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Identify all parts of your instrument so that you may become Famill-

BASIC ACCELEROMETRY

lar with their names hefore mmmuﬁﬁm this technical report.
seribe welght- circular metal disk with three triangular geribes
spring- do not streteh!

meter tube- 2 3/4" body tube

H.
m.
w.
#.mwmnm&:omwmuomﬂanﬁwunam&
5. indlcator paper- red and white wax paper

6. nose cone . .

7. shoulder- 1/2" long hardwood dowel

Glue the shoulder to one end of the tube by gpreading glue on the
inslde of tubke and 1nserting the shoulder gso that about 3/8" protrudes
from the tube. This protruding sectlon will Fit any AMROCS tube and is
used as the adapter between the meter and its moomnmﬁ. .

Your AMROC3 acceleromeier has been designed around & spring chosen

for 1ts acguracy and reproducibility; that 18, the ability to glve the
aame readings time after time when subjected to the azme conditians,
Best results may be obtained when friectlon between the seribe and indi-
cator paper is reduced to a minimum; that may be done by adjusting the
scribes (through sharpening or Filing them down Just 8lightly) or by
reducing the inslde dizameter of the meter. Normally, placement. of w:m..
indicator paper is accomplished by cutting off a plece 2 3/8" long,
wrapping it avound the inecluded spacger, taping i1t along the seam and .
8lipping it into the tube. It'S easiest to sllp the paper 1nto the tube
while it 1586111 wrapped around the spacer; after you've slipped it .in,
e8imply slide.out the spacer while hoiding the ﬁmvmu in the tube, The
inside diameter may be reduced by wrapping the indiecafor paper ancund
the spacer 2 or 3 time instead of once. This would require a plece aof
paper 4 3/4" or 7 1/8" long. The adjusting is :mnmmmmwﬁ since the body
tubes 2re not of exactly the same inside dlameter, If you should acclden-
tly file down the scribe weilght to a polnt where 1t's useless, don't
Worry; you can obtain a replacement welght from AMROGS, If you should
run out of indicator paper, you can get more from AMROCS in 24" polls.
It's always best to have plenty on hand if you get curious and want to
run a Lest immediately.

Before wrapping ihe paper around the spacer, 1t is best to check

for any stray marks that could be confused with the markings made wa,wUm .

seribe smumsn.

. MWJ, | - z

We suggest the following procedure for loading your meter:

1. wiap, cut and tape your paper zround the spacer

2. alip 1% into the tube and remove the spacer

3. mHHﬁ the spring intc place

4. pull the rolled paper about-1/4" outalde the tube and place the
serlbe smHm:ﬂ,HsmHnm,d:m rolled paper )

5. alip.the rolled paper baci into the tube until it touches "pottom",
w;mw.umu the wooden shoulder which should be glued intoc place,

AR turn the seribe welght 50 that it makes a horizontal scratch on

the paper at the level at which 1t is at umwdh this seratch is a czuse
for error and must be done with eare sinee it Wm n:m.ym<mw at whieh all
measurements are taken from the meten.
T: make a mark ASmhum & sharpened ﬁmﬂoMHv at each of the 3 scribes
‘50 that the thin scratches wmay be easlly found after the test
8. s8llp the proper nose cone on and be gurs it is on tight; 4if nok,
%nﬁ‘Emﬁ‘Homw most of your meter when the wmocket mwmuﬁm its return fall
9. after recoverlng your meter, immediately remove the paper while
being nmﬂm&tw to make ne further marks on. the paper as you remove 1t
10, replace the scribe weight mun spring so you will not lose ‘them
Nover accept one reading as the correct answer. Welve tried to
make the meter as accurate as possible but %o ireep the cost nmin. we've
had to compromise on aceuracy, Thus We must HEWHmmm upon you that you
ahould take an average of at least 6 readings before comlng up swwu.wn%
answers, ewum.pm standard scientific procedure and would be necessary
ncml AFf our meters were twlece as accurate,
. . THEORY
It is neceasary to know the average aecceleration of your rocket

in order to caleculate sueh pertinent facts as huvnout velocity and

- maximum altitude. These facts can he caleulated accurately through the

use of the mass ratlo and batural logarithms, but since these methods
are out of the realm of the average rocketeer, we shall deal only with
muumuHam:ﬁwH date and approximate averages. The accelerometerts prime

funetion 1s determining the maximum acceleration but through the use of

, physics we may learn a great deal more. Below 18 a2 gqulek summation of

the eguations used in Finding drag free peak acceleration, velocity, and
altitude. v
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The common relation for finding the acceleration 1a

(1) ] 5 ¥ = thrust
) -1 W = weight
Gir e g = 32 fi/sec?

