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PREFACE

/ 'd.

This pamphlet. one of the series which will c >mprise the Ordnance Engineerin~ Design Handbook. deals with the subjp.ct of Exterior Ballistics, covering Trajectories, Differential Effects and Data for Projectiles. The pamphlet pertains to that phase of projectile life starting at the gun muzzle (or, for a rocket, at burnout) and ending at the point of burst or impact. The subject is covered in a manner intended primarily to assist the ammunition designer in recognizing and dealing with the design parameters of projectile weight, shape, Inuzzle velocity, yaw, c, drag and stability, in designing for optimum results in range, time of flight and accuracy. It is hoped that it will also prove helpful to other personnel of the Ordnance Corps and of contractors to the Ordnance Corps. Because of its complexity, it is possible to cover the subject only briefly in this volume, but an attempt has been made t~ incorporate references which will permit the designer or the student to explore in more detail any phase of the subject.


The bal1istics of bombs and of intermediate and long range missiles are not covered in this pamphlet. Neither' are the problems associated with Interior Bal1istics or of Terminal Ballistics. These subjects will be covered by other pamphlets.



g-the gravitational acceleration (~~.1:2 ft/sec2 ), and dots denote derivatives with respect to timL The initial conditions are

𝐱o=0 \mathbf{x}_{o} = 0  , 𝐲o=0\mathbf{y}_{o} = 0 , 𝐱̇o=𝐯ocosδo\dot{\mathbf{x}}_{o} = \mathbf{v}_{o} \cos \delta_{o} , 𝐲̇o=𝐯osinδo\dot{\mathbf{y}}_{o} = \mathbf{v}_{o} \sin \delta_{o} , where Vo is the initial velocity,

.a.o-the angle of departure.

These equations cannot be solved analyticaHv. but they can be solved by a method oi numeric.a.i integration explained ;n References 21, 22. 23 and 24.


b. CJuvoderistics. of Tra;ectone.i

( 1) Ballis'k T abies. Trajectory data have been tabulated ior Pro.iectile T~s 1 &1;0 2 ane for some bomb shape:>.

The "Exterior Ballistic Tables Baseci on Nt.·· merical Integration" (Reterences 7, 25. and 20; pertain to Proiect;;e Type 1. The merer ~s toe unit of lengtt.. Tne tr"J.ectones were c,:;.i1pute~ iorwarci and t.ackwa!'c· [r(Jl"!1 the swnrr.i.: and cut off at several .ltitude·. 1i c.. is the '·cummita.: ballistic c~fficien::" ci .. ~rajectory and y. the maximum ordinate of a partia.; trajectory, the baliisti.c:: coetncip.nt C 0; this parti4 1 trajector;.· -"1.usfies '.i,e relation

log10C=log10C•−0.000,045y•. \log_{10}C = \log_{10}C_{\bullet} - 0.000,045 y_{\bullet}. \tag{26} 

For each Y.. C•• and summita1 velocity v •• Volume ! gh'es the horizontal range, time, and velocity component~ 3.t the beginning and end of the partial trajectory. If the muzzle vel.xity. angle oi departure, and ballistic coefficient a.·e knO\lo"1\, Volume Il mo:.y be used to find the time of fli(;lu: tG the summit, te. the velocity at the summit, the horizontal range to the summit,,,,,,. and the maximum ordinate. Then C. can be computed and trajectory data can he found in Volume I for the i-ven C. aile: v, at various altitudes.

However, terminal values can be found more conveniently from Volume III. which gives the hori ;:ootal range X. time of flight T. angle of fall w. and terminal velocity Vw; the arguments are the same as in Volume II: the muzzle velocity varies from 80 to 920 meters per second. the angle of departure from 0° to 80° (at intervals of 1° f,om 0° to 30°. and 2° from 30° to 80° I, the hallistic coefficient from 1.000 to 17.78 (at inter .. als of 0.05 in log C).

The "Brief r:xterior Ballistic Tables for Prowrtik- -ivr>e i" (Reference 27) cOlltains values I hM wf'r~' ohtaineej hy interpolation in Volume II I am! conversiOll to English units (yards and ft't'T j~r "t'rond ,. The muzzle velocity varies from 200 rf, :)()(X) f("~T I>f'; second in 100 foot per seconrl 1'll'remf'ntS. The ilngle of departure varies from ISO to 75° in 15° increments. Obviously, inter-Vlbtion for angle of departure in this table is difficult: nf'vertheless, the table is useful for many purpose,. The table of range for an elevation of ./ 45°, whKh is n(~r1y' the maximum ran~e. is rq>roduced iX're (T;,ble 1).

Tht: "Extcror Ballistic Table for Projectile T.vpe 2" (Refuence 28) consists or three parts: Tahle !. Sumnital and Tenninal Values; Table I I. Coordinates as Functions of Time of Flight; ann a lo.r,-{e gra?h of Ma..'l.imum Range vs. Bal1is:ic Coefficient. The tables have been extended to include data for everv 15° from 0° to 90°. T~le muzzle velocity varies irom 1200 to 5200 fet"t ,. , second. and the ballistic coefficient from 0.50 ;0 10.00. The coordinates are given in yard". i:h~ time in seconds. and the velocity in feet per second. Tahle I gives the time to the summit. the ho:-i-1.Ontal range tn the summit. the maxim·,.m ordinate. the time of flight. the total range. l'I, angle of fall. and the terminal velocity. Table I l gi"es the horizontal r:mge and altitude at e,,("ry 5 seconds of time. Unfortunately. the velocity

TABLE I MAXDJUM RANGE FOR PROJECTILE TYPE 1 ELEVATION 45°

Range in yards. Muzzle Velocity (vo ) in fps



TABLE I (Continued)



MAXIMUM RANGE FOR PROJEcrlLE TYPE 1 ELEVATION 45·

Range in yards. Muzzle Velocity (v.) in fps



TABLE II MAXIMUM RANGE OF'PROJECfILE TYPE 2

Range in Units of 10 Yards components are not tabulated. The graph has a in this pamphlet (Table II). cune of maximum range vs. ballistic coefficient Some trajectories have been computed for Profor every 400 feet per second muzzle velocity; it jectile Type 8 at an angle of departure of 45·. also lists the angle of departure for maximum The range. which is nearly the maximum raace. A table f.- the maximum ranee is included is tabclated here (Table III).



