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3,0011,395 forces acting upon an aerial vehicle moving through the 

Am FRBAIIF, DRAG BALANCE atmosphere. 
Abraham Leiss, Hampion, Joseph H. Judd, Newport Another still further object of the present invention is 

Nelvs, and Robert 8. Freeman, Yorktown, Va., assign- the provision of a device for measuring force differential 
or§ to (he United States of America as represented by 5 between forces applied to one portion of a body to pro- 
the Administrator of the National Aeralnatics 2nd duce motion thereof, and forces developed upon another 
Space Adminiskatiorm portion of the body tending to oppose this motion. 

Filed Jan. P5, 1960, Ser. No, 2,792 Other objects and many of the attendant advantages 
7 Claim. (C1. 73-147) of the invention will be readily appreciated as the same 

(Gramtea Tit'e 35y U'S' 'Ode '1952)' see' 265' 10 becomes better understood by reference to the following 
The invention described herein may be manufactured detailed description when considered in connection with 

and used by or for the Government of the United States the accompanying drawings wherein: 
of America for governmental purposes without the pay- FIG. 1 is a side elevational view, partially in section, 
ment of any royalties thereon or therefor. of a rocket powered aerial vehicle provided with the drag 

This invention relates generally to a device for meas- 15 balance of the present invention; 
uring frictional forces tending to impede the movement FIG. 2 is a plan view of an aerial vehicle model 
of a body through a fluid medium, and more particularly provided with the drag balance of the present invention 
to a device for measuring drag forces acting upon an and combined with rocket propulsion means; 
aerial vehicle moving through the atmosphere. FIG. 3 is a front elevational view of the drag balance; 

It  is common knowledge in the aeronautical field that 20 FIG. 4 is a sectional view of the drag balance taken 
the thrust developed by the motor or motors of an aerial along line 4-4 of FIG. 3; and, 
vehicle is largely expended in overcoming drag forces im- FIG. 5 is an isometric exploded view of the drag bal- 
posed upon the vehicle as it moves through the air. The ance with the components thereof shown partially in 
most important of these forces is aerodynamic drag, re- section. 
sulting from turbulence generated in the flow of air pass- 25 Referring now more particularly to  the drawings where- 
ing around the vehicle. In the design of the vehicle, a in like reference numerals designate identical parts 
great deal of time and thought is expended in arriving throughout the several views, and more particularly to 
at a configuration over which the greatest possible por- FIG. 1, there is shown a full scale rocket powered aerial 
tion of the airflow will be smooth, or laminar; that is, vehicle generally designated by the reference numeral 
non-turbulent, with a resulting reduction in aerodynamic 30 11. Vehicle 11 is provided with a substantially conical 
drag. To  this end, according to current practice, models shell nose section 12 and a cylindrical shell after section 
of a number of proposed configurations are constlucted 13 to which stabilizing fins or surfaces 14 are connected. 
and tested in a wind tunnel and the aerodynamic charac- The sections 12 and 13 are joined, as by threaded con- 
teristics of each, including drag, are thereby obtained, nections or the like, to the drag balance, generally desig- 
The wind tunnel tests of each single configuration may 35 nated by the reference numeral 15, which is interposed 
involve a series of runs at varying airflow velocity with between sections 12 and 13. Telemetering equipment 
the model positioned in a variety of attitudes with re- 86 positioned within the nose section 12 is also connect- 
spect to the airflow. It  will thus be seen that the test of ed to drag balance 15, and a rocket motor 17 positioned 
each configuration may require large amounts of valua- within the after section 13 is attached at  the forward 
ble tunnel time, and that analysis of the large masses 40 end thereof to drag balance 15. The after end of rno- 
of data thereby accumulated represents a formidable prob- tor 17 is concentrically maintained within section 13 in 
lem. Recently, in order to conserve wind tunnel time relatively movable relation therewith by any suitable 
and simplify the problem of data reduction and analysis, means, which may take the form, as illustrated, of a 
some effort has been made to obtain comparative results plurality of radially disposed arms 18 rigidly fixed to 
by constructing models which may be propelled under 43 motor 84 and provided at their outermost ends with feet 
actual operating conditions through the earth's atmos- 19 positioned in sliding contact with the inner surface of 
phere. These models are provided with a variety of in- the cylindrical section 13. The construction of drag 
strumentation, and the data collected therefrom is telem- balance 15 is such, as will be more fully described here- 
etered to  a ground receiving station. In the case of small inafter, that telemetering equipment 16 and rocket motor 
missile and rocket configurations, a full scale model may 50 17 nlay expelience limited longitudinal relative movement 
be utilized for these tests, and in the case of other con- as a unit with respect to the shell sections 12 and 13 of 
figurations a small scale model may be mounted vehicle 11. This longitudinal relative movement results 
on the nose of a rocket vehicle. ne drag balance here- from the oppositely directed forces imposed upon vehicle 
inafter disclosed is intended for use in tests of this nature, 11 by motor thrust and atmospheric drag. The atmos- 

