KIN 412/512 Biomechanics of the Skeletal System

Introduction
QUANTITIES EXPRESSED | DERIVED UNITS
iN TERMS OF UNITS FROM [ WITH SPECIAL NAMES
WHICH THEY WERE DERIVED :
MOMENT ; FOF“tCE
newton
OF FORCE 3 kg m/s? PRESSURE & STRESS
1 pascgl
ACGCELERATION Nm) N N/m
mis? *
SPEED : Pa ENERGY & WORK
mis i joule
i J - Nm
H
DENSITY kg/m? ; ‘ POWER
| w watt
Jis
VOLUME m3 DERIVED
S UNITS TEMPERATURE
AREA m G degree Celsius
< K273.15
radian {rad)
PLANE ANGLE
SUPPLEMENTARY UNIT
meter {m) kilogram (kg) second (s) kelvin (K)
LENGTH MASS TIME TEMPERATURE

BASE UNITS

The International System of Units.

from Nordin & Frankel (2001).
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 BOX APP-1

Conversion of Units

Length
1 centimeter {cm) = 0.01 meter (m)
1 inch (in) = 0.0254 m
1 foot (ft) = 0.3048 m
1 yard (yd) = 09144 m
1 mile = 1609 m
1 angstrom (&) = 10 m
Time
1 minute (min) = 60 second (s)
1 hour (h) = 3600 s
1 day (d) = 86400 s
Mass
1 pound mass (1bm) = 0.4536 kilogram (kg)
1 slug = 14.59 kg
Force
1 kifogram force (kgf) = 9.807 newton (N)
1 pound force (Ibf) = 4.448 N
1 dyne (dyn) = 10° N
Pressure and Stress
1 kg/ m-s2 = 1 N/m? = 1 Pascal (Pa)
1 1bf / in? (psi) = 6896 Pa
1 Iof / ft2 (psf) = 92966 Pa
T dyn/cm? = 0.1 Pa

Moment (Torque)
1 dyn-cm = 107 N-m
1 Ibf-ft = 1.356 N-m
Work and Energy
1 kg-m?2/s>=1N-m =1 Joule (J)
1 dyn-cm = 1erg=107)
1 Ibf-ft = 1.356 )
Power
1kg-m?/s®=1J/is=1Watt (W)
1 horsepower (hp) = 550 Ibf-ft/s = 746 W
Plane Angle
1 degree (°) = =/ 180 radian (rad)
1 revolution (rev) = 360°
1 rev = 2nrad = 6.283 rad
Temperature
°C =°K-2732
°C=5(F-32)/9

Reprinted with permission from Ozkaya, N., & Nordin, M. (1999). Fundamentals of Biomechanics: Equilib-
rium, Motion, and Deformation (2nd ed.) New York: Springer-Verlag, p. 11.
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Metric mix-up doomed
Mars Climate Orbiter

Failure to convert led
to navigation error

BY MATTHEW FORDAHL
THE ASSOCIATED PRESS

LOS ANGELES — The
$125 million spacecraft that was
destroyed on a mission to Mars
was probably doomed by the
embarrassing failure to convert
English units of measurement to
metric ones, NASA said
Thursday.

MIX-UP:
Orbiter

doomed
by mistake

From Page Al

just as it was about to go into
orbit around the Red Planet.

Agency officials said the mis-
take somehow escaped what is
supposed to be a rigorous error-
checking process. A report is
expected in mid-November,
which would be soon enough to
fix any possible similar problems
with a spacecraft already en route
to Mars.

“It does not make us feel good
that this happened,” said Tom
Gavin of NASA’s Jet Propulsion
Laboratory. “This mixup has
caused us to look at our entire
end-to-end process. We will get to
the bottom of this.” '

The Mars Climate Orbiter flew
too close to Mars and is believed
to have broken apart or burned
up in the atmosphere. :

NASA said the English-vs.-
metric mix-up apparently caused
the navigation error. The com-
pany . that built the spacecraft
acknowledged it made the error.

The mistake was particularly
embarrassing because the space-
craft had successfully flown
416 million miles over 9% months
before its disappearance Sept. 23

Please see MIX-UP, Page A4

“This is going to be the cau-
tionary tale that is going to be
embedded into introductions to
the metric system in elementary
school and high school and ‘col-

lege physics till the end of time,” |

said John Pike, director of space
policy at the Federation of Ameri-
can Scientists in Washington. .

Lockheed’s reaction was
equally blunt. o :

“The reaction is disbelief,” said
Noel Hinners, vice president for
flight systems at Lockheed Mar-
tin Astronautics in Denver. “It
can’t be something that simple
that could cause this to happen.”

~The laboratory said that its
preliminary findings showed that
Lockheed Martin Astronautics in
Colorado submitted acceleration
data in English units of pounds of
force instead of the metric unit
called newtons. At the laboratory,
the numbers were entered into a
computer that assumed metric
measurements.