In cases where there 1s & small but noticeable (not more . than 10%) loss

of weight due to the burning of propellant a falrly accurate estimate

may be found by using

AMv »Pm.d. = ﬁ T ﬂu..m..hqm - va
Any = average acceleration T = thrust e . '
Wy = takeoff welght (average)
Wz = burnout welght
The peak (burnout) veloelty, Vg, is
(3) (Agy} (Ty) T, = Burning time
Maximum altitude is
() Hp = ¥,T
BT (1 4 Aay)

It should be clear that A, is a most Hawomwwzm faet. However, we have
8o fapr caleunlated only drag-free values; these values may be ag much as
90% too great Iin the case of high performance rockets using long ncumwﬁms
engines, In order to account for drag, we can follow glther of two .

mathematical courses;

1. we ean caleulate the drag knowing the drag coéfficlent from wind
tunnel tests using one of several formulae involving frontal area, velo-
cify and an experlmentally obtalned constant . .

2. we can also determine drag directly from wind tunnel tests at
varying veloeitles.

Unfortunately, such tests reguire exbtensive measuring mmzhmaman mjm a
wind tumnel with variable speeds, ,

In place of such apparatus, it 1s possible to use the AMROCS accel-
erameter and obtailn a close approximation, If the thrust time eurve of
the engine 1z available {as they are in most cases) then it 1s poaalible
to find the acceleration ww.mu@ time by noting the scale of the graph
on the vertical axis and setting the maximum thrust to be the maximum
acoceleration. To obtaln a move accurate graph, we must account for the
change 1in welght of the roecket due o the ejectlon of the ﬁaoﬁmwwmuw
durlng combustion. To make this account, we must lmow the mass flow
rate of the propellant; that is, the weilght of fuel used in a glven time,
This fact may be chtailned WHDH statie testa, but for ease of caleulation

and simplieity we shall asaume it to be constant. In order to marry the

—
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‘thrust time curve =Hﬁz the mass flow rate and eventually tranaform the
result Iinto an acceleration versus time graph we muet follow these basic
_mdmmm" |
" 1. obtain a bthruat-time curve where thrust varies w%@#nmppﬁ (obtainabl
from mamufacturer) .
2, draw welght-time graph where weight varies linearly (see mumuw.mw

3. divide the graphs into segments .l seconds apart (or shorter for

' accuragy)

HF. caleculate acceleratlon at each insbant using equation (1) and plot

the derived acceleratlons

o ’ m. adjust the pealk aceeleration to ecoinéide with that gilven by the

amwmﬂ.

) .“ Woﬁ mey. now make a veloelty <mHm¢w time graph showing the apeed
. au,%onw ﬂomed.mw any glven time by dolng the following:

H.,QH<Hnm your acceleration versus time graph into .l second intepvals

2. find the mumw in each segment below the ourve, adding each segment Tt

area to the sum of the areas of the previous segments

3, graph the area on a scale adjusted to the peak 40H0¢H¢% { burncut

veloglty Vy) foupd by using equation (3),
i Hm.uuoammm 1ss111 an approximation, becauee the drag 18 not at

all constant. The actual souree or error ig our assumption that the

drag Hm.mm a peak at the peak acceleration, »nwcmpyw. érag 18 highest

at the hlgheat veloclty and varies with the mncmﬁm of the <mpcouﬁ%h
maldng it diffieunlt to take into monoszm\. (An mxmavwm of the numm vary-
Hnm wlth the sguare of the velocity 1s as follows: 4P the velocity is

.doubled, then drag would hecome four times as great.)

