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Abstract. Energy dissipation buffers are standard equipment for lift installations, especially at lifting
speeds greater than or equal to v = 1m/s. They are used for the limitation of car accelerations and the
reduction of impact loads on structures during processes of kinetic energy reduction. This is realised
by a certain buffer force acting along the stroke of the buffer. The product of buffer force and stroke
results in the energy dissipated during a buffering process.

The intentionally restricted buffer force is a result of the load mass, the load speed and the buffer
stroke chosen. The buffer stroke is subject to the requirements of the standard. In order to gain suitable
buffer capacity values of mass and speed rated to applicable standards are considered during design.
Nevertheless, more unfavourable conditions may occur. This all results from the standard applied,
e.g., DIN (Deutsches Institut Fiir Normung) EN 81-20.

The contribution discusses the relevant definitions of DIN EN 81-20 and the resulting unfavourable
operating conditions. For certain examples [2], suitable buffer designs are evaluated. For these
designs, the buffer force outcomes are revealed for the most unfavourable operational condition. The
most unfavourable condition is assumed to be a buffer shock at a lift speed equal to the tripping speed
of the speed limiter. The resulting jerks are evaluated with regard to the jerk requirements of
DIN EN 81-20. Design measures to keep the jerk within the requirements of DIN EN 81-20 are
analysed and discussed.

1 INTRODUCTION

Lifts are machinery that move people and goods. The movement process comprises decelerations,
negative accelerations, with restricted amounts of acceleration.

In extraordinary cases, higher amounts of acceleration occur, introduced by the safety equipment
involved. An example is the collision of the car with the limit buffer. For this collision, the standard
defines the car speeds for buffer rating and restricts the accelerations and jerks allowed at certain
operating conditions [1, 2].

At failure of the load-bearing support, DIN EN 81-20 allows maximum car speeds exceeding the
limits drawn in clause 5.8.2.2 on energy dissipation buffers. In extraordinary cases, these maximum
speeds may be applied to the buffer. This paper reveals the accelerations occurring at such
unfavourable buffer shock situations. It shows the path to meet the standard requirements in the buffer
clause and the consequences of this approach.

2  REQUIREMENTS ACCORDING TO EN 81-20

Lifts have to meet safety requirements. This includes requirements on buffers in lifts. A main standard
on requirements on lifts is EN 81-20: “Safety rules for the construction and installation of lifts - Lifts
for the transport of persons and goods, Part 20: Passenger and goods passenger lifts”; German version
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EN 81-20:2020. The requirements on buffers listed in clause 5.8 of this standard were shown and
discussed in [2].

For lifts with speed limiters, braking safety gear and speeds above v = 1 m/s, DIN EN 81-20,
5.6.2.2.1.1 “General regulations” requires a tripping speed Vuipping Of the lift car for the speed limiter
at a maximum of

Viripping = 1.25 v + 0.25/v (1)

The standard recommends adjusting the speed limiter close to this limit rather than at a lower limit.
At first view, the characteristics of tripping speed Vuipping 100k linearly dependent on the lift speed v
(Fig. 1, red). A detailed view reveals a linear part, viqg = 1.25-v (Fig. 1, blue) and an additional non-
linear part, vio = 0.25/v (Fig. 1, green). For “higher” lift speeds of about v > 4m/s, the tripping speed
Vuipping 18 about 25% above the nominal speed v. At “lower” speeds, the surcharge S is higher. The
maximum surcharge of 50% appears at a nominal lift speed of v = 1m/s (Fig. 2).
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Figure 2 Increase of speed limiter tripping speed against nominal speed

Table 1 Speed limiter tripping speed depending on nominal speed

Lift speed v
in m/s 1 2 ! 8 o
Tripping speed Vtripping 15 263 5.06 10.03 20.02
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For the lifts considered [2] with a nominal speed of v = 1.0m/s and v = 4.06m/s, respectively, the
maximum tripping speed of the speed limiter according to (1) equals Vuipping = 1.50m/s and
Vuipping = J.14m/s, respectively. Neglecting the very short reaction time of the safety brake, the
maximum tripping speed of the speed limiter equals the absolute maximum lift speed. This absolute
maximum lift speed is the most unfavourable speed at impact to the buffer. The acceleration from
nominal speed to maximum tripping speed takes a time span of At = 0.051s and At=0.110s,
respectively. During this time span, the lift travels a further distance of As = 64mm and As = 505mm,
respectively.

