UNDERSTANDING A FORCE-METER

The force-meter indicates tha forca sxertad on a rider in the direction in which the device iz pointing as
multiple of tha rider's own weight. This numbar can ba callad a force-factor. if the meter when painting
farward pn a ride megisters 1.5, B force 1.5 times a3 large as the nomal gravitational fores an the mass
is baing usad to make the mass scealerate. In this shuatlon, a forca 1.5 timas the ridar’'s normat weights
is pushing on his or her back. A 200 pound rider would experience 8 force of 300 paunds,

When the meter ie held wartically {parallal 1o the beckbone} on roller coasters, it can be uzed to find tha
force that seat axarts on the rider. When the meter mads 1, the Hdar fasls a seat forea aqual to his or
her normai weights. At thia peirt, the seatls pushing up with a force equel to the rider’s normal weight
batancing tha force of gravity.

A mater reading of 2 maans that mass neads twice its normal weights to keep it moving with the spring.
Tha rider is then feeling an upwarde force from tha saat aqual to twice normal welghts., A 200 pound
rider would fesl an upwards push of 400 pounds and 2 160 pound rider a forge of 300 pounds. Tha
riders ara axpariencing a force-factor of 2. Becauge we interprat the upward farea of & seat as Indicating
the downward pull of gravity, riders faal ax if thay ars heavier, as if, somahow, gravity has gotten bigger.

When the meter, held vertically. reads G, the saat is sxarting no force at all. The only tima this happena
ie whan tha zaat and vider ars in soma form of free fall. This can be when they are coming over tha top
of B coaster hill or actuelly fallng. Tha mater actually doas raad O on-fres fall rides and &t cartein points
of rollar coAstars,

Anothar intaresting casa s when tha rider is upside down. If the ride goes through the inverted part of
8 loop fast encugh, the meter will raad anywhera from .2 to 1.5, Thea ridar Iz baing forced Into a curved
motich smatlar than the curve A belt thrown into the gir would follow. The rider may fell lighted than
uvsusl but does not feel upside down. This & particularly avidant whees tha rapatitive motion gives riders
a chance 1 get used to tha motion and start to notice sensations.

Upeida down, on ridas that go slowly anough, riders can pull “negative” force-factors. This means that
without some sort of harness comtraption riderm would fall ot of the ride. Thay fasl decidedly upsids
down as thay feal tha hamassas holding them in. Power Dive™ actually stops upside down and riders
hang from their harness. On most ddes, howeavar, riders pass thraugh tha nvertad laops with larga
ericngh force-fagtars to convinea tham that thay are =til right sida up.




MAKING A FORCE METER

" PURPOSE: To craate n meter for measuring forces at tha amusamant park.
CEJECTIVES: To bulld a meter and undergtand how to uze it.

GENERAL STATEMENT: A mass on a spring or rubber band can be usad as a metar to measure the
forces experienced an rides In terms of tha force gravity normally exerts on
a parsan or ohlect. When the force-factior is defined a4 far¢e axpariancad
divided by normal weight, it turns out that on 2 give ride all objects,
regardiase of mass, axperience the same multiple of namnal walkght.

MATERIALS:

Claar tannls ball container or 1 foot sactian of plastle tubing used to cover fluorescent lights
and a pair of end caps, [Tubas sre available at commereial lighting supply cantsars and home
improvament stores), #1 paper clips, thres 2 oz, fishing sinkers, several #18 rubber bands,
indelible pen.

Part 1. Make s thick lina acrass the widest part of one sinker. Push a rubber band throogh
the aya of one sinker. Loop one end of the rubber band through the other and pull tight.

Part 2. Unbsnd paper clip 1o create a "LU". Lay tha fras and of the rubbar band across tha U
near one eide. Slida tha sinkar through the rubber band loop and pull it tight.

Pert 3. Poke the ands of tha U up through the top of the cover an that the walght will hang
cloza to cna side of the can. Pushk papar ellp up against the top, bend the ends back across
the top and tapa down. Slide the string through the hole of the sinkar and tia the ends
togather. Connect the smell paper clip to the sting loeop. For the tennis can, the logp nead
not be very lang, For tha plastic tubing, meke the string loap kang endugh 5o that the masses
cah be threadad through the tube and hang aut tha battom.

Part 4. TO MARK FORCE-FACTQOR CALIRRATIONS

Heng two additional sinkar on tha small clip. Hold the top against the edge of the can. Placs
a strip of tape on the can level with the ling an tha parmanant sinkar, and iabel it force-
factor=234.

