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AN EXPERIMENTAL STUDY OF TETHER REEL SYSTEM®
— A LABORATORY MODEL —

YOSHIMURA Shoichi’! and OKAMOTO Osamu’™

ABSTRACT

A laboratory prototype model of a reel system has been made as the first step of
an in-house hardware study of the tether system in space. The model is consisted of
two main parts, i.e., a reel drum driving (RDD) unit (25 kg weight) and a power
supply/signal processing (PSSP) unit (32 kg weight). The tether (0.8 mm in diameter
and 300 m long) consists of a Kevlar fiber core and a nylon fiber jacket.

Following the preliminary functional test, a computer-controlled functional test
has been carried out using a 32-bit personal computer as a control processor. The tests,
have shown that the stable operations of reel-out and reel-in are posible by tension
control in both cases of a small tension (light end weight) and a high frequency input
to the reel drum driving motor.

Keywords: tether, reel system, tension control
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1. Introduction

There have been proposed and studied a lot
of applications of space tether systems‘-'z‘ 34,56,
A study of the tethered microgravity laboratory
(small satellite) deployed in the proximity of the
large mother spaceship has been carried out in
National Aerospace Laboratory (NAL). Target

range of the microgravity level to be realized is .

10~ ~ 10~° G. The numerical simulations of the
dynamics of the mother spaceship/tether/
satellite system have been in execution’®®.

The hardware studies of the tether systems
such as Tethered Satellite System (TSS) and
Small Expendable-tether Deployer System
(SEDS) have been reported. The former'? is a
joint program by U.S. National Aeronautics and
Space Administration (NASA) and Italian
National Space Plan of the National Research
Council (PSN/CNR). The latter '"12.131% jg a
program of NASA Marshall Space Flight
Center. Hardwares of both tether systems have
been already developed preparing for Shuttle
based space test and Delta II (second stage)
based space verification test respectively, al-
though both tests are postponed so far partly be-
cause of a tragedy of Space Shuttle Challenger.

A tether reel system, just a laboratory
prototype model, has been made in NAL as the
first step of the in-house hardware study of the
tether system preparing for the potential space
verification test in the future.

Following the preliminary functional test, the
computer-controlled functional test has been
carried out using a 32-bit personal computer as
a control processor.

2. Outline of the Tether Reel System

The model is consisted of two parts; reel
drum driving (RDD) unit and power supply/
signai processing (PSSP) unit. The outlines of
them are described below.

2.1 Reel Drum Driving (RDD) Unit

The unit is 25 kg weight, 900 mm wide,
230 mm high, and 370 mm deep and, is con-
sisted of ten main componehts @®~(0 as shown
in Fig. 1. They are mounted on the base table.

The reel drum (80 mm in diameter) is driven
by a servomotor and is equipped with an
electromagnetic brake. The specifications of
servomotor and electromagnetic brake are
shown in Tables 1 and 2 respectively. The DC
servomotor outputs 0.637 N-m (6.5 kgf-cm)
rated torque. Armature time constant of electro-

magnetic brake is 25 msec.

Level winder works in both operations of
winding-off and winding-up synchronizing with
the reel drum rotation.

Two tension gauges are located in both sides

Table 1 Specifications of Reel Drum Driving Servomoter
(TS3350E216)

Torque Constant
Voltage Constant

0.203 N-m/A (2.07 kgf-cm/A)
21.3 + 10% V/1000 rpm

Rated Speed 3000 rpm
Rated Torque 0.637 N-m (6.5 kgf-cm)
Rated Input Power 200 W

Table 2 Specifications of Electromagnetic Brake

(RNBO0.2)
Braking Torque 1.96 N-m (0.2 kgf-m)
Input Power 10W
Armature Time Constant 25 msec
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@ reel drum

@ reel drum driving servomotor
@ electromagnetic brake

@ level winder

(® encoder

(® tension adjusting mechanism
@ tension gauge (reel drum side)
tension gauge (end mass side)
® tether

connector panel and cables

Fig. 1  Reel Drum Driving (RDD) Unit
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Fig. 2 Two Tension Gauges in Both Sides of TAM

of the tension adjusting mechanism (TAM) as

shown in Fig. 2. They measure the tether
tension T, in reel drum side and the tether
tension T, in end mass side respectively. The
specifications of load transducer are shown in
Teble 3. The rated load is 196 N (20 kgf) and
rated output is 3.5 mV.