55 pheric drag forces are proportional to this relative move- 
and is so designed that a complete history of the drag ment, and a signal based thereon may be transmitted by 
forces acting upon the model du~ing the entire flight ~ Z Y  telemetering equipment 16 to the remote receiving sta- 
be transmitted to a lemote receiving station and there tion to provide a record of drag versus time during the 
recorded in permanent form. flight of vehicle 11. I t  will be understood by one skilled 

It is further cOntenlplated that the the 60 in the art that inertia loads resulting from accelerations 
present invention could be used in other than aeronautical of the aerial vehicle may be supelimposed upon the at- 
ap~lications. For exanlple, the balance could equally mosphelic drag loads and have a tendency to modify 
well be utilized in determining the hydrodynamic drag the deglee of relative movement between the vehicle shell 
characteristics of a vehicle moving submerged in a liq- and the propulsion means therefor. Since these loads 
uid, such as a torpedo or a submarine vessel model. 65 are proportional to the weight of the vehicle shell and 

Accordingly, it is a11 u'uje~t of the preseLlt inve~~tion conipensarion &refor is necessary, the desirabiiity of 
to provide a new device for instantaneously measuring keeping the effective weight of the shell to a minimum 
frictional forces acting to impede movement of a body is apparent. The rigid connection between the telemeter- 
through a fluid medium. ing equipment 16 and the vehicle propulsion means serves 

