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Abstract: Our differential and grading toothed roll crusher blends the advantages of a toothed roll crusher and a jaw crusher and 
possesses characteristics of great crushing, high breaking efficiency, multi-sieving and has, for the moment, made up for the short-
comings of the toothed roll crusher. The moving jaw of the crusher is a crank-rocker mechanism. For optimizing the dynamic per-
formance and improving the cracking capability of the crusher, a mathematical model was established to optimize the transmission 
angle γ and to minimize the travel characteristic value m of the moving jaw. Genetic algorithm is used to optimize the crusher 
crank-rocker mechanism for multi-object design and an optimum result is obtained. According to the implementation, it is shown 
that the performance of the crusher and the cracking capability of the moving jaw have been improved. 
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1  Introduction 

Material crushing is an indispensable process for 
production in many industries (e.g. mining, metal-
lurgy, chemical industry). Traditional crushers (e.g., 
jaw crusher, impact hammer crusher, rotary crusher 
and hammer mill) mainly depend on the working 
parts that put the impact pressure on the materiel to 
be crushed in order to implement crushing. Crushers 
are of unwieldiness, low efficiency and high energy 
consumption. These disadvantages have greatly re-
stricted efforts to improve their crushing capability. 
The traditional crushers we already have cannot meet 
the current needs of production. In recent years, a 
number of British MMD toothed roll crushers have 
been used. But from casual investigation, we find 
some shortcomings in these toothed roll crushers: 1) 
Material crushing is realized by meshing teeth. All 
the raw minerals to be crushed are sent into a crush-
ing chamber and discharged by force through the 
meshing teeth including those up to the standard of 
particulates. The crushers, failing to accomplish real 
grading crushing, using up a lot of energy, are ineffi-
cient and the crushing teeth quickly show damage 
from metal fatigue. 2) The phenomenon of jam oc-
curs under two conditions. One is a high flow in 
which large chunks of coal are mixed with small 
pieces. The other one is high humidity in which teeth 
become clogged with wet coal. Because the toothed 

roll crusher has no effective grading mechanism, the 
result is unsatisfactory and we cannot depend solely 
on the overworked meshing teeth. According to in-
vestigations in a number of coal mines using MMD 
toothed roll crushers, we found that none of them 
could even reach the nominal amount of crushed ma-
terial. 3) The crushing capability of MMD crushers is 
improved by increasing the power and strength of 
transmission parts, resulting in high power consump-
tion and costs. Based on these considerations, com-
bined with the demand of the China Shenhua Energy 
Co., Ltd. and the Shendong Coal Branch, our research 
team designed a new, highly efficient differential and 
grading toothed roll crusher to make up the lacks 
from traditional crushers[1]. 

As Fig. 1 shows, the crusher breaking part is com-
posed of differential teeth and a crank-rocker mecha-
nism. A sketch of the moving jaw crank-rocker 
mechanism is shown in Fig. 2. In a search for opti-
mization designs of a crank-rocker mechanism, it 
seems that much of the literature consulted aims only 
at optimizing the transmission angle γ. For example, 
Li, et al just opted for minimizing the travel charac-
teristic value of the moving jaw m of the jaw 
crusher[2–3]. But in a practical and typical crushing 
process, the capability of the moving jaw is closely 
related to both the transmission angle and the travel 
characteristic value of the moving jaw. We have used 
a GA (genetic algorithm) in order to optimize the 
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crank-rocker mechanism of the differential and grad-
ing toothed roll crusher for the purpose of optimizing 
the transmission angle γ and minimizing the travel 
characteristic value of the moving jaw m. 

 
1.Motor assembly of sieving mechanism; 2.Roller screen axis; 3.Driving 

gears; 4.Breaking teeth; 5. Moving jaw; 6.Adjustment mechanism; 7.Frame; 
8. Motor assembly of crankshaft; 9.Motor assembly of toothed roll axis 

Fig. 1  General structure drawing of differential  
and grading toothed roll crusher 

 

 
Fig. 2  Breaking mechanism sketch of differential  

and grading toothed roll crusher 
 

2 Kinetic analysis of the crank-rocker 
mechanism 

The performance of a hinged four-bar mechanism 
depends on the relative length of its bars. If we set the 
length of the rocker c equal to 1, then the relative 
lengths of the crank, the connecting rod and the body 
frame are a, b and d. The mathematical model of the 
design of the crank-rocker mechanism is independent 
of the actual length, which makes it more universal[4]. 