TABLE III MAXIMUM RANGE FOR PROJECTILE TYPE 8 ELEVATION 45°


Range in Units of 10 Yar:ds

When bombs were dropped at low speeds, tra m-the mass of the bomb in pounds. "Bomb Ballistic Reduction Tables" were pub the appendix; they are graphed in the introlished, which were more convenient for this pur duction. pose. However. at transonic speeds, the drag (2) G,.a!'hs. Figures 3, 4 and 5 are graphs of ft'om G1• Drag coefficients have been detennined time of flight is useful in estimating wind effects. selected as bases of "Bomb Ballistic Tables" (Ref ground at different altitudes, points along the tra-:-:ational Advisory Committee for Aeronautics, and is probably the lowest drag coefficient that any from range bombing of the 3000-pound Demoli on G1 are not included because no antiaircraft prothe highest coefficient that any bomb will have. flight.

The arguments of the "Bomb Ballistic Tables" Unlike the vacuum trajectories, in air, the level), true air speed of release in level flight (250 to 2(XX) knots), and perfonnance parameter (0 to 1.5). The performance parameter P is inversely proportional to the ballistic coefficient; it is defined by the fonnula

P=100d2/m, P = 100d^2/m,  (27)

jectory data based on the Gavre drag function GJ The tables give the horizontal range from release were accurate enough for calibrating the sights. to impact (feet), the time from release to impact In fact. the descending branches of the trajectories (seconds), the striking velocity (ft/sec), and the in Volume I of the "Exterior Ballistic Tables" striking angle (degrees) . The dng coefficients could be used for this purpose. Actually, some are tabulated as functions of the Mach number in functions of modem bombs differ considerably the total time of Right for an elevatioTl of 45°. The for several shapes. but three of them have been For' antiaircraft firing and for firing to the erence 10): drag coefficient A was detennined jectory are needed. Figures 6 and 7 show the from wind tunnel tests of a shape designed by the trajectories ComPl~ted with G2 and G, at angles of departut:e of 45° and 60° (there is a different graph for each muzzle velocity, each elevation, - oomb will have; drag coefficient B was determined and each Projectile Type). Trajectories based tion Bomb M119. and is suitable for other mem jectiles have a blunt head. The TI08 HEAT hers of the series including the 75O-pound Bomb Shell is usually used only in direct fire at short MilS and the IO,OOO-pound Bomb M121; drag ranges. Trajecto:,y data for other elevations can coefficient C was determined from resistance fir he estimated from those at 45 ° or 60° by assuming ings of the 75-mm Slug Mark I, and is probably that the slant range is the same for a given time of are release altitude (1000 to 80,000 feet above sea horizontal range to the summit is more than half the total range, and the time to the summit is 1e4s than half the total time; however, the maximlJ4l ordinate is approximately (g/8)Tt. In air, the tenninal velocity is less than the initial velocity and the angle of fall is greater than the angle of P = lOOdJ/m, (27) departure. At a given elevation, the total flIlgt! where d is the maximum diameter of the bomb in increases less rapidly than the square of tilt feet. muzzle velocity; at a given muzzle velocity, the :,\ \ ..'

range is a maximum at an angle somewhat differ _ (U Qldu Altitude· (31) ent from 45° : lower for small ballistic coefficients, q-J G(u) u higher for large ones. However, the range at 45° is nearly as much as the maximum.



G. Spirt-stabilized Projecliles (KDS = 16.4 per rad'),

(1) Tabllw Fllftctiofts. In 18M, the Italian Col. Damping coefficient c" = G(u)/2u. 03; Siacci introduced the Space, Time. Altitude, tnd Inclination Functions. (Reference 29), which Tht: upper limit of integration, U, is ;A;\) iI'" tor simplify the calculation of trajectory data under Projectile Type 1 and 7000 fps for Tyr,es l. and certain restrictions. In particular, their use will 8. KDS is the yaw-drag coefficient, defined by be explained for three conditions: ground fire at the formula low superelevations, antiaircraft fire (where the superelevation is small), and aircraft fire. These KD = Kn" (1 + KD 32 ), (34) and some auxiliary functions based on Glo Gu where K Do is the drag coefficient for 0 yaw, (the second revision of G2 ) and Gu (the first revision of G.) have been tabulated for the Air a-is the yaw in radians. Force (References 30, 31 and 32). Since these (2) Grm.,.d Fi,.e Gl Low Eln1Glions Siacci tables were arranged primarily for use in computing aircraft firing tables, they were called (a) FoJ'MlI1as. Although the Aircraft Tables the component u along the line of departure of the derivation and application of the following for velocity relative to the air, which is assumed mo mulas, see Reference 33). Here, we shall take tionless. The following functions and some of their derivatives with respect to u are tabulat,ed: p/ P.~s the ratio of air density to normal, as-

Space p=∫𝐮𝐔d𝐮G(𝐮),(28)a/ao−the ration of the velocity of sound to normal, assumed constant for each problem. p = \int_{\mathbf{u}}^{\mathbf{U}} \frac{d\mathbf{u}}{G(\mathbf{u})}, \quad (28) \qquad \text{a/a}_{o} - \text{the ration of the velocity of sound to normal, assumed constant for each problem.}  Time t=∫𝐮𝐔d𝐮𝐮G(𝐮),(29)If F is the temperature in degrees Fahrenheit, t = \int_{\mathbf{u}}^{\mathbf{U}} \frac{d\mathbf{u}}{\mathbf{u}G(\mathbf{u})}, \quad (29) \qquad \text{If F is the temperature in degrees Fahrenheit,} 

Inclination* q1=∫𝐮𝐔gd𝐮𝐮2G(𝐮), q_1 = \int_{\mathbf{u}}^{\mathbf{U}} \frac{g \, d\mathbf{u}}{\mathbf{u}^2 G(\mathbf{u})},  (30) a/a0=(459+F)/518.a/a_0 = \sqrt{(459 + F)/518}. (35) Then the horizontal range is

Altitude* q=∫uUq1duG(u), q = \int_{u}^{U} \frac{q_1 du}{G(u)},  (31)

ch as the maximum. 6. SIACCI TABLES Velocity increment Δ′u=KDS2G(u) \Delta' u = \frac{K_{DS}}{2} G(u)  , (32)

Damping coefficient c″=G(u)/2u c'' = G(u)/2u  . (33)

KD=KD0(1+KDδ2), K_D = K_{D_0} (1 + K_D \delta^2),  (34)

Aircraft Tables; however, they can be used for are not accurate in computing complete trajectories other purposes, as explained below, in lieu of other at high elevations, they can be used to obtain traforms. In these Aircraft Tables the argument is jectory data at superelevations below 15· (for the sumed constant for each problem,