A still further object of the instant invention is the pro- 70 this purpose, and also permits modification of means 16 
vision of a new device for measuring aerodynamic drag without the necessity of recompensation. 
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FIG. 2 shows in plan view a small scale model, gen- of a Rexible sealing material such as neoprene, or the 
erally designated by the reference numeral 21, of an Like, may be provided to close the ends of the gap be- 
aerial vehicle configuration adapted to be propelled t a s ? ~ ~  mount 35 and bore 32 and maintain the damping 
through the atmosphere. Model 21 is provided with a conipound thelein. The forward face of mount 35 is 
fuselage comprising a forward section 22 and a hollow 6 placed flush with annular shoulder 33, a gasket 36 is 
after section 23. A drag balance 15 is inte~posed be- plxed to cover the gap and extend over the forward 
tween fuselage sections 22 and 23 in similar manner to su~faces of mount 35 and shoulder 33, and is connected 
the mounting of drag balance 15 between sections 12 and to both surfaces by a plurality of screws 37. The second 
13 of the rocket vehicle shown in FIG. 1. A propul- gasket 34 is similarly secured to the rear surface of mount 
sion rocket, generally designated by the reference nu- 10 39 asd the after edge of the wall of the after end portion 
meral 24, is provided as a source of powci fol p, i;p:lii:~z 251 by sTieivs 37. The gaskets 36 are made sufficiently 
model 21 through the atmosphere. Rocket 24 con7prises flexible to permit limited relative motion in a longitudinal 
a nose section 25 preferably of shell construction; the direction between thrust mount 35 and bore 32 of hous- 
hollow interior thereof being adapted for mounting telem- ing 27. 
etering equipment 16 therein. Projecting forwardly from 15 The after surface of thrust monnt 35 is provided with 
the nose of rocket section 25 is a boom 26 which plefera- 2 cei;tx 2.1 :ipei.t~!rr 38 extending iuwardly for spproximate- 
bly is tubular in cross-section. The boom 26 enters the ly half the length of the mount. The long~tudinal wall 
hollow after section 23 of model 21 and the forwaid end of ']perlure 33 is provided with screw threads for ef- 
thereof is attached to drag balance 15. The boom 26 fecting a screw connection with the propulsion means 
is concentrically maintained within after section 23 in 20 of the aerial vehicle. shown in FIG. 1, the for- 
relatively movable relation therewith similarly to the ward end of rocket motor 17 is provided with a longitu- 
mounting of rocket motor 1'7 within the after section of dinally aligned externally threaded plug portion directly 
rocket vehicle 11. Telemetering equipment 16 is mount- threaded into aperture 38. In the case of the aerial 
ed in rocket section 25 and is electrically connected vehlcle shown in FIG. 2, the forward end of the propul- 
through hollow boom 26 to drag balance 15. Longitudi- 25 sion rocket nose boom 26 is provided with external screw 
nal relative movement between model 21 and boom 26 threads and is engaged in aperture 38. It  will thus be 
is recorded and transmitted by telemetering equipment I6 readily apparent to one skilled in the art that the thrust 
to a remote monitoring station, and the drag foices act- dcvelcp-,c: by the vehicle propulsion means may be in- 
ing upon model 21 are obtained therefrom, as helein- trodu2ed directly into drag balance 15 through thrust 
before set forth with respect to the rocket vehicle 11. 30 mou:lt 35. A central aperture 39 is also provided in 

The structural details of drag balance 15 are clearly the forward face of the mount 35 and extends rearwardly 
shown in FIGS. 3 to  5. A housing member, generally thereinto; the longitudinal wall thereof being threaded. 
desigll~led by the reference numeral 27, is provided for Aperture 39 is considerably smaller in diameter than 
connecting balance 15 with the fuselage of the aerial aperture 38. 
vehicle configuration under investigation. Housing 27 is 35 A drag transfer element, generally designated by the 
a cylindrical element having a bore therethrough coincid- reference numeral 42, is positioned within the bore por- 
ing with the longitudinal axis of the vehicle. The outer tion 31 of housing 27. Element 42 is provided with a 
surface of housing 27 comprises a central annular portion pcrimetrical annular rim portion 43 having an outside 
28 having the same diameter as the outer surface of the diameter slightly less than the diameter of bore 31 and 
two body portions of the aerial vehicle, and annular end 40 an inside diameter slightly greater than the diameter 
portions 29 of reduced diameter. These end portions 29 of the outer edge of gaskets 35. The thickness of rim 
may be provided with external screw threads and the portion 43 is equal to about one third of the length of 
ends of the vehicle body portions engageable therewith bore portion 31 of housing 27. Element 42 is also 
may be provided with matching internal screw threads, provided with a circular central portion 44 equal in thick- 
whereby the body portions may be screwed down over 45 ness to rim portion 43 and disposed concentrically within 
po~tions 29 until the edges thereof butt against the edges rim portion 43 with the forward faces of portions 43 and 
cf annular central portion 28 of housing 27 thereby lo 44 occupying a common plane and the after faces of these 
obtain a flush joint surface. It  is also contemplated that elements occnpying a common plane parallel thereto. 
portions 29 could have a smooth surface slidable into the The outer diameter of central portion 44 is considerably 
vehicle body portions, and that a joint therebetween could 50 less than the inner diameter of rim portion 43. Four ra- 
be effected as by rivets, screws, or the like. Housing 27 dially disposed arms 45 extend between and connect the 
is provided with a bore 31 for approximately the forvjard outer circular surface of central portion 44 and the inner 
half of the length thereof of fairly large dialneter, but circnlcr s ~ r f ~ c e  of rim portion 43, dividing the space be- 
such that the wall thickness of forward end portion 29 tween portions 43 and 44 into quadrants. The arms 45 
is sufficient to  carry the loads imposed thereon by the 55 are symmetrically disposed with respect to  the forward 
forward body portion of the aerial vehicle. A bore 32 and after faces of elements 43 and 44, but are only about 
through the remaining portion of housing 27 is substan- half the thickness thereof. An internally threaded cen- 
tially smaller in diameter than bore 31 in the forward tral aperture 46 is formed through central portion 44; 
portion thereof; the abrupt transition in bore diameters the threads thereof corresponding to the threads of aper- 
forming a transversely disposed annular shoulder 33 at 60 ture 39 in thrust mount 35. The drag transfer element is 
about the longitudinal midpoint of housing 27. Since placed with the after face of rim element 43 in contact 
the wall thickness of the after end portion 29 thus with shoulder portion 33 of housing 27, and the after 
formed is considerably greater than the wall thickness face of central portion 44 in contact with the forward 
of the forward end portion 29, an annular cutout 34 face of thrust mount 35. A bolt having a head portion 
map be formed in the after edge of this wall portion to 65 47 and a shank poltion 48 externally threaded corre  
reduce the weight of housing 27. spondingly with the threads of apertures 46 and 39 is 

