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Firing Experiments and Structural Analysis of Human Body
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Abstract

On the human-rifle system, the human body is affected by the firing impact. The firing impact will
reduce the firing accuracy and change the initial shooting posture. Therefore the study of biomechanical
characteristics using human-rifle modeling and numerical investigation is needed. The musculoskeletal
model is developed by finite element method using beam and spar elements. In this study structural
analysis has been performed in order to investigate the human body impact by firing of 5.56mm small
caliber machine gun. The firing experiments with the standing shooting postureg were performed to
verify analytical results. The result if this study shows analytical displacements of the human-rifle
system and experimental displacements of the real firing. As the results, the analytical displacement and

stress of human body are presented.
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Fig. 1 The scene of firing experiment
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Table 1 Anthropometrical information of subjects

o]gA

Height (cm) Weight (kg)

Subject 1 183 (95 %tile) | 67 (50 %tile)

Subject 2 173 (50 %tile) | 63 (25 %tile)

Subject 3 169 (25 %tile) | 75 (75 %tile)
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(c) Subject 3

Fig. 3 Displacement of right shoulder in anterior-
posterior direction
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[ Dpuy: Maxi i of each susject |

Fig. 4 Normalized displacement of right shoulder in
anterior-posterior direction under K-2 single
shoot
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Fig. 5 FE analysis model of human
skeleton and joint
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Fig. 6 FE analysis model of axial skeleton
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Fig. 7 Skeletal muscle of axial skeleton part
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Table 2 Muscle list with attached segment and main function of axial skeleton part

Muscle name Muscle ID Pﬁ)t:caixi?al ADt::tZ}Ix Main Function
Rectus abdominis RecAbd upper torso lower torso waist flexion
ErecSpinl upper torso lower torso
Erctor spinae ErecSpin2 upper torso central torso waist extension
ErecSpin3 central torso lower torso
Latl upper torso upper arm
Latissimus dorsi Lat2 upper arm central torso humerus adduction
Lat3 upper arm lower torso
extr?r:::l;l:dom Obliq upper torso lower torso waist flexion
Trapl neck scapula
Trapezius Trap2 upper torso scapula scapula rotation, ftlevation,
Trap3 scapula central torso and retraction
Trap4 scapula central torso
Pmajl upper torso upper arm
Pmaj2 upper torso upper arm
Pectoralis major Pmaj3 upper torso upper arm humerus rotation
Pmaj4 scapula upper arm
Pmaj5 scapula upper arm
Pminl scapula upper torso
Pectoralis minor Pmin2 scapula upper torso scaf:g:ﬁs:d:;gogép(:::zﬁ;ard
Pmin3 scapula upper torso
Scalenus posterior ScalPos neck upper torso ceck flexion and rotation
Splenius capitis SplCap head upper torso hea:ngnsy::rc;l;tzz:i?:zion
Scalenus medius ScalMed neck upper torso neck flexion
Scalenus anterior ScalAnt neck upper torso neck flexion
Subclavius Subcl upper torso scapula scapula depression
Splenius cervicis SplCerv head neck hea:n:n:y;l:;l;t::::;ion
Sternocleidomastoideus Sterno head scapula head rotation
Deltl scapula upper arm
Deltoideus Delt2 scapula upper arm humerusr;l;fil(x);tion and
Delt3 scapula upper arm
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Table 3 Muscle list with attached segment and main function of upper limb skeleton part

Muscle name Muscle ID Attach Proximal Attach Distal Main Function
Bicl scapula lower arm
. .. flexes and supinates the
Biceps Brachil forearm at the elbow
Bic2 scapula lower arm
Tricl scapula lower arm
Triceps Brachii Tric2 upper arm lower arm extends forearm at the
elbow
Tric3 upper arm lower arm
elbow flexion,
Brachioradialis Bracl upper arm lower arm semnipronator and
semisupinator of the
forearm
Pronator teres Pronl upper arm lower arm pronation of forearm and
PP flexion at the elbow
. . flexes and adducts the
Flexor carpi ulnaris Fcarp2 upper arm hand hand at the wrist
. - flexes and abducts the
Flexor carpi radialis Fcarpl upper arm hand hand at the wrist
Extensor carpi radialis extends and abducts the
Jongus Ecarpl upper arm hand hand at the wrist
Flexor digitorum . hand at the wrist, flexes
superficialis Fdigl lower arm hand the forearm at the elbow
.. flexes the interphalangeal
Flexor pollicis longus Fpoll upper arm hand joint of the thumb
.. bducts and assists in
i a
Abductor pollicis Abdpl lower arm hand flexion of the thumb
longus P
gu carpmetacarpal
Extensor digiti minimi Edigl lower arm hand extends the middle and

distal phalanges
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Table 4 Muscle list with attached segment and main function of lower limb skeleton part

Muscle name Muscle ID  |Attach Proximal| Attach Distal Main Function
Tibialis anterior TibAnt lower leg foot dorsiflexes and inverts foot at the
ankle
Gastl upper leg foot . »
. plantar flexion of the foot; flexes
Gastrocnemius
leg at the knee
Gast2 upper leg foot
Soleus Soleus lower leg foot plantar flexion of the foot at the
ankle
flexes and medially rotates the calf
. . at the knee; extends, adducts and
Semitendinosus SemTen lower torso lower leg medially rotates the thigh at the
hip
BicFeml upper leg lower leg flexion and lateral rotation of the
Bicens femoris leg at the knee, extends, adducts
P . and laterally rotates the thigh at
BicFem2 lower torso lower leg the hip
. extends the leg at the knee and
Vastus lateralis VasLat upper leg lower leg draws the patella lateral
Rectus femoris RecFem lower torso lower leg flexes the pelvis on the femur
L extends the leg at the knee and
Vastus medialis VasMed upper leg lower leg draws the patella medially
GlutMax1 upper torso upper le
Gluteus maximus PP PP & extends thigh at the hip, assists in
laterally rotating the thigh
GlutMax2 upper torso upper leg
Adductor magnus AddMag lower torso upper leg adduction of the thigh at the hip
flexion of the thigh at the hip;
Psoas major PsoasMaj central torso upper leg minimal action in lateral rotatioin
and abduction of the thigh
flexes thigh at the hip, minimal
Iliacus Iliac lower torso upper leg activity on lateral rotation of the
thigh
GlutMed1 lower torso upper leg
. abducts femur at the hip and
Gluteus medius . .
rotates it medially
GlutMed2 lower torso upper leg
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Fig. 9 Coordinate setting of standing shooting posture
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Fig. 10 Analytical displacement of right shoulder
of subject 2
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right shoulder part in anterior- posterior
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Table 5 Comparison of experimental results and
analytical resuits

Experimental Analytical
results Tesult Frror
Time | Displaceme | Time | Displaceme | (%)
(s) | nt (mm) | (s) | nt (mm)
Sub. 1 0.53 -111.5 0.73 -85.6 14
Sub. 2] 0.53 -67.0 0.70 -68.2 2
Sub. 3| 0.54 -44 0.70 -58.8 32
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oy oA Hu ¥ LYAZFE 0.70~0.73
zolth, & FHuUHY] TAATLE 2-FF g4A
Ax ol HA <A wls| A|FAFo] LA
sHgitt.
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