G(u) (28) a/a.-the ration of the velocity of sound to normal, assumed constant for each

a/a0=(459+F)/518 a/a_0 = \sqrt{(459 + F)/518}  . (35)

x=(Cρ0/ρ)cosϑ0[p(ua0/a)−p(u0a0/a)],(36) x = (C\rho_0/\rho)\cos\vartheta_0 [p(ua_0/a) - p(u_0a_0/a)], \qquad (36) 

the time of flight is

tf=(Cρ0a0/pa)[t(ua0/a)−t(u0a0/a)], t_f = (C\rho_0 a_0/pa) [t(ua_0/a) - t(u_0 a_0/a)],  (37)

the altitude is

y=xtanθo−(Cρoao/ρa)2[q(uao/a)−q(uoao/a)]+x(Cρoao/ρa)secθo[q1(uoao/a)], y = x \tan \theta_o - (C\rho_o a_o/\rho a)^2 [q(ua_o/a) - q(u_o a_o/a)] + x(C\rho_o a_o/\rho a) \sec \theta_o [q_1(u_o a_o/a)],  (38)

and the siope of the trajectory is

tanϑ=tanϑo−(Cρoao2/ρa2)secϑo[q1(uao/a)−q1(uoao/a)]. \tan \vartheta = \tan \vartheta_o - (C\rho_o a_o^2/\rho a^2) \sec \vartheta_o [q_1 (ua_o/a) - q_1 (u_o a_o/a)]. \tag{39} 

The angle of departure for y = 0, may be found by formula

sinϑc=Cρ0a0ρa[q(ua0/a)−q(u0a0/a)p(ua0/a)−p(u0a0/a)−q1(u0a0/a)]. \sin \vartheta_{c} = \frac{C\rho_{0}a_{0}}{\rho a} \left[ \frac{q(ua_{0}/a) - q(u_{0}a_{0}/a)}{p(ua_{0}/a) - p(u_{0}a_{0}/a)} - q_{1}(u_{0}a_{0}/a) \right].  If ρ/ρ0=1\rho/\rho_{0} = 1 and a/a0=1a/a_{0} = 1 , let p=p(u)p = p(u) , p0=p(u0)p_{0} = p(u_{0}) , etc. (40)

• Ia most places, the altitude and incliDatiOll fuDctiom arc dcfioed a. twice tbac iDte,raJ••

Then these formulas can be expressed more NOT£: Since u is the component of the velocity simply:

x=Ccosϑo(p−po),(36a) x = C \cos \vartheta_{o} (p - p_{o}), \qquad (36a) 

tt=C(t−to), t_{t} = C(t - t_{o}), \tag{37a} 

y=xtanϑ0−C2(q−q0)+Csecϑ0xq10 y = x \tan \vartheta_0 - C^2(q - q_0) + C \sec \vartheta_0 x q_{10}  (38a)

tanϑ=tanϑ0−Csecϑ0(q1−q10),(39a) \tan \vartheta = \tan \vartheta_0 - C \sec \vartheta_0 (q_1 - q_{10}), \quad (39a)  and, for y=0y = 0 ,

sinϑv=C[q−qop−po−q1o] \sin \vartheta_{v} = C \left[ \frac{q - q_{o}}{p - p_{o}} - q_{1o} \right]  (40a)



(h) Exam~l,

nata: Tank Gun. 76-mm, MIA2; M339. Shot, AP,

Caliber 3.000 in. Mass 14.58 lb. Muzzle Velocity 3200 ips Form Factor 1.164 on G~.l

A.ir Density Ratio 1.000 Sound Velocity Ratio 1.000

Problem: To find the range, time of fti(ht, angle of departure, and angle of fall where the velocity is 2000 fps.

Solution: From the Aircraft Table Based on GI.1 :




	
	
	the velocity is 2000 fps.
	tq
	



	
	Solution: From the Aircraft Table Based on GI.1 :
	
	
	



	u
	p
	
	
	ql




	2000
	23079.3
	6.5132
	489.0
	.06523



	3200
	15425.1
	3.4997
	161.6
	.02637



	Dift'.
	7654.2
	3.0135
	327.4
	.03886





C8.1=14.58/1.164(3.000)2=1.392(Eq.22) C_{8.1} = 14.58/1.164 (3.000)^2 = 1.392 (Eq. 22) 

sinθ0=1.392(327.4/7654.2−.02637)=.02283(Eq.40a) \sin \theta_0 = 1.392 (327.4/7654.2 - .02637) = .02283 (Eq. 40a) 

.so =23.26 mils, cos .so = .99974, sec.•• = HXX>27 tan ~. = .02284

1.392(1.00027)(.03886)=.05411_ 1.392(1.00027)(.03886) = \underline{.05411} 

tanθ=−.03127(Eq.39a) \tan \theta = \frac{-.03127}{(Eq. 39a)} 

.s =- 31.84 mils x =1.392 (.99974 )(76542) = 10652 h (Eq. 36a)

tt=1.392(3.0135)=4.19sec(Eq.37a) t_t = 1.392 (3.0135) = 4.19 sec (Eq. 37a) 

along the line of fire, the tangential velocity is v=u cos ,s./cos ,.

In this example, v =2000 (.99974)/.99951 = 2(XX).5 fps.



<3) A ntiaircraft Fir,

<a) FOrMvlos. These tables can also be used for the flat part of antiaircrah trajectories. where the superelevation is less than IS· (for the derivation and application of the followi., fonnulas, see Reference 33). Let p/P. and possibly C be known variable functions of x, but assume a constant value of a/a. (either 1 or an average). Since P/P. is a function of y, denoted by H, its relation to x can be found by the approximate substitution

y∼xtanθo y \sim x \tan \theta_o  (41)

Let m =tan ~, m. =tan ••.

Then the following trajectory data can be found by Simpson's rule or some other method of numerical integration: .

p(ua0/a)=p(u0a0/a)+secϑ0∫0xHCdx p(ua_0/a) = p(u_0a_0/a) + \sec \vartheta_0 \int_0^x \frac{H}{C} dx  , (42)

--

\ )

-

tf=secϑo∫0xdxu,(43) t_{f} = \sec \vartheta_{o} \int_{0}^{x} \frac{dx}{u}, \qquad (43) 

m=mo−∫0xgsec2ϑou2dx,(44) m = m_o - \int_0^x \frac{g \sec^2 \vartheta_o}{u^2} dx, \qquad (44) 

v=∫0xmdx. v = \int_{0}^{x} m dx.  (45)

Check: xtanϑo=10652(.02284)= x \tan \vartheta_o = 10652 (.02284) =  243.25

−C0.11(q−qo)=(1.392)2(327.4)=- C_{0.1}^1 (q - q_o) = (1.392)^2 (327.4) = -634.40

C0.1secϑo×q1o=1.392(1.00027)(10652)(.02637)=C_{0.1} \sec \vartheta_o \times q_{1o} = 1.392 (1.00027) (10652) (.02637) = 391.11

y=y = 0.00 (Eq. 38a)



(b) Ex..,,,

D.ta: Auto_do (AA) 01lD, 4O-mm, M2Alj SIlo" AP. 1481

YuuIe V_ClUy : 2870 fpl lWIillde eo.... : 0.574 OIl 0 ... .up 01 D.,.nun : 12lO ... Air o-a,,. 8&. : B-.... Ilow1d V..~,. Rado: 1.000

Problem: To ftDd lhe 11_ of elcb~ loAd aldWde for bori_tal ranI" flOln 0 to 2400 n. Solution: (See _u below 1oAd_ t.be AinnI~ Table B.-d on 0 •.,).



