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Estimation Method of Cable Fault Location in Rocket Motors
Using M-sequence Signals
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Abstract This paper describes the estimation method of cable fault location in rocket motors using
M-sequence (Maximal Length Sequence). In order to estimate the location of a cable fault, three methods
have been usually used: TDR (Time Domain Reflectometry), FDR (Frequency Domain Reflectometry), and
TFDR (Time-Frequency Domain Reflectometry). However, these methods suffer the disadvantage of
requiring users to be close to a test field, which is dangerous. The estimation method of cable fault
location using M-sequence is proposed to solve this problem. The proposed method can make use of
DAS (Data Acquisition System). The experiments were three cases: damaged, open, and short. The RG-58
coaxial cable was used in the experiments. As a result, the proposed method has better performance
than that of conventional methods such as TDR and TFDR.
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Table 1. Characteristics in accordance with methods

Advantage Disadvantage
Simple, Difficult to find
TDR . . r .
Convenient multi-fault locations
Able to obtain VSWR,
FDR Frequency domain Vulnerable to noise
analysis
Multi-fault locations, Run time,
TFDR Wigner distribution, Weak low frequency
Group delay analysis bandwidth
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Fig. 1. Rocket motor cable interface
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d= VOP - tdelay (2)

2
Where, d denotes estimated fault location [ml,
VOP denotes velocity of propagation, and t4y,,

denotes time delay.

2.3 M AJEA(Maximal Length Sequence)
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Fig. 3. Example of chirp signal and gaussian chirp
signal
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Table 2. Specification of cable fault estimator

Specification
Size - 600 x 1200 x 750
- CPU : Intel i5-7500
Control | - RAM : DDR4 16GByte
Unit - SSD : 256GByte
- Power : 100~240V, 50/60Hz, Max. 1.5A
- Resolution : 16Bit
- Sample Rate : 2.4GSps
%W? - Output Current : Max. 24mA
ot - Output Impedence : 5002
- Power : 100~240V, 50/60Hz, Max. 1.5A
- Resolution : 12Bit
- Sample Rate : 2.5GSps
DAQ - Input Bandwidth @ 3.2GHz
Unit - Input Voltage Range : Max. 1.2Vpp
- Input Impedence : 5002
- Power : 100~240V, 50/60Hz, Max. 1.5A

Control Unit
/ Display

Keyboard

- AWG Unit

- DAQ Unit

Fig. 7. Cable fault estimator

AlolEol Agts WAHAIZ17] AshAl 37H4] FHIE A
O]E £4to] HHAISt A 9(Damaged), TA1E 0] 7HH]’E
%(Open), AlolE ﬁ-‘—]r A7t A2 d2hE A
(Short)E Aol oz =9t} 2A =A7|H :,Lxg
Fol AW ERE dojA Q= AYE 71'01'0}0q —'J‘cl’
¥ 7%= Fig. 8% Zo] 10, 20, 30, 40, 50 m F-&of
olE &% AR 181 AolE T 4 ‘ﬂr‘j”“
of tigt X =4 s Huwsty] s 10, 20, 30,

40, 50 m Zol9] Aolg £ T 9 deslo]

‘ET
E=a=

X

r

_?L



AR &85 =5 4] A21d A5%, 2020

10m% 10m§| 10m§| 10"“% 10”"%
L} L) L) 1 1

50m

Fig. 8. Damaged cable and fault locations

Table 3. Sequences of the experiment process

Seq. Process
1 Prepare for RG-58 cables connected to a rocket
motor
2 Mark the accurate fault locations.
3 Make the faults on cables.
(Damaged, Open, Short)
4 Connect damaged fault cables to the cable fault

estimator.

Send impulse signals to the cables.

Analyze the reflected impulse signals using TDR.

Send gaussian chirp signals to the cables.

5
6
7 Repeat the 5 ~ 6 processes 10 times.
8
9

Analyze the reflected chirp signals using TFDR.

10 Repeat the 8 ~ 9 processes 10 times.
11 Send M-sequence signals to the cables.
12 Analyze the reflected M-sequence signals using the
proposed method.
13 Repeat the 11 ~ 12 processes 10 times.
Connect open fault cables (10m, 20m, 30m, 40m,
14 . .
50m) to cable fault estimator.
15 Repeat the 5 ~ 13 processes in accordance with
> meters of open fault cable.
Connect short fault cables (10m, 20m, 30m, 40m,
16 R
50m) to cable fault estimator.
17 Repeat the 5 ~ 13 processes in accordance with
meters of short fault cable.
18 Comparison the whole data
A2 Table 39| EAe} o] v 10314 2530

™ Table 40l Uehd Aak= olg BHo= Uehd A
olt}. Fig. 9= TDR, TFDR, AtH wrol disf whajat
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2 AXE 9 + At Fig. 9914 0 m AFE B

<)
=2

90
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oAt
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98 @A &(Brror rate)Z A5 Table 49} Fig.
10~129} Zo] Yehfiict.
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Accumulated
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Fig. 9. The results of damaged cable experiments
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Table 4. Experiment Results

TDR

Damaged | Error Open Error Short Error

[m] rate [%] [m] rate [%] [m] rate [%]

10m | 10.3580 | 3.5800 [10.3220| 3.2200 |10.3740| 3.7400
20m | 20.4361 | 2.1805 |20.4041| 2.0205 |20.4561| 2.2805
30m | 30.5261 | 1.7537 [30.4901 | 1.6337 [30.5541| 1.8470
40m | 40.6162 | 1.5405 |40.5282| 1.3205 |40.5842| 1.4605
50m | 50.7223 | 1.4445 [50.5143| 1.0286 |50.5663| 1.1326

TFDR

Damaged | Error Open Error Short Error

[m] rate [%] [m] | rate [%] [m] | rate [%]

10m | 10.2780 | 2.7800 |10.2980| 2.9800 |10.3540| 3.5400
20m | 20.3561 1.7805 |20.3641| 1.8205 [20.3961| 1.9805
30m | 30.4341 | 1.4470 |30.4341| 1.4470 |30.4741| 1.5803
40m | 40.4882 | 1.2205 |40.4722| 1.1805 |40.4922| 1.2305
50m | 50.5263 | 1.0526 [50.4303| 0.8606 |50.4663| 0.9326

Proposed Method

Damaged | Error Open Error Short Error

[m] rate [%] [m] rate [%] [m] rate [%]

10m | 10.1181 | 1.1810 |[10.1181| 1.1810 |10.1580| 1.5800
20m | 20.2361 | 1.1805 |20.1961| 0.9805 |20.2361| 1.1805
30m | 30.3142 | 1.0473 |30.2742| 0.9140 |30.3222| 1.0740
40m | 40.4322 | 1.0805 |40.3122| 0.7805 |40.3122| 0.7805
50m | 50.5823 | 1.1646 [50.4703| 0.9406 |50.3503| 0.7006

4 Error Rate [%]
—6—TDR
35 —%—TFDR
—&— Proposed

30
[m]

35 40 45 50

Fig. 10. The error rate of the damaged cable experiment
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Fig. 11. The error rate of the open cable experiment
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Fig. 12. The error rate of the short cable experiment
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