&.frii\rithudﬁoawhﬂm gt a veloelty versus time wuwvﬁ for a short duration
= rll.hl‘l“ll“\ .

engine {such as a 34), it is epparent that this error due to ailr drag
18 not as great since wum vmm#.qmwoowww.um reached near the peak mmnmwl
.mﬁmﬂwos. Thus, greater error i1s incurred in the use of long duration
um:mH:mm and should he mHmmowmﬂ. In the case of larger, slower rockets
« however, the drag faetor does mot become as aeute and the peak veloeilty
. error 1s not as great. Thus, osw should look for the greatest error in
the system with the higheat veloclty.

A8 a rough approximation of total aHmnmﬁom travelled up to burnout

(NO? total altitude), find the area under the veloeity versus time curve.

Thia estimate is most Wonzﬁmwm for the short duraticn englnes.
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GRAPH 1 1S A THRUST TIME CURVE THAT
HAS BEEN IDEALIZED (THAT 1S ALL CURV-
ED LINES HAYE BEEN SUBSTITUTED BY
APPROXIMATING STRAIGHT LINES) WHICH
IS AVAILABLE FROM THE MANUFACTURER.
GRAPH 2 SHOWS HOW THE TOTAL WEIGHT.
VARIES WITH TIME. THERE IS NO DIFFI-
CULTY [N DRAWING I'T SINCE THE LINE 15

DRAWN BETWEEN THE TAKEQFF AND.

BURNOUT WEIGHTS (WHICH THE ROCKET-
EER MUST DETERMINE)} AND THE TIME 15
JUST THE BURNING TIME OF THE ENGINE.
THE 3RD GRAPH [S DETERMINED BY NOT-
ING EACH YALUE FROM GRAPHS 1 AND 2
AND PLUGGING THEM INTO EQUATION (1).
SINCE IT 18 |MPOSSIBLE TO DETERMINE
THE ACCELERATION AT EVERY INSTANT,
IT 15 BEST TO DIVIDE THE TWO GRAPHS
INTO .1 SECOND INTERVALS & DETERMINE
ACCELERATION AT THESE TIMES; GRAPH
THESE VALUES AMD ADJUST THE SCALE
SO THAT THE MAXIMUM ACCELERATION ON
THE GRAPH AGREES WiTH THE MAXIMUM
ACCELERATION FROM THE ACCELERO-
METER. ,

GRAFH 4 1S FOUND BY DIVIDING GRAPH 3
INTO .1 SECOND INTERVALS AMD GRAPH-
ING CONSECUTIVE SUMS; THAT IS, GRAPH
THE SUMS OF THE AREAS IN EACH .1 SEC-
OND SPACE. THUS THE AREA AT TIME X IN
GRAPH 3 EQUALS THE VELOCITY, V, AT
TIME X IN GRAPH 4.

]
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APPLICATTONS

our accelerometer has been englneered to be udseful in many differ-

Fel

ent experiments, We suggest that a mingle staged booster such as the
Scorplon be used in the initlal work with your initial worl with your
Instrument so you may become proficlent In anzlyzing data before attemp-
anything .ow an advanced nature.

It .u_d: are noampmmuﬁum a mwﬁ% of a 1live payload, we would suggest
the use of a payload capsule, such ag PC-1l, of a size close to that of
‘ Thua,. conditions for a system combining booster and meter

will be identical to those combining the same boopter with a different

~paylead, It is .nmmu possibnle to safely assume that the aceeleratlion

readinge obtained through the use of the meter apply to the payload

_capaule.

_wpmsmﬁ forms of life, sueh as birds, milce, Hmwm wnn hamsters react
under Iight g-~loads, usually in the 8 to 25 g range. wcos animals could
easily be killed or badly cripped by experiments in model rockets. The
NAR policy m#WWmﬁmSn on animal flights points out that any information
gleaned from the flight of animals may be done more humanely in the
laboratory uging a deviee sueh as a ceptrifuge. Also, several modelers
have been legally held from launching any such live payloads by several
humane societies, Thus, 1t 1a in the best interests not to f£ly such
vulnerable amnlmals, If you stlil wish to launch UHopanan‘UW%Hcmmm
we suggest sueh substltutes as fish (a water sealed capsule must be used)
or egga of various typea. It would be of interest ﬁo many science-minded
amoﬁmﬂmmﬂm what such "g-stressed' sreatures would be like after maturing.
Other lnteresting subjects would be such non-mamalian creztures as sala-—

manders, toads and turtles. Perhaps the easiest specilmens are frogls
and turtlel's epggs since the mature animals are easy to keep and test.
Your accelerometer may also be used o test several aspects of

drag. Among the most interesting are fin shape, nose cone shape and

paint finish. :