A thrust mount 35 is concentrica]ly positioned within used to rigidly interconnect portion 44 of drag transfer 
the reduced bore portion 3% of housing 27. Mount 35 is element 42 and thrust mount 35. It  will be noted that 
cyliZdrical in shape with an outside diameter on the the reduced thickness of radial arms 45 permits the arms 
order of 0.16 inch less thaLi bole 32, and is subjtafitialk iij to clear the gasket 36 and screws 39 positioned adjacent 
equal in length to  bore 32. The gap of approximately thereto. The head portion 47 of the bolt is provided 
0.05 inch between the outer cylindrical surface of thrust with a central internally threaded aperture, and a cylin- 
mount 35 and the inner cylindrical surface of bole 3% drical elenlent 49 composed of a magnetizable material, 
may be filled with a suitable conventional motion damp- such as iron or the like, is threaded thereinto. Element 
ing compound. A pair of annular gaskets 36 formed 7g 49 is smaller in diameter than bolt shank 48, and pro- 
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jects from bolt head 47 in the direction opposite that through coil 57. This variation in coil current is directly 
of shank 48. proportional to the movement of cylinder 49 within coil 

A position recorder mount, generally designated by the 57, and the corresponding deflection between the ends of 
reference nume~al  51, is positioned in bore 31 of hous- arms 45. A continuous record of this variation in coil 
ing 27 forwardly of the d:ag transfer element 42. Re- 6 cu~rent  may be transmitted by equipment 16 to a remote 
corder mount 51 is provided with a rim portion 52 corre- receiving station, where it may be recorded using con- 
sponding to the rim poition 43 of element 42 but having ventional equipment calibrated to measure drag in pounds, 
approximately twice the thickness thereof. Recorder based upon the deflection of arms 45. 
mount 51 is also provided with arms 53 corresponding Obviously, many modifications and variations of the 
with the arms 45 of element 42; the arms 53 dividing the 10 present invention are possible in the light of the above 
space within rim portion 52 into four quadrants aligned tezdlings. It is therefore to be understood that within 
with the quadrants formed by arms 45 of element 42. the scope of the appended claims the invention may be 
The forward face of each of the arms 53 is coplanar practiced otherwise than as specifically described. 
with the forward face of rirn portion 52 of recorder What is claimed as new and desired to  be secured by 
mount 51, but the thickness of the arms 53 is only about 15 Letters Patent of the United States is: 
half the thickness of rim portion 52, thereby providing 1. A drag balance for measuring drag forces developed 
clearance for bolt head 47. At the intersection of arms upon the external surfaces of an elongate vehicle provided 
53 a central bore is formed therethrough; the forward with propulsion means moving through a fluid medium, 
half 54 of the bore being greater in diameter than the comprising a housing member adapted to be transversely 
after half 55 thereof, and the abrupt transition of bore 20 positioned within said vehicle and rigidly interconnected 
diameters forming an annular shoulder 56 therein at the with said external surfaces, a mount positionable within 
midpoint thereof. An insulated electrical coil 57 having said vehicle adjacent said housing member and adapted 
a hollow core is placed within bore portion 54 in abut- for rigid connection with said propulsion means, an ele- 
ment with shoulder 56 and is secured in position as with ment having a perimetrical portion rigidly connected to 
a clip member, not shown, or other suitable means. The 25 said housing member, a central portion rigidly connected 
diameter of the core of coil 57 may be substantially to said mount, and a flexible portion between said peri- 
equal to the diameter of bore portion 55, which in turn inetiical portion and said central portion to permit limited 
is made sufficiently large for cylindrical element 49 to relative movement between said housing member and said 
pass therethiough without contacting the wall thereof. mount in the direction of travel of said vehicle, said mount 
Conductors, not shown, are connected between coil 57 30 being forwardly movable with respect to  said housing 
and telemetering equipment 16. member upon the development of drag forces a distance 

