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Appendix A

Source control drawing of DAFSA
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Appendix B
Mathematical model of Concept 5
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Figure B1. “Concept 5” design simplified sketch of the sensor element.

Stress and strain of the beam has following relation while stress remains well below
the yield strength of the material [12]. Assuming material is homogeneous.

Mz
o=— (B1).
] dorait (B2).
-
M is th beﬁair .z IS the dist; f ! s to a point of
interest. E i5 ' ul (11 area. I must be

calculated with respect to the centroidal axis perpendicular to the applied loading. o
is tensile stress and ¢ is strain of the beam.

Bending moment distribution along the beam of a clamped guided beam is
describing as follows [13]. f is the force applied to the perpendicular to the
centroidal axis and L is the length of the beam.

L
M=f(5-x) (83)
2
Le
Mxe = f (? _ x> (B4)
w and t are with and thickness of the beam respectively.
Fe
== B5).
f > (BS)

F. is the force element of the total force which effect to the sensor element only.
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e

=2 B6).
ze = (B6)
Considering equation (B1) and (B2)

_ Mz (B7)
T |

By substituting (B4), (B5) and (B6) in (B7)

Fete (Le - ZX)

==-°° -7 (B8).

fe 8EL,,

Iy, and I, are second moment of area of the sensor element and the shaft
respectively.

e

Using (B4) and (B5)

F, (L,
M, =—|—— B9).
xe 2(2 x) (B9)

Deflection y at any given point of beam can be explaining using following equation
[12]. :

=) 2
R oy _ M (B10).
— ot El
Calculating the displacement y(y,  of the sensor element
02 F,(L, — 2x
Y, _ e( e ) (B11).
dx? AEL,,
E, <Lex2 x3> 612
V), = - :
e ™ 4E1, \ 2 3
Deflection of the extreme end (x = L) of the sensor element is.
F,L3
2 (B13).

YWe = 24FT,,
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Considering the shaft of the sensor assemble.
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‘F;lgu re B2.” *Concept 5” design simplified sketch of the shaft.

Bending moment distribution aiong the beam of a cantiievered beam is describing as
follows.

M= f(L—x) (B14).
My, = F(Ls — x) (B15).

F, is the force element of the total force which effect to the shaft only.

Substituting (B15) in (B10)

0%Y(x), _ F(Ls — x)
0x? El,,

(B16).

To calculate the displacement y,_ of shaft

_ 5 L? 2 (B17)
Yos T EL\"2 6 |

Deflection of the extreme end (x = L) of the shaft
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F L3
YWs = 3E]

Xs

(B18).

At contacted point Ls = L. and contacted point displacement y,_ of the sensor
element and displacement y,_of the shaft should be same.

Using equations (B13) and (B18)

ks F
I, =3 I, (B19).
F is the total force acting on the pitch or roll direction.
FE+F, =F (B20).
By substituting F from (B19) in (B20)
oo 8L,
e = I + 8l (B21).
By substitutifig F.. in/(B8)
= Fes(ts Dasy
| F— B22).
: E([Ks + 81X¢?) ( )
wt3
L, = (B23).
e 12
PO Lk (B24).
12
12Ft, (L, — 2
_ e( e x) (B25).

e = E(qp3 + 8wt3)

q and p are with and thickness of the shaft respectively. Using the equation (B25) it
is possible to select the p, q, w, t and L, which give required strain at the total force.
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