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Now Apparatus To Study the Kinematics Of Moving Objects

V.Liobrguzov

When conducting scientific investigations it often beemes necessary to dt-

termine the kinematic elements of moving objects. And such objects can be a ioving

ship, a floating Loe field, hydratric floats *to.

The basic data for the obtaimant of kinematic elements are movements of objeeat

in the function of timeeTo fix the step-by-step positions of a moving object at pro-

sent time are basically used geodetic methodswhich offer sufficient accuracy in do-

termining the speed at greater time intervals between the intersection, With an in

crease in the frequency of intersections there is a rise in relative error of the

measured movements, and consequently also in the speeds~on account of the erros dur-

to inaccuracy of sighting the instrunent toward the observed point of the object in

ratio to its movement. Consequently in the given case the accuracy of the Instruenta

is not brought to full utilization. In meny instances geodetic methods are generally

unacceptable as result of insufficient frequency of intersections (2-4 intersections

per minute).

Consequently, when it beacmas necessary to more frequently determine the speed

of a moving object motion picture is quite frequently emploredo Measuring the displace-

meats of a picture of an object on motion picture film by a definite number of frar•us

knowing the frequency of the photographing and taking into consideration the

scale of the image 9 is found the law of motion of the object, and then the speed

and acceleration as a function of time

But in may, Instances motion picture taking does not offer the necessary a&cn-
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racy when investigating the kinematics* Small dimeasions of the image on the motion

picture film. require greater magnfication on tho screen or under the measuring

microscope$ which leads to uncelarness as result of limited resolving power of the

motion picture camera lens and film emulsion, and also its granularity. Unalearnese

leads to err~ar and does not allow to reveal small accelerations of the object with

necessary accura*y.

Scaitims notion picture taking has to be done under conditions at which the angle

between the optical axis of the objective (lens) and the trajectory of motion of the

object in considerably different from 90e* To obtain in this case an equiscale, condition

along the line of motion of the object on the photo it must be transrformed, which nost

be done graphically, which even more reduces the, accursay of results,19%ototrainsforPntics

in the given case is generally very difficult* because It requires a aiea-ter unwbet

of prinlS for Individual framas

The accuracy decreases also an account of temperature and shrinkage deformstion

of the film msterial.After expiration of a certain time as result of aging and irret-&-

lar shrinkage of the film it Is no longer suitable for measuring processing*

We -Bst also mention the trouble and difficulty in measuring displacement* by La-

dividual nmrous framing,

To eliminate all these defiacincies the author introduced a 0photo camera for photo-

graphing a moving object 9 (Patent; application No*.12574 dated Sun. 179 1959). The

given apparatus allows to obtain on one glass negative of large form a sequece at

Images of a moving object, photographed atomatically within uniform, preset time Watr-

vale.
This apparatus has a eeries of advantages In eanparison with the motion picture

camera used for that. Prposeo The saploymient of a long focus lens and, oonsequeLtly, mobh

larger dimensions of photos allow' 'at all-other conditions being equals. to Increase

the accuracy of measuring. This circumstance, that the step-mby-step Imags of the

object are printed on one photo$ offers the possibility of making on the photat the
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trajectory of motion of the object and reduce the measuremnst of displacements to

masuring the distances between adjacent images of the objects as result of which

is obtained a single chain of dimensions, connecting all road increments. This also

considerable raises the accuracy and considerably reduces the effort in =esouring Wea-

ceasing of photos, and when necessary It allows easy phototransformation of pictures.

The einpla~ment of glass negatives eliminates shrinkage of same idth the oxp1estica

of time

I. Arrangement; of the apparae*&

In fig.1.is given a schematic drawing of apparatus arrangement. On the forward wall

of the rigid camera 1 Is situated lens 2 with central shutter 3. When pholographing

the ahutter opens automtically withi~n equal time intervals with definite expomeue

The shut~ter Is activated by a spring imchanim 4 through canS

In the inmmdiate vicinity in frout of th. photo plate 6 insaituated a light lasE

meable elastic screen 7 with vertical slot 89 which can be moved along the photo plate

by turning hawdle 9 on the removable panel 10 and then. throu~gh a flexble roller 110

comical gears 12 and vertical roller 33 on which screen 7 in fitted.,

At the top of the apparatus Is a looking devicet, consisting of a forward sighting

frame )A and movable reticule 15a The aiming frame is fastened over the rear junctiou

point of the lens. Movement of the reticule in simultaneons with the movement

of slot 8 with the aid of elastic band 16, wound on rollers 17, having Identical dia-

meter as rollers 23. Thanks to this arrangaem* at any given position. of the redicul.

