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Evaluation of the degree of injury is complicated by the
many types of injuries that can occur. Medically, these run
from minor bruises, lacerations, and bone fractures to serious
fractures and injuries to the brain and other vital organs.
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2.2.3 Location of Impact - Certain portions of the body
are more susceptible to impact injury than others. For in-
stance, severe neck injﬁry can result from a blow that would
cause no injury to the forehead.

2.2.4 Area of Contact - The degree of injury is an in-
verse function of the area of the body contact, up to a max-
imum impact tolerance level for the particular region con-
tacted. A blow from a sharp pointed object, such as a knife
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blade, can cause severe injury with little impulse to the
body. On the other hand, large impulses with no injury can
occur when a large area of the body is contacted, such as
occurs when an individual falls into water.

2.2.5 Time Duration of the Impact - High forces, pres-
sures, or accelerations can be tolerated for very short time
periods while lower values of these quantities can be toler-
ated for longer periods of time. Fig. 1 shows this relation-
ship for brain injury in forehead impacts. However, it will
be noted that Fig. 1 represents an impact against plane, un-
yielding surfaces. When an impact occurs against a yield-
ing surface, such as a padded instrument panel, deformation
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centrated. Although many ol these 1njurie

s may be medi-

cally classed as "minor,” they may be disfiguring and have
serious psychological effects on the individual. Also, such
injuries may involve impairment of the eyes, ears, nose, and
mouth. Therefore, it is essential that avoidance or reduc-
tion of facial injuries be carefully considered.

Trauma to the knee-thigh-hip complex

can have serious,

lifelong crippling effects on the patient. Fracture of the

patella (kneecap) and /or injury to the kne

e joint results

from even slow to moderate speed knee impact to a hard
surface or small protuberance. A more severe impact to a

Fig. 1 - Impact tolerance for the human brain in forehead
impacts against plane, unyielding surfaces

somewhat yielding or conforming surface might notseriously
injure the knee area, but may result in fracture of the shaft ¢
or neck of the femur (thigh bone), dislocation of the hip joint,
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or damage to the hip joint. These injuries sometimes re-

quire a hip prosthesis and, in some instances, fusing the joint.

The long convalescence and permanent crippling effect of
these injuries make their reduction or elimination of major
importance.

2.4 TOLERANCE LEVELS - Appraisal of the injury po-
tential of an impact shall be estimated by procedures in
paragraphs 2.4.1 and 2.4.2. -

2.4.1 Weighted Impulse Criterion - Weighted impulse
criterion recognizes the importance of both the magnitude
and the time duration of the impulse, which contribute to
tissue damage by an amount dependent upon the viscoelas-
ticity of the injured tissue. Published data (see paragraph4)

where:
SI = Severity index
a = Acceleration (force or pressure)
n = Weighting factor greater than 1
t = Time

The exponent "n" has a value of 2.5 for head-face im-
pacts. A severity index is obtained by use of Eq. 1 and,
where applicable, should be used in determining the injury
potential of an impact. The index may be obtained graphi-
cally by breaking the time base of the deceleration-time
curve into a sufficient number of increments to define the

indicate that a yeighting factor should place relatively
greater weight ypon the ordinate (force, acceleration, or
pressure) than upon time duration. - This is particularly true
of the failure of|skeletal components, which are less visco-
elastic than soft|tissue. For the more viscoelastic materials,
the weighting factor should be lower.

Under this crjterion, injury potential is proportional to
the equation:

SI = _[andt

TUrve,; amd Taising tire peak—“g*vatue of the midpoint of the
increments to the 2.5 power, and multiplijing the number
obtained by the time increment in Second. No time incre-
ment need be less than 1.0millisee’. The sum of all the
values obtained gives the severity index| Fig. 2 showsa
sample curve with the neceSsary calculatipns. Table 1gives
severity index limits where’this method applies.