At = %v 3)

As =v-At+0.5-g-At? 4)

Following the unfavourable scenario of a buffer shock at maximum tripping speed is assumed. If
considering the reaction time of the safety brake was not equal to zero, an even more unfavourable
scenario can be imagined.

3 EXAMPLE OF A BUFFER AT LOWER CAR SPEED

The first example considered is the first example from [2]. The car, including maximum load with
mass mmax = 3,250kg, travels at a nominal speed of vhom = 1.0 m/s. Due to gravitation, this leads to a
driving force of about Fq = 31,883N acting onto the car. According to the standard, the impact speed
to be considered equals viise, = 1.15m/s. Further data are piston diameter d = 50mm and stroke
Sstroke = 73mm. This stroke fulfils the requirement on the available stroke, savi = 0.5-v*/g = 67.4mm.
Sstroke > Savl. The data assumed is comparable to typical lift buffers available on the market for nominal
speeds of Viom = 1.0 m/s. Case 1.

Simulation of a buffer shock with this data results in an average deceleration of aavrs = 9.7m/s* and a
maximum deceleration of amex = 10.9m/s?> (Fig. 3). The requirements are met as the average
deceleration aavs = 9.7m/s* < 1.0-g and the maximum deceleration amax = 10.9m/s*> < 2.5-g. The jerk
requirement At (a > 2.5-g) < 0.040s is already met, as no higher decelerations occur.
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Figure 3 Maximum mass at rated speed

Now the car, including minimum load with mass mmin = 380kg, travels at the same nominal speed of
vnom = 1.0m/s. This leads to a driving force of about Fq = 3,728N and, acc. to the standard, an impact
speed of vi1s% = 1.15m/s. Case 2.

Fig. 4 shows the resulting data for the simulation of this case. The initial buffer force Fy just depends
on the buffer design itself and the impact speed v. These data are the same as in the maximum load
case considered. The initial buffer force Fy is the same for maximum load mmax and for minimum
load mmin. No effect of deceleration has occurred so far. At maximum load mmax, the buffer force Fy
stays more or less constant along stroke; at minimum load mmin, the buffer force F, decreases
immediately after the first impact. This happens acc. to the high deceleration a of the small load mmin.
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At smaller loads, the whole buffering process will take more time. At the minimum load mmin, the
initial buffer force Fy equals the maximum buffer force Fp max. At maximum load mmax, the maximum
buffer force Fpmax 1s somewhat higher than the initial buffer force Fy. This is a result of the specific
buffer characteristics. In a first approach, the maximum buffer force Fymax may be considered of the
same height as the initial buffer force anyway. At minimum load mmi,, the initial buffer force Fy
equals the maximum buffer force Fy max €xactly. The total kinetic energy dissipated, Exin, and the total
potential energy dissipated, E,or, have about the same amount. But now the main amount of the kinetic
energy Ekin is dissipated at the beginning of the stroke. Hence, the energy dissipated, Ediss, shows a
fast growth at the beginning of the stroke and a moderate increase along the stroke (Fig. 4).

This data results in an average deceleration of aaye = 9.7m/s*> and a maximum deceleration of
amax = 159.5m/s? = 16.3-g (Fig. 4). As the impact speed v and the throttle cross-sectional area are the
same as at high mass mmax, the lower mass experiences a quite high deceleration a at the beginning
of the buffering process. The requirements are met with regard to the average deceleration,
aavrg = 9.7m/s? < 1.0-g. The average deceleration aayr is at a low level, as after a short phase of high
deceleration, a long phase of low deceleration occurs. As decelerations a > 2.5-g occur, the condition
At (a > 2.5-g) < 0.040s has to be proven. Analysis of the data gained by simulation delivers
At (a>2.5-g) = 0.010s, the requirement is met.
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Figure 4 Minimum mass at rated speed

Now the car, including minimum load with mass mmin = 380kg, travels at the same nominal speed of
Vnom = 1.0m/s. This leads to a driving force of about Fg = 3,728N and, acc. to the standard, an
unfavourable impact speed of Vuipping = 1.50m/s. Case 3.