In all experiments involving varying designa, the followlng basic
rules should be observed to avold confusing relating causal factors:
1. whenever ooaﬁwdunm.. results of several tests be sure that only cne
v

factor varies; that 1s, don't vary nose cope shape and fin thiclmess at

“the pame time.

2. always take an average of at least 6 readirngs (flights)bafors mak-
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3. be sure weight of each rocket ia exactly the same

4, be sure you use the exact same type of engine in each test; that
is, don't mix a test using a B-.B8-2 with a test using a mn.mum.

5. be sure your rocket fits very loosely on the launch rod and clean
and wax the rod at the end of' esach flying day (if possible, uge mekal
launch luga)

6. use the same launch pad for each series of tests |‘mmmmH,EHH teasts
of rockets launched from towers with' those launched from rods

7. dlacount data from any tests ssmam.nwm rocket deviated from a very

mwwmwmsn and vertical £light and any haveing spin where not intended

8. check the symmetTy of all teat rockets; that is, be sure all fins
are the same shape on each individual rocket and that all fins are on Q.
straight and are well aligned

9. use the same materials on each rocket; that is, do umn mix hardwood
fina with balsa fina (or other parts) on one rockef unless the same mix—
ture 1s followed on all rockets of that series

_.. In order to obtaln the greatest relative accuracy, 1t is necessary
to use a short duraticn engine. Unfortunately, the speed at pealt accel-
eration is rarely more than 50 feet per second mmm thus drag is so low )
that the meter will usually not measure any differences due to changes
in design, 1In arder to obtain zcecurate results over w significant mm5Wm
of variabhles, (fin shape, chord, ete,) it 18 best to use a two stage )
rocket. Thus, when the peak acceleration cccurs (due to the thrust of
the second stage msmu:mv the rockef will already be travelling at a apeed
where drag 1s significant; when the peak acceleratlon occurs (due to the
thrust of the second stage engine) the rocket will already wmmdum<mpﬁunm
at a speed where drag is significant; when the second stege ignites, the
acceleration must alwaya be greater (unless the first stage is multi-
engined or uses a large model rocket englne) since total welght 1s one %V

sbage less.

\MHHHHHHJHD find the burhout veloclty of the whole two atage rocket ﬁeror‘

must be added to peak velocity of second stage in order to accomplisgh any
analysis of the secopd stage) simply follow the instructions for finding

peal velocities at the beginning of this manual, Xeep in wmind, however, Tl

that you should fly the twyo stage bird 6 times with a dummy upper stage

of equal welght as that of the actual t{eat stage. The average of these

Thus, there 18 no interference from the g's due to the - _ﬁﬂ

6 values will determine the mmnumﬂ veloelty to add to the upper mﬁwmm
veloelty when it 1s flown later in actual tests, ‘

In the mwﬂma of subsonic alr flow, it must be remembered that
shapp edges and corners usually make more drag than rounded edges.
Thus, the rocket with a pointed nose cone and sharp leading edges will
suffer more drag than m‘EHmmHHm with rounded edges., With thias basic

wmoﬂ in mind, 1t 18 a nrmwwmamm to the researching Homﬁmwmm& which noae
,.WD&m design will afford the leapt drag and thus contribute to a low

drag coefflelent, Cq.  Thls coefficlent 1s a2 dimenslonless factor de-
rived from ﬁrm‘wmuanﬂpmd deslgn of the rocket. It is usually found
from wind tunnel tests. In figure 1, there are several of the more
popular nose cone designs; you may wish to experiment and see which
has the lowest Cq, and thus the least drag. You!ll probably have to
~make most ow.dwna youraelf as many are not presently sold., In figure
2 apé peveral fin shapes: whieh do you think gives the least drag? See
if you can find the perfect fin. Similarly, which of dum fin cross

asections Hd.ﬁpwﬁum 3 mme&m the least drag? Or is the difference neg-

ligible?

