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ABSTRACT: As the key component of Cement-stabilized Aggregate Mixture (CSAM) 

mixers, mixing paddles may directly affect the mixing performance. To obtain good geometric 

parameters for the mixing arm and mixing blade, mechanical analysis on the mixing paddle of a 

test prototype was carried out. The factors that influence the force on mixing blade were 

analyzed and the math expression for combined tensile bending stress of the vulnerable cross 

section (K-K) (Fig. 2) of the mixing arm was obtained. Based on the results of this mechanical 

analysis and considering the possibility of “seizing material” in the mixing process, the paddle 

was optimized taking the minimum volume of the paddle as the optimization objective under 

conditions that meet the working requirement. The Matlab was used to find the optimal 

thickness of the blade, h=0.01m and the diameter of the arm d=0.02m.After optimization, the 

arm diameter, the blade thickness, and the mass of the mixing paddle were reduced by 63.63%, 

20%, and 68.33% respectively. The simulation analysis of the optimized mixing paddle was 

verified using the Abaqus FEA. The maximum stress is 27.33MPain the cross section (K-K), and 

the maximum deformation is 0.698mm, which meets the requirements of the CSAM mixer. This 

method can provide a reference for the design and optimization of other types of CSAM mixing 

paddles. 

KEYWORDS: mixing paddle; mixing blade; mixing arm; mechanical analysis; optimal 

design; FEA 

 

1 INTRODUCTION 

CSAM is a cementitious material mixed with 

aggregate, cement, and a small amount of water 

(Lim and Zollinger 2003, Hu GH, Chen XW, Wang 

XC. 2014). It is normally used beneath thesemi-

rigidpavementsforbaseand/orsubbaselayerstoincreas

etheirloading capacity and durability. Due to its low 

sensitivity to water and high strength, stabilized 

layers made of such material provide an excellent 

foundation for overlying layers (Ahmed Hilal 

Farhan, Andrew Robert Dawson, Nicholas Howard 

Thom. 2018). A mixer is needed for producing 

asphalt mixtures, and concrete and roadbed 

stabilizing materials (Feng. 2014, Müller, Harald S, 

Haist M, Vogel M. 2014). The mixing performance 

of a CSAM has major effect on the quality of the 

construction (lifetime, safety, and repair ability). 

Proper mixing paddle parameters are of great 

significance for improving mixing efficiency and 

reducing costs. 

There have been numerous studies on the mixing 

paddles. (Zhao LJ, Feng ZX, et al. 2006) and (Wang 

LY, Lu M, Dong JF. 2015) made a simplified 

analysis on the load-bearing state of the material 

mixed by the mixing blade of concrete mixer and 

carried out experiments. (Peciar, Fekete 2015) 

studied the force distribution between the material 

and the blade during the mixing process. (Wang DF 

et al. 2017) analyzed the mixing mechanism of a 

feeding mixer and obtained the related structural 

parameters. (Yin XQ, Zhao SM, Xie J. 2019, Wang 

LY, Ming LU, Dong JF. 2015) gave a more 

accurate setting angle of the mixing blades, based 

on the structural parameters of the concrete mixers. 

The above research on the mixers’ mixing 

paddles has some limitations. Most of the studies 

are based on the analysis of mixing paddles only 

considering the mixing uniformity, but lack analysis 

on the mechanical behavior. The necessary 

theoretical support for the optimal design of mixing 

paddles is lacking, and there has been little research 

on CSAM mixers (Pacurar, Razvan; Balc, Nicolae; 

Berce, Petru; et al. 2008). 

The purpose of this paper is to optimize the 

geometrical parameters of the mixing paddle of 

CSAM mixer from the mechanical analysis point of 

view. The paper is organized as follows: Section 1 

introduces the structural characteristics of double-

horizontal-shaft CSAM mixers. Section 2 analyzes 

the forces of mixing paddles. In Section 3, the 

geometrical parameters of mixing arms and blades 

are optimized. In Section 4, the reliability of the 

theoretical analysis is verified by FEA. From the 
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point of view of mechanical analysis, it provides 

theoretical support for the design of mixing paddles 

for CSAM mixers. 

