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SITMLARY

The M.A.E.E. recording acceleronmeter 315 basically the accelaro-
meter unit of a desynn accelerometer, adapted to make a continuous and
i mredi ate presentation of accurate, calibrated accelerations on a half
second time base.

The recording medivm i S metallised paper, having'a speed of
hal f an inch per second, and the instrunment can be operated continuously
for twenty mnutes on one loading. It can record with full scale
defleclions, from1 to 10pg when the natural fLreguencies wall be about
7 and 22 c.pes. respective’ly.

Tho instrument as sinple, it has been proved reliable and
accurate and it is nost convenient in use.
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1. | NTRODUCTI ON

An accel erometer for +the measurement of wvertical inpact
accelerations occurring i n flying boat landings was needed at M.A.E.E.
An Instrument, named for reference the M.A.E.I. Recording Accel eroneter,
has been made to neet this requirement and. 13 discussed an this report.

2. CGENERAL CONSIDERATIONS

The Instrument is basacally the accelerometer unit of a desymn
accel eroneter, together with a recordang unit designed to prescnt an
acceleration record, as a continucus trace onmetallised paper.

The dcsynn transmitting accelerometer Type IT. 2-2 (R AE.
Specification No. IT. 101) was used as a starting point becausc,

(a) it was generally suitable,

(b) it has been fully developed,

{c) replacenents and spares are available at R.A.E. and

(d) all normal dcsynn accclerometer adjustments still apply.

The fanal formof the Instrunent and magazine 1g the result of
detailed discussion With the followang ainms in view,

(a) to make a continuous and immediatc presentation of
accurate, ecalibrated results,

(b) simplicity,

(¢} easc of adjustment, ancludaing Loading, waith the minimum
cxpenditure of time and

() to cover as wide a ranpe of accelerations and frequencies
a8 possible.

At ihe start of a series of tests aninitial setting up and
calibration i s nccessary, but tiwme spent on any subsequent adjustnents
I's negligible.

5. DESCRIPTION

The Instrument is 8 inches long, 7%inches wide, 6inches deep
and weaghs 12 Ib. (Fagure 3). Those are overail dinensions and include
elearance for plugs, etc. The remote control |end weighs an additional
1 I'b. and the master contactor (to prevade the time basc) nei ghs 5%l b.
Pigure 1 shovs the conpl et e aircraft anstallation and Figure 2 is an
cxploded vigw Of the instrunent.

It consists of two main parts, t he accelcromuter mochanism
and the magazine. A rcmovablc cnd plate (on which IS anscribed a circuit
diagram), located by two spring loaded | atches and a groove in the instru-
m nt basc, allows the top cover to be removed and the magazane slid out.
Removal of the other end plate, positioned by nine 6 B.A screws, gives
access t 0 the accolerometer mass, spring and damping mechanism  The
24 volt D.C. supply, timing and renote control arc connected by three
plugs on the front face of the instrumecnt.

/3:1.  Accelerometer
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3.1. Accel eroneter mechani sm

Tnig can be seen ain Figure 2, The normal case and mniature
desynn transmitter have been removed from the desynn acceleroneter and
a bridge has been built onto the frame, level with the top surface of the
mass, to carry an adjustsble end pivot for the witing arm. One of the
tapped holes in the accel erometer nass has been used to take the central
pi vot round whach the armturns and slides. The arm of straight tapered
channel sectioned phospor bronze, has a 4:4 novenent ratio, and carries
at its narrow end the seraber. This 1g adjustable, on a normal gcrew
thread, and is | ooked sath shellac.

3.2. Magazine

_ ‘The magazine frame is Of aluminium alloy plate. It 1s slid
into the instrunent along two guides and 15 | ocated by two dowels.
The assembly is kept rigid and free fromchatter by means of a strong

leaf' spring on the lower end of the removable end plate

The recording mediumis metalliscd paper which 1s taken over
a table and fed out botween tWO rollers, through a slot aligned with a
simlar slot an the end plate. A simple clutch is provided on the driven
rollerfor |oading and provision zs nade for timng, cvent and calibration
marks. A general vicw of the magazine is given in Figure 5,

3.2.1. Paper and | oading

The recor di ng mediun, metalliscd paper, i S paper impregnated
on meSurface so that with m ninum pressure commoncr non-ferrous alloys
(brass, German silver aberyllium copper} will make a pencil-lake mark.
In trying to obtawrn | onger wearing scribers, zirconium tungsten and
tungsten carbi de were found unsatisfactory. The paper is used in 50 feet
rolI's 2 inches wade, nith % inch bore and netal lic surface outsido.