A plurality of inte~nally threaded holes 58 are formed proportional to the magnitude of said forces, and means 
in shoulder 33 of housing 27 parallel to the longitudinal comprising one portion rigidly positioned with respect to 
axis of drag balance 15, and a plurality of apertures 59 said mount and another portion rigidly positioned with 
aligned therewith are formed in the rim portions 43 and 35 respect to said housing member for generating an elec- 
52 of drag transfer element 42 and position recorder trical signal proportional to the relative movement of said 
mount 51, respectively. A plurality of bolts 61 are housing member and said mount. 
passed through the aligned apertures 59 and are threaded 2. The drag balance as defined in claim 1 and includ- 
into holes 58, thereby rigidly interconnecting housing 27, ing means mounted relatively immovable with respect to 
the rim portion 43 of drag transfer element 42, and posi- 40 said mount for transmitting said electrical signal to a re- 
tion recorder mount 51. mote receiving station. 

The telemetry equipment 16, as hereinbefore set forth, 3.  The drag balance as defined in claim 2 and includ- 
is mounted to move as a unit aloug with the rocket ing means for damping relative movement between said 
propulsion means of the aerial vehicle under investiga- housing member and said mount. 
tion. In the case of vehicle 11 shown in FIG. 1, this 45 4. A drag balance for measuring frictional forces tend- 
may be accomplished by providing the forward face of ing to impede movement through a fluid medium of a 
thrust mount 35 with four forwardly projecting cylin- vdlizle of the type having an elongate hollow body sec- 
drical mounting members 41 arlanged to pass between the tion and propulsion means positioned within said body 
arms of element 42 and mount 51, and terminating be- section along the longitudinal axis thereof with at least 
yond the foremost poltion of the assembled dlag bal- 50 a terminal portion slidably communicating with said fluid 
ance 15. Telemetry equipment 16 positioned within nose medium through the after end of said body section, said 
section 12 of vehicle 11 may be connected to the free drag balance comprising a housing member transversely 
ends of the members 41. When the drag balance is used positionable within and adapted for rigid interconnection 
with a vehicle of the type shown in FIG. 2 the mounting with said hollow body section and having a bore there- 
members 41  may be eliminated. 5.5 through concentric with said longitudinal axis; a mount 