In this aspect of research, be mrﬁm all wood has the same maximum

thickness and the fin airfolls are the same so results reflect only

croas sectlional changes, not changes in frontal area or surface aresa.

Also, ib would be wlse to put a smooth finish on all fins to remove

the variable of the wood grain.
After you have arrived at a design that vwmmmmm,%oﬂ. you may
wlsh to look into the effects of a rough finish versus a smooth finlsh.
A difference’ shows up with high velocity rockets since the drag is
-~ proportlonal to the sguare of the veloeliy; thus it is best to use a

small, 1light rocket for conclusive resulis. We suggest, as a beginning,
that you apply one coat of sanding sealer to the enbire rocket apd fly
1t several times beforgé you sand it. Next, sand it smooth and fly it

geveral more times and note the results., Add another coat and Tollow
- the same procedure, accounting for the increased welght as you add

* further coats. After the WSHum.nomdu your rocket should be very smooth
, and mppmﬁ. Apply (using a spray can for best results) an enamel Od.
dopé colored paint in wrws.ocmﬂm. Your ﬁoawmn.mwoﬂwn be very glossy and

.msouwﬁ. Fly it again and dowm the results.”
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After youtve gotten the "feel" of model rocket drag research on
nose gones and other parts you may wish to try to answer these guestions:
what effect does the launch lug have? its dlameter? 1lts length? ¥What
mwmnw fin joinks to the body - do fillets really help? Is there anything
detectabhle about factora?

HH.Hon are mathematically Inclined, you can %ry to calculate the
moﬁzww mmmm and the drag coefficlent by using the following formulae:

(5) D=F-MW . D = drag
. , : (ounces)

(6) . D= .0028Ggsv® . *

ta
H

Lrontal area
. g - - (square in.}.
*derived from

V = ave. veleocity

Engineer's Handbook (ft. per sec,)

by a:o?mm. 1958 N = g reading

s . Crom,meter

F = average. thrust " ) '
ﬁocsnmmu s T . W= uonwmn zw (o0z.)

You will muuH<m mw a rough approximation wvmw should not bhe quoted asz
truth but only as a relative mUﬁHoHHEm#Hos.

Other interesting mcvumodm for study include drag analysis of

.uhﬁm.ﬂmHH rocketa and efficlency of the jet pump system.

Apnother intrigulng mHumHHEmdd is wc note the loss of <mwoo»w%
and sceeleration due to apln. There is a definite relationship bet-
ween spin and the .wo.mmw enepgy of the rocket and the distance travel-
led. We doubt very much if you'll find it since 1% involves higher
mathematics and your results would probably not be aceurate enough to
npmnmun the relation. Very little work of a definitive nature has
heen with spinning Howwmwm and the field is wide open for Inguisitive

mindd.

- If you. launch your rocket at an angle, you will have a dlightly
greateér acceleration; or EHHH you? You're not accelerating straight

up s0 there!s not as great a "gravity burden" to oversome but you're

.‘sow rising as fast, elther. Do the circumstances cancel or is the

acceleration different? Ww you attempt thils project, be sure to
wmnmﬁ launeh your aonwmnm at less than 60° from the sowwuowwmw as

your roeket will fly too qu away to be safe. Recall that Af you fire
%Oﬁu,uonxmn at 60° it EHHH Mmun further away than 1t went up. So if
you fired a rocket to an aliltude of 800 feet, 1t would land more then

800 away from you. If you launched the same rocket at 459, -1t would

easlly land auum than one third of a mile away!
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If you e¢an't figure out how ndm.mnnmwm&mnHos changes with the
angle, oonmpww a nﬂwmonoamnﬂ% book and look up the definition of
sine. 1If that doesn't help, get your math teacher worlking on the
prablem. While yau've at it, wxwmen model rocketry to UHSM he'd
probably be interested in hearing about it

There are other practical uses of your accelerometer; among
them 1s the determination of the best way to ignite a cluster of
engines, This problem is wmu.nm,mwﬁm..u.mm by some of model u.n@_ﬁmm“@._m
top brainsa, but as yet no one has come up with a noEuHman% satis-
factory system. The acceierometer comes in by telling you if all
engines fired at onee by noting the peak aceeleration. Hw.ﬂum peak
aceeleration 1s low compared to the total thrust to welght ratio,
then all engines did not fire simultaneously. This is an expensive
experiment since 1t requires several englnes for each test and
ahould only be attempted hy the. rocketeer who has tried some of -
the previous experiments.