This data results in an average deceleration of about aaye = 16.5m/s* and a maximum deceleration of
about amax = 277.0m/s> = 28.2-g (Fig. 5). As the impact speed v and the throttle cross-sectional area
are the same as at high mass mmax, the lower mass experiences a quite high deceleration a at the
beginning of the buffering process. The requirements are not met with regard to the average
deceleration, aayvrg = 16.5m/s*> > 1.0-g. This results because the stroke requirement of the standard is
not met for the higher impact speed. The average deceleration aavrg is at a low level, as after a short
phase of high deceleration, a long phase of low deceleration occurs. As decelerations a > 2.5-g occur,
the condition At (a > 2.5-g) < 0.040s has to be proven. Analysis of the data gained by simulation
delivers At (a > 2.5-g) = 0.012s, the requirement is met.
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Figure 5 Minimum mass at maximum speed

4 EXAMPLE OF A BUFFER AT A HIGHER CAR SPEED

The second example considered is the second example from [2]. The car, including maximum load
with mass mmax = 8,330kg, travels at a nominal speed of vyom =4.06 m/s. Due to gravitation, this leads
to a driving force of about Fg = 81,717N acting onto the car. According to the standard, the impact
speed equals viis% =4.67m/s. Further data are piston diameter d =120mm and stroke
Swoke = 1,200mm.  This  stroke fulfils the requirement on the available stroke,
Savi = 0.5-v?/g = 1,111.6mm. The assumed data is comparable to typical lift buffers available on the
market for nominal speeds of about vhom = 4.0 m/s. Case 4.

Simulation of a buffer shock with this data results in an average deceleration of aavrs = 9.2m/s* and a
maximum deceleration of amex = 10.3m/s*> (Fig. 6). The requirements are met as the average
deceleration aawrg = 9.2m/s? < 1.0-g and the maximum deceleration amax = 10.59m/s? < 2.5-g. The jerk
requirement At (a > 2.5-g) < 0.040s is met, as no higher decelerations occur.
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Figure 6 Maximum mass at rated speed

Now the car, including minimum load with mass mmin = 1,000kg, travels at the same nominal speed
of Vnom = 4.06m/s. This leads to a driving force of Fq = 9,810N and, acc. to the standard, an impact
speed of vii5% = 4.67m/s. Case 5.

This data results in an average deceleration of asre = 9.2m/s’> and a maximum deceleration of
amax = 154.6m/s> = 15.8-g (Fig. 7). The requirements are met with regard to the average deceleration
avrg = 9.2m/s? < 1.0-g. As decelerations a > 2.5-g occur, the condition At (a > 2.5-g) < 0.040s has to
be proved. Analysis of the data gained by simulation delivers At (a > 2.5-g) = 0.045s, the requirement
is not met.
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Figure 7 Minimum mass at rated speed

Now the car, including minimum load with mass mmin = 1,000kg, travels at the same nominal speed
of viom =4.06m/s. This leads to a driving force of Fq = 9,810N and, acc. to the standard, an
unfavourable impact speed of Vuipping = 5.14m/s. Case 6.

This data results in an average deceleration of about aaye = 11.2m/s? and a maximum deceleration of
about amax = 188.3m/s?> = 19.2-g (Fig. 8). The requirements are not met with regard to the average
deceleration aavre = 11.2m/s>>1.0-g. As decelerations a > 2.5-g occur, the condition
At (a>2.5-g) <0.040s has to be proved. Analysis of the data gained by simulation delivers
At (a>2.5-g) = 0.048s, the requirement is not met. The situation, considering the jerk, is even more
unfavourable than at viis.
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Figure 8 Minimum mass at maximum speed

To reduce the time span of high accelerations to a level At (a > 2.5-g) < 0.040s, the throttle cross-
sectional area is increased now to 110% of the initial cross-sectional area.