The magazi ne 1 shoun loaded i N Fagure 5 and unloaded I N Figurc 6.

To load, the slccve (Fagure 6) is pushed into the paper and
the nhol ¢ positioned to take vhe pin which 1z | ocked as in Pigure 5-
Tinming and event scribers {Ffigurc 7) arc lifted by nmeans of thcir SPri ngs,
the papcr is pushed undononth, fed past the calibration comb (Figurc 8
which has beun rotated on its axis by noans of the camand finally wound
cut of a slot in the casing using the clutch (Figure 9).

Throughout its travel the papcr is guided by the inner faces
of the main frame members which arc 2 ainches (paper width) plus 0.01 inches
apart, and frictional rcsistance 1s sufficient to keep the paper taut in
operation.

Papcr speed i S approximately % inch por second, and tho instru-
nment can be operated continuously for 20 mnutes on one | oading.

3.2.2, Calibration conb

An ¢nlarged phot ograph of the calzbration conb is shown in
Figurce 8. The tecth arc positioned along thcir axis by set screws at
suitable acccleration Increments determined during calibration. A series
of parallel lincs comes out on the record and the magni tude of any inpact
can be seen with faar accuracy immediately. PFurther accuracy may bc
obtaaned by measurang betieen the | ines.  The whole assenbly is turned
through 90 degrees for loading. It xs held in the | oading or operating
position by mans of a spring-loaded cam

Beryllium copper was found nmost suitable for the scribers, cach
onc of which is individually spring-loaded with an adjustment for spring
tension

/3+2.3. Timing
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3.2.3. Timng and events

In each case the principle is the same, the basic difference
being that the timing 1s operated by a % second Cambridze master contactor
and the event mechanism by a manuflly operated button. The systens arc
clearly visible in Frgure 6 and a detailed view of the scribers is given
in Figure 7.

The solenoads arc of 30 5.¥.G. enamelled copper wire wWith
1,800 turns gaving 20.5 ohm rcsistance. Both core and screening are
of Swedish 1roa.

The cores arc pivoted to channel section spring |oaded |evers
with adjustiable St OpS, s that the tamang scraber has a movement ratio
of t:2 and the event 1:3.

As shovn in Fagurc 7, the Soribcr arrangement is gamilar to
that of the calibration comb, with an additional screw for |ooking the
spring tensioning system 'This allows for the up and down movement Of
the scribers in overcomng the angul ar movement of t he levers.

3.2.4. Cutch

The paper feed is through 4wo rollers, one of which is driven
by neans of a 24 volt D.C. motor through a 400:4 worm reduction gearing.
To facilitate loading a simple dog clutch (shown di sengaged in Figure 9}
was built on to an extension of the driven roller shaft. For |oading
It is presscd in against the spring thercby di sengaging the drive, and
wound cl ockwi se until tng paper is through the slot, It can then bc left
and wzxll automatically cngage when the instrument is running.

Power necessary to drive the magazine motor and operatc'the
sol enoi ds 1s picked up on four knifc edge contacts on the side of the
magazine. The wiring di agramais rcproduced in Fi gure .

L. OPERATING CONSTDERATIONS

Prior to any scrics of tests tho user will generally have a
fair idea of the maximum anticipated acceleration and the highest worKking
frequency it 1s desared to record. For optinum perfornmance the | owest
rate accelcrometer spring compatible with these roguirements shoul d be
used. Qtherwisc a high rate spring can be used initially and from thoso
resulta the correct one can be decideds The required cl earance of
0.001 inch nust then bc made between the mass and spring (a normml desynn
accolerometor adgustment).

By turning the anstrwaent SO that the rollers go from horizontal
t 0 vortical while running, the deflection may bo noted and the undamped
nat ural froequency calculated from

n = 1 a5 = 3.13 c.peS.
2n 1 & o

whcere g = accecleration duc to gravity = 386.4 in.ﬁ:ec.‘e-";

]

static deflection of mass in inches.

and &

The main tracing point is get and locked to give the |ightest
trace than can bo oonvcnicntly scen.

The dampang i S thon sct, tho sprang positioned and the instru-
ment calibrated.

