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ABSTRACT
Due to self-acting variability of operating conditions during the work of lifting de-
vices, it is fundamental for the gears to stop the cabin at any clearance height. The 
operating conditions are changed by dust contamination influencing a proper braking 
process of the gear. This article presents the independent tests results. The impact of 
progressive gear geometry on the braking distance both in variable operating condi-
tions and variable loading is analyzed. The tests were conducted for the gear applied 
in short distance transportation devices. Changing operating conditions were obtained 
by using various lubricating agents. The following five types of the gears were used 
for the tests: ASG100, PP16, PR2000, KB160. CHP 2000 gear was tested as a new 
solution. The tests were conducted using a free fall method. The test results obtained 
from an experiment were approximated by using Savitzky-Golay method.

Keywords: safety gears, reliability, traction lift, progressive gears, Savitzky-Golay 
method.

INTRODUCTION

The elevator cabin and the gears move along 
the two guides inside a shaft. The guides are lo-
cated opposite one another. The elevator operat-
ing characteristics determine if the guide surface, 
along which the gears move, can be greased or 
not. The elevator operating characteristics depend 
on the type of guide shoes installed in the eleva-
tor. The sliding or the roller guide shoes can be 
used. For the elevator with the roller guide shoes 
installed the guides are not greased. For the eleva-
tor with the sliding guide shoes the guides require 
grease application. Contamination is frequent 
when the elevator works. Dust settles on surface 
of the guides. Not only does it disturb a proper 
elevator operation but also it can impact an emer-
gency braking process negatively. The process 

can be extended leading to the increase of braking 
process delay value. This research study tries to 
find the answer to the following questions: How 
does the contamination on the guide surface in-
fluence the emergency braking process? Can the 
results be helpful in the preparation of potential 
expert applications to monitor the lifting device 
operation in the applicable working range by us-
ing available tools such as filters.

While analyzing the world literature and the 
aspects regarding brake systems applied in the fric-
tion lifts, it has been noticed that the available in-
formation is not sufficient. In the publications No. 
2, 4, 9 the authors describe Finite Element Method 
(FEM). It is used to assess the stiffness and the 
construction resistance of the cabin frames and the 
gears in different types of the lifts. Finite Element 
Method gives a chance to optimize the construc-
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tion of a carrying frame. Thanks to this method the 
construction mass can be reduced without losing 
the stiffness. It also helps to identify in the system 
the areas which are the most loaded and vulnera-
ble to damage. In the publication No. 5 the authors 
used FEM to determine the value of stresses and 
displacements of the brake system in the hydrau-
lic lift. The authors compared the results obtained 
from a numerical analysis with the results of an 
experiment. According to the authors, the results 
obtained from the experiment are compatible with 
the results obtained from a simulation. In the pub-
lication No. 10 the authors focus on the aspects 
connected with the application of neural networks. 
The neural networks are used to analyze the vibra-
tions of the working elevator. The vibrations are 
generated by variable mass of transported load-
ing. The neural networks are used to evaluate the 
symptoms of vibrations. Thanks to the symptoms 
it is possible to detect damage of the lift subassem-
bly. The damage can lead to failure of the entire 
device. Reduction method to assess the dynamics 
of the working elevator is analyzed by the authors 
in the publication No. 7. In the presented analy-
ses the model of a lift cabin was reduced to the 
flat system with one, vertical level of leeway. By 
using the reduction methodology the authors de-
scribed a specific mechanism of a cargo lift. This 
description was prepared in a mathematical way. 
Additionally, the authors analyzed which param-
eters of the lift operation influence the accelera-
tions characteristics of the lift system. The aspects 
referring to dynamics of the elevator brake sys-
tem, the analysis of used materials and the gears 
themselves are also touched in the research stud-
ies No. 3, 6 and 8. In the above mentioned scien-
tific papers the authors focus their attention on the 
analysis of braking system. Moreover, they com-
pared the construction and operation of the gears 
made by European manufacturers with a newly 
developed solution of CHP 2000 type progressive 
gears optimized by Finite Element Analysis. The 
publication No. 11 presents the aspects referring 
to the impact of mass of the cabin power supply 
wires and the carrying ropes on the elevators oper-
ated in the buildings above 40 stories tall. In this 
kind of lifts, a significant height of lifting creates 
a need to use the leveling belts. The belts com-
pensate a changing weight of carrying ropes and 
power supply wires. In consequence some other 
subassemblies of the elevator are not excessively 
loaded. The authors described the leveling belt be-
havior in a model way. Also the belt impact on the 

linear model of the lift operation is presented. Ad-
ditionally, they analyzed the impact of horizontal 
displacements of the leveling belt on frequencies 
of the system vibrations.