The car, including maximum load with mass mmax = 8,330kg, travels at a nominal speed of
Vnom = 4.06 m/s. Due to gravitation, this leads to a driving force of about Fq = 81,717N acting onto
the car. According to the standard, the impact speed equals viis% = 4.67m/s. Further data are piston
diameter d = 120mm and stroke suoke = 1,200mm. This stroke fulfils the requirement on the available
stroke, savi = 0.5-v?/g = 1,111.6mm. Case 7.

Simulation of a buffer shock with this data results in an average deceleration of about aayrg = 9.2m/s>
and a maximum deceleration of about amsx = 11.1m/s? (Fig. 9). The requirements are met as the
average deceleration aayrg = 9.2m/s? < 1.0-g and the maximum deceleration amax = 11.1m/s> <2.5-g.
The impulse requirement is met, as no higher decelerations occur.
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Figure 9 Maximum mass at rated speed (larger throttle)

Now the car, including minimum load with mass mmin = 1,000kg, travels at the same nominal speed
of Vnom =4.06m/s. This leads to a driving force of Fq = 9,810N and, acc. to the standard, an
unfavourable impact speed of Vuipping = 5.14m/s. Case 8.

This data results in an average deceleration of about ave = 11.2m/s?> and a maximum deceleration of
about amax = 154.8m/s?> = 15.8-g (Fig. 10). The requirements are not met with regard to the average
deceleration aavre = 11.2m/s>>1.0-g. As decelerations a > 2.5-g occur, the condition
At (a>2.5-g) <0.040s has to be proved. Analysis of the data gained by simulation delivers
At (a>2.5-g) =0.049s, the requirement is not met. Considering the jerk requirement, a larger throttle
does not deliver the intended modification.
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Figure 10 Minimum mass at maximum speed (larger throttle)

To reduce the time span of high accelerations to a level At (a > 2.5-g) < 0.040s, the throttle cross-
sectional area is reduced now to 90% of the initial cross-sectional area.

The car, including maximum load with mass mmax = 8,330kg, travels at a nominal speed of
Viom = 4.06 m/s. Due to gravitation, this leads to a driving force of about Fq = 81,717N acting onto
the car. According to the standard, the impact speed equals vi15% = 4.67m/s. Further data are piston
diameter d = 120mm and stroke suoke = 1,200mm. This stroke fulfils the requirement on the available
stroke, Savi = 0.5-v?/g =1,111.6mm. Case 9.

Simulation of a buffer shock with this data results in an average deceleration of about aayre = 9.2m/s?
and a maximum deceleration of about amax = 14.4m/s? (Fig. 11). The requirements are met as the
average deceleration aswre = 9.2m/s> < 1.0-g and the maximum deceleration amax = 14.4m/s* <2.5-g.
The impulse requirement is met, as no higher decelerations occur.
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Figure 11 Maximum mass at rated speed (smaller throttle)

Now the car, including minimum load with mass mmin = 1,000kg, travels at the same nominal speed
of viom =4.06m/s. This leads to a driving force of Fq = 9,810N and, acc. to the standard, an
unfavourable impact speed of Vuipping = 5.14m/s. Case 10.

This data results in an average deceleration of about aaye = 11.2m/s? and a maximum deceleration of
about amax = 233.4m/s? = 23.8-g (Fig. 12). The requirements are not met with regard to the average
deceleration aare = 11.2m/s?>>1.0-g. As decelerations a > 2.5-g occur, the condition
At (a>2.5-g)<0.040s has to be proved. Analysis of the data gained by simulation delivers
At (a>2.5-g) = 0.044s, the requirement is not met. Considering the jerk requirement, a smaller
throttle delivers the intended modification.
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Figure 12 Minimum mass at maximum speed (smaller throttle)

To reduce the time span of high accelerations to a level At (a > 2.5-g) < 0.040s, the throttle cross-
sectional area 1s reduced now to an even smaller level at 70% of the initial cross-sectional area.