Remarks:

Col. 1. The interval of x should be chosen small enourh so that the integrations may be performed accurately by Simpson's rule: not more than 600 feet.

Col. 2. M =loglO e =0.43429. h =0.000,031, 58 ft_a. The estimate of y = x tan ~o. A slirhtly smaller factor would be better at the 10nrer ranges.

Col. J. For c:onvenience, the formula H =anti·' colorlo Mhy was used. The density function H(y) has been tabulated (Reference 11) ; it gives the same values. The ICAO "Standard Atmosphere-Tables and Data"l gives slightly different values.

Col. 4. Simpson's rule was used, but the trapezoid rule gives 2193.30 for the last value.

Col. 5. The first value was found in the Aircraft Table for Uo = 2870 fps. The other values were computed by Eq. (42) with sec ~O/C•.l =2.6131/0.574 =4.5524.

Col. 6. The values of u after the first were found in the Aircraft Table by inverse interpolation. usinr the first two terms of Taylor's series.

Col. 7. sec.9. =2.6131. This is multiplied by 1000 to avoid writing zeros.

Col. 8. Eq. (43). Simpson's rule gives 3.131 for the last value, but the trapezoid rule was used in order to obtain intermediate values.

,

Col. 9. The square of Col. 7.

Col. 10. Note the factor 1()1 in these values. Simpson's rule gives 4259 for the last value, but the trapezoid rule was used so as to obtain more values.

Col. 11. Computed by Eq. (44) with I1lo = tan ~o, g = 32.152 ft/ secJ.

Col. 12. Computed by Eq. (45). Simpson's rule gives 5666 ft for the final value.



(4) Aircraft Fire

(CJ) F or",ulas. These tables are especially useful for aircraft fire (for th~ derivation and at>' plication of the follo....:ng formuas, see References 34 and 35). Before using them, the initial conditions must be determined. Let

A-be the 4Zimuth. measured from the direction of motion of the airplane,

Z-the zenith angle, measured from the upward vertical, vo-the muzzle velocity (relative to the gun), w-the true air speed,

Uo-the initial velocity relative to the air,

3,,-the initial yaw relative to the motion of the air.

The initial velocity and yaw may be found by the If h 15 rhe 'yawing tMmmt damping factor• formuJu ...-the c«):;,. wind fora: damping factor.

u02=v02+w2+2wv0sinZcosA, u_0^2 = v_0^2 + w^2 + 2wv_0 \sin Z \cos A,  (46)

δ02=(1−sin2Zcos2A)w3/u02(rad)2 \delta_0^2 = (1 - \sin^2 Z \cos^2 A) w^3/u_0^2 (rad)^2  . (47) the loss in velocity due to yaw is

𝐮•=𝐯•+𝐰, \mathbf{u}_{\bullet} = \mathbf{v}_{\bullet} + \mathbf{w}, \tag{46a} 

δ•=0. \delta_{\bullet} = 0. \tag{47a} 

uo=vo−w u_o = v_o - w  , (46b) projectile,

δ•=0. \delta_{\bullet} = 0. \tag{47b} 

The ail' density ratio H and the sound velocity Q = (Cae/Ha)' [q(ua./a) - q(u.a./a») ratio a/a. may be taken u coastanta. Approxi mately, if Y is the altitude of the airplane above - (Cae/H.) Pql (u.a./a). (55) lea left!. and the time of Sight is,

H=e−hY H = e^{-hY}  , h=0.000,031.58 ft−1h = 0.000,031.58 \text{ ft}^{-1} . (48)

a/an=e−kY a/a_n = e^{-kY}  , k=0.000,003,01k = 0.000,003,01 ft -1 . (49)

If .. is the standard stability factor. which cor x = P cos ie; (57) respoads to the muzzle velocity. muzzle spin, and standard sun.e air deDIity. the initial stability y =P sini.- Q. (58)

s0=s0v02/u02 H. s_0 = s_0 v_0^2 / u_0^2 \text{ H.}  (50) formula

ue3=ve3+w3+2wvesinZcosA, u_e^3 = v_e^3 + w^3 + 2wv_e \sin Z \cos A,  (46) c′=(h+x)/2u,c' = (h + x)/2u, (51)

In forward firing, A=0 A = 0  ; Z=1600Z = 1600 mils,

u0=v0+wu_0 = v_0 + w , (46a) (46a)  Δu=δ02aa0(s0−1/2)Δ′u(u0/a)(s0−1)Cc′+c″(u0a0/a) \Delta u = \frac{\delta_0^2 a}{a_0} \frac{(s_0 - 1/2) \Delta' u (u_0/a)}{(s_0 - 1) Cc' + c'' (u_0 a_0/a)}  Then the effective initial velocity is

uo=uo−Δu. u_{o} = u_{o} - \Delta u. \tag{5.2} 

A = 3~ mil., Z= 1600 Now we can find the distance measured aloni the line of departure to • point directly above the.

δ0=0. \delta_0 = 0.  P=(C/H)[p(ua0/a)−p(u0a0/a)],(54)P = (C/H) [p(ua_0/a) - p(u_0a_0/a)], (54)

the drop of the projectl1e.

Q=(Cao/Ha)2[q(uao/a)−q(uoao/a)]−(Cao/Ha)Pq1(uoao/a), Q = (Ca_o/Ha)^2 [q(ua_o/a) - q(u_oa_o/a)] - (Ca_o/Ha) Pq_1 (u_oa_o/a),  (55)

and the time of night is,

H=e−ax,h=0.000,031,58 ft−1,(48)tf=(Cao/Ha)[t(uao/a)−t(uoao/a)].(56) H = e^{-ax}, h = 0.000,031,58 \text{ ft}^{-1}, \qquad (48) \qquad t_f = (Ca_o/Ha) [t(ua_o/a) - t(u_oa_o/a)]. \quad (56) 

a/a. = e-Ilr• k =O.<XX>.003.01 ft-I. (49) The horizontal and vertic:a1 compoaenta. if de sired. may be found by the fonaulu

x=Pcosθei x = P \cos \theta_{ei} \tag{57} 

y=Psinθ•−Q, y = P \sin \theta_{\bullet} - Q, \tag{58} 

factor is with the angle of departure detenniDed by the

tan3θ•=cos3Z(sinZsinA)2+(sinZcosA+w/v•)2 \tan^3 \theta_{\bullet} = \frac{\cos^3 Z}{(\sin Z \sin A)^2 + (\sin Z \cos A + w/v_{\bullet})^2}  (59)

01'

cot2θo=(tanZsinA)2+(tanZcosA+w/vocosZ)2. \cot^2 \theta_o = (\tan Z \sin A)^2 + (\tan Z \cos A + w/v_o \cos Z)^2. \tag{59a} 

Zenith Angle S)() mila (c..1a./Ha)1 = (0.6633)1 =0.4400 Muzzle VeJoc:ity JOOO Epa PH/~1=IZO/O.~I=I~.9ft Air Speed lcm fp. u.II./a = 33)2.8/0.9137 = 3505.3 fIN Altitude 30,000 It Find p(u.a./a) in Table, tbeIl p(../a) by Eq.

