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ON THE STATIC AND DYNAMIC CHARACTERISTICS
OF THE SHOCK INSULATORS EQUIPPING
RAILWAY VEHICLES

B Abpstract:

The paper presents theoretical notions regarding the shock due to collisions of railway vehicles as
well as a study on the applied methodology used to experimentally determine the static and dynamic
characteristics of the bumpers that equip railway vehicles. The experimental stand, the transductors,
the measurement, recording and data processing apparatus are also presented.

The experimental force as a function of displacement (contraction) diagrams are presented for the
shock insulators as well as the characteristics obtained during the static testing, both for normal
temperature and extreme temperatures (+50°C and -40°C). Furthermore, the paper contains a study
on the dynamic characteristics obtained for collision velocities between 6,15 kny/h and 14,7 kmy/h
with the appropriate conclusions regarding the category of classification of the elastic element that
equips the studied bumpers (shock insulators) in order to categorize them in one of the A, B or C
categories according to the international norms of the European railways, UIC 526-1.
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B EXPERIMENTAL DETERMINATIONS B S7ATIC CHARACTERISTICS

The testing for shock insulators [6], [8], [9]. [10],  Test at +15°C. For the static test. a number of 2
[11] was conducted according 1o the  spocp insulators were studied (fig. 1) [4], [7]. The
prescription of the UIC 526-1 document. From  cparacreristic parameters of the category C
the testing program presented in UIC 526 - 1 file  spocp insulators are imposed by the UIC 596-1

the following tests were conducted: file and are the following:
1. Testing in order to determine the static - Precompression force 10 + 50 KN:
characteristics; - Force after 25mm compression 30 + 130 KN
92 Testing in order to determine the static - Force after 60mm compression 100400 KN:
characteristics at extreme temperatures -  _ Force after 100mm compression 400+ 1000 KN:
40°C and +50°C; - stored energy (W,) = 12.500 J:
Testing in order to determine the dynamic  _ spsorbed energy (W,) =05 W..
characteristics. The experimentally determined characteristic
diagrams of the shock insulators are shown in
figures 2 and 3.
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From the analysis of the experimental results it is
26 105 observed that for the two shock insulators tested,
7 Z T %/ the force characteristics for the 25mm and
B N 60mm compressions and the n=—% factor do
B TN w.
= o e
a . N not fall within the limits imposed by the UIC 526-
\ = 1 file, while the other characteristics fit within
X the prescribed limits.
Test at +50°C. The test was conducted in a
Fig.1 Shock insulator (1. Silicone dampener; 2. sealed climate controlled chamber where the
Rubber elastic elements) shock insulators were introduced for a period of
8 hours.
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The heating was done with an air heater and the
temperature control was done with a
thermometer.

The results of the tests with the obtained
parameter values are shown in figures 4 and 5.
Comparing the results from figures 2 and 4 for
the first shock insulator, and from figures 3 and
5 for the second one, the following procentual
differences are observed:

ShockR insulator 1 Shock insulator 2
AF,, =21% AF,, =29,4%
AFy, =22% AFy, =45%
AF, 0 =2% AF, oo =3,3%
AW, =0,2% AW,=0%
AW, =20% AW, =19,4%

From the analysis of the above results it is
observed that the shock insulators fit (with the

exception of AF,; and the m factor) within the

20 % tolerance admissible by the UIC 526-1.

Test at -40°C. In order to conduct this test
shock insulator 2 was dismantied, the elastomer
capsule together with the rubber elements were
inserted into feutron where they were Rept at -
40°C for 16 hours. After the cooling time was
done, the shock insulator was reconstructed and
then the experimental determinations were
carried out.

The results of the tests together with the
obtained parameter values are shown in fig. 6.
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Fig. 6. Experimentally determined
characteristic diagrams
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Comparing the results from figures 3 and 6, the
following procentual differences are observed:
- AF,, =34,4%

- AF,, =225%
- AW, =41% ;
- AW, =5% .

From the analysis of the results it is observed that
during the -40°C testing the buffer no longer
complies with the requirements of UIC 526-1.
Furthermore, the buffer only underwent a
compression of 81mm.

