Elementary Ergonomics

Richard Goossens
EE, 25 Nov 2013
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Biomechanics
Forces in and on body

] Question 1: What forces act on us?

] Question 2: How to design for it?
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Forces

1 Atmosphere
10 N/cm2

- Gravity
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Zero gravity
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Problems

EYES BECOME MAIN
WAY TO SENSE MOTION OTOLITHS IN INNER EAR
RESPOND DIFFERENTLY
FLUID REDISTRIBUTION TOMOTION
CAUSES HEAD CONGESTION CHANGED SENSORY

AND PUFFY FACE INPUT CONFUSES BRAIN,
CAUSING occasional

DISORIENTATION

HIGHER RADIATION
DOSES MAY INCREASE
LOSS OF BLOOD PLASMA CANCER RISK
CREATES TEMPORARY ANEMIA
ON RETURN TO EARTH

WEIGHT-BEARING BONES
AND MUSCLES DETERIORATE KIDNEY FILTRATION RATE
F INCREASES; BONE LOSS MAY

/E : CAUSE KIDNEY STONES

FLUID REDISTRIBUTION
SHRINKS LEGS

TOUCH AND PRESSURE
SENSORS REGISTER
NO DOWNWARD FORCE
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Free body diagram

) Cut loose
J F M
1 Equilibrium?
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Pressure

1 Gravity on surface

1 Stand up
Body 75 kg, feet 150 cm2 = 2.5 N/cm?2

1 Sit down
60% body, seat surface 1000 cm2 = 0.5 N/cm?2
Not uniformly distributed: 1- 2 N/cm2
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Aspects of comfort
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What is maximum allowable
pressure on skin?

Pressure
2000
1500
P
£ 1000
E
500
D J
Landis Under water
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Time?

J. B. RESWICK and |. E. ROGERS
700

Maximum suggested pressure/time

600 application over bony prominences
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Shear

Serre—™
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Deformation
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Human Pressure and Shear

Epidermis i
Dermis
Subcutis = -
Pacinian-RA2
| Vibrations
2
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Veiligheidsponcho voor rOTSTOETET KUTTTUT oo STTITT
hebruik in rolstoelen Het juiste stand in de rolstoe!
kysteem behoedt de rolstoeler zit. Een en ander in

voor voorover vallen of uit tegenstelling met de

de rolstoel glijden. ~ systemen op basis van

De goede fixatie met dit veiligheidsgordels, waarbi
systeem, bij borst, schoot de rolstoelers min of meer
en kruis, zorgt ervoor dat de in de ‘gordels hangen '
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Rule of thumb
angles/forces/pressure

1 Comfort about 30% max
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Backrest needed?
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Muscle-length

kracht (F)

4

=mes. Maximale statische spiar-
arbeid bij gegeven lengte

; rmgelllke R = ,
comblnaties : ——=passieve rekkracht (reactie-
7 //// \ kracht bij gegeven lengte
lengte (L)

%
TU Delft Elementary Ergonomics 47 / 54




N 1
350 L
250 :
150 ::

s0 ]

|

rO &) @) 0 O O
30 45 60 75 90 105
ellebooghoek a

<]
TU Delft Elementary Ergonomics 48 / 54




100%| .

© .
(4]
o
@)
g ,
L1500 N
% Sta\tlc
BJ
0
20% | 5| N
10% | B continu
4 sec. 8 min. volhoudtijd
% _
TU Delft Elementary Ergonomics 49 / 54




o 100%, ..
©
5
(7))
Ne))
£
@© Dynamic
30%
- 15% :
continu
4 min. 8uur volhoudtiid
2
TU Delft Elementary Ergonomics 50 / 54




Force

1 Stay below 15% max

1 10% max (static)

) How to determine max?

2
TU Delft Elementary Ergonomics 51 / 54
T




Max?

1 Use existing data and rules of thumb

J Woman = 30% less force than man

1 Elderly and child: 30% van 20-40 man/woman

1 P5 about 30% P50
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Exercise

) Free body diagram

] Estimate weight that can be hold all day

2
TU Delft Elementary Ergonomics 53 / 54
T




End of this presentation

Thank you for your attention
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