2.1  Optimal transmission angle γ 

The transmission force of the crank-rocker mecha-
nism depends mainly on the transmission angle γ. The 
bigger the transmission angle, the better the transmis-
sion force property it has. The transmission angle 
changes during the process of transmission. The 
choice of a suitable size for each component can op-
timize the minimum transmission angle. Therefore, it 
is necessary to increase the transmission angle in or-
der to improve the transmission force and crushing 

efficiency. 
Two possible positions where the minimal trans-

mission angle γmin may appear are shown in Fig. 3: 

min 1 2min( ,  180 )γ γ γ= ° −          (1) 
where 

)}2/(])(arccos{[ 222
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Fig. 3  Collinear crank and body frame 

 
2.2  Travel characteristic value m of moving jaw  

The travel of the moving jaw is divided into a 
horizontal part s and a vertical part h. The function of 
the horizontal travel is to crush material, but that of 
the vertical travel can not help crushing but also can 
intensify the abrasion of the jaw. Diminishing the 
value of m can both reduce the energy consumption 
and the abrasion and simultaneously, it can improve 
productivity and increase the crushing ratio[2]. Some 
steps should be taken to decrease the value of m. 

In order to simplify the calculation, point C is 
taken out for analysis. The geometric relationships 
shown in Fig. 4 are: 

 
Fig. 4  Collinear crank and connecting rod  

 

2 2( ) 2( ) cosd b a c b a c γ= − + − −     (4) 
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  So, the travel characteristic value distance of point 
C is: m=h/s; the angle of the toggle plate is: β=γ+α– 
90°; the swing angle of the toggle plate is:  

22arcsin( 1 2 )s m cψ = +  
where α is the dip angle of the connecting rod whose 
magnitude depends on the mechanism and the 
strength of the moving jaw[3]. Its value ranges usually 
between 15° to 20°. s is the horizontal travel and h 
the vertical travel. 

3  Mathematical model of differential and 
grading toothed roll crusher moving jaw 

Depending on the kinetic analysis above, both the 
transmission angle γ and the travel characteristic 
value of point C can be expressed by the relative 
length of the crank, the connecting rod and the body 
frame of the crank-rocker mechanism. The design 
variables are: 

T T
1 2 3[ , , ] [ , , ]x x x a b d= =X  

The objective function for maximizing the minimal 
transmission angle γ of the moving jaw is: 

1 1 2( ) min( ,  180 ) maxf x γ γ= ° − →  
The objective function for minimizing the travel 

characteristic value m of the moving jaw is: 

max1)(2 →==
h
s

m
xf  

The following constraints apply: 
  1) Boundary constraint conditions of design vari-
ables: 

max max ( 1,  2,  3)i i ia x b i≤ ≤ =  
where aimax and bimax are the upper and lower limits 
of design variables. 
  2) Conditions for the crank-rocker mechanism to 
possess a crank: 

ba ≤ , 1≤a , da ≤ , dba +≤+ 1 , 
dba +≤+1 , 1+≤+ bda  

  3) Constraints of the transmission angle: Increasing 
the transmission angle can improve the transmission 
efficiency and augment the horizontal travel. But too 
large a transmission angle has the reverse effect on 
the stress of the moving jaw and the principal axis[3]. 

A common condition is that: 
5545 ≤≤ γ  

4) Constraints of the travel characteristic value: 
according to experience, the range of m usually is 
between 1.5 and 2.5. 

