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Biomechanical Factors
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 Good equipment design depends on more than accurate
anthropometric measures.

 Most people spend their entire workday using the
equipment for up to 8 h or more.

 People perform many actions, some repetitively and some
infrequently. Consequently, biomechanical constraints are
major factors in the design is called occupational
biomechanics.

 Occupational biomechanics can be defined as “the study of
the physical interaction of users with their tools,
machines so as to enhance the user’s performance while
minimizing the risk of musculoskeletal disorders.”



Biomechanical Factors

3

 By considering these biomechanical factors, as well as
anthropometric factors, we can eliminate conditions that
promote injury and discomfort quite early in the design.

 The first category deals with posture. Good posture minimizes
skeletal and muscular stress, and can be encouraged by
designing the equipment or product

 Good posture, so that a user can keep his or her elbows close
to his or her body and minimize his or her head movement.

 The second category deals with the engineering considerations
involved in the design of the system interface.

 Improperly designed or misused equipment can result in
compression ischemia, or obstruction of the blood flow.



Biomechanical Factors
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 Exposure to vibrations can cause tissue damage and
psychological stress.

 A user’s chair must provide proper support, especially if it
is used for long periods of time. Repetitive task can
concentrate stress on particular tissues, which may in
turn result in chromic inflammation and permanent injury.

 The third category deals with kinesiological factor, or the
type and range of movements that are performed. Long,
forward reaches produce stress on the spinal column and
so should be avoided.



The musculoskeletal system
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 The human body is able to produce movements because of a 
complex system of muscles and bones, termed the 
musculoskeletal system.

 The muscles are attached to the bones on either side of a 
joint, so that one or several muscles, termed agonists, act as the 
prime activators of motion.



The musculoskeletal system

6

 Other muscles, termed antagonists, counteract the 
agonists and oppose the motion.

 For elbow flexion, which is a decrease in the internal joint 
angle, the biceps, the brachioradialis, and the brachialis 
form the agonists, while the triceps forms the antagonist.

 However, on elbow extension, which is an increase in the 
joint angle, the triceps becomes the agonist, while the 
other three muscles become the antagonists.



The musculoskeletal system
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 There are three types of muscles in the human body:
 skeletal or striated muscles, attached to the bones; 
 cardiac muscle, found in the heart; 
 and smooth muscle, found in the internal organs and the walls 

of the blood vessels. 
 Only the skeletal muscles (of which there are 

approximately 500 in the body) will be discussed here, 
because of their relevance to motion.

 Each muscle is made up of a large number of muscle 
fibers, approximately 0.004 in (0.1 mm) in diameter and 
ranging in length from 0.2 to 5.5 in (5 to 140 mm), 
depending on the size of the muscle.
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 These fibers are typically bound
together in bundles by connective
tissue, which extends to the end of
the muscle and assists in firmly
attaching the muscle and muscle
fibers to the bone.

 These bundles are penetrated by
tiny blood vessels that carry oxygen
and nutrients to the muscle fibers,
as well as by small nerve endings
that carry electrical impulses from
the spinal cord and brain.



Principles of Product Design: Human Capabilities and Motion Economy
Achieve the maximum muscle strength at the midrange of motion

9

 A product design requiring considerable muscle force
should be performed at the optimum position while using
this product.

 Example, the neutral or straight position will provide the
strongest grip strength for wrist motions.

 For elbow flexion, the strongest position would be with
the elbow bent somewhat beyond the 90 degree position.

 For plantar flexion (i.e., depressing a pedal), again the
optimum position is slightly beyond 90 degree



DESIGN TASKS TO OPTIMIZE HUMAN
STRENGTH CAPABILITY
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 Human strength capability depends on three major task 
factors: 
 (1) the type of strength
 (2) the muscle or joint motion being utilized, and 
 (3) posture

 There are three types of muscle exertions, defined 
primarily by the way the strength of the exertion is 
measured. 
 (1) Muscular exertions resulting in body motions result from 

dynamic strength. 
 These are sometimes termed isotonic contractions, because the 

load and body segments lifted nominally maintain a constant 
external force on the muscle. 
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STRUCTURAL BASES
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DESIGN TASKS TO OPTIMIZE HUMAN
STRENGTH CAPABILITY
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 (2) In the case where the body motion is restrained, an 
isometric or static strength is obtained.
 Some representative isometric muscle strengths for various posture 

are given in Table 4.1 and representative lifting strengths for 551 
industrial workers in different postures are shown in Figure 4.6

 (3) Muscle strength capability, psychophysical strength has been 
defined for those situation in which the strength demand are 
required for an extended time.
 Typically, the maximum acceptable load is 40 to 50 percent less than 

a one-time static exertion. 
 Determined by adjusting the load lifted or force exerted until the 

subject feels that the load or force would be acceptable on a 
repetitive basis for the given time period.
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STATICS
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DEVELOPING TORQUE
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 A muscle controls or creates a movement through the development of 
torque.

 Torque is defined as the tendency of a force to produce rotation about a 
specific axis.

 In the case of a muscle, a force is generated in the muscle along the line of 
action of the force and applied to a bone, which causes a rotation about 
the joint (axis).

 The two components of torque are the magnitude of the force and the 
shortest or perpendicular distance from the pivot point to the line of 
action of the force, often termed the moment arm. Mathematically, 
torque is:
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The parallel and rotary components of the biceps 
brachii force for various attachment angles
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Elbow Flexion Torque
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TISSUE LOADS
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USE LARGE MUSCLES FOR TASKS
REQUIRING STRENGTH
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 Muscle strength is directly proportional to the size of the 
muscle, as defined by the cross-sectional area.

 For example, leg and trunk muscles should be used in 
heavy load lifting, rather than weaker arm muscles. 

STAY BELOW 15 PERCENT OF MAXIMUM
VOLUNTARY FORCE

 Muscle fatigue is a very important but little utilized 
criterion in designing product for the human using.

 The human body and muscle tissue rely primarily on two 
types of energy sources, aerobic and anaerobic.



STAY BELOW 15 PERCENT OF MAXIMUM
VOLUNTARY FORCE
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 Since the anaerobic metabolism can supply energy for only
a very small time, the oxygen supplied to the muscle
fibers via peripheral blood flow becomes critical in
determining how long the muscle contractions will last.

 Unfortunately, the more the blood flow and oxygen
supplies are restricted, the faster the muscle fatigues.

 The result is the endurance curve in Figure 4.8. The
relationship is 6 sec. at a maximal contraction, at which
point the muscle force rapidly drops off, to a rather
indefinite endurance time at approximately 15 percent of
a maximal contraction
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