54. Stuldard Stability FlIdor 3.66 Dunpiar Factors h +a 10.6 aec-1 ua./a p t q \h

Problem: To 6Dd the time of 8icbt aDd drop for a SilIcci .... (P) at lZO it. t, = 0.6633 x 0.593 = 0.393 sec (Eq. 56)

Solutioa: (Ule the Aircraft Table Baled on 0.4400 x 47.3 = 20.8 Ga.1)' 0.6633 x 1~ x 0.02114 = 16.8

2wv. sin Z cos A = 1,623,600

Ie = 0.2505 rae! (255.2 mils), (1 rad = Thea we have P = 1S~.5

1018.6 mils). aad the table gives bY =0.000,031,58 x 30,000 = 0.9474

a/a. = 0.9137 (Eq. 49)

Ie = 3.66 oX 9,000,000/11,623,600 x 0.3871 = 7.31 (Eq. 50)

c' = 10.6/2 x 3000 = 0.00177 ft-1

~/a = 3409.3/0.9137 =3731.3 fIN

~'u(u.a./a} = 1.4003 sec- 1 (from Aircraft Table)

c"(u.a./a) =2288 x 10-1 ft- 1 (from Aircraft Table)

~a = 0.06275 x 0.9137 6.31 x 0.235 x ::~1~~000,022,88 = 0.05733 o.OO2,d~~.ooo,023 3)6.5 fps (Eq. 52)

(b) E.IGllltI. \2e = 3409.3 - 3)6.5 = 3202.8 fpe (Eq. 53) Data: c..1/H = 0.235/0.3871 = 0.6061 c..la./Ha = 0.6061/0.9137 = 0.6633 Azimuth lZO mila

at JOO) fpa 3174.3 1S~.5 3.548 165.7 .L..~...ti BaDiatic Coefficient 0.235 on Ga.1 3.505.3 13600.6 2.9~5 118.4 .C'~l1" 1979.9 0.593 47.3 .057:

Q = 4.0ft (Eq. 55) COl A = 0.38268 sin Z = 0.70711 (c) l,,'er,o~. The derivatives listed in the Aircraft Tables should be used for iDter SiD Z COl A = 0.27060 polating backward or forward from the nearest 2wv. = 2 x 1000 x 3000 = 6,000,cm tabular value of the argument. For instance. in v.1 = (JOOO}I = 9,000,000 the last ~ple, it is desired to find p for u = 3.505.3 and then to find u for p =1S~.5. Fant, wi = (1000)1 = 1,000,000 the table gives at u = 3510, P = 13572.81, u.S = 11,623,600 (Eq. <46).

u. = -!-= - 5.923 3409.3 fIN ..I = 0.72940 x 1,000,000/11,623,600 = Hence, ~u = - 4j, = + 27.84, _." 0.06275 (Eq. 47) aad, at u = 3.505.3, P =13600.65.

p =1S606.2, = - 6.044 at u = 3170.

H = 0.3871 (Eq. 48) Heace, ~p = - 2Sj 60= +4.3, kY = 0.000,003,01 x 30,000 = 0.0903 aacI u =3174.3.



b. F"'-stabilued Projectile.

(I) Tabtdor FllfletW,tS. R~erence 6 ("ontains a tahl~ of modified Siacci functions baaed on the Cirag coefficient for the S().mm High Explosive Antitank Shell T1OB, which has rigid fins. These tables can be used for other similar projectiles. although they are not suitable for all fin-stabilized projectiles. The following functions and their derivatives are tabulated as functions of Mach r.umber M:

Space S=∫𝐌2.7d𝐌𝐌𝐊𝐃(𝐌),(60) S = \int_{\mathbf{M}}^{2.7} \frac{d\mathbf{M}}{\mathbf{M}\mathbf{K}_{\mathbf{D}}(\mathbf{M})}, \quad (60) 

Time T=∫𝐌2.7d𝐌𝐌2𝐊𝐃(𝐌),(61) T = \int_{\mathbf{M}}^{2.7} \frac{d\mathbf{M}}{\mathbf{M}^2 \mathbf{K}_{\mathbf{D}}(\mathbf{M})}, \quad (61) 

Inclination I=gao∫M2.7dMMaKD(M), I = \frac{g}{a_o} \int_{M}^{2.7} \frac{dM}{M^a K_D(M)},  (62)

Altitude A=∫M2.7I(M)dMMKD(M). A = \int_{M}^{2.7} \frac{I(M) dM}{MK_{D}(M)}.  (63)

The factor in the inclination function is g/a.=32.1S4/112n.27 = 0.0287 sec-i.



( 2 ) AI'plkGliofi

(a) Fo""ula.s. The following formulas are applicable for computing trajectory data at superelevations below 15·.



ut

m be the mass of the projectile in pounds, i-the fonn factor of the projectile, d-the maximum diameter of the projectile in feet, v-the velocity of the projectile in feet per second, v.-the muzzle velocity in feet per IIeCOIld, a-the velocity of sound in air in feet per second, p-the density of air in pounds per cubic foot, a-the angle of inclination of the trajectory. a.-the angle of departure.