2 STRUCTURAL CHARACTERISTICS 

OF CSAMMIXERS 

The main components of a double-horizontal- 

shaft CSAM mixer are the mixing device, 

transmission system, motor, and the mixing tank. 

There are two horizontal shafts in the mixing tank. 

The two shafts rotate at the same time to drive the 

CSAM both in axial and circumferential directions 

to achieve a full mixing. The structure of the mixing 

paddle directly affects the overall performance of 

the mixer. A mixing device is sketched in Fig.1; it 

includes the mixing blades, mixing arms, and 

mixing shafts. 

 

Fig.1 Double horizontal CSAM mixing device 

 

 

3 MECHANICAL ANALYSIS OF 

AMIXING PADDLE 

3.1 Mechanical Analysis of Mixing Blade 

Mixing blade is the working part of a mixer. 

Mixing blades force the CSAM material along the 

circumference for mixing, and also along the shaft 

for transport during the mixing process (Ferraris 

2001). Suitable geometric parameters for the mixing 

blades are of great significance. The mechanical 

state of the mixing paddle is shown in Fig.2a. The 

loads exerted on the blade include: gravity G1, 

pressure FN’, frictional Ff’, and centrifugal force 

Fc1 (Feng, Li and Wang. 2014). 

According to the principles of Newtonian 

mechanics and the relative motion principle, the 

material is used as the research object to analyze the 

load of the mixing blade, as shown in Fig. 2b.The 

material’s absolute velocity

ur

V ,relative velocity

ur

dV , 

and the mixing blade’s linear velocity

ur

jV
are 

defined such that
 

ur ur ur

j dV V V
. The Y-axis 

direction is the same as the direction of the mixing 

shaft. The angle between FN and X-axis is α. The 

rotational direction of the mixing shaft is shown in 

Fig.2b. 
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Fig.2 Mechanical analysis of a mixing paddle 

 

As shown in Fig.2c, to simplify the mechanical 

model, the mixing blade is assumed to be stationary. 

The material goes to the mixing blade at a velocity 

of 

ur

jV
, which can be decomposed into the 

components of 1

ur

jV
in the N

F
direction and 2

ur

jV
in the 

direction perpendicular to FN. The variable is the 

angular velocity of the mixing shaft; r is the 

distance of the center of the mixing blade from 

theax is of mixing shaft; the density of the CSAM 

material is ρ; the blade area is A; the material flux 

entering the mixer isQ1;and the material flux 

leaving the mixer is Q2. The sections 0—0 and 0—1 

are defined as the two flow-through cross sections. 

The control volume is composed of these two flow-

through cross sections and the mixing blade. The 

momentum theorem of engineering fluid mechanics 

is applied in the FN direction: 

2 1
1( )   

ur ur ur

NjV V FQ Q
                      (1) 

co s 

ur ur

jV V
                                         (2) 

1co s =

ur ur

j jV V
                                         (3) 

The flux at the entrance is the same as the flux at 

the exit: 

1 2
Q Q

                                                 (4)  

The flux through the cross section0—0 is 

1
co s 

j
Q V A

                                       (5) 

=
j

V r
                                                   (6) 

Solving (1)-(6), we find 
2

2 ( ) co s  
N

F r
                               (7) 

It can be seen that the value of FN is influenced 

by the CSAM material density ρ, the mixing blade’s 

area A, the angular velocity ω, the radius of rotation 

r, and the angle α (for the fixing of blade). Under 

certain other conditions, FN decreases with the 

increasing of α. However, if α is too big, the 

circumferential motion of the material is very poor. 

If α is too small, the material only moves in a circle 

around the shaft, and its axial flow is weak. A 

common mixing blade angle setting is α=45°. 

Friction occurs when CSAM materials are 

driven by the mixing blade:  

' '
f N

F F
                                          (8) 

Where μ is the friction coefficient between 

mixing blade and the CSAM material. The gravity 

force of the mixing blade can be calculated by 

'
1

G A hg
                                        (9) 

Where ρ’ is the density of mixing blade; h  is the 

thickness of the mixing blade; and g is the 

acceleration of gravity. 

