Ergonomics at Sea

Thomas Ask

Ergonomics is the science of designing for the human body. The goal of ergonomic design is to
allow interfaces to easily connect with a human and thereby reduce injuries and accidents.
Designs for marine applications need special care because of unique hazards, multicultural crew
and the extreme human machine interface environment where small controls operating
enormous machinery.

The concepts behind ergonomics are rooted in a variety of disciplines such as human
dimensions (anthropometry), human movement (kinesiology), user psychology and interaction
design. While other elements of human comfort will not be discussed here, these include
environmental issues such temperature, humidity, draftiness, air quality, noise and vibration.

Bridge Design

(NavyTimes, 4/17/2010,
http://archive.navytimes.com/article/20100417/NEWS/4170303/LCS-2-design-could-become-
fleet-standard)

Fortunately, ergonomic design is surprisingly straight forward — simply design human
interfaces that put the body in a neutral position. Injuries or discomfort increase when the
hand, foot, arm, back etc. are compelled to operate outside their neutral position. The second
element of design is to allow customization of user interfaces. This customization can be
difficult in marine design because much of the equipment and interfaces are rigidly mounted;
however, it is an important to allow adjustments where possible.



Ergonomic design is based on data not intuition. One must specifically avoid the mistake of
designing for oneself and assuming it will be satisfactory for everyone else. Moreover, one
should not assume a design for the average person is satisfactory for those at the outer ranges.

Anthropometric data are readily available for a wide array of demographics. The figure below
represents neutral body posture based on NASA data (Anthropometry and Biomechanics 1995).

Neutral Position
(NASA, 1995)

Many rules of thumb (heuristics) have been developed that guide designers, ranging from
cockpit sight lines, extension to dexterity relationships and handle design. Some correction
factors that are helpful when dealing with raw anthropomorphic data include adding 5 percent
to values to account for light clothing. People can stretch 10 percent further than
anthropometric data suggests by twisting their torso and extending their reach.
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(Purdue University, http://www.purdue.edu/ehps/rem/safety/ergo.htm)

Mapping is another important interaction design concept. Mapping describes the relationship
between visual cues and function, such as scissor handle movement mirroring the cutting blade
action or Z-drive controller orientation indicating thrust direction. In products and systems that
are vital to safety, it is critical to make the mapping as clear as possible and work with graphical
language suitable for international crews. When designs are changed, traditional mapping
needs to be taken into account so that a new design is approachable by those who have
experience with an old design. Affordances and constraints should also be introduced to design
to accommodate or constrain how a device is used. An example of this is scissor handle holes
that are sized to handle either the fingers or thumb.

Z-drive Controller

(http://www.abb-conversations.com/2013/08/azipod-controller-wins-prestigious-design-
award/)



While many words and numbers are presented in connection with ergonomic design, for marine
applications they break down to the following design guidance:

e Design for the neutral position (including grasp angle) and the middle of the range of
motion.
Allow customization where possible.

e Recognize vessel movement requires a range of angle be considered so as not to produce
pinch points or more subtle ergonomic problems.

¢ When lifting is required, designs should reduce need for wrist pronation (palm down)
and supination (palm up).

¢ Empirically verify the effectiveness of the design.

Ergonomic design is straightforward and most people have an intuitive sense for what works
and what is comfortable. However, basic function often drives designs and the process of
making them ergonomic can be viewed as a second phase of the design process. The health and
safety of crew can be improved by moving ergonomics into the mechanistic design realm in the
early stage of marine design.
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