Abo let

:lo =1120.27 ips, p. = 0.07513 Ib/ft', M. = v./a, (64)

M¯=vcosϑ/acosϑ•, \overline{M} = v \cos \vartheta / a \cos \vartheta_{\bullet}, \tag{65} 

γ=ρ0id2/m. \gamma = \rho_0 i d^2/m. \tag{66} 

Then the horizontal range in feet is

x=(ρ0/ργ)[S(M¯)−S(M0)],(67) x = (\rho_0/\rho\gamma)[S(\overline{M}) - S(M_0)], \qquad (67) 

the ti~ of flight in seconda i.

tf=(ρ0secϑ0/aργ)[T(M¯)−T(M0)], t_f = (\rho_0 \sec \vartheta_0/a\rho\gamma) [T(\overline{M}) - T(M_0)],  (68) the altitude in feet is

y=xtanϑ•−a∘ρ∘2sec2ϑ∘a2ρ2γ2[A(M¯)−A(M•)]+xa∘ρ∘sec2ϑ∘a2ργI(M•). y = x \tan \vartheta_{\bullet} - \frac{a_{\circ}\rho_{\circ}^{2} \sec^{2} \vartheta_{\circ}}{a^{2}\rho^{2}\gamma^{2}} [A(\overline{M}) - A(M_{\bullet})] + x \frac{a_{\circ}\rho_{\circ} \sec^{2} \vartheta_{\circ}}{a^{2}\rho\gamma} I(M_{\bullet}).  (69)

tanϑ=tanϑ•−a∘ρ∘a2ργ[I(M¯)−I(M•)]. \tan \vartheta = \tan \vartheta_{\bullet} - \frac{a_{\circ}\rho_{\circ}}{a^{2}\rho\gamma} [I(\overline{M}) - I(M_{\bullet})]. \tag{70} 

The angle of departure for y = 0 may be found by the fonnula

sin2θ•=a∘ρ∘a2ργ[A(M¯)−A(M∘)S(M¯)−S(M∘)−I(M•)]. \sin 2\theta_{\bullet} = \frac{a_{\circ}\rho_{\circ}}{a^{2}\rho\gamma} \left[ \frac{A(\overline{M}) - A(M_{\circ})}{S(\overline{M}) - S(M_{\circ})} - I(M_{\bullet}) \right]. \tag{71} 

Ifp=p. and a=a.. let S=S(M), S.= tan a = tan a. - seeI a. (I - Ie). ('tIa) S(Mo), etc. Then these formulas can be ex ..'" pressed more simply: and for y = 0,

x=(1/γ)(S−So), x = (1/\gamma)(S - S_o), \tag{67a} 

tr=(secrθr/ar)(T−Tr). t_{r} = (\sec_{r} \theta_{r}/a_{r})(T - T_{r}).  (68a)

y=xtanθo−sec2θoaoγ2(A−Ao)+xsec2θoaoγIo y = x \tan \theta_o - \frac{\sec^2 \theta_o}{a_o \gamma^2} (A - A_o) + x \frac{\sec^2 \theta_o}{a_o \gamma} I_o  (69a)

tanθ=tanθ0−sec2θ0a0γ(I−I0),(70a) \tan \theta = \tan \theta_0 - \frac{\sec^2 \theta_0}{a_0 \gamma} (I - I_0), (70a) 

'2 2[A-A.] •.j" t, = (sec. a./a.l)(T - T.), (6&) sm a. = 80l S_ S. Ie • (11a) .. . .", ..



(b) E.~,~

Data: Gun, 9O-mm; SbcIl. HEAT. TI08E1D

Caliber : 0.29525 It

Ma. : 142. Maule Velocity : 2400 fpe

Form FKtor : 1.00 on Gn.

Air Dmaity : 0.07513 Ib/&- SoaDd Velocity : 113).27 fpe

Problem: To fiDei the ftIoc:ity. time of flicbt. angle of c:Ieputure. aad ucte of faD at a ranee of 3000 feet.

Solutioa: From the Table of the Siaa:i F.,....,... hued 011 SbeIl. 9O-mm, HEAT. T.J.OJ.

II 5 T A I Ij3650 3.orJ196 1.427502 .02537 .01923 2.14234 1-'0836 0.109983 .Q067O .Q0851 Dif. 1.J836OM' Oj11519 --- .01867 .01072

- Me =2«)()/113).27 =2.14234 (Eq. 64)

'T =0.07513(1.00) (0.29525)'/142 = O.ooo,-t61,2 ft-I (Eq.66)

"T = U3).27(O.ooo,-t61,2) =0.51667 1Il&:-1

..y* =0.51667(O.ooo.-t61,2) = 0.000,238.29 ft-1 1Il&:-1

-S - S.=TX =0.CXX>.-t61,2(3(00) = 1.38360 (Eq. 67a)

. 2 [0.01867 ] l1li». = 0.51667 1.38360 - ().(QISl =0.01928 (Eq. 71&)

21.= 19.64 mils, '.=9.82 mila.em'"= 0.99995,

1Il&:'. = 1.00005,IIItJl:'•• =1.00010

0.00964 tall'.=

1.00010 - 0.51667 (om072) = -0.02015 tall' = - 0.01111 (Eq. '0&)

•=- 11.32 mils, em' =0.9994 v = 1120.27 (lj36S0) (0.99995)/ (0..99994)

= 1945.37 ips (Eq. 65)

te =~= (OjI7519) = 1.3S911l&: (Eq.6&)

Check: x tan ϑ0=3000(.00964)=28.92 ft \vartheta_0 = 3000 (.00964) = 28.92 \text{ ft}  −sec2ϑ0(A−A0)a0γ3=−1.00010(0.01867)0.000,238.29 -\frac{\sec^2 \vartheta_0 (A - A_0)}{a_0 \gamma^3} = -\frac{1.00010 (0.01867)}{0.000,238.29}  =−78.36 ft = -78.36 \text{ ft}  xsec3ϑ0a0γI0=3000(1.00010)0.51667(0.00851) \frac{x \sec^3 \vartheta_0}{a_0 \gamma} I_0 = \frac{3000 (1.00010)}{0.51667} (0.00851)  =+49.42 ft = +49.42 \text{ ft}  y=28.92+49.42−78.36=−0.02 ft y = 28.92 + 49.42 - 78.36 = -0.02 \text{ ft} 



7. DIFl'EUNTIAL 'EPnc:n

Some of the eft'ects on ranee and defi~<m caUled by from staadard CIODditioas will be ctilCllEsed and explained Mcft detailed exp1aDatioaa are giftll in R.efaences 2' 22, 23 and 24.



CJ. E.8«b 011 RtMg.

(Eq.69&).


	(1) H,;gIU of Targd. Two methods may be used for determining the e&ct of height of the target with respect to the lUll: OII~ by meaoa of the trajectory chart, uad another by n co~ to the aagle Of deputure.

	(a) For variatioaa in height, the trajectory chart should be ued. The trajectory that passes throucb the point dctermiDed by the cMn horizoDtal raIJIe aad altitude can be found. The total of this trajectory is the where it croaes the axis. The diJlaeDtt bdweaa the gival aad the total ranee is the eh:t of the height of target. For greater accuncy, the aterior ballistic tables may be used in lieu of the charta.

	(b) For small ~tioaa in height, an proximate effect may be fouacl by adding the aacIe of site,



ϵ=tan−1(H/R•), \epsilon = \tan^{-1} (H/R_{\bullet}),  (72)

to the angle of departure ... obtaiDi:Ic the corree:teC. ancte

φ=φ0+ϵ. \varphi = \varphi_0 + \epsilon. \tag{73} 

Here, H is the height of target.