Its axis coincides accurately ,with the axis of the vertical slob.

To record the characteristic moments In the process of photograiphing or to sys

chronize with other observations the apparatus is provided with a time nirkerecousist-

Ing of electric light 18 in housing 19. When pressure Is applied in the necessary_

momnt against button 20 at the edge of the photo plate Is illui-nted a spote,egaal

to the width of the slot*

For photographing the apparatus Is set on a tripod so that Its optical aids is
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perpendicular to the trajectory of motion of the object, otherwise phototransform.tleon

of pictures is necestsaye

At the mnomnt of photographing is activated a spring mechanism and the shutter

takes automatio pictures within equal time intervals. The task of the observer is

to move the reticule 15 by turning handle 9 on the diountable panel~follow tWaIkL

the looking device the moving object and keep it all the tim in the field of vialom

of the forward sighting frame U,.

• 6. . -- o

9 ig~l. Schematic drawing of apparatus arrangement

The ims g of the object on the photo plate will be situated all the time within, the

boundaries of slot 8 which allows to photograph subseqjamnt Images of the object on

one photo plate, And so, in the mment t, the object occupied position A and In the

min-t t 2 position BOn the photo plate are obtained corresponding images a and b"

The width of the slot is fixed beforehand according* to ferminla

d low

"where d - width of slot (•)- v.- exected least peedwhich the 0066t heo at the time

of photographing (m/sac; 7-. focal distance of camera low aL Izm) - distance to

photo object (W; v-frequency of photographing (exposures per see); a - permissible
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rmder of exposures few one and the same place of the photo layer.

The magnitude n depends upon the quality of the photo materials and upon the cow'

ditions of background and object illumlnation. At a dark background and bright object

a can be allowed to 5-79 at a bright background and dark object a can equal 2-3e The

negatives obtain an optical densitygallowing the measurement of displacementse

Measurement of displace,,xts by obtained photon in dependence upon the required

accuracy can be made directly on the negatives on a measuring microscope or with the

aid of a measuring magnifier with 0.1 mm gvaduation scale. The speed of the object Is

determined by fweula

Tta4 t-7

Ahere vt-speed of tie object at the manent of time (aoseo); Az- distance between ad-

Jacent images of the object on the photo (noi); &t - time interval between time expo-i

oired of the photo (ceo); 1- distance to obJectnmeasured by optical axis (=)I

,-focal distance of camera lens (mis).

Having calculated for each monent the magnitude of the speedgit is possible to

obtain the change in speed as a function of time, and then go over to acceleration*

2. femp:le of Eiplcing the Apparatuas and Possible Fields of

its Application.

At the lce-Thermal lab of the Transportation Power InsteP0 of the Academ 6t

Sciences USS was prepared an experimental sample of the proposed apparatuaoThe oa

=era had a lens with a focal distance 7 = 300 mm and given an image on a plate with

a dimension of 18 X 24 cot

The creation of the apparatus was due to the need of raistng the accuracy at

measuring the rate of no30tion of Ice fields during their actions against bridge supporta

at the time of swing Ice movements on rivers. The obtained data served as basis fto

calculating the zmgnitude of dynamic pressure of the ice against the construotion by

kinematic method of XKNe.Kzhadua Ls 2t, For. this purpose the camera has been sucesse

fully used in zw' instances along the rivers of Siberia * and to observe the Slwing
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ice movements in the region of the Bratsk liroelectric Power Station which in under

c onstructiono

A photo of an ice floe,eapproaching'toward.a.bridge support@ va" made fram shore or

,ýwadjoiijng support. In the latter case the photos were subjected to phototransn4-

matione As reference points on the ice floes were special surveying rodsewhioh

launched by a catapult to the floating ice blocks fron a distance of up to 180 a

and were rammed into the ioee

At a distance between camera and line of motion of ths surveying stick of 150 a

and phobogaphing frequency of one exposure per second the mean square deviation

on the rate of motion gaphs of the ice floes in the function of time was 0012 n/see,

which characterizes a sufficiently high accuracy of results, attainable with the ai4

of the apparatuising ordinary geodetic methods or by motion picture photogaphim

it :is impossible to obtain such an accuracy.

In f1g,2 is given a fragnent of a surveying rod photo, obtained with the aid of

the appara••s. The photo was made to determine the rate of motico of an ice fieMd

during its effect on a bridge support.

The apparatus can also find application in a number of other branches of selow

tific investigationsp, perticularl2y to measure surface rate of flow in the case whea

it ahanges intensively along the flow and, consequently, and more frequent notehing

(markings) of positionjof thydrcametrie float anz necesaw ,. thing- which geodefte

instruments cannot accomplish. Suech an instance may take place for ememle during

hydraulic investigations at bydroteclhieal installationseln fig•3 is given a photo.-

-of a small ice floe, serving as float when determining the. rate .. An resut

of measuring on the photo it is possible to detect even.sligi cheanges in the rt-e

of flow along the stres ".