Analyzing the world literature it can be stated 
that there are no clear research studies with simula-
tion tests results for the brake systems in variable 
operating conditions and the impact of those condi-
tions on the braking distance. The braking distance 
is a key parameter to evaluate the compliance of a 
given progressive gear. Consequently, it is justifi-
able to continue further research tests on the impact 
of changing loading and variable operating condi-
tions on the braking process of progressive gears.

EXPERIMENTAL TESTS

The braking process was tested for non-lubri-
cated system of the guides. Two types of lubri-
cants and their mixtures were used for the tests. 
The above mentioned lubricants are commonly 
used as applications reducing the friction in lift-
ing machines. The code identification of various 
conditions of the guides prepared for the tests is 
presented below:
 • Dry operation – without lubricant,
 • Mineral oil – the guides lubricated with RE-

NOLIN B20 oil,
 • Solid grease – the guides lubricated with ŁT-

43 grease as per ISO 6743-9 RENOLIN B20, 
 • O50B – the guides lubricated with the mixture 

of RENOLIN B20 oil and quartz sand in 50/50 
proportion,

 • S50B – the guides lubricated with the mixture 
of ŁT-43 grease and quartz sand in 50/50 pro-
portion,
Quartz sand contained in the mixtures with 

lubricants was to imitate the real contamination 
of the guides during their regular operation. Four 
types of the gears made by European manufac-
turers and the fifth self-construction gear of 
CHP2000 type were selected for the tests. Each 
type of the gear was loaded with a typical loading 
in a range from 400 to 1200 kg and tested in five 
different types of operating conditions. In conse-
quence 25 measurements were received for each 
type of the gear.

The gears characteristic

Progressive characteristic of braking process 
is the main feature distinguished for the progres-
sive gears. In consequence, the energy of speed-
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Fig. 1. Schematic drawing of progressive safety gears 

- KB160 type: 1 – body, 2 – Belleville springs, 3 – 
lever, 4 – screw to limit a wedge stroke, 5 – the gear 

mounting mechanism [7, 15]

 
Fig. 2. Schematic drawing of progressive safety gears 

- ASG100 type: 1 – body, 2 – blocking roller, 3 – 
clamping spring, 4 – wegde, 5 - lever [7, 17]

 
Fig. 3. Schematic drawing of progressive safety gears 

- PR2000UD type: 1 – body, 2 – braking plate, 3 – 
clamping roller, 4 – wedge, 5 – lever [7, 16]

 
Fig. 4. Schematic drawing of progressive safety gears 

- CHP2000 type: 1 – body, 2 – braking roller, 3 – 
braking plate, 4 – Belleville springs, 5 – wedge [7]

 
Fig. 5. Schematic drawing of progressive safety gears 

- PP16 type: 1 – body, 2 – Belleville springs, 3 – 
braking plate, 4 – wedge, 5 - lever [7, 16]

ing mass is reduced along a certain distance. That 
distance not only depends on the gear construc-
tion, but also on the conditions in which the brak-
ing process takes place. The tested gears are pre-
sented in Figures 1–5.

Free fall of the friction lift system was simulat-
ed. It was done by cutting off the carrying ties. The 
elevator support frame equipped with the gears 
was installed to those ties. A special test bench was 
built for the test. It is presented in Figure 6.

The guides No. 7 were installed in the test 
bench construction. The frame No. 6, equipped 
with the gears No. 1, was moving along the 
guides. The frame and the gears were joined with 
control system. The system was controlling the 
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free fall speed No. 8. The system was to initiate 
the braking process after exceeding the nomi-
nal speed by 0.3 m/s. The measurement of brak-
ing parameters was recorded by MMA7341LC 

type accelerometer made by Pololu 5 company. 
The device was joined with PC class computer. 
Both „aop” delay parameter and „s” parameter 
of the free fall distance were recorded. The lat-
ter was recorded by CFR-22 type optical sensor 
made by Sensor company. It was the sensor with 
10 mm graduations and it was placed on the bar 
No. 4. Once the free fall was started, the lever of 
the gear No. 2 hit the clamp of the rope No. 3. In 
consequence, the braking process was initiated. 
The height, at which the frame system should have 
been lifted to activate the gears when the speed was 
exceeded by 0.3 m/s versus the nominal speed, was 
determined by empirical dependencies of potential 
and kinetic energy using the formula (1).