The purpose of TAM is to avoid tether slack
(to keep reel drum side tension T, positive) for
the stable reel-out and reel-in and to control end
mass side tension T, for the stable behavior of
the end mass (small satellite). Schematic view
of TAM is shown in Fig. 3 and explained

Table 3 Specifications of Load Transducer

(LU-20KSB34D)
Rated Load 1.96 x 10> N (20 kgf)
Rated Output 35mV
Linearity 0.5% Readout
Hysteresis 0.5% Readout

briefly as follows.

Tether extending from the reel drum is
wound once round the roller filling the shallow
and narrow groove round the roller rim and
pressed by another roller above and extends to
the end mass. The roller is driven directly by
tension adjusting servomotor, which is attached

This document is provided by JAXA.
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Reel Drum

Servomotor

Encoder \
Tension Adjusting Roller

To End Mass

Fig. 3 Concept of Tension Adjusting Mechanism (TAM)

at the end of roller axis. Tension is adjusted by
relative rotation of the roller and the reel drum.
The specifications of TAM servomotor are
shown in Table 4. The DC servomotor outputs
0.319 N-m (3.25 kgf-cm) rated torque.

An encoder attached at the other end of roller
axis of TAM generates a pulse signal measuring
tether length. The specifications of encoder are
shown in Table 5. Resolution is 1000 counts per
turn. The pulse signal is processed into tether
length rate in PSSP unit.

The specifications of tether are shown in
Table 6. Tether is consisted of Kevlar fiber core
and nylon fiber jacket. It is 0.8 mm in diameter
and 300 m long. The reel drum of this system
could wind 2000 m long tether.

The connector panel has three kinds of

receptacles. Three cables transmit the electric
power and signals except for the tension signals
between RDD unit and PSSP unit. The tension
signals are transmitted to PSSP unit directly
through two additional cables extending from
tension gauges for the noise reduction of the
level

very low output signals mentioned

previously.

2.2 Power Supply and Signal Processing
(PSSP) Unit
The unit connected with RDD unit through
five cables is 32 kg weight, 430 mm wide,
350 mm high, and 460 mm deep and is supplied
with AC100V external electric power. The

Table 4 Specifications of Tension Adjusting Servomotor

(TS3351E196)
Torque Constant 0.188 N-m/A (1.92 kgf-cm/A)
Voltage Constant 19.8 £ 10% V/1000 rpm
Rated Speed 3000 rpm
Rated Torque 0.319 N-m (3.25 kgf-cm)
Rated Input Power 100 W

Table 5 Specifications of Endoder (TS5107N132)
1000 C/T

Resolution
Open Collector

Max. Allowable
Output Voltage 40V

Max. Allowable
Sink Current 100 mA
Starting Torque 2.94 x 10~ N-m (30 gf-cm) Max.

Moment of Inertia 3.0 x 10-° kg-m? (30 g-cm”) Max.

Table 6 Specifications of Tether (KW1516)
Core Kevler 1500 denier x 1

Jacket Nylon 140 denier x 16
Diameter 0.8 £0.2 mm

Break Strength >9.80x 10" N (10kgf)
Length 300m

following six data are displayed in the front
panel of the unit shown in Fig. 4; tether length
(L, 5 digits), length rate (i., 3 digits), input volt-
ages (V,, V., 3 digits respectively) for reel
drum driving motor and tension adjusting
motor, tensions (T, , T,, 3 digits respectively) in
reel drum side and in end mass side.

The unit is able to be operated alternatively
in two modes;
* local mode (open mode):

Input voltages V, for reel drum driving

This document is provided by JAXA.
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Fig. 4  Front Panel of Power Supply/Signal Processing (PSSP) Unit

motor and V_ for tension adjusting motor are
specified manually by potentiometers in the
front panel.