2.4.2 Peak Force ot Deceleration - Sofne areas of the
body, such as the knee*thigh-hip complex, permit the use
of peak force drdeceleration as the injury| criterion. There-
fore, for these areas, Table 1 gives the tollerance limit in
peak force'or deceleration. These values ghould ignore all
"spikes“,of acceleration or force above th¢ general enve-
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Calculations
. Incremental Incremental
Time off Time of
/ . SI Index A 3 S I Index
Increment Incremept, ‘>Midpoint 0.5 9.5 Increment Increment, Midpoint 2.5 9.5

No. sec gValue g (Timexg ) No. sec. g Value g (Time x g
1 0.001 T 130 0.13 12 0.001 56 23,000 23.00
2 0.001 18 1,400 1.40 13 0.001 43 12,000 12,00
3 0.001 23 2,500 2.50 14 0.002 317 8,300 16.60
4 0.002 27 3,300 7.60 15 0.002 33 6,200 12.40
5 0.001 30 4,900 4.90 16 0.001 21 3,800 3.80
6 0.001 40 10,000 10.00 17 0.001 24 2,800 2.80
7 0.001 38 8,800 8.80 18 0.007 20 1,800 12.60
8 0.001 47 15,000 15,00 19 0.001 17 1,200 1.20
9 0.001 75 48,000 48.00 20 0.002 10 330 0.66

10 0.001 80 57,000 57,00
11 0.000 73 46,000 46.00 Severity Index 286,39

Fig. 2 - Sample calculation of a severity index
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lope of the curve, that are 1.0 or less millisec in time dura-
tion.

2.4.3 Experimentally Determined Impact Injury Levels -
Table 1 provides samples of experimentally obtained impact
injury data relating to different body areas, These data indicate
moderate injury levels as a combination of magnitude and
duration of impact. The levels given are discreet data points
only, and cannot be used to extrapolate tolerance levels for
other magnitudes of acceleration. .

Tospecify adequately the overall tolerance picture for the
entire human anatomy, it will be necessary toobtainexperi-
mentally curves similar to Fig, 1 pertaining to the various body

dictions'of injury level cannot be made_ fr

om kinetics alone,

and one must judge from experimental and accident sta-
tistical data. Such strains might result from contacting a

rigid knob, control, or flange.
2.5 INERTIA FORCES - Impact against

an object of sig-

nificant mass with respect to the mass of the body area con-
tacting it can produce high forces on the impacting part of
the body, even if the object is designed to break away.

3. GENERAL DESIGN PRINCIPLES

By the application of human tolerance

areas of intereqr ATy UIAT SUCI curves be
qualified by a ppecification of the impact characteristics
employed, thaf is, direction of blow and area of contact. A
full complement of experimentally obtained tolerance curves
such as Fig. 1 for the more vulnerable body areas, and for
different impagt characteristics would be of great value;
considerable effort is currently being devoted to this end.

lowing fundamental engineering principle
sible to reduce the likelihood or severity
may be expected to result from oeciipant
passénger compartment surfaceslinthe ve
eral principles are:

3.1 Effective absoi'ption of €nergy byd
ture and components when“impacted by o

data and the fol-
5, it should be pos-
f injuries which
fmpact against
licle. These gen-~

eformation of struc-
Ecupants.

2.4.4 Distogtion or Local Force Application - The above 8.2 Use of energy-absorbing shielding tolcushion and spread
values are seriqusly limited intheir ability to predictquanti-  the impact. '

tative tolerancg levels if the force pattern on impactis such 3.3 Designfof structure, components arjd controls to re-

as to produce severe distortional strains. In this event, pfe-  duce penetfatibn, laceration, or localized|force application.

Table 1 - £xperimentally Determined Levels of Impact, Producing Minor to Moderate Injury (Responde Function)
Minimum Effective  : Peak Severity
Body Ajea Contact Weight, Force, Peak Index Conditions [Used to Obtain
Impactpd Area, sq in. 1b B g Limit Tolerance| Data

Face* (localiz¢d loading) 4 15 600 40 400 Smooth, collapsible, padded

' ' surface, wlith accelerom-
' eters moufited on bone op-

posite impact

Face * (distribufed loading) 15 15 1200 80 - 1000

Throat 2 - 150%* - Force distributed with de-
forming phd

Brain (skull) 3 15 1500 100 1000 Various surfaces with ac-

: celerometers mounted as

: with "face"

Chest 36 75 1560 toad—cetirounted to con-
formable chest contact
surface

Side Above Pelvis, Below

Ribs 10 15 Maximum dynamic protrusion into subject area of 1.25in.

Knee-Thigh-Hip Complex _

(load applied through knees) 3 40 1400 35 - Load cell mounted to con-

*Below eyebrows.

formable knee contact

surface

**This is considered to be a reasonable value in the opinion of biomechanics investigators, based on the strength of
similar human structure throughout the body. The number may be modified as better data is gathered.
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