(1)

where: 0.03 – the excessive clearance coefficient 
in the brake system (-),

 0.1 – the delay coefficient of the gears acti-
vation (-),

 v1 – the speed of the gears release, 1.25 
(m/s) value accepted for tests,

 g – the acceleration of gravity (m/s2).

The free fall height h was described by an em-
pirical dependence No. (1) using the law of con-
servation of energy. The free fall value of 250 mm 
was determined by using the speed at which the 

 
Fig. 6. The test bench scheme

 
Fig. 7. The test bench scheme
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brake system was activated v1, the acceleration of 
gravity value g, the constant 0.1 responsible for 
the gears start up delay and the constant 0.03. The 
constants included in dependence No. (1) are de-
fined by the standard 14. Scheme of the test bench 
is presented in Figure 7. Measuring equipment 
and dedicated software, developed especially for 
the tests, were used for the measurements of ac-
celerations and braking distance. All four measur-
ing tracks were connected with LABVIEW 9215 
measuring card. The card was joined with PC 
class computer to record collected data.

SAVITZKY–GOLAY (S-G) METHOD

The received courses of braking delay were 
analyzed by using Savitzky–Golay filter. The 
method consists of the application of local poly-
nomial regression to receive a smooth value of a 
specific point in time series. The calculations for 
every single point are done irrespective of all re-
maining points. Particularly, the results obtained 
by filtering are characterized by better imitation 
of maxima and minima of the output data. It is 
in opposition to the procedures of classical data 
smoothing (e.g. a moving average which can be 
described as a special example of a simple Sav-
itzky-Golay filter) 12. Savitzky–Golay method is 
also used by the authors in other fields of opera-
tion such as chemical industry 1,13.

The values of successively calculated points 
are determined typically as a certain linear com-
bination of a specific point value and surrounding 
points values. Dependency No. (2) was used for 
the calculations.

(2)

For S-G filter the values of consecutive coef-
ficients cn are calculated by using a mathematical 
dependency No. (3):

(3)

where: Aij = i; 
 i = nL,…, nR;
 j = 0,…, M

Characteristics of the gears braking process 
were filtered by using filtering methods such as: 
adjacent-averaging, Savitzky-Golay, Percentile 
Filter and FFT Filter. Generally, the filters were 
to smooth the peak values to identify differences 
between received values. The pre-analysis of re-
ceived characteristics proved that the filter using 
Savitzky-Golay function reflected the peak values 
to the greatest extent. There was no need to create 
a complicated filtering system. A second degree 
polynomial was used. The received characteris-
tics of the elevators braking delay were approxi-
mated within 50 points. The 50 points reflected a 
size of a measuring frame.

RESULTS

The number of collected data was huge. In 
consequence, it was decided to collate two the 
most similar design models of the gears in this 
scientific paper. The loadings 800, 1000 and 1200 
kg were taken for the test. With those loadings 
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Fig. 8. Characteristic of delay for CHP2000 gear with 800 kg loading in dry operation
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Fig. 9. Characteristic of delay for CHP2000 gear with 800 kg loading with oil applied
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Fig. 10. Characteristic of delay for CHP2000 gear with 1000 kg loading in dry operation
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Fig. 11. Characteristic of delay for CHP2000 gear with 1200 kg loading in dry operation
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the variable conditions allow the authors to notice 
some differences.

Examples of delay characteristics prepared 
for the system equipped with CHP2000 gears are 
presented in Figures 8–10. These are character-
istics based on data collected from a measuring 
system presented in Figure 6 and 7. The chap-
ter does not present all received characteristics. 
There are only some examples of characteristics 
for CHP2000 and PR2000UD gears.

The comparison of tests results for delay 
of the systems braking process is presented in 
Figures 11–14.

All characteristics presented in Figures 8–10 
are evidently buzzed. In consequence, the analy-
sis of braking distance, based on characteristics, is 
more difficult and involves huge error. Analyzing 

the braking distance in various operating condi-
tions by putting the received characteristics on 
one graph, presented in Figure 12, the read-out 
and comparison of collected results become im-
possible.