» remote mode (closed mode):

V, and V., which are generated externally,
are inputted through external terminals
(cable).

3. Preliminary Functional Test

The preliminary functional test has been
executed in order to verify the fundamental
function in local mode. The data displayed in
the front panel of PSSP unit are read in the test.

3.1 Reel-Out and Reel-In Test

The test has been executed in order to verify
the stable and repeating reel-out/reel-in and the
function of electromagnetic brake. The test
setup configuration shown in Fig. 5 includes
another (dummy) reel drum system. It is
implemented to wind up the tether reeled out
and wind off the tether to be reeled in. The
input voltage to the dummy reel driving

servomotor is adjusted skillfully keeping the
tether tension between the two reel drums in the
(about 21 N) during the
experiments. The previously measured 100/

moderate level
300 m long tethers are reeled out and reeded in
at the constant rate of about 0.1 m/s. The reel-
out/reel-in operations have been executed
normally and the electromagnetic brake has also
worked normally after each operation.. The
results are shown in Table 7. The length
measuring error compared with the displayed
figures shown in the front panel is below 1.0%.

The error level data in measuring length/rate
at rather high rate have been also obtained using
another setup configuration. In the configura-
tion the tether hangs through the pulley which
is located at about 10 m high as shown in
Fig. 6. The previously measured 5/10 m long
tethers are reeled out and reeled in at about 1.0
and 2.0 m/s with 2.1 kg end mass (end weight).
The error levels compared with the displayed
figures are shown in Table 8. The levels in the
cases of 5m long tether at 2.0 m/s have not
been obtained because of the difficulty in

This document is provided by JAXA.



TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY TR-1176T

Dummy Reel

lo) — Tether

()

)

RDD Unit

[Reel

l | i
T U U

A

PSSP Unit

q}%f‘(///////%

=]

T

Fig. 5 Setup Configuration Including Dummy Reel for Preliminary

Reel-out/Reel-in Test of Long Tether

Table 7 Preliminary Reel-Out/Reel-In Experiments

Input ‘ Tether Length .
Voltage Length Rate Tension N
v, V.o .
VvV, V L m L ms T, T,
© -0.14 ~ -0.17 i
2200 300.04 | 0.10 7 12 21
i i \
-0.14 : ! !
496 100.00 0.09 , 21 i 23
Reel-Out i ]
-0.14
350 98.17 0.09 i 22 ‘ 23
-0.14 ?
i 330 100.50 0.09 22 1 24
' ' i
f +0.16 ~ +0.20 |
0370 30038 009 | 21 1 21
i
1 i
+0.15 97.92 0.09 ? 16 : 15
+3.46 '
Reel-In ‘ :
+0.14 4
1255 98.24 0.09 | 21 | 21
+0.15 5
B2 99.77 0.09 21 20
Table 8 Tether Length/Rate Measuring Accuracy at Rather High Rate
Input | Tether Length Length Rate
Voltage ! Measurinng Accuracy Measuring Accuracy
A ' % ’ %
L ms 5.0m 100 m 50m 10.0m
-20
| (~ 1.0) 25 29 34 : 33
Reel-Out 4.0
(~ 2.0) — 3.7 — 29
Average 25 33 34 3.1
+2.0
~ 1.0) 2.1 ‘ 22 4.9 2.6
1
Reel-In +4.0 :
(~20) — 1.8 — 39
Average 2.1 20 49 33
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Fig. 6  Setup Configuration for Both Length/Rate Measuring Accuracy Test

and Tension Adjusting Test

reading the displayed figures and the large
variance in time measured by stopwatch. They

£}

are denoted by "—"" in the Table. The accuracy
is rather bad (in some case above 4%) compared
with the data obtained at rather low rate of about
0.1 m/s.

This partly comes from the error in meas-
uring short time manually by stopwatch. The
short measuring time comes from tether stroke
constraint restricted to only 10 m long or so.
Another cause may come from the length
measuring system itself. The tether may slip
round the roller axis (see Fig. 3) at rather high

rate.