Anather interssting test is the measure of the strength of ﬂum_
election nswumm of an engine. This may be done with the muvwamn:m
shown 1n flgure 4§, There are, however, mmﬂmamw\mmmsavnuonm that
muist be made that will reduce the dependability of your eatimate
of the charge strength. They are:

1. 8ilr drag and reslstence Trom the shoulder and lug are mmmwmmhvwm

2, the burning time of the ejection charge is extremely small

3. the sceelerometer wlll react inastantaneously to the very msoum.
Ampulse of the ejectilon charge E

In this experiment, all you're basically doing is Hmzuwwﬁsm your
meter and measurlng the driving force as you world in a sowﬁmw.uoaﬁm¢
Flight. : -

Be sure. that the meter flies owwmuww off ow the rod and does not
land tall end down. If 1t doces, You may get a menHum from the shock
of landing that will interfere with your ejlection charge reading. To
be aure of a correect reading, place your accelercmeter no more ﬂumﬁ
18" below the top of the rod., To he sure of not Unﬂzuﬂm.%ocu pad;
place the engine section at least 4" above your pad.

) To avold error, take the following precautlond:
1. make the shoulder connection very loose by sanding the shoulder

ar atretching the body by inverting a hard wood nose cone into the

- ACCELEROMETER ~_
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tube and pressing it in until the m:ozwmmd fits loosely \.mw
2. ﬂmum the body tube tightly to the rod so that thers will be
no movement of the engine mmoa»os
3. slide the launch lug over the rod before taping 1t to the meter
80 that it will not be flattened; check the fit of the lug over the
rod - there should be as little friction as possaible
Talke at least & readings before umpnswmnuum the average mwﬁmcmaﬁ.
The formla to be used is derived aimply from the acceleration
formula. The approximate foree of the ejection charge will be in the ~
game units as your meter welght, be 1t dynes, ounces, ete.

Thua: W = wt, of meter
(7) F = wN (about .3 oz.Y

N = number of .
g's read from T
meter

We are sure that you would like to develaop your oim‘mﬁﬁmﬂﬁﬂn:wm
and thua thils manual 1 provided atrictly to insplre Turther thought;
the formulae are provided for the rocketesr who is not well .versed
in high school physics. We impress you that all work is approximate.
and-all data should be analyzed 1n aecordance with accepted rmumerieal
principles, Thus we include a simplified Emn:mﬂ for analyzing &1l
ge%ts of data that arise 1n model rocketry.

DATE ANALYSIS -~ I

In this sectlon we present the theory of analysis and, in part
IT, we will provide an example to further clarify the method.

In order for your results to be worthwhile, they must be m:mHWNmm
with the thought that all values are incorrect dues to z:m<ouanHmJ
errors such as nrm.cdemWPHHﬂ% of the engine, density and dwmnomwwq
of the alr (ineluding winds) and imbalances in the rocket ltaelf.

To account for such errors and the patural distribution of values

around a central mean, we must calculate and use the standard devlation

{e.d.) of our data.
First, let us define the "mean' of a aet of data. If we add up
ail valuea and devide by the number of values ﬂﬂsﬂn 1s, talke the

m<msmmmv we arrive at a number called the mean value of this set of

values. To calculate the m.m.L we:
1. find the difference between the individueal valuea and the mean
2, aguare these differences

3. add them together

N d . : .
: divide by the number of values )
5. take the square root of the resulting number
The importance of the a.d. is that it may be used azs a ruler to
measure the maximum allowable errok. If you have between 4 and 100
values, you m:o:Pm‘amumnn all values varying from the mean value oy
more than 3 s.d.
DATA ANAINSIS - IIX
. As-a further explanatlon, let us say we have arrived at the

following. 10 values from experimentation and we wish to analyze our

‘Pindings.