Rr-tbe map range,

..--the angle of departure corTeSporu'ing to the map raaee in the ~.or Ballistic Tables,

,.......the angle of departure cone:spwdiug to the COl iected nmce R.

Then the effect 011 rauge due to height of target q

Δ𝐇R=R•−R. \Delta_{\mathbf{H}}R = R_{\bullet} - R. \tag{74} 


	(2) Eletnuiots. Since the ExIJcrior Ballistic '!-abIes give the range as a faoc:tioa of eJe.vation for n.tant values of muzzle Ydocity aod baDistic cocfficient, the effect of aD inc:rc:ax in elevation may be found from the diftOelaces. A.t short ran~es. tht: effect may be COdlpIfti:ld -IDOr'e accurately by using tht Siaoc:i tables. as aplaincd ... bove Th\~ vacuum {.:mnula (Eq.6) may be uscful in estimating the effect. rspeciaDy for balh>tic ccx:fficients. It shoukl br DOftd that the effect is sr,lall in the '-icinity of the maximum range and, of course, is oegatift at elevations above that corresponding to the olhiodlol rauge.

	( 3) MtlZzle VeJocity. SiDce the Exterior Ballistic Tables give the range as a f1IIXtioa of DnJZZIe velocity for constant 'faIacs of cIentioo and ballistic coefficient, the effect of an increase in muzzle velocity may be found &om the diflCI'CIICa. At short ranges, the effect may be computed by using the Siacci tables. In YaCUdID, the range is proportional to the square of the 'ftIoc:it:y, as shown in Equation 6; in air. this is a good approximation if the ballistic coefficient is large

	(4) Ballistic CQe{finewt. Siner the Exterior Balli!;tlc Tables give the as a faoction of ballistic coefficient for c:oostant values of muzzle velocity and elevation.. the effect of an increase in log C may be found from the c1iBt:abkb. At short ranges, the effect may br computed by using the Siacci tables. It is customary to find the efff'.'Ct of a I% increase in C. whidl is eqainImt to an increase of 0.00432 in log C.

	(5) Weight oj p,.oj.cIile. An iucrase in weight of projectile dcerc:ases the muzzle Ydocity and increases the ballistic c:odIie ient.



The effect on muu1c vdocity may be expesaed

Δpvo=nvo(Δp)/p,(75) \Delta_{p}v_{o} = nv_{o}(\Delta p)/p, \qquad (75) 

where Vo is the muu1c velocity


	p is the projectile Jteicbt.

	n the logarithmic diftaeutial meff· imL



The value of n may be oIIqjnrd &om iatelior balli!'tic tables. It is appiocincdrly - 0.3 for a rifled gun with multiperfonkd propellant grains. - 0.4 for a riflt!d guu with siacJe-pofuaab!d grains. - ().47 for a smooth bore mortar with flake propellant. and - 0.65 for a J"'Il'OiI1rss ri8e with multiperforated gnUm.

Since the ballistic roefficirnt is pruportioaaI to the projectile weight by defirritim. Eqaat.Da (22), the effect 0:1 C nay be expressed

ΔpC=C(Δp)/p. \Delta_{p}C = C(\Delta p)/p. \tag{76} 

If ~R is the effect 011 nncc of 1 unit incn:ue in muzzle velocity, tJ{ tbr effect 011 of IS incn:ue in ballisti: cocfticicnt. the died OIl raace afan illCfQSe in projectile weight is

ΔpR=ΔνR(Δpν)+ΔcR(100ΔpC)/C.(77) \Delta_{p}R = \Delta_{\nu}R(\Delta_{p}\nu) + \Delta_{c}R(100 \Delta_{p}C)/C. \quad (77) 


	(6) Air DnuU'J. 'The retardation doe to air rcsistantt is prop:Jrtioaal to the air deasity and inversely proporti..w to the baJlistic uwft'">c ieat. as indicated in Eq. (25). Theiefo~ to a first approximation. the effect on of aD iacrase in air density is equal to the effa:t of the 8IIIIl: percelltage decrase in C.

	. (7) Air TerapertJltr.. An increase iD the temperatun: of the atlnosphcn affects the ....in two ways: it iocrcascs the density of the air aad the velocity af sound. TIle temperaton: of die air. may affect the taupeiature of "the propcIIdt. which affects the muzzle Ydocity, bat tt.t is aD interior ballistic problem.



For a givm pressure and humidity, the deusity is proportional to the absolute temperature. The eifect of density on range has been treated aIJoft.

For a given humidity, the velocity of IOIIDd is proportional to the square root of the aheolute temperature. For a given projectile ftIocity, the Mach number is inva-sely proportional to die acoustic velocity. A change in M: prodnas a change in the drag fuDc:tion. A !leW trajec:lory could be computed with the varied fuDction; however. it is simpler to use an approximate fonnuJa deduced from a semi-anpirical formula daiftd by Dr. Gronwall

ΔτR=0.1929[0.01R−0.005v•ΔτR−(1−0.000,015y•)Δ0R]Δτ, \Delta_{\tau}R = 0.1929 [0.01R - 0.005v_{\bullet}\Delta_{\tau}R - (1 - 0.000,015y_{\bullet})\Delta_{0}R]\Delta_{\tau},  (78)

where R is the .....

~R -the incrase in nDge due to wease m tonperatare .

v.-----tbe mazzle veIoc:ifJ' in fed: per ......

~R-the effect OIl R of 1 fps iDc:reue ill v.

yr-tbe maximum ordinate in feet.

AcR-the effect 011 R of 1 inaeue ill Co

A'f-the i~ in tonperatare in ....ees Fanrenheit.

(8) WiU. A rear wiad baa tbfte dfccts: it .a.ea the SJ*ID aJDac with it rcJa-1M to the: eutb; it iDc:raIa tbe qIe of ck ,.mare rdabYe to tbe air; ... it dec:reucs the ...... ftIocity m.tive to the air. The total ... OIl J'UIIe may be e:xpRMed .. folio..:

ΔφR=WR[T+sinφvoΔφRΔφ−cosφΔφRΔvo], \Delta_{\varphi}R = W_{R} \left[ T + \frac{\sin \varphi}{v_{o}} \frac{\Delta_{\varphi}R}{\Delta_{\varphi}} - \cos \varphi \frac{\Delta_{\varphi}R}{\Delta v_{o}} \right], \tag{79} 

wIae W. is !be J'UIIe of the wind (a rear wiad is positive; • !wad wiad is aqatiYe),

T..... time of 8ipt.

...... aacIe of deputure.

