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Abstract. Through the brief introduction of the working principle of the brake motor, combined with the 
theoretical analysis of the brake motor dynamic brake torque test method (directtest method and indirect 
test method), it is concluded that the selection of the test method is closely related. According to the sensor 
type, installation position, test range and accuracy requirements. The differences between direct 
measurement method and indirect measurement method are compared, their respective measurement 
methods are introduced,and their advantages and disadvantages are summarized. According to the test 
requirements, the appropriate test method can be selected, and the direct test method and indirect test 
method can be selected at the same time,to ensure the safety and stability of  product 

1 Introduction 
Braking motor is a kind of motor with braking 
function,which has the characteristics of integrating 
drive and braking. It has compact structure and accurate 
positioning. According to the structure type, it can be 
divided into conical rotor braking motor, side magnetic 
brake motor, disc brake motor, DC electromagnetic 
braking motor，braking motor with AC brake and so 
on[1][2]. Braking motor has the  working characteristics 
of intermittent movement, often starting and braking, 
which mainly plays the role of starting operation and 
stopping braking in various crane mechanisms, and its 
application has also expanded from the original lifting 
machinery industry to textile, machine tool, food and 
other machinery industries. Since the first cone-shaped 
rotor brake motor came out in 1920s, after long-term 
development, it has formed a situation of coexistence of 
various types of brake motor, such as side magnet brake, 
disc brake and belt brake. With the rapid growth of 
brake motor varieties and quantity, the inspection and 
quality supervision of related products has become an 
important topic. TSG.Q7002-2019[3] “regulation for 
type test of lifting appliance” issued by the State 
Administration of market supervision clearly stipulates 
the type test items and requirements of brake motor.  

The braking performance of braking motor is directly 
related to the safety and reliability of lifting machinery, 
and its main indexes are static braking torque and 
dynamic braking torque[4]. At present, there are few test 
devices for brake motor products at home and abroad[5], 
German Demag Crane Co., Ltd. has established a special 
crane brake test system ,Although Jiaozuo brake Co., Ltd. 
and Jiangxi Huawu brake Co., Ltd. have special brake 
test system and quality control, due to the limitations of 

capital and technology, the test equipment and detection 
methods used by enterprises are relatively backward, and 
generally only static brake torque test can be used. It can 
be carried out in the braking performance test, and the 
dynamic braking torque test ability of the device is very 
few, the test ability is limited. generally only static brake 
torque test can be done in brake performance test, and 
there are few devices with dynamic brake torque test 
ability, but the static braking torque can not effectively 
reflect the braking performance of the braking motor 
under  dynamic load, and the dynamic braking torque 
can truly reflect the braking performance of the braking 
motor under the actual working conditions, which has 
more important significance. 

In addition, with the development of crane industry, 
more accurate and larger measuring range test bench is 
needed to meet the existing shortcomings. At the same 
time, in the brake working principle research, product 
stability inspection, safety accident analysis and other 
fields also have the role of this crew. In the process of 
new product development, the brake test bench can also 
be used to simulate the actual working conditions, and 
the performance parameters in the actual work can be 
obtained, so as to ensure that the new product can 
complete the work task safely and stably after it is put on 
the market. 

2 Working principle of brake motor  

The brake motor drives the load to run through the 
transmission system, the power supply is disconnected 
when running to the stop, the braking motor brakes, and 
at the same time produces braking torque. After a period 
of time, the braking motor turns to a certain angle and 
slows down to the stop state.The energy conversion in 
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the braking process is as follows: when the motor starts 
and runs, the motor converts the electric energy into 
mechanical energy; when braking stops, the braking 
system absorbs the mechanical energy and converts it 
into heat energy by friction braking,and then stores and 
emits it. According to the law of energy conservation, 
the mechanical energy obtained by the motor driving the 
load in the braking process is equal to the energy 
absorbed by the braking motor.  

For example, when the crane using the brake motor 
as the lifting mechanism stops running, the energy 
absorbed by the brake motor is: 

2 21 1
2 2z zQ T mv mgh Jq w= = + +      （1） 

In the formula： 
Tz-Braking torque; 

zq -Brake rotation angle ; 
m -Weight of  load ; 
v  -Initial braking speed of lifting objects ; 
h - Braking distance ; 
J -Moment of inertia; 

w -angular velocity. 

3 Test method 
There are many methods to test the dynamic braking 
torque of braking motor. All kinds of test methods have 
large or small errors in the measurement. Generally 
speaking, there are mainly direct test method and 
indirect test method[6][7] . 

3.1 Direct test method 

The direct test method is to measure the dynamic 
braking torque directly by the  torque sensor. Generally, 
the torque sensor is connected in series to the 
transmission shaft between the brake motor and the 
flywheel group under test[8]. As shown in Fig. 1, the 
braking torque measured by this method is the 
instantaneous value of the dynamic change with time. 

 
Fig. 1. schematic diagram of direct measurement 

 
Because the torque sensor is installed between the 

brake motor and the flywheel group, in theory,the torque 
sensor actually measures the difference between the  

total flywheel torque 
2GD  (Including brake motor, 

flywheel group, transmission shaft) and the flywheel 

torque 
2

1GD (flywheel torque between brake motor and 
torque sensor). 