B COLLISION TESTING IN ORDER TO DETERMINF
THE DYNAMIC CHARACTERISTICS OF THE SHOCK
INSULATORS

Collision testing was conducted according to the
prescriptions of UIC 526-1. The testing was done
with two cars with masses of 80t (figure 7), the
collided car being equipped with category C
shock insulators [1], [5]. The colliding car was
equipped with category A shock insulators with
rubber elastic elements.
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Fig. 7 Collision testing stand ( 1. whinch ; 2. Releasing
cart ; 3. Colliding car ; 4. Collided car ; 5. Stand
building ; 6. Velocity transductor ; 7. Force
transductor ; 8. Displacement transductor ; 9.
Connection cables ; 10. Acceleration transductors)

The transductors and the measurement apparata

used, as well as their placement are shown in fig.

8 [2]. The colliding car was launch at increasing

velocities, up to 15 km/h towards the collided

car. During the impact the time evolutions of

the following parameters were measured (table

1):

& force transmitted throufh the buffers F, and
F,

+ buffer compression D, and D,;

% acceleration of the collided car ,a’.
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@ function of the velocity of the collided car
I (figure 11), and of the average transmitted force
e through the two shock insulators (figure 19).
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- - Fig. 9. The F = f (D) diagram
Fig. 8 Transductors, experimental data measurement, ¢ (D) diag
recording and analysis apparata (1. Velocity Ay
transductor; 2. Force transductor; 3. Displacement
transductor: 4. Acceleration transductor: TER. Resistive xigg
tensometric transductor;: 5. Low-pass frequency filters; -
6. Measurement amplifier; 7. Ultraviolet recorder: 8. I W=82K]
Magnetic recorder: 9. Computer) 10 W=26K)
® TEOS
Table 1 10
No. Velocity W, Weo We wepi 10 FIWIO]
i [bm/h] [R]] [R]] [R]] 10 10
1 6,15 7.5 9.0 8,95
2 8,20 18,0 15,9 15,95 &
3 10,14 50,5 29,1 26,50
4. 11,84 477 354 41,55
3 15,84 57.5 582 47,75
6 14,70 615 428 52,05 /)
No F, Fy Fue | a (0-20H2) | ‘
i [MN] [MN] [MN] g/ 0 ! o !
1. 0,381 0,297 0,540 1,41 L+ ! —_— A !
2 0,559 0,548 0,454 1,79 DD DO O D00 Ofrn DODHDNODODI D[]
3. 0,795 0,478 0,601 297 Fig. 10. The F = f (D) diagram
4. 1,031 0,620 0,825 514
5. 1,297 0,930 1,113 4,48 A We,, ., [KJ]
6. 1514 1,059 1,286 551 &6 .
”
. . . . .. B8O
By eliminating time from the variations of force 7
. . 7
F = f(t) and compression D = f (t) the diagrams A
F = f (D) were obtained. From these diagrams, 7 P 4 d
the following parameters were determined: W, - 9 A P
40 723 L
stored energy; W,- absorbed energy and 55 ) & / e
w v
n=—2%/3]. 20 /<E
e 10 =" | o
=]
The F = f (D) diagrams are shown in figures 9 =5 L Ly
d ] 0 2 4 (=] 8 10 12 14 16
an .
The variations of the average stored energy of Fig. 11
the two shock insulators were represented as a 1. Cat. C buffer with elastomers

2 Cat. C buffer ICPVA
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1. Cat C buffer with elastomers
2 Cat C buffer ICPVA

According to the diagram in figure 12, the
average stored energdy on the two studied shock
insulators, W, ,mp . at the average force

transmitted through the buffers of 1,5 MN is
W, viepir = 52,5 kJ . According to the

requirements of the UIC 526-1, for category C
buffers it is necessary for a value in excess of 70
kJ to be reached.

B ConcLusion

After the analysis of the experimental results, the

following conclusions can be drawn:

+ /n regard to the static characteristics, the
buffers do not correspond to the
requirements of the UIC 526-1, the values of
the absorbtion coefficient M corresponding

to the force at 25 mm and 60 mm does not
fit within the admissible limits.

+ [For the extreme temperature tests, the
studied buffers do not correspond to the UIC
526-1 norms. We point out that at -40°C the
buffer only underwent a compression of 81
mm and it did not return to the initial
displacement, by 31mm, which, in use,
determines the altering of the clearance
between car buffers.

+ /n regard to the dynamic characteristics, the
tested buffers do not correspond to the
requirements imposed by the UIC 526-1 for
category C buffers. The buffers fit within the
limits imposed by category B buffers.

In conclusion, the tested buffers correspond to

the norms of cateory B buffers in regards to the

dynamic characteristics without fulfilling the

2009/Fascicule 1/January-March/Tome II

requirements for the static characteristics at
extreme temperatures.
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