S-G method, as a tool to approximate the 
characteristics received from the experiment, is 
presented in Figures 13–14. Smoothing by the 
second degree polynomial and by using S-G filter 
gave the most satisfying results for the character-
istics approximation after comparison with the 
higher degree polynomials.

The application of S-G filter to approximate 
the characteristics received from the experiment 
is presented in Figures 13–14. The characteris-
tics of braking process for PR2000 type gear in 
different operating conditions are illustrated in 
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Fig. 12. Characteristic of delay for CHP2000 gear with 1000 kg loading in five types of operating conditions
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Fig. 13. Characteristics of PR2000 type gears smoothed by S-G filter with 1000 kg loading in all 

operating conditions
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Figure 14. The characteristic of braking process 
with a mixture made with grease and quartz sand 
(blue line) was moved aside on purpose to dem-
onstrate a difference between a peak value and 
the remaining characteristics. While analyzing 
the peak values presented in Figure 14, a differ-
ence can be noticed within the limits of delay 
values. It is represented by the tested gear work-
ing in different operating conditions. The biggest 
value of delay 47 m/s2 was recorded in the test of 
the gears start up in the conditions with mineral 
oil applied. The values of delays in dry condi-
tions and mixtures with quartz sand are lower and 
they are in a range from 25 to 30 m/s2. Similar 
conclusions are drawn when a diagram present-
ed in Figure 13 for CH2000 gears is analyzed. 

The same as in the previous diagram, the highest 
value of 40 m/s2 was recorded in the test with 
mineral oil used (red line). The remaining values 
of delay deviate from the test where the oil was 
used. They are maintained in a range from 10 to 
20 m/s2. Figure 15 presents the diagrams with the 
filter used and the loading in a range of 8000N 
and mineral oil applied for both analyzed gears.

Indirect value of 8000 N loading was vali-
dated with the applicable filter in two different 
working conditions: with mineral oil and dry op-
eration. The indirect loading validation proves 
that it is possible to use S-G filter to analyze the 
values of delays. In validated example, the val-
ues of delay for PR2000 gear are equal to 35 m/
s2 and for CHP2000 gear they reach the value 
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Fig. 14. Characteristics of CHP2000 type gears smoothed by S-G filter with 1000 kg loading in all 

operating conditions
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Fig. 15. Characteristics of CHP2000 and PR2000 gears smoothed with S-G filter. The left diagram reflects work-

ing conditions with mineral oil and 800kg loading. The right diagram reflects dry working conditions
 and 800kg loading
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of 30 m/s2. The difference between the values 
is caused by the gears kinematics. Also, the 
lower the value of delay for CHP2000 gear is, 
the higher the comfort of travelling for potential 
passengers is ensured. It refers to the situation 
of rapid braking. For PR2000 gear the above 
described scenario does not apply. Similar de-
pendencies between the values were obtained 
for dry working conditions. The delay value for 
CHP2000 gear is lower than the one for PR2000 
gear by 2.5 m/s2.

CONCLUSIONS

The tests were performed in laboratory condi-
tions on the test bench to diagnose the elevators 
braking systems by using the free fall method. The 
received characteristics of the elevator braking 
process delay were approximated with S-G filter 
in the scope of 50 points reflecting the measuring 
frame size. It was detected that the applied param-
eters of filter reflect the real behaviour of tested 
systems in operating conditions. Moreover, it was 
stated that it is possible to use S-G filter with the 
parameters described in Chapter Savitzky-Golay 
(S-G) Method to analyze and validate the indirect 
values of loadings. The peak values of respective 
characteristics, including smoothing, can be used 
to evaluate the wear and tear of such elements as a 
roller or the gear braking plate. The lower the peak 
value of received delay is, the bigger the wear and 
tear of the gear braking elements takes place. The 
read-out values can be used as the input data for an 
expert system. The system can be used to analyze 
the obtained signals.

S-G filter gave very good results of approxi-
mation. Much better projection of maxima and 
minima was received thanks to that filter in com-
parison with classical methods.

With reference to the above, further scien-
tific studies should be continued on the impact 
of variable operating conditions and variable 
loading on the elevator braking process delay in 
relation to durability of braking elements.
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