The car, including maximum load with mass mmax = 8,330kg, travels at a nominal speed of
Vnom = 4.06 m/s. Due to gravitation, this leads to a driving force of about Fq = 81,717N acting onto
the car. According to the standard, the impact speed equals vi1s% = 4.67m/s. Further data are piston
diameter d = 120mm and stroke suoke = 1,200mm. This stroke fulfils the requirement on the available
stroke, sayi = 0.5-v?/g = 1,111.6mm. Case 11.

Simulation of a buffer shock with this data results in an average deceleration of about aayrg = 9.2m/s>
and a maximum deceleration of about amax = 29.8m/s? (Fig. 11). The requirements are met as the
average deceleration aayrg = 9.2m/s? < 1.0-g and the maximum deceleration amax = 29.8m/s>>2.5-g.
The impulse requirement may be met, as no very high decelerations occur.
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Figure 13 Maximum mass at rated speed (smallest throttle)

Now the car, including minimum load with mass mmin = 1,000kg, travels at the same nominal speed
of viom =4.06m/s. This leads to a driving force of Fq = 9,810N and, acc. to the standard, an
unfavourable impact speed of Vuipping = 5.14m/s. Case 12.

This data results in an average deceleration of about aaye = 11.2m/s? and a maximum deceleration of
about amax = 388.7m/s? = 39.6-g (Fig. 14). The requirements are not met with regard to the average
deceleration aare = 11.2m/s>>1.0-g. As decelerations a > 2.5-g occur, the condition
At (a>2.5-g)<0.040s has to be proved. Analysis of the data gained by simulation delivers
At (a> 2.5-g) =0.038s, the requirement is met. Considering the jerk requirement, the smallest throttle
delivers the intended modification and is able to meet the jerk requirement.
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Figure 14 Minimum mass at maximum speed (smallest throttle)

5 SUMMARY AND CONCLUSION

Table 2 summarises the results gained for cases 1 to 12. Green: Requirement met. Yellow:
Requirement on average acceleration not met. Red: Requirement on jerk not met.

Hydraulic buffers are designed to cover the load at maximum mass combined with maximum speed.
In hydraulic buffer design, the maximum speed equals the nominal lift speed plus a speed surcharge
of 15%.

The resulting initial buffer force also acts in situations of lower load, especially lower mass of the
car, including passengers. This induces high decelerations, which might lead to or even beyond the
jerk limit defined in EN 81-20. Meeting the average deceleration requirement does not imply meeting
the impulse requirement automatically.
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Table 2 Summary of cases considered

Mmin, Mmax | V115%, Vtripping Acthrottle QAavrg Amax At (a > Z.Sg)
Case # . . . 2 | s 2 .
in kg in m/s in m/s in m/s in ms
Liftl
1 3250 1.15 100%
2 380 1.15 100%
3 380 1.50 100%

Lift 2
4 8330 4.67 100% | 103 |
5 1000 4.67 100% | 1546

6 1000 5.14 100% 188.3
7

8

9

8330 4.67 110% | 111 |
1000 5.14 110%
8330 4.67 90%
10 1000 5.14 90%
11 8330 4.67 70%

12 1000 5.14 70%

The standard allows even higher impact speeds in unfavourable situations. This occurs, as the tripping
point of the speed limiter is recommended to be close to a speed surcharge of 50% to 25%. This
condition induces even higher accelerations and jerks, which are even more difficult to meet.

An approach comprising the modification of the throttle cross-sectional area to meet the jerk
requirement of DIN EN 81-20 was shown. Meeting the jerk requirement leads to quite high maximum
accelerations. This is not relevant in proving against the standard, as it sets no limit to maximum
accelerations at all.

Meeting the medium acceleration requirement seems more difficult, surprisingly. It is not possible to
find a proof by modification of the throttle. It is probably not possible to meet this requirement at all
if the buffer does not fulfil the minimum stroke requirement for the lift speed, including 50% to 25%
surcharge.

The definitions of the standard do not consider a concept of increased buffer utilisation as presented

in [3]. Maybe this is an approach to meet the requirements without an adaptation of the jump height
to the 50% to 25% speed surcharge. This might be in focus for future activities.
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