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- Background and purpose N Prototype N o Accommodation ~
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Microgravity is known to cause loss of bone and muscle The T2 SLS prototype is currently mounted in a simple test 'he proposed concept fits the allocated volume within the
mass. Current evidences indicate that impact loading, rack (Fig. 2) that allows the SLS to be driven with 2 ISPR rack as shown in figure below.

bone stress and muscular work, as implied by exercises approximately sine wave displacements ranging In S| cable

such as treadmill running, are important countermeasures amplitude from 5.0 cm to £12.5 cm in 2.5 cm increments. EXit By N
for maintaining bone and muscular mass. In microgravity, The ‘step frequency’ can be varied from 0.1 Hz to 3 Hz. \%
such an exercise requires a Subject Loading System (SLS) The pull-down force can be varied continuously between 0
In space, /.e. a means to hold the subject down onto the and more than 500 N.
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- Functional requirements ~ o] control
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Established by the ISS International Partners (CSA, ESA, o o -
: igh pressure tan ompressor
JAXA, NASA and RSA): Low pressure tank .

» Subject size: 5th % Japanese @ — 95th % American G.
» Static load range: 178 — 979 N.
* Load adjusted in 22.3 N steps.
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» Static load accuracy: £5 %

* Dynamic load accuracy: £15 %

 Total dynamic load accuracy 20 % (left plus right).

 Load rate: 89.2 — 133.5 N/s (initialization).

* Load rate: 22.3 — 44.5 N/s (stage transition/session end).

 Vertical displacement: £10.2 cm.

 Pull-down cords origin: < 55 cm apart, within £2.5 cm of
the fore-aft centerline of the tread surface, within £5.1 cm
of the running surface plane.

» Subject displacements: over the entire tread surface.

 Attach/detach: < 2 minutes.

* Emergency egress: < 30 s.

» Tension measured at 2250 Hz and stored periodically.

* Engineering data measured every 10 s and stored > 2
weeks.

» Operating lifetime of 10 years.

» Maintenance/repair specifications based upon 4 subjects
running 1 h/day and 4 days/week.

* Annual on-orbit maintenance: < 12 h for a 3-person crew.

QTZ system noise < 65 dBA at a distance of 60 cm. y

- Design ~
\_ /
Studied concepts: Over 15 candidate concepts, including

different actuators (EMA'’s, springs, pistons, bellows) and
transmission systems (cams, gear-boxes, fusees).
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Figure 2. The SL
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Motor speed (HE) | § 3

Farce-1 factor (NA) | § 69,9513

Farce-2 factor (N/Y) | 3 63,7645

Posttion factor (mmay) | 5 17,91

Motor stopped

Figure 3. Plots of the pull-
down force, low pressure and
piston position versus time.

Functional performance tested in 120 conditions covering the
range of functional requirements (Fig. 5)
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Sampling freq (Hz) | 3

Force-1 factar (NAV) | 3 63,3513

Force-2 factar (NIV) | 3 63.7845

Motor factor (Hzfv) | 5 0,297

PLOW factar (barav) | 3 104258
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Figure 4. Plot of the pull-
down force as a function of
the piston position.
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The E-box contains a
UEIPAC handling all
physiological and
engineering data of the
SLS and controlling all
SLS processes.
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To high pressure reserve tank

Operations determined with a 4 | buffer for each side and
with a 9 | high pressure buffer shared between both side:

* Changing pull-down force from 89N to 489N per side
Compressor activity required only to refill high pressure
reserve and time required is only limited by maximum
loading rate.

* Changing pull-down force from ON to 489N per side
Available time ranges from 7 to 11 s and required
pumping time ranges from O to 10 s.

 Refilling high pressure reserve tank to 6.85 bar requires

_ pumping time of 3min 52s. 5
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- Reliability and lifetime test ~
\ /
Lifetime operation of the SLS takes into account 4
subjects using the SLS 1 h/day for 4 days/week and 52
weeks/year during 10 years, including 10 min ‘warm up’
and 4 load/unload cycles per session.

» Sensors: 3 pressures, 2 pull-down forces, 2 positions.