5) Travel of moving jaw: the horizontal travel s has 
an obvious effect on productivity. If s is too small it 
would reduce the productivity, but in contrast, it will 
intensify the crushing force and lead to damage by 
overloading the equipment[5]. The constraint of the 
horizontal travel then becomes: 

min(0.3 0.4)s d≤ −  
where dmin is the minimum dimension of the dis-
charge port. 
  6) Angle constraints of the toggle plate. Usually, 
the range of β is 18° to 23°. 
  In summary, the optimization problem of the 
crank-rocker mechanism can be boiled down to the 
following double programming objective:  

T
1 2max ( ) ( ( ),   ( ))f x f x f x

∈
=

X R
         (9) 

where T
1{ | ( ) ( ( ),  ...,  ( )) 0}n

mx E g x g x g x= ∈ = ≤R . 
The traditional solutions of multiple objective op-

timization problems achieve low efficiency and can 
easily lead to an apparent local optimum. But the 
searching method of GA is iteration in which the pos-
sibility of running into a local, optimal solution is 
reduced and the process of solution is accelerated by 
the method of disposing of many individuals syn-
chronously in the population. By using probable 
transmission rules to guide searching direction, GA 
has no special requirement about searching space (e.g. 
connectedness, convexity, etc.) and does not need any 
additional information. We have applied GA to opti-
mize the crank-rocker mechanism of the differential 
and grading toothed roll crusher as a multi-object 
design. 

4  Genetic algorithm 

Genetic algorithm is a randomized searching 
method, which imitates natural, evolutionary laws. 
GA was, for the first time, presented by Holland in 
1975 with the following main features: it operates on 
the structured object directly, without any restriction 
in functional derivation and continuity; it possesses 
an implicit parallelism and improved capability of 
global optimization; by using a stochastic optimizing 
method, it can automatically obtain and guide the 
searching space for optimization and it can also adjust 
the search direction adaptively without specific 
rules[6–7]. GA has, of late, been an important technol-
ogy in intelligent computing. The main approaches of 
GA are: 1) Encoding: before searching in the data of 
the solution space, GA expresses the data as a geno-
typic string structure and various combinations can 
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obtain different points. 2) Creating an initialized ge-
nus group: GA randomly generates N initialized 
string data, in which each datum is called an individ-
ual and these individuals form a genus group. GA 
starts the iteration by using the string data as an initial 
point. 3) Estimating individual adaptability: the value 
of the adaptability function indicates the quality of an 
individual or the solution. For different problems, the 
definition of an adaptability function is different. 4) 
Selection: the purpose of selection is to choose ex-
cellent individuals among present genus group and 
permit them the chance to propagate offspring as 
parents. Selection is the embodiment of this thought 
for GA. The principle of the selection is that indi-
viduals with high adaptability will have a larger 
probability to contribute one or more offspring. 5) 
Crossover: this is the most important operation for 
GA. Crossover operation can generate new genera-
tions that possess the characteristics of the previous 
generation. It embodies the thought of information 
exchange. 6) Mutation: at first, GA selects randomly 
an individual from the genus group. It then changes 
the value of one datum from the string data with a 
given probability for the selected individual. Similar 
to the biological universe, the probability of mutation 
for GA is also very low; usually its value ranges from 
0.001 to 0.01, i.e., mutation provides an opportunity 
to generate new individuals. 

5  Multi-object optimization based on ge-
netic algorithm 

We took the crank-rocker mechanism of the dif-
ferential and grading toothed roll crusher with a 
crushing capacity of 4000 t/h as our optimizing object. 
In order to decide the length of the crank, the con-
necting rod and the body frame of the crank-rocker 
mechanism when the objective function (9) obtains 
its maximum value, under the condition that the value 
of the travel speed ratio coefficient is 1.25, the con-
necting rod is 300 mm and the dip angle of the con-
necting rod 18°. 

We used GA to solve this problem by setting the 
genus group scale equal to 50, the crossover probabil-
ity at 0.8, the mutation probability at 0.005 and the 
number of generations in the evolution at 1000. 

The traditional binary coding method is compara-
tively convenient when used in a theoretical analysis. 
But for multidimensional and high precision numeri-
cal problems, it tends to low efficiency and inaccu-
racy[8]. We used a natural number coding method to 
set the three variables a, b and d as genes, which 
combine orderly into a chromosome[9]. For example, 
p 0.0267 2.16671.6667  and q 0.05 2.52.0  are two in-
dividuals. 