3.2 Tension Measuring/Adjusting Test
Tension Merasuring Accuracy

Tension gauge accuracy has been measured
after the calibration as shown in Fig. 7. The
weight of end mass (end weight) is changed at
every 0.5 kg in the range from 0.5 kg to 2.5 kg.
The error levels compared with the displayed
figures are shown in Table 9. They are below
1.0%.

Tension Gauge

AN

[ ]

Weight

Fig. 7  Setup Configuration for Tension Gauée
Calibration and Measuring Accuracy Test

Tension Adjusting Test

The tensions T, and T, have been observed
inputting the tension adjusting motor driving
voltage V. at the reel drum driving motor
driving voltage V. of about 1.9 volts (roughly
equivalent to 1.0m/s). The test setup con-
figuration is identical with one shown in Fig. 6.

The results are shown in Table 10. T, in reel
drum side changes in a large amount and the
effect of tension adjusting mechanism (TAM) 1s

This document is provided by JAXA.
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Table 9 Tension Gauge Calibration/Measuring Accuracy

End Weight Tension Measuring Accuracy %

N

(kg) T, j T,
0.00

(00) 0.00 | 0.00
4.90

(05) 0.45 : 0.50

¥

9.81

(1.0) 0.55 0.40
14.71

(1.5) 0.88 0.35
19.61

(20) 0.50 | 0.55
24.51 ;

(25) : 0.00 | 0.00

evident. But T, in end weight side changes in a
small amount. This comes from the fact that the
tension (about 21 N) by the end weight is
dominant in end weight side. This is inevitable
in the tests executed on 1 G ground condition.

4. Computer-Controlled Test
System Integration

4.1 Test System Integration

Fig. 8 shows the signal flow of the computer-
controlled test system. A 32-bit personal
computer with INTEL 80386 (20 MHz) pro-
cessor and INTEL 80387 (20 MHz) floating
arithmetic coprocessor i1s used as a control
processor. An interface junction box is imple-
mented between PSSP unit and the control
processor. The junction box has the receptacles
for the cables from PSSP unit and for the cables
to the 1/O interfaces (mentioned below). It has
also several switches for the manual turn-off of
servomotors and the manual turn-on of electro-
magnetic brake in an emergency and the
monitoring terminals for all signals.

The signals from PSSP unit are read into the
control processor as follows.
* Analog signals of tension T, and tension T,

are read through 12-bit A/D converters after

Table 10 Tension Adjusting Test with V_ Input

Tension N
Yo Voiv v
@ mp) T T, T,
-1.97 0.0 28.15 20.77
d 1 {
(1.09) -3.62 19.13 20.79
Reel-
Out -1.83 0.0 39.62 20.86
d 3 l
(1.12) -6.51 32.88 20.54
+1.95 0.0 26.09 20.73
d l {
Reel- | (1.01) -3.69 47.77 20.04
In
+1.80 0.0 37.84 20.79
l l $
(1.04) -6.70 60.01 23.89

conditioned by amplifiers and filters.

* Digital signals (Binary Coded Decimal,
BCD) of tether length L (4-bit x 5 digits) and
length rate L (4-bit x 3 digits) are read
through parallel digital input interface.

* Pulse signals (0.2 mm/pulse and 2.0 mm/
pulse), which are modified in PSSP unit
using the pulse signal from the encoder, are
read through 16-bit counter for redundancy
of length and length rate data.

The signals generated in the control pro-
cessor are sent to PSSP unit and then to RDD
unit as follows.

* Voltage V, and voltage V. are sent through
12-bit D/A converters.

* On-off signals of the electromagnetic brake
for reel drum are sent through relay I/O
interface.

As for the program driving the system, main
routines are written in FORTRAN and sub-
routines driving 1/O interfaces are in assembly
language. Six signals (L, L, T, T, Ve V)
obtained/generated are depicted in the graphics
in real-time and the data including them are
written sequentially in RAM disk of the control
processor. A real-time control procedure works
in 15 msec including graphic display handling
time. The program is operated normally at the
sampling interval of 100 or 50 msec. The data
are stored fianlly in floppy disk at the end of

This document is provided by JAXA.
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Fig. 8 Signal Flow of the Computer-Controlled Test System
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Fig. 9 Integrated Test System
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Fig. 10 Setup Configuration for the Computer-Controlled Test in Drop Tower

This document is provided by JAXA.