/1. Danpi ng



4.1. Damping

JUith rollers vertical and sprang of fset to zive a food
deflection and t he nmass suddenly rcleased, the ratio of the first
overshoot tu the inatial deflection can be measurced with sufficient
aceuracy 10 give a dumping ratio e 0.7 * 0.02. This 1nvolves mcasuring
to 0.005 anches on thi record. The responsc is thercf'ore true up to a
frequency of 40, of tht natural frequency. at the natural freguency,
accelerations will still be recorded, but amplitudes will be about 304
undervstimated, Alternatively, measurcments within ¥ 4, may bu mode
upto 80, of the natural froqueney by adjusting tnc damping ratio to C.6.
Thas I'S 1llugtrated in fagure 10.

When the damping has becn satisfactorily adgusted oy means o
tac damping sceruws ON tho accclerometer MBSS, the spring position 1S sui,
Tees 1f only positave acceleration 1s anticipated thw mass and recording
styl us should be offsct t0 one side Of the papers Tho instruamwnt is then
caelibrated.

4.2,  galibration
This can be donc by noans of,

(a) a tilting toble,
(b) a whirlang arm

(c) addition of weights bearing o given ratio (g, 3, 1, 2 ctc.)
t 0 the effectave weight ef the mass.

The throe nethods are well known and 14213 not proposed to
dutorl thom.

The taltang tabl e method 1s the nDSt convearont and the
calibration can We safcly cxtrapolated to cever a range of say 3g.

To find the ¢ffcetove weight of the maBsSS, the mass and pivots
pre ooighede The armonly ag then pavoted oxternally at its larger ond
and suspended from the arm of a dcliecatc balance by 1ts cuntral pavot
holec., A short picce of' thrend can be uscd. The ara should be kept
horizontal. A weight, equalling tho sumeof tho two previous weights,
suspended fromthe mass 1n line with 1ts C G a1l then give the same
def'lectron as 3" accelerction of lg.

It has boen generally found advasoble to draw the calibration
curve 1a tho normal way wath distances froma datwa (mark of taming
scribor) as abgclosac, Wiaen any bacilash or friction wall be cvadent,
The tecth of {he calibration conb arc then sct by measurcment using the
calibration. Tlus method provides an addational checiz in case the teuth
on the conb should slip.

Oiang 10 tho displacument along the paper of tho timing, cvent
and tracing scribers, © sauple graticule IS nocessary to relate thornin
tim. Thy threc points are memually moved over their full range with
theinstrument suatehed of 'L A parspex graticulc made to the pattern
SO formed w1ll rolate records, cvents and time and correct for the
radius action of tho wmarn tracing point.

The* instrunent 1s now ready for usc and shoul d nced no
adjustment duraing tisto.

/-3« Operation



4e3.  Qperation

Tne instrumcnt 1s positioned by means of two wudge plates for
either longitudinal Or vertical accel erati on measuremcnt.

The rcmote control (Fagure 1) 1s hand held with a switch on
the sade and a button on top. Both can be easily operated by the thunb.

Switching on starts the accelerometer roller drave, the paper
feed a})]d t he taming solenoid., (The naster contactor nust be wound up
and onj.

The button operates the event selenoid only.

The paper, coming out of the slot, can bc torn off as required
or collecected 1n any convenaent raccpt acl e.

When the instrument | S rumnang »t takes, without tim ng or

cvent 0. 6 ampercs, wath taming (normal operation) an average of
1+2 ampcres and with the event button pressecd 2.1 anperes.

5.COMPARISON WITH M LLER »CCTLEROMEIER

To prove the rnstrument, landing impacts were rccorded by both
the M.A.E.E. accelerometer and a 42-channcl palvo canera recorder, using
a Millerl nduct ance type pick-up and. lickirchacl amplificrs. Photogroaphs
of the two traces, showing a typical Inpact, are given in Figure &4

Tho Miller record. 1s shown approximatcly half scale, wath the
acceleration calibration at one end. The M.A.E.E. record 1s full size,
but +%hc tracc and calibration marks have been peneilled in for easc of
rcading. The timing marks arc untouched. For these checks, a range A
spring (-0.3to +1g) was fatted t0 the M.A.E«E. accelerometer, giving
1t a natural fregquency of 7, and the danping ratio was sct to O.65.
Accepting a mexamum danping crror of 2%, cutting off would start at
about 4c.p.s.

The tio scts Of peak acceleration valucs and the times between
them agree well wathin the 2% limit. The 4 CepeS. oscallation (the first
modc of vibration of the wing) between t he peaks 1s rccorded accurately,
'ghllea t he higher frequency vibration proceding the first impact 1s al nost
anped cut.

_ Tnc ialler inductance typc pick-up was under-danped, having a
ratio not better than 0.3. It has a natural frequency of about 120 cepsSs
and the amplafiers start custing of f above 80 cupes.

