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Introduction
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Fig.1a The segment numbering of crimped fiber under load.(even)
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segment 1
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Fig.1b The segment numbering of crimped fiber under load.(odd)
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MATHEMATICAL SOLUTIONS
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E—i;—ﬁ{Py(X—x)'*'Px(Y—Y)} 1)

e P
F_—EI-COS(O{ 9) )

6 _0ax-0voo d0_ vy s-
=0atx=0,y=0 ds—O at x=X,y=Y,s=0 3)
Case 1 (715G <1)

JA ={F(K, , $)-F(k, , ¢.,)} @

S
\/A_; (x,, —x,)=[+{Ek, , ¢.)-E(k; , ¢)} - 2sinx)

+2k; cosa(cos g, —cosd_) £ (F(k; , ¢,)~F(k, , ¢)}-(-sina)] ~ (52)

L - =
i—%—(yH ~y) =[HE(, , ¢.)-E(K; , 9)}-(-2cos )
+2k, sina(cos¢, —coso,_ ) £ {F(, , ¢_)~F(k, , 9)}-(cosa)]  (5b)
1-C,

sin{%(%—a'f'e)}:ki sing , k= T (6a,b)
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Case 2 (Gi=-1)

oA Rk o
(D7 Y= =Flk . @)-Flk;,0.,) -

n
¢ kjcos(2x+a-—)

LX) = ()" | et dx
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i
@ k sin(2x + ——-)

—(y Y= <1>"5j\/“1k—)
s X

K 231na(\/1 k’sin’ @, , ~ \/1 k.’ sin’g,)— 2cosar

) (— 1) \/Z kx kl

—(l—kz—z)cosa-{F(ki @) -Fk , 0,)}]

i

{E(kl ’ ¢l) E(k| ’ (pl ])}

(8a,b)

2 iz
f—=k. RETLA
¢, N pGTer®=e (9a,b)

Where, if the total number of segment is even §=1 otherwise §=0,

Results and Discussions
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1 w/(n/2) 1X/L - Y/L
Calculation | Ref [1] | Calculation Ref (1] Calculation Ref [1]
0 0 0 0 0 0 0

0.2 0.0634371 0.063 0.00264699 0.003 0.0663697 0.066
04 0.1255218 0.126 0.0103551 0.010 0.130982 0.131
06 | 0.1851002 0.185 0.0224896 0.022 0.192358 0.192
0.8 | 0.2413310 0.241 0.0381685 0.038 0.24946 0.249
1.0 | 0.2937182 0.294 0.0564367 0.056 0.301729 0.302
15 | 0.4071563 0.407 0.107946 0.108 0.410985 0.411
2.0 | 0.4976901 0.498 0.160647 0.161 0.493464 0.493
3.0 | 06277298 0.628 0.254426 0.254 0.603258 0.603
40 | 0.7138088 0.714 0.328948 0.329 0.669967 0.670
50 | 0.7737245 0.774 0.387632 0.388 0.713789 0.714
6.0 | 0.8172429 0.817 0.434589 0435 0.744572 0.745
7.0 | 0.8499388 0.850 0.472924 0.473 0.767378 0.767
80 | 0.8751425 0.875 0.504818 0.505 0.784995 . 0.785
9.0 | 0.8949293 0.895 0.531807 0.532 0.799063 0.799
10.0 | 0.9106614 0.911 0.554985 0.555 0.810606 0.811
150 | 0.9547322 0.956 0.635285 0.635 0.847634 0.848

Table 1. Angle of rotation and deflections for one-element-straight-beam case °

194 AR ¢ 34 dFA9 AR
A

[24 Y ?
(degree) | Calculated Ref[2] Calculated Ref[2] Calculated Ref[2]
20 0.700944 0.7010 0.967809 0.9678 0.229217 0.2292
40 1.41946 1.4195 0.874788 0.8748 0.437976 0.4380
60 2.17538 2.1755 0.731210 0.7312 0.608160 0.6082
80 2.99401 2.9941 0.552967 0.5530 0.726075 0.7261
100 3.91161 39117 0.359936 0.3599 0.784000 0.7840
120 4.98711 4.9872 0.174165 0.1742 0.781037 0.7810
140 6.33373 6.3339 0.0186454 0.0186 0.723098 0.7231
160 8.24193 8.2421 -0.0803743 -0.0804 0.621464 0.6215
180 | 13.75000 13.7500 | 2.64576e-010 0.0 0.456953 0.4570

Table 2. Angle of rotation and deflections for end rotational load of one-element-straight-beam
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Our solution Conways solution B (degree)
(o degree) (% degree)

47.3983527 47.3984 40
55.7903951 55.7904 45
65.0751292 65.0752 50
75.2204478 75.2205 55
86.0435360 86.0436 60
97.2143125 97.2144 65
108.3349121 108.335 70
119.0516957 119.052 75
129.1255692 129.126 80
138.4387752 138.439 85
146.9636466 146.964 90

Table 3. Tip angles for one-element-circular-beam (& =90°)
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Fig. 4 profile curve for a=0° Fig. 5 profile curve for o =30°
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Fig. 6 profile curve for & =45"  Fig. 7 profile curve for ¢ =60°
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Fig. 8 profile curve for o =90°
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