.103=BY   102.098 

 

6. CONCLUSION 

The influence of acceleration on the 

accuracy of a CMM (made in VietNam) in fast 

measuring has been investigated. The results of 

theoretic and practical research points out that 

the dynamic errors are always to be on CMMs 

during probing, especially in fast measuring. 

The dynamic errors affect and reduce the 

accuracy of the measuring results. Therefore, it 

is necessary to find out the way to compensate 

for these errors in order to keep up the CMMs 

accuracy in fast measuring. 
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ẢNH HƯỞNG CỦA YẾU TỐ GIA TỐC ðẾN ðỘ CHÍNH XÁC CỦA MÁY ðO TỌA 

ðỘ KHI ðO NHANH 

Thái Thị Thu Hà , Phạm Hồng Thanh 

Trường ðại học Bách Khoa, ðHQG-HCM 

 

TÓM TẮT: Bài báo trình bày một cách tiếp cận theo lý thuyết và thực tế ñể xác ñịnh thành phần 

sai số ñộng lực học do gia tốc gây ra trên máy ño tọa ñộ khi ño nhanh. ðể ñơn giản, nghiên cứu chỉ 

trình bày mô hình vật lý và mô hình toán học của bộ phận cầu và khớp trượt dọc theo trục X của máy ño 

tọa ñộ. Nghiên cứu cho thấy rằng, chắc chắn có sai số ñộng lực học khi có gia tốc. ðiều này ñược 

chứng minh nhờ việc mô phỏng sai số ở ñầu dò bằng phần mềm Matlab và bằng các kết quả thực 

nghiệm nhận ñược khi ño một căn mẫu. Sai số ñộng lực học sẽ làm giảm ñộ chính xác của máy ño tọa 

ñộ vì vậy cần phải xây dựng một phần mềm bù sai số ñể ñảm bảo ñộ chính xác của kết quả ño. 

Từ khóa: Fast measuring, Fast probing, CMMS, Accuracy, Velocity, Dynamic error... 
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