Centrifugal force Fc1 can be calculated as 
2

' 
c 1

F A h r
                                   (10) 

The parameters in (10) are defined in (7) and (9). 

3.2 Mechanical Analysis of a Mixing Paddle 

X-axis, Y1-axis, Y2-axis, Z-axis are shown in 

Fig. 2aand in order to simplify the analysis, acting 

points of all loads on the mixing paddle are 

assumed to applied on the axis of mixing arm. The 

mixing arm is loaded by gravity G2, centrifugal 

force Fc2.Combined with the analysis in Section 2.1; 

we can see that the mixing paddle suffers from a 

combination of axial tension and bending loads. 

When the mixer is working, the cross section (K-K) 

at the joint of mixing shaft and mixing arm is prone 

to stress concentration and consequent damage. 

Force analysis is carried out in the X, Y1, Y2, Z 

directions as follows: 

The force on the mixing paddle in the X 

direction is 
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' c o s co s co s      
X c 1 c 2 f 1 2

F F F F G G
 

                                                                     (11)  

where

2

2' '
=

4

'

2



c 2

d L L
F

, 

2
' 'g

=
4


2

d L
G

, θ 

is the angle between the axis of the mixing arm(X 

direction) and the direction of gravity; β is the angle 

between X direction and Ff’ direction; d is the 

diameter of mixing arm; and L’ is the length from 

the end of the mixing arm to the cross section(K-K). 

Other parameters are defined in (7)-(10). 

The force on the mixing paddle in the Y1 

direction is 

1
s in 'co s ' s in s in     

Y 1 N f
F G F F

(12) 

The force on the mixing paddle in the Y2 

direction is 

2
s in 

Y 2
F G

                                          (13) 

The force on the mixing paddle in the Z 

direction is 

' s in ' s in co s   
Z N f

F F F
                (14) 

The tensile stress in the (K-K) cross section is 

2

4





X

t

F

d                                                  (15) 

The bending stress in the (K-K) cross section is 

2 21 2
( ) ( )


 

Y Y Z

b

M M M

W W                  (16) 

Where 1 1
=

Y Y
M F L

,

2

2

'
=

2

Y

Y

F L
M

 and 
=

Z Z
M F L

are the bending moments, L is the length from the 

center of the mixing blade to the cross section (K-

K), and 

3

=
3 2

 d
W

 is the bending section coefficient. 

The total stress in the (K-K) cross section is 

2 21 2

2

4
( ) ( )  




    

X Y Y Z

t b

F M M M

d W W  
                                                                      (17) 

Table 1: CSAM mixer parameters 

Mixing blade area A 0.021393m
2
 

Angular velocity ω 4.71rad/s 

Distance of center of the mixing blade and 

the axis of mixing shaft r 
0.24m 

Friction coefficient μ 0.62 

Distance between center of mixing blade and 

cross section (K-K) L 
0.195m 

Length from the end of the mixing arm to the 

cross section (K-K) L’ 
0.228m 

CSAM material density ρ 2.5 10
3
kg/m

3
 

Mixing paddle density ρ’ 7.8 10
3
kg/m

3
 

Mixing blade thickness h 0.016m 

Mixing arm diameter d 0.055m 

Mixing blade setting angle α 45 ° 

Friction angle β 45 ° 

 

Table 1 shows the geometric parameters of a 

CSAM mixer’s paddle. As shown in Fig. 3, the 

variation of stress σ with respect to the angle θ is 

obtained from (17) using the Matlab software 

package. When θ=90º, the stress reaches its 

maximum: 

 

Fig. 3 The variation of the stress σ with angle θ 
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2 2

m ax 2 2 2

'c o s ' s in s in ) )
4 ( ' c o s ) 3 2 ( 's in ' s in co s )

2
( ) ( )

32( (   
   


  

  
  

  

2

1 N f
c 1 c 2 f N f

G L '
G F F L

F F F F F

d d d                 

(18) 

 

4 PARAMETER OPTIMIZATION FOR 

MIXING ARMS AND BLADES 

The mixing blade thickness h and the mixing 

arm diameter dare optimized according to the 

established theoretical equation under the condition 

of other parameters were unchanged. The volume V 

of the mixing paddle was taken as an objective 

function to be minimized (Huang MF, Luo WZ, 

Qian G. 2011). The maximum stress σmax of the 

cross section (K-K) of the mixing arm meets the 

operational requirements. 