10 TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY TR-1176T

each experiment. Off-line graphic display is
also available using the stored data. The
integrated test system is shown in Fig. 9.

4.2 Test Facility

The test setup configuration is shown in Fig.
10. In order to secure the space for the tether
reel-out/reel-in action, a drop tower in NAL
(10 m head)'” has been used in time-sharing
with the microgravity experiments. The pulley
of the drop tower is a new-made one with a low
friction micro-bearing for the reel system test.
Fig. 11 shows the RDD unit under experiments
in the drop tower.

5. Computer-Controlled Test

Three kinds of tests have been carried out.

(1) reel-out/reel-in by the constant and si-
nusoidal V, witout V.

(2) stable reel-out in a small tension (light end
weight) with V..

(3) stable reel-out/reel-in by high frequency
sinusoidal V, with V.

In (2) and (3), V.. command generated in the
control processor has been determined by trial
and error on the basis of the strategy as follows.
(a) to control tether length L and length rate L

at the specified levels by V_, which drives

the reel drum motor )
(b) to keep tension T, positive for stable reel-
out/reel-in, i.e., to avoid the tether slack in
reel drum side
(c) to control tension T, for stable behavior of

end mass

5.1 Reel-Out/Reel-In by the Constant/
Sinusoidal V_ without V_

At the first step of the computer-controlled
tests, reel-out and reel-in experiments by the
constant and sinusoidal V, without V. have
been executed.

As for the end weight hung from the tether
end, one or two 500 gr weight(s) is/are laid on

Fig. 11

Reel Drum Driving (RDD) Unit
under Experiments in Drop Tower

200 gr scale, i.e., 700 gr or 1200 gr end weight.
Either of them causes the tensions T, and T,
enough for the stable reel-out without V. input.

Figs. 12 and 13 show the histories of L, L,
V., T,, and T, in the reel-out and reel-in
operations with constant V input respectively.
The numbers of end weights in these cases are
increased at the initial and final phase
respectively. In Fig. 12 T, takes very small
value (approximately 0.43 N) at the initial
phase (700 gr end weight). But stable reel-out
continues without slack. In Fig. 13 T, is large
enough for stable reel-in.

In both Figs. history of length rate L is rather
noisy. The L depicted is the value calculated in

the control processor using encoder pulse
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signal, but not the BCD 3-digit value read sensor measuring the rate directly may be
through parallel digital input interface. This required to quickly obtain L data even in low
comes from slow (long interval) generation of length rate. This is one of the points for coming
BCD 3-digit value of L in PSSP unit in low reformation of the model.

length rate of about 0.1 m/s. A tachometer-like Fig. 14 shows the result of sinusoidal V,

TETHER REEL MECHANISH  CLOSED-LQCR EXPERIMENT No. 38

OLHJ]IF;UT%’IIEJIF’ULS 4-21-1992  14:59
~ y o ]
1 . @@ g T [
Ordinate Range End Weight
.L:O"'IOm V. £1.0V 700— 1200 gr
L : 0.2 m/s
) T : 0™~20 N
}'\"\\"" f‘\“"\ﬂ' l"‘»f w4y "I'r‘" Pt sVt vt e o st i Ay LA 1 A e b e wwuypw\«.gMF;
L~0.072 m/s /,,f":
V:=0.0 V -
.op| =29 et
Ve==0.15 V P
— NV — K SN ! UV Mg e
{ L T,~7.4 N
-.5a - )
.y s heve RGNS "'-\.‘},yi'?“'ﬂ\\ Rty _,’.‘\.Tx',',.n’ia‘i — LRyt w‘-“a'r“.‘V'i\!‘v\\""Vi\w [ Dl LA TP AT SN
o
T, ~4.5 N " T, ~4.9 N
ot ‘/. -
L
. - | T, ~0.4
=1 . DO e 7 | S N
.09 20,00 AR, 80 B, a9, 00 199, 08
THE sec