During initialization, GA will generate a genus 
group in which 50 individuals are produced on the 
basis of a variable range. We chose Eq.(9) as total 

objective function whose value denotes individual 
adaptability. We took individuals p and q as examples 
to be substituted in Eq.(9), i.e., f(p)=0.8145, 
f(q)=0.7887, f(p)>f(q). This indicates that the indi-
vidual adaptability of p is better than that of q. 

A roulette method is used in the selection operation, 
in which we imitate a game of roulette and calculate 
the total adaptability and at the same time the relative 
and accumulative adaptability for each individual. 
Then the roulette is turned for 50 times and a random 
number is created between 0 and 1 for each time. An 
individual can be selected by comparing the number 
with the accumulative adaptability for each individual. 
For example, if we let r be a random number, then fc(i) 
is the accumulative adaptability of individual i and 
fc(i+1) is the accumulative adaptability of individual 
i+1. If fc(i) ≤ r ≤ fc(i+1), then individual i+1 will be 
chosen. By analogy, for all the selected individuals 
we can compose a new genus group and carry out 
crossover and mutation operations. 

A single point crossing method is used in crossover 
operations, generating a random number between 0 
and 1 when searching in the genus group. If the 
number is less than the crossover probability and it 
has selected an even number of individuals, then the 
crossover operation can be implemented after pairing 
randomly. Taking the individuals p and q as a paired 
example, we set the crossing point as 2, meaning that 
we choose the second gene to cross over. After the 
crossover operation, the individuals become 
p′ 0.0267 2.16672.0  and q′ 0.05 2.51.6667 . 

A uniform mutation method is adopted in this mu-
tation operation, generating a random number be-
tween 0 and 1 when searching in the genus group. If 
the number is less than the probability of mutation, 
the current individual will mutate. The mutation op-
eration is similar to initialization in which we rebuild 
genes for an individual by the boundary of design 
variables. 

After selection, crossover and mutation operations, 
an evaluation function is called to insure that the best 
individual can be preserved. The optimization results 
(by conversion) are shown in Table 1. 

Table 1  Result of genetic optimization 
Optimization 

variables a (mm) b (mm) d (mm) γmin (°) l (m)

Optimal values 10.07 690.54 788.01 52.11 0.48

Rounding 
values 10 691 788 52 0.5 

 
The optimization results, which have been applied 

in production practice, can satisfy the constraint con-
ditions. The Zhengzhou Great Wall Metallurgy 
Equipment Factory, which cooperated with our re-
search team, has produced corresponding crushers 
which have been sold to a number of mines in China. 
According to the actual working situation, the differ-
ential and grading toothed roll crusher possesses the 
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characteristics of great crushing strength, high break-
ing efficiency, stable working state, high capability of 
clearing blockage and anti-blocking and stable 
granularity of crushing products, all of which have 
met their expected design target. 

6  Conclusions 

We have used genetic algorithm to carry out a 
multi-object optimized design for the breaking 
mechanism of a differential and grading toothed roll 
crusher by selection, crossover and mutation opera-
tions under certain constrained conditions. On the 
basis of this presentation, we may state the following: 

1) Our differential and grading toothed roll crusher 
blends the advantages of a toothed roll crusher and a 
jaw crusher and possesses characteristics of great 
crushing, high breaking efficiency, multi-sieving and, 
for the moment, has made up for the shortcomings of 
the toothed roll crusher. 

2) Since it is different from traditional optimizing 
methods, GA can carry out heuristic global optimiza-
tion. It is a parallel, concurrent and gradually evolu-
tion searching process in which a local optimum is 
avoided. 

3) The optimization results have been applied in 
practice and the actual crusher working state is stable. 
The industrial application has been proven to good 
effect. It has also been shown that, in order to opti-
mize the crusher crank-rocker mechanism for 
multi-object design with optimizing transmission an-
gle γ and minimizing the travel characteristic of 
moving jaw m as objective functions, can obtain op-
timum results. 
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