6. DI SCUSSI ON

The instrument 1c vory convenient in use. It is sinple, robust
and reliable. The accuracy and sensitavaty depend to a large extent on
the acceleration range to be covered and the scttang up. The percentage
error obtaincd i n the choiee of damping rati o as fundamental, but the
relative case and accuracy vath which the damping can bc sct allow this
to be a pre-deiermancd factor. The other basic causes of error an this
accclerometer are friction, backl ash and whipping of the writing arm

Friction can occur only at the two pivots and the scrabor.
| f thisisadjustedto give a traee that can be just scen, the friction
1s negligible wvhen the paper 1S meving.

/ Backl ash
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Backl ash can occur at the two pivots and also at the springs
MasSS connection. The latter has the normal dcsynn clearance of 000Linch,
and this comes out at mid-range as 0.006 inch at the scriber, while
backlash at tho pivots comes out at not more than 0.002 inch, so the nett
effect, 0.008 wnch i s laittle more than the |ine thickness.

As the writing armis made out of tapered channel section,
whi ppi ng, at the normal working frequencies, is negligiblc,

Tthen Bitted with a 03to #1.0gspring (as during the conparison
with the Mller acceleroneter), 1gwag equivalent to 064inch at the
poi nter. In rceording the peak accel eration of about 1.2g, the error due
to backlash was less than 1,0,, as the 0.001 inch spring clearance is taken
up at the ends of the mass travel. Together with the accepted 2% damping
crror, this gives a maxi num possible error of 3.

As the rccorded acceleration decreascs, the offcet of backl ash
will increase and, as this is mawnly due to the spring clearance of
0.001 1nch, a direct spraing conncction tO the mass will greatly reduce
this an subsequent instruments. Again, at tho end of the range, the
spring clearancc IS taken up by the obliquity of the spring, the |oading
changes fromthat of a simplc cantilever to an encastrc beam and the
calibration loses its linearity. Tnis iS ecvadent only at the outer edges
of the papcr, and will be rcetafied with the modification of the connection.

After 34 hours running time, all witing points will nced
sharpening. The substitution of kmfe cdges 1nstead Of cylindrical
scribers in the calibration comb w21l greatly increase this tinme, leaving
only the main point to bc sharponed occasionally.

Jubsequent to its check, the instrument has been used for tho
following purposcs.

(a} It was mounted on the mein spar near the C.G of the
avreraft, remotely control | ed and recorded verti cal
accclerations 1a flying boat |anding Impactsup to
2.5 (Pigure 1%).

(b) Fitted with a -3to +8g spring in airborne |ifeboat
drops, it was sutomatically started on rclease fromtne
arrcraft and used to record parachute snatch and | anding
inpact.  There was no access to the 1nstrument after t he
lifcboat wag offered up to tho aircraft and, inthe
subsequent trials, it was subgected to violent irregul ar
accelorations.  The accelerometer functioned satisfactorily
and recorded up to approxi mately 6g.

(¢) It was mounted on the carriage frame membeors of the MA EE
hul | launching tank to assess component accelerations.
Consi derabl e high frequency accelerations were present,
but thesc were cffectively damped out leaving a cl ear
record of the fundamental accclerations.

(d) Tatted with a very low rate spring, 1t was used by
A & AEE to record vibrations in helicopters.

I't oould be used, where the weight and size arc acceptable, on

al nost any job to mgasure up to 10g, when the natural frequency viould be
22 CaDeSa

/7o  CONCLUSIONS



7. CONCLUSIQONMG

The ..A.B.k. recording accel eroneter g5 a simple seli’-contained
1nstrument vhick gives a continuous and immcdiate prescntation of accurate,
calibrated accelerations on a hal f second time base.

1t can be wsed over vunges of 1 to 10%, when the zero can be
set at any convenient position and the corrcsponding natural frequencies
will be 7 to 22 c.p.y.

The dumping can be siaply set to thi optimua value so that
accurate measurcmenis can be made over $he desired range and response
falls of f rapidly wath frequencies ubove this, givinga clear regord of
the f undanent al acceleration.
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FIGS. 1E2.

FIG.1. COMPLETE AIRCRAFT INSTALLATION.

Fi(5.2. EXPLODED VIEW OF ACCELEROMETER.
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FIG.5. LOADED MAGAZINE.

FIG:6. UNLOADED MAGAZINE.
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FIGS.7,8E9.

FIG.7. TIMING AND EVENT SCRIBERS

FIG.8. CALIBRATION COMB.

Fi2.9. CLUTCH FOR LOADING.



FIG. 10,
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