Fig. 12 Reel-Out Operation with Constant V, and V, =0

TETHER REEL MECHANISM  CLOSED-LOOP EXPERIMENT No. 44

QUTPUTS~ INPUTS 4-21-1882 15:36
mss, m, U, N
1.00 v .
Ordinate Range
L : 0~10m V: 1.0V T, ~17.2 N
L : +0.2 m/s A
50 T : 0—~20 N End Weight
‘ 700— 1200 gr
Veg=0.15V
{ V“(‘;‘v‘rw v YTy YTy rov ‘a2 ‘v\-rAvv TERTYY Y adY A -aara ey Aty A an-s
.00); T~ T, ~11.5 N
\ T,~8.3 N
.

L~-0.073 m/s S

A A A S A Nt A P AN e '.»M,H-,.-x\w-\hhxqw: PV A A A A b bna Yl U

-.50 Mo Aot A eerrh MDA v rmentines s,
T,~5.2 N T
. L |
-1.08 \
.0a 20.00 40,00 58, 80 39,90 109, 00
TIME Sec

Fig. 13 Reel-In Operation with Constant V, and V. =0
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input (0.02 Hz) with 700 gr end weight. The "V, = [1.0 - exp (0.0141) for0<t< 10 )
repeating operation of reel-out/reel-in is stably -0.15 for t > 10
executed changing drastically T, and slightly '

where t is time.
T,.

V. input brings the boost in T, up to about

SN and k l-out ti ith 200
5.2 Stable Reel-Out in a Small Tension and keeps recl-out operation Wi &

(light end weight) with V_
As observed in Fig. 14, T, changes

end weight stable as shown in Fig. 15.

This strategy, Eqs. (1) and (2), has been
applied also to the cases of 100 and 50 gr end
weight reducing to the stable reel-out operation.
Fig. 16 shows the result in the case of 50 gr end
weight.

However, the application of Egs. (1) and (2)
to the case of 20 gr end weight has reduced to
tether slack at about 75 sec later, although the
stable reel-out had continued until then.

drastically. It is large enough during reel-in
phase and becomes small during reel-out phase.
Therefore, the reel-out operation should be
executed very carefully in order to avoid tether
slack in reel drum side. This is especially true
in case of light end weight (small tension).

In case of 200 gr end weight (scale only), no
stable 'reel-out is po.ssmle.because of tether The tether has become slack in end weight
slack in reel drum side without V_ input in
remote mode, nor in local mode, where V_ and
V. are manually and continuously adjusted in
real-time by potentiometers.

side between tension gauge and tension adjust-
ing roller (see Fig. 2), not in reel drum side.
This slack has occurred due to imbalance in

, _ . . tether length going out through tension gauge
Then V.. input with gradually increasing V,_

L ) and coming in from tension adjusting roller.
is introduced in remote mode as shown below;

Once this slack occurs, the small tension by
V.= -30 1) light end weight (20 gr) cannot pull the tether

TETHER REEL MECHANISM  CLOSED-LOOP EXPERIMENT No. 47

QUTPUTS~ INPUTS 42171982 16: 4
m’s, m, U, N
1.60

4

s . I
Ordinate Range Ve=-0.15 sin(0.04m t) V
L:0~10m V:+1.0V Vo= 0.0 V

L : +0.2 mss

50 T : 020 N End Weight_|

700 gr

,/\W'"\'ﬂ\,n
Sl ™ T, ~11.a N 7

.00l ! DN ,/’\"\7;:3 e
::::”C:::i,fﬁk//iﬁ\‘ ‘\\\\\ﬁ \;:;Pf///// r\ “\\\\\\xi
oy

!
UL |

v A,
— v T,~5.2 N ™™ v s
T,~4.5 N
T, ~0.43 N
'\(J RN

-1, 00 WAyt B e
.00 20.08 40,00 60.08 . 80.00 100,00
TIME sec

Fig. 14 Reel-Out/Reel-In with 0.02 Hz V, and V, = 0
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An Experimental Study of Tether Reel System 13

through tension gauge overcoming the friction pulley friction of drop tower, the weight of the

of three small pulleys shown in Fig. 7. There- slant tether portion between the pulley and
fore, the amount of tether staying there con- tension gauge, and the friction of three small
tinues to increase thereafter. pulleys of tension gauge (see Fig. 7) sometimes