But the transmission shaft and bearing seat between 
braking motor and torque sensor will have a certain 
efficiency loss in energy transfer, coupled with the 
influence of resistance torque, the actual measured 

torque value will be smaller than the real value.In order 
to obtain a more accurate braking torque  value, the 
measured value can be multiplied by a correction factor l 
to correct the measurement results, the formula is as 
follows: 

2

2 2
1

GD
GD GD

l =
-

                      （2） 

From the above analysis, it can be seen that the test 
method ignores the influence of energy loss and friction 
torque between the measured braking motor and the 
torque sensor in the braking stage, and the requirements 
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for the measurement range and accuracy of the torque 
sensor are also high. 

3.2 Indirect test method 

The so-called indirect measurement method is not 
directly through the test of the brake force or torque (that 
is, not using force or torque sensor), but through the test 
of other parameters in the system [9][10], such as 
angular velocity or angular displacement, The braking 
torque value can be obtained directly through some 
theoretical formula derivation and calculation. There are 
generally the following indirect test methods: 

3.2.1 Measuring the change of angular speed 

By measuring the change of angular speed wz during 
braking, The insantaneous value of torque is calculated. 
The formula is as follows: 

z z zT J w=                          (3) 
In the formula : 

zT  -Braking torque; 

zJ -Moment of inertia of  Inertial Flywheel system; 

zw -The braking initial angular speed of inertial 
flywheel system. 

3.2.2 Measuring the angle of rotation 

By measuring the angle of rotation during braking z, 
Recording simulated moment of inertia Jz and the initial 
angular speed of brakingwz ， The average braking 
torque is calculated and the formula is as follows: 

21 /
2z z z zT J w q=                   (4) 

In the formula : 

zq    -Brake angle. 

3.2.3 Measuring flywheel torque, rotating speed 
and braking time 

Though the parameters such as flywheel torque, rotating 
speed and braking time, the average torque is calculated, 
and the calculationg formula is as follows: 

           (5) 

 In the formula : 
2
iGD -Sec. i Flywheel torque of  flywheel; 
2
0GD -Flywheel torque inherent in the system; 

n0   -Initial braking speed; 
Mf    -Friction torque. 
This method is tedious, the friction torque should be 

tested in the early stage, and there is a lot of  preparatory 
work, and the calculated value is an average value. 

3.2.4 Through rotating speed encoder 

Through continuous acquisition of rotating speed 
encoder at equal time intervals, the speed values at 

different times are obtained 0n
、 1n

、 2n
、… 1in - 、

in .The braking torque at different times is calculated, 
and the formula is as follows : 
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In the formula : 
Tzi   -Sec. i Segment average braking torque; 
ni    -Sec. i Period of time at the end of the speed;

 
h  -Mechanical efficiency of transmission system. 
To sum up, the indirect test method is the braking 

torque value obtained through indirect test, without 
considering the influence of other factors in the real 
braking. When the torque or force sensor is affected by 
the range and other factors, it can be used to correct and 
check, compare and calculate, and finally get a more 
accurate braking torque. 

4 Analysis of test method 
Through the above analysis, according to the different 
use of the brake motor under test, the following 
conclusions can be drawn: 

1, The direct measurement method is limited by the 
range of the sensor, and the suitable sensor needs to be 
replaced according to the measured sample in the testing 
process, but the indirect measurement method is 
basically not limited by this factor. 

2, For the direct measurement method, because there 
are stereotyped sensors and instruments on the market, it 
is more convenient to build a test system. 

3, For the indirect measurement method, the 
measured data is a piecewise average value, while the 
direct measurement method can obtain the instantaneous 
value. The braking torque (T) is a function T(t) that 
changes with time. The dynamic curve of the braking 
torque can be obtained by the simulation of the advance 
data analysis software, which can reflect the dynamic 
characteristics of some parameters[11]. 

4, For general brake motor manufacturers or product 
quality testing center, the test purpose is clear. It mainly 
tests whether the dynamic braking torque of brake motor 
can ensure the safety and reliability of braking process. 
Therefore, some simple and easy test methods can be 
adopted, such as directly measuring the brake torque by 
using torque sensor. 
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5, For the manufacturers, scientific research 
institutions or universities that need to carry out the 
research and development of brake motor products, the 
measurement range and accuracy of the parameters in 
the braking process are required to be higher. At the 
same time, the real-time acquisition and analysis of the 
test data are also required. The direct test method and 
indirect test method can be used together, and the 
relevant measurement parameters can be compared and 
analyzed. 

5 Conclusion 
Through the introduction of the development process 
and application occasions of the brake motor, as well as 
the brief introduction of the working principle of the 
brake motor, combined with the theoretical analysis of 
the dynamic brake torque test method of the brake motor, 
it is concluded that the selection of the test method is 
closely related to the sensor type, installation position, 
test range and accuracy requirements. The differences 
between direct measurement method and indirect 
measurement method are compared, and their 
advantages and disadvantages are summarized. 
According to the requirements of test, the appropriate 
test method can be selected, and the direct test and 
indirect test method can be selected at the same time. 

Because there are some shortcomings in the test 
methods, whether direct measurement method or indirect 
measurement method, in the future research, we can 
consider combining two kinds of prevention, comparing 
and correcting the data measured by the two methods, in 
order to obtain higher accuracy and more reliable 
measurement data.To ensure the safety and stability of  
product 
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