At various types of inertia testing of ships comes up the necessity of accurately

fixing the change in speed of the ship with respect to the shoensUp until nw the
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speed of a ship at such investigations was detezined by fixing the moment the ship

passes thmough flood-agtes , broken dcvn on the shores, or by marking from shore the

inatentaineas positions of the hiip within definite time intervals by means of gede-

~tic in~strumntsý31 Skzch methods do not assure necessary accuracy and, what is at

special importance, they have a limited notching frequeucy. Geodetic methods do not

at all satisfy the requirem-ts of testing high speed shipsoe.ge of the ORocket I type

on underwater wings and others, when tQ reveal all the details in change in speed

frequent notchxins are required (1-2 per second)., .7.
A.:.

Ii r rV L Tee.

,,~~~~~~ - ,, •.t. r.•,• .
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Fig'2;.hoto of surveying rods (two rods in line),placed on moving Lee floe

Subasequet positions of the rods along the axis of bridge mipportsolhotograrhsd

at a frequency of one exposure per seconde

With the aid of the proposed apperatas it is easy to obtain k4inematic. elenents of

tested ship at desired photographing frequency. This exaremely saimi nies the natue

of field in'vestigaticus since -the photographing can be done by ome person.

In 1899-1900 ioe investigations were made by the icebreaker OYearzmk' E Dring

these investiations acadaedvian A.f2iylov determined the resistanoe of the ice cover

to the movement of the icebreaker by an inertia method. For this was nade a motion

jdoture filiaapproaching the edge of an ice fielde By the data of the motion pletaie
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Fig.•3;rhoto of floating ice block to determine rate of flewothop1* at a

frequency of one exposure per afendu

film was found the speed of the icebreaker in the function of time which enabled to

find acceleration and at known Mass of the icebreaker to t.etemi the resistance mg-

nitade of the ice to the movement of the icebreaker

This method, but with a nmuch improved motion picture ceara, ismed up to tV~ dary

But the difficulty of photographic and measuring motion picture film (at low -cewaq

of obtained results)9does not allow to conduct massa oservations of ti t"pe0 s

needed for the acumlation of factual data, which appers to be the basis fe. reasm

able planning of ice breakers;

Using the Iroposed ca ra for this purpose will eable at inconsiderate lose of

timemeans and labor to obtain data on the ice iced against the icebreaker with greater

accuracy. Photcgvaphic and metering processing of photo. can be done ca board the ashi

and hereewithin 45 to 2 hcarseto obtain test results. Thanks to this it appears t

be possible to change oyW from single to mass inestigatias of varicms Icebreakers

and under different conditions of ice floating, involTing in thin tad the eUngnew-
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tag personnel of the ship, andi this will allow within a short ti1 to Sather a greater

==ber of factual data on ioa loadse against the body of Icebreakers**

The oamers, can appear to be useful also for the obtairment of kina-tic elements

of aerial. observation objects# particularly the movements at an aircraft at Variaaa

flight conditions, Making into consideration the greater speed of aircraftgthe photo.'

graphing can be done with a frequency of several exposures per second* In all these

instance# the photos appear to be documental nuterial~which can then be subjected to

detailed ana1rysa*s

At the Icesent day structural design the camera can find application in many other

branches of scieatific-research operations, when observing under natural and laboratory

conditions as vell*

Cone 3us ons

1s A ;rIncipal2.y new method is introduced for photographing moving objects with the

aid of a special camera* The aamera allows to obtain on ane photo of lazge elme a

sequence of Images of a moving object, photographed autcmaticafl~y within equal tim

intervalm.

2. large dimensiona of the photo, as well as the circumstance, that subseayait

Iimages of the object are fixed on mne photo, allow to greatly increase the accursae

of measuraziets in comparison to the motion picture film used for that PUrpOee.

3. At a suitable structural design the camera can find application in varions

branches of scientific-research investigations, as for example, in hydrologyg and

lbydrauliom~when. testing motional quaLities of ships, in aviation etc# in natural and

in. lab conditions as vel.o

Tvanspcrtation-Energetica Xnat~of Siberian subitted, Febaa.161,
Branch of AaadeziW of Sciences US=

Novosibirak

i~terature

1. X.N.IoribaV±U.New Method of Determining Actual Ptessur. of lcea against BrIdgm

Sappertme M'annaction of TZI LSAN SSSRed.79Kovos~ibrsk IV5
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