This is explained as follows. The sum of the becomes slightly larger than 20 gr end weight,

TETHER REEL PMECHANISM  CLOSED-LOOP EXPERIMENT Ho. @93

CUTRUTSZTHPUTS 4-24-1992  16:45
’ 1] t
4.00 . ,
Ordinate Range End Weight
L :0~10m V:4+4.0V ‘200;5
L : 0.2 m/s
T : 0—~20 N
2.0
J,»w«-w\»«'.w\ e N i s i A Vaa) i 2 S aan (TG P
7 L~0.072 m/s -
e L
. D@ ‘.-M _. /'/-
V,,={l.0—exp(0.014t.) vV t<10 T
-0.15 V t= 10 7|
i [\ T T, ~5.0 N
<. @@ | T TReRRRARA TR T ;l... "'\; b vJ‘y > AN e e S Ve “!‘r Casse s eo S awe 1y
V,=-3.0 V T
W%——*W RS VNN SN USSR U S
-4, 00 . 718N
.09 2@, 00 480,09 ol. Bd 8. 00 100,00

TIME sec
Fig. 15  Stable Reel-Out with V_ Input in 200 gr End Weight

TETHER REEL MECHANISM  CLOSED-LOOP EXPERIMENT No. 95

QUTPUTS~ INPUTS 4241992 17:16
m’s, m, U, N
4,08 . .
Ordinate Range End Weight
L : 010 m V : 4.0V 50 gr
L : +0.2 m/s
T : 0~20 N
2.oe
'/,/*/'4 A A e A e A AR A A A YL A AR A AD A A A AVA,
" L~0.072 m/s
I“J,‘ /
o
|
v..={1. O-exp(0.014t) V for t<10
-0.15 V for t= 10 L
2.00L\ —
- 3 -
: \ T, ~3.8 N R
BT Ny um»ym\wu M"v&\..-v\w\-'\/" A e A A e A
_—-"’/—
Vi=-3.0 V 1 T, ~0.85 N
-4.00 - ,a-q,’f;.:\.-—vm—t—\ «v—xtv-.vwsvv«v-—‘\\—'\r\>.-> ---jm,,mw»z.v—_.tw—.,-—,u-_\p.—_
.09 19.06 20,80 20,00 40,80 50.00
TIME seC

Fig. 16  Stable Reel-Out with V_ Input in 50 gr End Weight
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although the pulley of drop tower is a new-
made one for reel system test as mentioned
previously. Another cause may come from the
tether stiffness besides this explanation.

Then the smaller V, input (equivalent to

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY TR-1176T

lower length rate)

"]

has been introduced. It has reduced to the rather

1.0 — exp (0.0095t) for0<t< 10
-0.10 fort 2 10

(3)