“In our previous Mars mis-
sions, we have always used met-
ric,” Gavin said.

The numbers were used in fig-
uring the force of thruster firings
used by the spacecraft to adjust
its position. :

The bad numbers had been

used ever since the spacecraft’s
launch last December, but the
effect was so small that it went
unnoticed. The difference added
up over the months as the space-
craft journeyed toward Mars.
. Gavin said he does not expect
the error to affect NASA’s rela-
tionship with Lockheed Martin,
which has built several probes for
the space agency. :

Lockheed Martin acknowl-
edged the mistake. -

“We should have had them in .

‘metric units,” Hinners said.

The Mars Climate Orbiter was
on a mission to study the Red
Planet’s weather and look for
signs of water — information key
to understanding whether life
ever existed or can exist there. It
carried cameras along with equip-
ment for measuring temperature,
dust, water vapor and clouds.

The orbiter’s sibling space-
craft, Mars Polar Lander, is set to
arrive Dec. 3. Gavin said investi-
gators are frying to determine
whether NASA made the same

. mistake with that spacecraft. The

problem could be fixed if it did
occur. -

The Mars Polar Lander will
study Mars’ climate history and
weather with the goal of finding
what happened to water on the
planet. It is equipped with a
robotic arm that will collect sam-
ples for testing inside the
spacecraft.
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Static @%u‘l\i\oriuwx problems (examples)

- , E P Y
V. See-swn . \L , \L
tMy=0 @, ;?——EA———YN(.__RA__X ['—>><
N} !
E(en)- R(RA) =0
2F = = N
E(ed) = R(RA) =0 2F=0 =J-E-R=0
(“0 x forces T=€+R
here)
a Gwen R=100N RAs 60cm EA=T5 em
F‘(;/\CQ E QV\&. J.
b Liven E=120N cA= .l m RA=DEwm
l:lh& K andk J

. cien - 2501 R400lb EAZ TN

Fnd RA and. T

3; E 'Et\ R ¢
7 |nternal body lever:, I“W J{ T___)
' - jt/Af-e—) I > €
2M,=0 & £ Esin® Eg E0sSO
E, e —Rer =0 T -T=nd JT.° T cosP

SR =0 = T,-E, =0 = T.° &

ZF,=0 => -T,+E,~-R=0 = T.£-R
s 0w R)
Je
o Gien R=50lk, r=20in, e=2in, O: 20°
Fn/\dt E J J / d) (Nf,}e:}éa\/@ vnts as 1b and f'r))
b_ G:\/&V\ 'E: QBOOM/ & = 10 cm , @:]50 =19 em
FH\& [{} T d) ’
c. Given R=130N EA= e sin8=45cm, 9=25’°) r=50¢em
FH‘I& E.) I)q)
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SOIU‘/’/.OV‘ 1o .&%&V’CF’(& MUSH&%J‘OL’VH‘ Loree.
oroblem, |

F2

Find Fi’:/ F:‘l'/qb

Step | 1 sum the wmowments about axis A
ond set them egual o zero (esuil /Iamum}
This Wi\l <olve for muscle Lorce Fy .

@ 2My=0 = Fesind—Fa—Rb=0
F = (Fa+fb) /(csing)
= (3.8 +25:16) / (25n75") =
= 424/ 19318577 = =::j‘b

Step 2% Sum +he forces and. set thewm _eﬁqa( |
10 #ero (-& thbh\)ﬂﬂ) for x m@ﬂy LOMPONENTS
separdely " This will solve for the (ot
Contact Horce components Feos and Fsind,
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—9‘4-. ZF O '=; COS?)-FCOSG =0
Fcosp = F, cos® = 219.478 55 tos 75 = b
(NO+8 s s the x component of’ )

N |
T ZR=0 = -FRand +F{sue -F-F =0
Fren® = GsinB~F-F
= 219.47955 gn76 — 3 —25 = b

——

(Note: s is the y compatent of F, )
Step B! Use the py+hagorean +heorem and

mv&v’sa tongent 4o solve for jomt condact
force magmwie [FA and a&r@d'lom (@)

F ‘F S

L= (F+c05<25> (Frsmn®)” %N

F4_'= (F;cosqﬁ) +(r—‘4_gin¢)1‘ .}} @::;92,
=y 58052292 + (g4~ freos

= -_—' lb)
tanp = %&5‘ = = zzzn‘(fﬁ%

pe - [

nceﬁ Because. thée- muscle. has co moch smaller
moment m*m csing) than that of +he ex:‘erm/ wel 441«%—
bemg Ited (b),+he muscle force has do
larqer Hnon tne Wﬁgh‘f‘( 3 x9F h&ra). Tha /a,rjc
muscle 1£t9r“C6 a/so Fends %oaonqpr&;s +he bones of
"”&d""é‘ . F&{:’L: her, creating o lorgl jout contact foree as well
Fe = 2. EreE.),
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