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ESDU 75008
ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Fatigue Committee. This Committee first
met in 1955 and now has the following membership:

The work on this Item was carried out in the Strength Analysis Group of ESDU under the supervision of
Mr M.E. Grayley, Group Head. The member of staff who undertook the technical work involved in the assessment
of the available information and the construction and subsequent development of the Item was

Chairman
Mr J. O’Hara — British Aerospace (Military Aircraft) Ltd

Members
Mr K.E. Cheverton — Independent
Mr D. Crouch — British Aerospace Dynamics
Dr M.S.G. Cullimore — Independent
Dr P.R. Edwards — P.P. Data Ltd
Dr J.M. Finney*

* Corresponding Member

— Aeronautical Research Laboratories, Melbourne, Australia
Dr M. Miller* — Boeing Commercial Airplane Co., Seattle, USA
Dr R.A. Newley — Dowty Aerospace (Military Aircraft) Ltd
Mr D. Painter — Westland Helicopters Ltd
Dr P.M. Powell — Defence Research Agency, Farnborough
Prof. Dr L. Schwarmann — Deutsche Airbus, Germany
Mr A.R. Simpson — British Aerospace (Commercial Aircraft) Ltd
Mr T. Swift* — Federal Aviation Administration, USA
Dr R.J. Wanhill* — National Aerospace Laboratory, NLR, The Netherlands
Dr R.N. Wilson — University of Surrey.

Mr C.R. Hookham — Senior Engineer.
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ESDU 75008
FREQUENCIES OF VERTICAL AND LATERAL LOAD FACTORS RESULTING FROM 
GROUND MANOEUVRES OF AIRCRAFT

1. INTRODUCTION

This Item presents data on the frequency of occurrence and magnitude of vertical and lateral load factors
obtained during ground operations. The majority of the data were deduced from measurements recorded
by accelerometers situated at or near the centre of gravity of aircraft. The accelerometers recorded the
incremental accelerations (about the steady condition) experienced by the aircraft. Upward accelerations
result from upward forces applied to the aircraft: the resulting load factors were taken to act in the opposite
direction to the accelerations. In a few cases the load factors were deduced by other methods, generally by
strain measurements from strain gauges positioned on the undercarriage members. In order to obtain
non-dimensional load factors these have been related to the associated static undercarriage loads. All the
aircraft were operating from airfields with paved runways and in most cases the measurements were
recorded during the normal service of the aircraft.

2. NOTATION

3. VERTICAL LOAD FACTORS 

Figures 1 to 5 present incremental vertical load factors, deduced from acceleration data measured at the
centre of gravity of aircraft, plotted against their cumulative frequencies of occurrence. Figures 1 to 4 relate
to different groups of aircraft categorised according to their design take-off mass and their approximate
maximum range (where the information is available). The data are presented for discrete ground operations,
that is, pre-flight taxi, take-off, landing run and post-flight taxi. Some of the load factors presented on
Figures 1, 3 and 4 are not deduced from accelerations recorded at the centre of gravity of the aircraft. These
load factors have been deduced in several ways and the particular methods employed are defined on the
figures where the data appear. For the load factors measured at the aircraft undercarriage, the type of
undercarriage is described because it would be expected that, for example, aircraft with twin axle (bogie)
undercarriages would be less sensitive at lower speeds to bumps shorter than the axle spacing and to small
steps in the taxiways. 

In the calculation of the cumulative frequency per flight, the frequency of upward and downward values
of  , of equal magnitude about the steady condition, have been combined without regard to their direction
and this summation is divided by the number of flights so as to obtain the number of times per flight a load
factor has been reached or exceeded. Figure 5 presents the overall total frequencies of occurrence per flight
(that is, cumulative totals for pre-flight and post-flight taxi, take-off and landing run) of incremental vertical
load factors for the four groups of airliners of Figures 1 to 4, together with some further data on two fighter
aircraft.

cumulative frequency per flight

incremental lateral load factor

incremental vertical load factor

f

n∆ y

n∆ z

n∆ z( )

n∆ z
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ESDU 75008
When constructing the loading spectra the data will have to be separated into upward and downward values
of , of equal magnitude, with respect to their frequency of occurrence per flight. Where the information
was available it was found that, generally, the data divided into 53 per cent upward acceleration values and
47 per cent downward acceleration values. In the case of one airliner, only downward load factor data were
available; therefore to obtain total cumulative frequencies of occurrence the general distribution ratio as
stated above was used.

The fighter aircraft data, presented on Figure 5 (shown dotted on Figure 4), could not be analysed in the
same way as the airline data and therefore, only the frequencies of the downward peak load factors are
shown.

4. LATERAL LOAD FACTORS 

Incremental lateral load factors are presented in Figure 6. The data are presented for five types of aircraft
from recordings taken during taxi operations during normal service. For the other aircraft included the data
were recorded during a limited number of turning operations on the ground. 