Axm‘msmmmmn that you arrange wona data tables in the same manner as

set forth on the woupoipzm page. )

£t/88e2 o difference {d1rferenne)?

) ' . from mean

328 i 3 2]

31k 11 121

335 : ao 100

310 : 15 225

300 : . 25 625

30 20 koo

364 ' 39 1521

332 . : 7 4g -

3lo . 15 205

322 - . 3. 9
3250 total, THEGE sum

mean value equale tobal = 3250 = 325
rimber 0 R
s.d. equals (gum of AIff.2)7 - (3284)F = 1
. Tmber 10

Note wrww the mean value need not be one of the gilven values,

A1l values are within 3 s.d. {that 18, 3 times 18, or 54) but
365" just barely fits. When dealing with small sets (less than 20} 1%
i3 often worthwhile to diseard & value so clase to 3 s.d. TIn this-
cage, sueh a noﬁ&mm.»m aptiaonal,

Let us assume e:mn.ﬁmpm.mmn of data applied to pose cone A and

& second get noaﬁmnuougmn to nose cone B, To arrive at a meaningful

:nozcu.:m»o:h we must ooﬁumum only the mean values of the gets. Compar-

ing s.d.'s can only qum a2 slight indleation of the accuracy and value
of the experiment.

CONCLUSIONS

It may seem that the meter 1s just another gadget, but remember

..mwwmw Hﬁ.pm how you cmm.Hn,mzm analyze the anm that 1s Hauuﬂwmdm. All
work you may do can be considered cnly an approximatlon and you may

come to several erroneous conclusions because of data Involving too great
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an error, In sueh & case, examine your assumptions since moet errors

will oceur Prom false assumptlons. Sueh false assunphbions may be:

thinking air drag may be diseounted, that drag 13 relatively constant,

.that no spin exists, that all flights are straight and that no friction

aceurs from the launcher., A typleal srronecus nosnpanOh.zoﬂH@.dm that

drag 1s proportional to the cube of the veloelty insatead of the correct

square of the veloclty. The moat important principle to keep H.u mind -
18 that, with an instrument such aa ‘a simple accelerometen, data
received 13 an indication of a relation even though the vmuannku

numbers derived may be wrong in every case. If you keep this in mind;

you'll leayn a great deal, and have a lot of fun doing 1%l B

KR

Please write us about your wWork with the accelerometer as .zm are

always interested in new applieations. Also, if you run intoe a parti- -

cularly hard problem, write to us and we may be able to bmwv.. Good

luck and mooa Tiying! . -

ROCKET SUPPLY CQ. .

«  TAPPAN, N. Y.

an




WE APOLOGIZE - We are truly sorry for the great delay in sending the
accelerometer, but ocur insistence on giving a good product brought many
delays. We hope that we may be of better service to you in the suture.
Thank you.

ACCELERATION DETERMINATION USING THE AMROCS ACCELEROMETER

In order to estimate maximum acceleration, the following procedure
ie recomnended:

1. Accurately measure the length of all visgible scribe traces and
average the lengths.

2. Consult the graph along the distance axis (numbers indicate .
length of scratch in inches)} and find the acceleration corresponding to
this distance; for example2 a length of 1" would mean a maximum accelera-
tion of about 440 ft./sec. and an effective "“Force" of about 13.7 "grlat.
(Disregard weight scale.) '

3. Run your test at least 6 times to derive a workable mean value
as outlined in the manual

EXTRA TIPS

To help in preparing your meter for flight we recommend the following
hints:

l. Glue a thin piece of paper to one of the springs so that the
weight cannot slip down into the spring. This paper should not hang
over the edge of the spring since such overhanyg will cause friction and

"reduce the accuracy of the metex.

o - 2, To maneuver the scribe weight so that it is flat on the spring,
use the straightened end of a paper clip which has been bent slightly at
the end. Be careful not to.make any stray marks .on the scribe paper
when maneuvering the welght.
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- WEIGHT DETERMINATION USING THE AMROCS SCALE

In order to estimate weight of a small model rocket or part of a
larger one, simply measure the change in height of the platform and find
the weight correspending to this distance on the graph. See instructions.
(Disregard other scales.)