The objective function is 
2

m in
'

4




d L
A hV

                                (19) 

To control the maximum stress, the constraint 

condition is 

2 2

m ax 2 2 2

'c o s ' s in s in ) )
4 ( ' co s ) 3 2 ( 's in ' s in co s ) [ ]2

( ) ( )

32( (

＜

0＜ ＜

  
    


  

  
  

  

2

1 N f
c 1 c 2 f N f

G L '
G F F L

F F F F F

d d d S

h d                 (20) 

 

In (20), the material of the mixing paddle is 

wear-resistant cast iron. Its allowable stress is 

σ=280MPa. Considering the possibility of seizing in 

the CSAM being mixed, the safety coefficient is 

S=6 (Feng ZX. 2001). The parameters are in Table 

1. 

Using the Matlab software package, the 

optimization results of variable were obtained: 

d=0.0197m and h=0.0096m. These parameters were 

then rounded up to d=0.02m and h=0.01m. It can be 

seen that the value of the parameters d and h were 

reduced by 63.63% and 20.00%, respectively, 

compared with the old design with values 

(d=0.055m, and h=0.016m). The mass of the 

improved mixing paddle is 2.23kg, which is 68.33% 

less than that of the original mixing paddle. 

5 FINITE ELEMENT SIMULATION 

STUDY 

To verify the accuracy of the analytical model, a 

finite element simulation study was carried out 

using the Abaqus software package, to simulate the 

stress and deformation conditions of the optimized 

mixing paddle. 

A solid model of the simplified mixing paddle 

was created, and the material properties were given. 

Next, the model was set up with displacement 

constraints on the end face of the mixing arm and 

applying relevant loads on the mixing paddle. The 

Static-general solver was used for the model 

analysis. (Pacurar, Razvan; Berce, Petru 2013). 

The results of the stress and deformation 

analysis are shown in the Fig.4.The maximum stress 

is located at the connection between the mixing arm 

and the mixing shaft, i.e., at the (K-K) cross section, 

which is consistent with the results of the theoretical 

analysis in Section 2.The maximum stress is 

27.33MPa, less than allowable stress [σ]=280MPa. 

As shown in Fig. 3b, the maximum deformation of 

0.698mm occurs at the corner of the mixing blade, 

which is very small. After optimizing of the 

parameters, these components can meet the 

requirements for their use. 

 

 
a Stress cloud diagram 
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b Deformation cloud diagram 

Fig.4 Mechanical analysis of a CSAM mixing blade 

6 CONCLUSIONS AND OUTLOOK 

In this paper, the optimization of a mixing arm 

and blade’s geometric parameters was carried out 

based on mechanical analysis using the Matlab 

software package and FEA. It provides theoretical 

support for the design and optimization of mixing 

paddles for CSAM mixers. It is worth pointing out 

that the analysis method described here can be 

applied to the design of mixing paddle of mixer for 

other industries. The research results are 

summarized: 

(1)A mixing blade’s load FN’is influenced by 

such factors as the material density ρ, mixing blade 

area A, mixing rotational velocity ω, distance 

between mixing blade and axis r, and the mixing 

blade angle setting α. The FN’on a mixing blade 

increases with the blade setting angle. 

(2)The mixing arm is subjected to the combined 

effect of tensile and bending stresses. The most 

vulnerable cross section (K-K) is at the connection 

between the mixing arm and the mixing shaft. And 

when θ=90 º, the stress σ reaches its maximum. 

(3) After optimization, the thickness h of the 

mixing blade is 0.01m, and the diameter d of the 

mixing arm is 0.02m. The mixing arm diameter, the 

mixing blade thickness, and the mass of the mixing 

paddle were reduced by 63.63%, 20%, and 68.33%, 

respectively. The results of the finite element 

analysis show that the maximum stress is 27.33MPa 

and the maximum deformation is 0.698mm. These 

values can meet the requirements for a mixing 

paddle in a CSAM mixer. 
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