To subject

Force transducer

Drive pulley

Pressurized cylinder
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Concepts rating: against 15 trade-off criteria such as| |z : 2] - _ _
expected performance and accuracy, proof of concept,| |:: I : % % 1 el Lifetime | Rated life ::T%% ) Margin of safety
) ) ) ) § 1‘2 _— 1(5) 12 J 1:5: e e
enl_glgﬁ_?rlng llautdgetlsa_l(_;nass, power, dimensions), safety, <t bk S Bearings [8,320 h >180,000h [1.259 [>17.2
reliability, maintainability. s= 0 — & ] x| a i
cliabliity, maintainabliity ik S 2 \ \ 5 \ \ o Piston 18,000 km | 3,000- 1.259 [0.13-10.22,
B ey S v D sepmeauencyin Stop requency () seal 5,000km i.e. annual replacement.
Retained concept. pneumatic pressure system (Fig.1 . . i
. Cable oullin th%sﬁb'ect dowrllgfrom eacf): side (Fig.1) Figure 5. Dynamic load accuracy of the T2 SLS prototype when \?:llve;s?ld Yt Geles | = UD I GEED 1298 | Sl
P 9 J _ T tested over 3 steps (cycles) at an average static load of 90 to 490 N
* Low pressure, buffered, cylinder pre-tensioning cable. (in 5 increments) and over a subject's vertical displacement of +50 Technora | No lifetime rating available. |
* High pressure buffer refilling both low pressure buffers. mm to +125 (in 4 increments) mm as a function of step frequency. cable StpeCIatlrlly ?%S;Q;Eﬂ to rtén_taﬂ?”ugd pull(ejysltahnd Iha:?j a btreaklngd_
. 1" . strengin o . , dnNa It Wi € used WIln a 10ad not exceedaing
Compressor refilling the .hlgh pressure bgffer. 5 Pull-down of 190N+ m Pull-down of 90N 00 N (B, e ) ity TetreT O of. st 78)
* Total of 5 valves controlling the flow of air. 2 Table 1. Reliability of all wearing parts of the T2 SLS.
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Total number of cycles were fitted to a normal distribution
of loads over the range of subject’'s sizes, allowing one
year of operation to be simulated in 35 days.

A (UL SLS Lifetime Test Plan Summary
[ 4 T * Subject weight (kg @ 19): 40.8 to 100
2 T | * 1g pull-down force/2 (N): 200 to 490
Filles G_‘_C Low pressure reserve P1 : 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 ° Subject step frequency (HZ): 2103
| | | | Maximum peak dynamic force deviatio.n (% average Ioad). | o SLS Stroke Iength (Cm) :|:5, :|:75, Z|Z1O
Figure 6. Distribution of the peak dynamic load deviation from the . M oaded g N): 89
CompreSSOFD—‘—< High pressure reserve P2 average pull-down force across the 120 conditions tested. Overall, in (unloaded) pull-down (N):
the dynamic load remains within £15 % of the average load for * ‘Running’ tests (cycles): 10.68M
_ Figure 1. Conceptual design of the T2 SLS (one side only). k95% of the realistic conditions. ) | » ‘Loading’ tests (cycles): 9,115 P
- p - N
- Functional analysis N Conclusions \
\ _ Y Simulated improvements \. J
A functional analysis showed that:  Reduced friction and inertia, » The “pressurized piston” is the highest rated concept and
* The theory fits with the measured performance » Low pressure buffer volume reduced from 16 to 4 liters, can easily be accommodated inside the T2 ISPR rack.

* Minimal improvements can increase performance (Fig. 7) . he current prototype already meets or exceeds all
Nominal Losses performance requirements with minor exceptions than

35 can easily be resolved.

Cylinder integrated in buffer to eliminate viscous losses. :

Nominal Losses

35|

Figure 7. Nominal losses 25 5 : 1 25 e » The test rack can simulate one year of operation in 35
due to various "IN /N /NN /1 "N\ /A /AN [ —Grinder er days (accelerated lifetime test).

Cg?]r(;ﬁgg::nts' : Z ’_"\u_ PSSt -'._ = : : ‘—*:j’%:?"—*:t e Currently, no critical tephnical issues are iden.tified which

. stroke = 75mm: 45 | L__' __l - 15 . Corss Toal could prevent thg a-c:-hlev.ement of a future flight mod_el.

+ preload = 290N: 25 25 Safety and reliability issues will however require

B frequency = 3Hz. 98 Samore '35 A I continuous focus during all future project phases. )
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