In operation, drag forces developed upon the airframe concentrically positioned within said bore and adapted for 
of the vehicle under investigation are transferred to the rigid connection with said propulsion means; an element 
housing 27 of drag balance 15, since housing 27 is inter- having a perimetrical portion rigidly connected to said 
connected with all portions of the vehicle exposed to the housing member, a central portion rigidly connected to 
airstream. 8ince aims 45 of transfer mount 42 provide 60 said mount, and a flexible portion between said peri- 
the sole st~cctural connection between housing 27 and metrical portion and said central portion to provide for 
thrust mount 35, the drag forces may be considered as limitd relative !ongitudinal movement between said 
loads applied s t  the outer ends of alms 45. Arms 45 act mount and said bore; means for damping said movement 
as fixed end beams and deflect cnder these loads; the outer between said mount and said bore; an electrically ener- 
ends thereof shifting iearwardly with respect to the inner 65 gized coil rigidly mounted with respect to said housing 
ends, and causing long~tud~nal relative motion in the for- member and having a hollow core concentrically posi- 
ward di~ection of thrust mount 35 within bore 32 of hous- tion~,d with respect to the longitudinal axis of said bore; 
i11g 27. Coil 57, which is relatively immovable with re- a magnetizable element rigidly mounted with respect (to 
spect to housing 27, is collnected to a suitable source of s?id mount and penetrable into said hollow core upon 
unidirectional elecirical energy, and current flows there- 70 forward movement of said mount in said bore for varying 
through, establishing an e]ectromagnetic field within the current flow in said coil; and means rigidly positioned 
hollow ccre of the coil. The magnetizable cylinder 40 is with respect to said mount for transmitting a signal pro- 
positioned to move into the field within the core of coil portional to said coil current variation to a remote re- 
57 as thrust mount 35 movcs forward in bore 32, varying ceivi~ig station. 
the magnetic field a i ld  thereby varying the current flowing 75 5. A drag balance for measuring drag forces tending to 
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iinpede movement through the atmosphere of an aerial relativ-, ]notion betmeen said cylindrical mount and said 
vel3jcle of the type having an elongate cylindlical hollow after bore; means for damping said relative motion be- 
body sectio~l and p1opli:sion means having a forwardly tween said hoasiag :I-ember and said after bore portion; 
piojecting elmgate cylindiical portion concentrically yo- and means comprising one portion ~igidly positioned with 
sitioned within said body sectior; along the longitudine? 6 respect to said cylindrical Inount and another portion 
axis therecf and !cngit:rdin-ilfy re!aiively movaLIe t h ~ i e -  rigidly positioned with respect to said housing member 
in, said drag balance comprising a cylindrical housiag for generating an elzctrical signal proportional to the 
member concentricaliy positionable within and adapted relative movement of said housing member and said 
for interconnection a d h  said body section, said housi~lg n~ount. 
member having a centiri opening thererhrough coIlcer1- 10 6. The drag ba i~nce  ar dcfined in claim 5 and inciud- 
tric with the longitudinal axis of said t u ~ s i n g  1iiei:iF:i ing nieans mountzd relatively imn~ovable with respect to 
comprising a forward constaat diameter intelior w ~ l l  said n~ount  for transmitting said electrical signal to a 
definiag a bore and an after constant diameter interior remote receivi~lg station. 
wall defining a bore, s ~ i d  boles being substantially equal 7. The drag balance as defined in claim 6 wherein said 
in length, the diaiieter of said after bore being smaller 15 means for generating said electrical signal comprise an 
than the diameter of said forward bore to form a trans- clectrically energized coil rigidly mounted with respect 
varsely disposed annular shoulder at substantinlly the to said housing member and having a hollow core con- 
midpoint of said opening; a cy1i;idiical mount smaller in centrically positioned with respect to the longitudinal axis 
diameter than said after bore concentrically positioned of said central opening, and a magnetizable element rig- 
within said after bore and having an after surface adapted 20 idly mounted with respect to said cylindrical mount and 
for connection with the forward end of said cylindrical penetrable into said hollow core upon forward move- 
portion of said propulsicn means, said cylindrical mount ment of said cylindrical mount in said after bore for 
having a forwa~d surface substantially coplanar with said varying current flow in said coil. 
annular shoulder; an element positioned within said for- 
~ 3 r d  bore having a perimettical rim portion abutting said 25 References Cited in the file of this patent 
annular shoulder and rigidly connected thereto, a cen- 
tral portion abutting the forward surface of said mount 
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