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Locomotives—An Ergonomic

Risk Assessment

Whole-body vibration exposure of locomotive engineers and the vibration attenuation of seats

in 22 U.S. locomotives (built between 1959 and 2000) was studied during normal revenue

service and following international measurement guidelines. Triaxial vibration measurements

(duration mean 155 min, range 84-383 min) on the seat and on the floor were compared. In
addition to the basic vibration evaluation (a, rms), the vector sum (a,), the maximum transient
vibration value (MTVV/a,), the vibration dose value (VDV/(a, T™)), and the vibration seat
effective transmissibility factor (SEAT) were calculated. The power spectral densities are also

reported. The mean basic vibration level (a, rms) was for the fore-aft-axis x = 0.18 m/sec?,

the lateral axis y = 0.28 m/sec?, and the vertical axis z = 0.32 m/sec?. The mean vector sum
was 0.59 m/sec? (range 0.27 to 1.44). The crest factors were generally at or above 9 in the
horizontal and vertical axis. The mean MTVV/a, was 5.3 (x), 5.1 (y), and 4.8 (z), and the VDV/
(a, T™) values ranged from 1.32 to 2.3 (x-axis), 1.33 to 1.7 (y-axis), and 1.38 to 1.86 (z-axis),
generally indicating high levels of shocks. The mean seat transmissibility factor (SEAT) was 1.4
(x) and 1.2 (y) and 1 (z), demonstrating a general ineffectiveness of any of the seat
suspension systems. In conclusion, these data indicate that locomotive rides are characterized
by relatively high shock content (acceleration peaks) of the vibration signal in all directions.
Locomotive vertical and lateral vibrations are similar, which appears to be characteristic for rail
vehicles compared with many road/off-road vehicles. Tested locomotive cab seats currently in

use (new or old) appear inadequate to reduce potentially harmful vibration and shocks
transmitted to the seated operator, and older seats particularly lack basic ergonomic features
regarding adjustability and postural support.
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his study was conducted to assess whole-
body vibration exposure of locomotive
engineers in U.S. freight and passenger
railroad locomotives during normal reve-
nue service as part of an ergonomic health as-
sessment. In additon, the effectiveness of vibra-
tion attenuation of different locomotive cab seats
currently in use were studied. This investigation
was prompted in part by the observation in an
occupational specialty clinic, that a high number
of locomotive engineers were reporting low-back
complaints or back-related disabilities. There is a
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paucity of published data related to ergonomic
factors and whole-body vibration exposure in the
American railroad industry, which employs about
25,000 engineers (locomotive operators; not in-
cluded are train conductors, who utilize similar
seats in the locomotive cab). Little is known
about the assessment of workplace conditions
and factors in the U.S. railroad system that have
been recognized by the National Institute for
Occupational Safety and Health (NIOSH) as key
occupational risk factors for low-back disorders
such as whole-body vibration, besides other
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