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Analysis on the Tension of the Power Supply Cable Connected to the
Multi-Rotor Unmanned Aerial Vehicle in Hover Flight
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Abstract : Tether power supply system to multirotor unmanned aerial vehicles (UAVs) can extend
the endurance of them in indoor flight for surveillance. In this paper, we estimated the tension of the
tether in hover flight using a catenary equation to design the tether control function of the system.
Furthermore, based on the estimated tension model, we analyzed a flight range of the tethered UAV
and validate the estimated flight range by a tension measurement.
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Fig. 1: Power supply system via cable between multi-
rotor UAV and UGV.
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Fig. 2: Coordinate system of the cable based on the
Catenary carve.

Fig2®D & 512 UGVDALE% Py (z1. 21). BKDALE %
PQ(Z'Q\ Zz) bl UN if:?)ﬁ?ﬁﬁo)mﬂzﬂﬁﬁﬁéxb =i 2 &
T3, HU, zo>21>02 L, 7—7NVEUGVE D HHIZE
WAL E %R 2 Z & CHliE & Ol Z i<, 72, r—
7»ﬁﬁ®mm®%\7 TND—EHRUGV & b HRM
WZHBIGEEF. r—7NdtE e gL b D 35,
ﬁa &#wT%UEﬁL HBZEh5, R(2)REB)

135,
z1 = oz(cosh%1 -1) (2)

X1 + XL,

-1 3)
X(2). B)EHAVTL IOV LR %2E 5,

z1 + z1, = a(cosh

L

ZL+\/2L2+a2(ea +e " —2)

T1=a-ln

) (4

ale™

Z DR, BR L B E N TV B S TOMIRI DR S % Ty,
UGVIZEHR I N T WA R TOWRTOERN 2T, ThEh
DIRHADKEHFADED & T Tor T 5o £lze HT
7V ghR B D U BT BRI DACES F D RS 1E 7
77V #alm]. 77— 7N OKREEwkg/m] KO, EIHIHE
Eglkg/m?|OETERDbI N, XNGBNIRTESIZ, —ET
HdIEePHOENTWVWS,

~

Tz =Tox = awg (5

{k TQ@?’DLBﬁ@EﬁﬁTlZ TQZ%%iéo TlZLi
ﬂatﬁﬁmm WZHHTr—7NVEREEFEL, 2T, Z
OMOr =7 VORI Lim)iER (6) TEbINS,

L= /,/ d’z ~)2da (6)

R(6)& 0. T OMEHHDEAT, T OWTR(T) 25,

le—wg/ /1 dz 2dx (7)

[FIAEIZ T, \ZDWT, J‘I ’E

TQZ—U]g/ /1 Z; 2dx (8)

KFERE S x,[m]

3 a4 5
SRE A5z, [m]

Fig. 3: Relationship of between position of the multi-
rotor UAV and tension of the cable at P;, the root of
the cable based on Catenary equation.
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Fig. 4: Measurement system of tension 73 at root of the
cable.
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Fig. 5: Relationship between the position of the multi-
rotor UAV to the UGV and the tension of the cable at
P, in different height.
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Fig. 6: The force acting on the multi-rotor UAV cpn-
nected the power supply cable in hover flight.
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Fig. 7: Flight range of the multi-rotor UAV considering
the condition 1 and 2 when T} is constant.
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Fig. 8: Flight range of the multi-rotor UAV based on
the conditions 1 and 2 when T} is constant.
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Table 1: Relationship between the position of multi-
rotor UAV to the the UGV and measured T;.

/RS KRR 7 2 1, [m]
T1[N] 1[m] 2[m] 3[m] 4[m]
1[m] | 0.61[N] | 2.07[N] | 4.45[N] | 7.01[N
2[m] | 0.46[N] | 1.38[N] | 2.46]N] | 4.45[N
$AE S [ 3[m] | 0.28[N] | 1.02[N| | 2.00[N] | 3.34]N
2 [m] Afm] | 0.29]N] | 0.82[N] | 1.53[N] | 2.45[N
5[m] | 0.25[N] | 0.71[N] [ 1.32]N] | 2.18[N]
6[m] | 0.35[N] | 0.69]N] | 1.21[N] | 1.98[N]
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measured 73 in each cable tip position.
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and measured T3 in each cable tip position.
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