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a M, =mgL, =wd,sing,
a M, =mgL, =w,[d,sing, +d,,sing, +,)]

é. Mx3r = msgl-sr = Wg[dlsinQ1 + dllsin(qs - Ch)]
é Mx3l = rr%gl-sl = Wa[dlsinql + dllsin(qs - ql)]

é. Mx4r = 49L4r :W4[dlsinQ1+dssin(Q5 - q1)+d125in(Q5 - ql"'%)]
a M,, =mgL, =w,[d,sing, +d,sin(;- d,) +d,,sin(d; - g, +q,)]

a M., =mol,, =w[d,sing, +d,sin(g; - q,) +(d, +d,;)sin(gs - g, +9;)]
a M., =mgl, =w][d,sing, +d,sin(, - g,) +(d, +d,)sin(, - g, +q,)]

é. Ileﬁr = m59L6r :W6d14s-nq9
[o] .
a M, =mal, =wd,sing,

é. Mx?r = m79L7r :W7[d63inq9 - dlSSin(qlo - Q9)]
é. Mx?l = m79L7| :W7[d63inq7 - dlssin(QS - q7)]

A M, =mgl, =0
é. Mx8l :rntLSI :WB[dGSinCh - d75in(Qs - Q7) +d16]

> M,

) oo

Yu“’”

wd, sin @, +w,[d, sin6, +d; sin(0, +6,)]+w,[d, sin 6, +d,, sin(6, — 6,)]+w,

[d, sin 6, +d,, sin(6; - 6,)]+ w,[d, sin6, + d, sin(6, - 6,) + d,, sin(6, - 6, +6,)] ()
+w,[d,sin6, +d, sin(6, — 6,)+d,, sin(6, — 6, + 6,)] + w,[d, sin6, +d, sin(b, - 6,) +

(d, +d,;)sin(6, — 6, + 8,)] +w.[d, sin 6, + d; sin(6. — 6, )+ (d, +d,;)sin(b; — 6, + 6;)]

+wyd,, sin@, +wd,, sin6, +w,[d,sinb, - d, sin(6; - 6,)]+ w,[d, sin 6, —d,,

sin(6,, — 6,)]+ws[d, sin6, —d, sin(6; — 6,) +d,4]
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a M, =mgL, =w,[d, sing,, +d,, Sin(, +d,,)]

é M.s =mal, =w[(d; - dy;)sin(Qs +ay,)]

é. M. =mgly =wy[d, sing,, +d,; sin(Qy; - d,,)]

é M xar — m4gL4r = W4[d12 Sin(180+q15 +Qy - qlﬁ)]

Y e

¥ oo

é. M x4l = 4g|—4| = W4[d15inQ11 + ds Sin(chs - Q11) + d12 Sin(chs - 0Oy +q14)]

EAgET

A M, =mgly, =w,(d, +d,;)Sin(180 +0, +0y, - )
é M, =MoLy =w[d, sing,, +d,;sin(Qy; - g,) +(d, +dy;) (SN0 - Gy +0,))]

é. I\/Ix6r = rnigLGr :O
a M, =mglg =0

é. Mx?r :rn79L7r :O

é. M,, =mgL, =0

a Mg =mgly, =Wd,,
é M, =myaly =wdy,
é MXT =

w,d, singy, +w,[d, singy, +d,,sin(g,, +0,,)] +w,[d, sing,, +d,; sin(@,; - qy,)] +

W3[(d3 - dll) s n(qls +q11)] + W4[d1 s nq,, + d3 s n(qlS - qll) + d12 s n(q13 - On +q14)] )
+W4[d12 sin(180 05+, - q16)] + Ws[dl s nq, + ds s n(q13 - qll) + (d4 + dlS)

Sin(q13 -0y +q14)] + W (d4 + d13) sin(180 + 05 Ty, - qu) + 2W8d16
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Abstract

Introduction: Musculoskeletal disorders are predominant causes of workers, disabilities and reducing
productivity in industrial countries. Studies should one of the jobs that may cause muscul oskeletal disorders,
is welding. To investigate the causes of these disorders, this study attempts to find relationships between
workplace ergonomics, human anthropometry and the amount of force and torque acting on the lumbar
vertebrae of welders.

Methods: In this study, two modeling and analysis methods in CATIA V5R20 software and reverse
dynamic calculations, were used to assess biomechanical characteristics of 10 manikins with different
anthropometric dimensions in 2 different welding positions. Also by using of occupationa health and safety
standards in software, the motor position of manikins limbs were judged.

Results: Inverse dynamics calculations and CATIA software showed that by increasing the stature of
American workers about 13%, the torque and force acting on the L4-L5 vertebrae increase approximately
45-47%. Also, by increasing the length of the upper and lower body segments, the percentage of workers
who are not capable of welding, increased. In addition, Comparison between sitting and standing welding
showed in sitting welding position, the force acting on the vertebrae is 26-28% more than standing position.

Conclusion: The results of this study compared with international standards such as NIOSH, indicate that
by increasing the length of the upper and lower body segmentsin welders, the force and torque acting on the
lumbar vertebrae increased and because of more force and torque in sitting than standing welding position,
perils threaten the low-lying levels welders.

Keywords: Modeling; Welding; Biomechanics; Anthropometry; Ergonomics
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