In the calculation of the cumulative frequency per flight, the frequency of lateral load factors, of equal
magnitude, have been combined irrespective of the direction of  and this summation is divided by the
number of flights to obtain the number of times per flight a load factor has been reached or exceeded. 

When constructing loading spectra the data will have to be separated into left-hand and right-hand values
of  with respect to their frequency of occurrence per flight. The separation of the data will be dependent
on the proportions of left- and right-hand accelerations encountered; analysis of the present data is
inconclusive but Reference 14 recommends an asymmetric distribution of frequency of occurrence. 

5. COMMENTS

The data presented in the Item may be used to estimate a spectrum of loads resulting from ground
manoeuvres. It should be noted that the load factors presented are influenced by the dynamic effects of the
aircraft, including that of the undercarriage, which vary considerably from aircraft to aircraft. 

Figures 1 to 4 show that for each type of aircraft the differences between the load factors obtained in
pre-flight and post-flight taxi operations are small in most cases. Also, the incremental vertical load factors
deduced during the landing run are the most severe and the pre-flight and post-flight taxi load factors are
the least severe. The take-off load factors lie between these extremes. 

Some factors that influence ground manoeuvre load factors are variations in speed and aircraft mass. Taxiing
speeds are much lower than take-off and landing speeds and take-off mass is larger than landing mass. In
interpreting the landing run data it is probable that some part of the landing impact has been included in
these data thus increasing the magnitude of the load factors. In general the difference between the take-off
and landing mass of long range aircraft is much greater than that of short range aircraft. This suggests a
reason for the trends shown in Figures 1, 2 and 3, that is, as aircraft range is reduced there is a reduction in
the differences between the magnitudes of the load factors (at a given frequency) deduced from the take-off
and landing run accelerations. The data for short range airliners given on Figure 4 do not follow this trend,
but in this case the landing run load factors are a little high, probably because the undercarriage was hard.

n∆ z

n∆ y( )

n∆ y

ny∆
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ESDU 75008
Figure 5 shows that scatter between the curves for the four types of airliner considered is not large (less
than 0.1  at most frequencies). The single engine jet fighters have the most severe overall load factors. 

Figure 6 shows that lateral load factors deduced during ground manoeuvres on smaller types of military
aircraft are the most severe recorded. Lateral load factors deduced during turning manoeuvres of large
aircraft tend to be small. 

6. DERIVATION AND REFERENCE

6.1 Derivation

1. McBREARTY, J.F. A review of landing gear and ground loads problems. AGARD Rep.
118, April-May 1957.

2. ROBINSON, J.R. Victor B(K)1. Taxi trials at Radlett airfield. HP/STR/80571/JRR,
November, 1966.

3. BUXBAUM, O. 
SVENSON, O.

Extreme value analysis of flight load measurements. In: Aircraft fatigue
design, operational and economic aspects, pp. 297–322. Proceedings of
the 5th Symposium, Melbourne, May 1967. Pergamon Press (Australia)
Pty Limited, 1972.

4. WEIBEL, J.P. Undercarriage loadings of three aircraft: Porter PC-6, Venom DH-112
and Mirage IIIS. In: Aircraft fatigue design, operational and economic
aspects, pp. 323–345. Proceedings of the 5th Symposium, Melbourne,
May 1967, Pergamon Press (Australia) Pty Limited, 1972.

5. WIGNOT, J.E. 
DURUP, P.C. 
et al.

The development of dynamic taxi design procedures. FAA DS-68-11,
June 1968.

6. AGOSTINI, D. 
BARROIS, W. 
BERANGER, A.

Lessons from fatigue tests and Caravelle in service experience. Paper
from XIth ICAF meeting in Stockholm, May 1969.

7. MITCHELL, C.G.B. Vertical acceleration in the cockpit of a subsonic transport aircraft
during take-off measured during airline operation. RAE Tech. Rep.
69215, October 1969.

8. BUXBAUM, O. Operating loads on the main undercarriages of the F-104G aircraft.
Laboratorium für Betriebsfestigkeit, Darmstadt, Report FB-82, 1969
(RAE Library Translation 1591, June 1971).

9. HUNTER, P.A. Summary of center-of-gravity accelerations experienced by commercial
transport airplanes in landing impact and ground operations. NASA
Tech. Note D-6124, April 1971.

10. HUTTON, G.B. Uneven runways encountered by subsonic jet transport aircraft during
scheduled airline operations. Civil aircraft airworthiness data recording
programme. RAE Tech. Rep. 72095, October 1972.

11. HALL, A.W. Some loading conditions imposed by ground turning maneuvers with
three jet transport airplanes. NASA Tech. Note D-7132, December
1972.

12. – Unpublished data from BAC (Warton). March 1975.

n∆ z

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 75008 B 1994

http://www.avadocuments.com/doc/esdu-75008-b-1994
http://www.avadocuments.com/doc/esdu-75008-b-1994