TETHER REEL MECHANISM  CLOSED-LOOP EXPERIMENT No. 129
DUTPUTS~ INPUTS A A .
s, e UN 4-25-1992 17:30
4.00 r .
Ordinate Range End Weight
L :0~10m V: 4.0V 20 gr
L : + 0.2 m/s
) a@ T : 0~20 N
//MM A LRt S A I A A A B AT A A o A A st
H.r"' L~0.048 m/s
. B0
Ve={1.0-exp(0.0085¢t) Vv t<10
{—0. 10 V t= 10 //’L/
2,00} -
< Tl ~3.6 N __,--'/ =
\M.M'gt'lws\aw .hww‘w~r--"~:w’:z Ty At A A et e A AANAAARM AR A A A n n3
Vy==3.0 V__ " T, ~0.64 N
~4. 00 v ——y s M
L@ 0.0 49,90 6. 08 $0.00 100.00
TIME sec
Fig. 17 Reel-Out by Smaller V_ Input with V_ Input in 20 gr End Weight
TETHER REEL MECHANISM  CLOSED-LOOP EXPERIMENT No. 1
OUTPUTS~ INPUTS 4,257 ]998 113 1562
mss, m, U, N ’
4,00 v Y
Ordinate Range Vg=0.15 sin(0.4x t) V
{4 :  0™~10 m V : 4.0V VT= 0.0 v for vngo
L : +£0.2 m/s {»3.0 v for V., <0
2 00 T : 0™~20 N 1
End Weight
/’\ 100 gr /‘
Ve \ N nj
. @G .. ——1x — JL\—
| \ i
- . I
-2.00 A , . [
A WP ) J\\{&N. o= <
(A W\ \'T, \/J\ — kf/ﬁ
— e e A R RAne AninAEEE e
4,081 T
.09 5.00 1@. 09 15.0@ 20.80 25,00
TIME sec
Fig. 18 Reel-Out/Reel-In with 0.2 Hz V| and V_ =0 in 100 gr End Weight
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An Experimental Study of Tether Reel System

stable reel-out operation as shown in Fig. 17.
But the reel-out operation has not been steadily
stable, although it is not observed clearly in the
Figure.

Therefore, this probably shows a limit on the
lightest end weight (20 gr) in the test setup
configuration shown in Fig. 10.

On the other hand, reel-in operations have
been steadily stable, even in the case of 20 gr
end weight.

5.3 Stable Reel-Out/Reel-In by High
Frequency Sinusoidal V, with V_

The stable operation of reel-out/reel-in has
been checked with sinusoidal V. input up to
1.0 Hz for the cases of 200, 100, and 50 gr end
weight. In each case the sinusoidal V, input has
been added after the tether being stably reeled
out to the appropriate length according to Egs.
(1) and (2). The results have shown that the
repeating reel-out/reel-in could be executed
stably by sinusoidal V input up to 1.0 Hz.

Fig. 18 shows the result in the case of
0.2Hz V_ input with 100 gr end weight and

15

Fig. 19 shows the result in the case of 1.0 Hz
V, input with 50 gr end weight. Fig. 19 shows
that T, is negative (slack) for about 0.5 sec at
the initial phase. But this slack for very short
period does not cause unstable operation and
stable reel-out/reel-in continues thereafter.

6. Concluding Remarks

A laboratory prototype model of the tether
reel system has been made as the first step of
the in-house hardware study of the tether
system. The model is consisted of two parts;
reel drum driving unit and power supply/signal
processing unit.

Following the preliminary functional test,
the computer-controlled functional test has been
carried out using a 32-bit personal computer as
a control processor. The tests have verified the
stable reel-out and reel-in operation by in-
troduction of the tension control both in the
case of a small tension (light end weight) and in
the case at rather high frequency input to reel
drum driving motor.

TETHER REEL MECHANISM  CLOSED-LOOP EXPERINME No. 125
QUTPUTS/INPUTS i 7 LOOP R 515E119g§ 11(5'53
mss, m, Us N ; |
4.00 . '
Ordinate Range Ve=0.15 sin(2x t) V
L : 0~10m V: £4.0V V:={0.0 V for V=0
L : +£0.2 m/s {—3.0 vV for Vy<O0
o.00 T : 0~20 N
) ' End weight
f/“\\ LM\ f”\\ f“ 50 gr
V. p SN
9 - / o et | .l-—-———q:_f \_,_,__.\L e A
o " [ FL " ? [~ \ I
/ / \‘.} / |"'\ ’ ‘ /
/ L ‘\ /j l \ (RN —
2.0 l |
v ™\ AN AT L
vl_ﬁx;_—f\\\vi::ffi TA L~ i L= =
~4. 00— — " ‘
s 1.00 2. 3,00 4,08 5.00
THME sec

Fig. 19 Reel-Out/Reel-In with 1.0 Hz V| and V.

0 in 50 gr End Weight
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Through the tests some points to be
reformed such as the measuring device of the
tether length rate in low length rate have
become clear. More study will be carried out
including the reformation of the model.
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