Ramowve one extra sinkar and placa a strip of tape on the can level with the line on tha
permanant sinkar, and label it force-factorm 2,

Remowva avarything but the permenant sinkar. Inzst the sinker Into the can and tape the top
on securely. Mark midline of sinker as force-factor=1.

* If you use a spring. the marks should be evenly spaced. Twice the force give twice the stratch.

' If you use a rubber hand, the marks are not eventy spacad bacause rubbar bands are not linsar.
Douhla the force does not daubla tha stretch.

Part 5. Estimate tha "0" of "weightless" poaition. Tum the can an its gide, jiggls to the
unextendad pogition for the rubbar band, snd mark with a strip of tape for force-factor=0,

* Tape a rubber band chain onta the meter ag v wrist strap. It will hold onta the meter on an exciting
ride but will braak If nacesaary.




SPEED

In linear motion, the average spaed of an objest is given by:
ad

‘ave = —
&1

In circular motdon, where tangential speed is congstant:

At 2nr
ave = __ = __
at at

If you want 1o determing the spaad at a particular paint on tha track, maasure the time that
it takes for tha langth of tha train to pass that particular point. The traing spesd than is given
by:

ad  length of train
Yave = =

at tme to pass point

In B situatior: where it can be assumed that total mechanical snargy is canservad, the spasd
of an object can be calculated using energy considarations. Supposs tha spesd at point C
iz to ba datermined {see figure d}. From the principle of consarvation of totyd mechanical
enargy it follows that;

PE, + KE, = PE; + KE_

mgh, + 1/2Zmv,? = mgh; + 1/2mv_?

Since mass is conatant, soiving for v,

- Tyt

v. = V2gih, - h} + Vv
A fgured

Thus by measuring the speed of the train at point A, and the haights h, and h,., ths spead
of the train at point © can be calculated.




ACCELERATION

Accalarometers are dagigned to record the "g forces" falt by a passenger. Accelaromaters
are usually arianted to provide force data perpendicular to tha track, longitudinally along the
track, or laterally to tha right or ieft of the track {saee figure e).

figwee
Accelerometera are calibratad in g's. A reading of 1 g equals an accelsration of 9.8 m/s2.
As you live on garth, you normally experience the sensation of 1 g of acceleration vartically
ina g's faterally or langitudinally). Listed below are the sensationz of various g forces.
These ara rough estimates, but may be helpful in sstimating acceleratlons on tha various
ridas.

I Accelerometar Reading Sansation

dg 3 timas haavier than normal [maximum g's putlad
by space shuttla aztronauts)

2q twica npormal weight
19g normal weight
I 0.5¢g half-normal weight
g waightlessness [no force batween rider and
coastar)
-D5g half-normal waight - but dire¢tad upward sway

from cosster seat (weight measured on hathroom
scala mountad at rider’'s headl}

_=—_::=:=_




LATERAL ACCELERATION

A, SEXTANT-The saxtant discussad eariier as a triangulaticn instrument may al%o be used
ta maasura lateral aceelarations. The davice is held with slghting tube harlzontal, and
weight swings to one side as you round & curve. By maasuring the angla, acceleration
can ba detarmined. Ses drawing balow:

Tedd - mg
Tl B a2 my
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and the sentripat¥ accalarton is given by: ac = 8, = _ = -
r 1
whara r iz the radlus of tha circla and t is the period of rotaton.
Thus centripetal acceloration can be medsured on a ride,

B. MULTIDIREGCTIONAL ACCELEROMETER-Whan using the Multidirectional
Accalaromater described later, the folowing discussion applies:
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Assuming that the twa springs obay Heoke's Law - than:
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VERTICAL ACCELERATION

When using efthar accelarometer In a vartical mode, the device wili read 1g when the
accelaration is zero bacause of the earth’s gravitational pull. Therefore, in order to
determina tha actual acceioration vertically. you must subtract 1g from the scele reading.

m
LONGITUDINAL ACCELERATION

Accaleretion of a parson on a tlda ¢an alzc be determined by diract calculation. Down an
incline, the averaga acceleration of an object is definad as:

av ¥y - Wy change in spead
a = = =

a1 1 - 1, change in time

Using mathods previously discussed it Is possible to estimate spaads ar both the top and
bottom of the hill and the tma it takes for the coastar io make the wlp. Thus avarage
accaleration can be found during that pertion af tha ride.

The multidirectional accelarometar can also be uged to dstarmine longitudinal accalaration
by halding it parallel te tha diraction of accalaration.