Y.-dIe muzzle velocity,

A'R..... dfect oa ranee due to a c:bange of ndiaas in ,.

u...... eftec:t 011 raaee due to a c:baaee ~v. in Y.



f). E'edl _ D.~dWa

(1) WiU. A c:rosswiDd has two effects: it moves tbe coorctinate system with it aud it changes the directioa of motioa relative to the air. The IlDtaI effect 011 IiDear de&dioa may be expressed

Δ𝐰Z=W𝐬(T−R/v𝐨cosϕ), \Delta_{\mathbf{w}} Z = W_{\mathbf{s}} \left( T - R/v_{\mathbf{o}} \cos \phi \right), \tag{80} 

where W. is the d'ouwiDcl.

The qaIar deSectioa dae to wiDd, in radians, ia

D𝐰=𝐖𝐬(𝐓/𝐑−1/𝐯𝐬cosφ). D_{\mathbf{w}} = \mathbf{W}_{\mathbf{s}} \left( \mathbf{T} / \mathbf{R} - 1 / \mathbf{v}_{\mathbf{s}} \cos \varphi \right). \tag{81} 

(2) Drill. After the yaw due to ioitia1 dist1U'baaca has damped oat. a spUming sheil has a yaw of repose due to the Clll"Yat1lre of the trajectory. This yaw is mainly to the right of the trajer:lory if the sbeIl has rigbt-baDded spin; to the left if it bas left-handed spin. It·may be determined at short by 6riag alternately frau bands with right aud left hand twists of riftmc. or at Ioac ruga by COl letting the served de6ectioo for the effeds of wind. CUlt of tnmnions, aDd rocatioa of earth.

The difleseutial equation of motion i..;r the drift :l iaII

z̈=2πgAvoLNmdnu2MNoẋ−GρżρoC, \ddot{z} = \frac{2\pi g A v_o L N}{m dn u^2 M N_o} \dot{x} - \frac{G \rho \dot{z}}{\rho_o C}, \tag{82} 

when: C is the eravibtional acceleration•

A-the axial iIICJPleOf of inertia, v.-<hc ...az.zlc yclocity.

L-tbe crouwind bu" (lift),

N-thc spiu.

N.--thc iaitial spin.

m-tbe mass of the projectile.

d----«be caliber• u--tbe ftIoc::ity of the projectile rehtiv :0 the air.

M-tbc overturniDg moment about the ccoter of graYity, x-tbe ~l ranee.

Cr-tbc drag fuoctioo.

p-1he air ckasity, p.-the staDdanI air density (0.07513 Ib/ftI), e-tbe baDictic

Dots dade time daiwatives, and the initial con ditioas are

ż•=0 \dot{z}_{\bullet}=0  , z•=0z_{\bullet}=0 .



c. BoIJisIie DnuitJ. r"'eralflre, tuJd Wind

Iu t:Jatiag the effects of variations in the atmospbrre. it has hem assumed that the percentage Yariatioos from stmdard density and temperatuft aDd the wind are coastaat all along the trajedOry. AdaaDy. they vary with altitude, so that weigbtal mcaa nlucs must be used. The wcigbtiag fadon are cktamiaed by the proportioa of the toQI effect that a variation occurring iu each alritade mae woaJd have. Instead of c::omput.iac a set of wei&htiag factors for each trajectory. a few n:piuentative curves are used. The sum of the prodacts of the zonal variations by their weighti:ug f:ietors is called the ballistic deasity. taDperatiIJ'e, or wiud. The results are thea as coastaDts in computing the effects aD nm&e aad defkdion.
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GLOSSl\RY

..... of cIepattan. (elnatiaa) A. ued in this pamphlet tIw::R terms mean "."..., .-gil 01 d,,,..,.,., which is defined &I the angle between the horizontal and the line along which the projectile leava the projector. ODe of the two initial c:ondition.s 01 a trajectory, the other condibOll beinc iwiIidI wl«il,.

For a roeIaet-fired projectile in wbicb the pr0 pellant bunUac CClIltmua after the rocket leaves the launcher, it is ....C'''Suy to make ·tiona relative to the point at which the rocket becomes a missile in free ¥t aod the velocity attained at that point.

1JIC1e ..f ilaclillau... The angle between the horizontaJ and the tangalt to the trajectory at any point. At the origin of the trajectoly this is the same as the tJ1IIfIlI 01 d,/HJrl1W', apical <_I-apkal) aqIe. In general the angle formed at the apex or tip of anything. As applied to projectiles, the angle between the ~ gelts to the Olrft oudining the contour of the projectile at its tip, or for semi-apical angle, the angle between the axis and one of the tan - gents. For a projectile haYing a conical tip. the cone apex angle.


.w.tica. Branch of applied mechanics which deals with the motion and behavior chancteristics of missiles, that is, projectiles, bombs, rockets, guided missiles, etc., and of accompanying phenomena, It can be conveniendy divided into three branches :-ildnior ballistics, which d"2ls with the motion of the projectile in the bore of the weapon; utnior ballisIics, which deals with the motion of the projectile while in flight; and t"",i'fQl ballistics, which is concerned with the eff«t and action of the projectile when it impacts or bursts.




crosswind force. The component of the force of air resistance acting in a direction perpendicular to the direction of motion, and in the plane detennined by the tangent to the trajectory formed by the center of gravity of a missile and the axis of the missile. (This plane is calkd the plane of yaw.)




drag. The component of the force of air resistanCe acting in a direction opposite. to the motion of the center of gravity of a missile.



.,)nati.aL See lIfIgu 0/ d.,IJrlw•.

exterior ....Wsdca. See bGllistics.

blirizoll.ta1 rage. 11le horizontal UlmflODcn. ,·f the <iistanee from the beginning of the tTd.ja:tut"}' (poiat of origin) to auy other pomt 00 tl.c trajectory.

iJaitia! ftlodty. (muzzle velocity) 1Dc: projccti1e velocity at the moment that the proj~t . :e"1ses to be acted upon by propellingfon:es.

For a gun-fired projectile the initial velocity, expressed in feet or meter$. per second, is called ff&auzle veloci'y or ifliti4l v,loci". It is obtained by measuring the velocity over a distance forward of the gun, and com:cting bade to the muule for the retardation in Bight.

For a rocket-fired projectile, the velocity attain~ at the moment w11m roclc:et burnout occurs is the initial velocity. A slightiy fictitious value is used, referred. to an assumed point as origin of the trajectory.

The initial v~locity of a bomb dropped from an airplane is the speed of the airplane.

llIapu force. The component of the force of air resist.ance acting in a dir«tion perpendicular to the plane of yaw (see crossuMul force). It is caused by the action between the boundary layer of air rotating with the projectile and the air stream. This force is small, compared with drag and crosswifld force.

mu..ule ftlodty. The velocity with which the projectile leaves the muzzle of the gun. See i'"t~ w/oci'y.

slant range. The distance. measured along a straight line, from the beginning of the trajectory (point of origin) to a point on the trajectory.

stability factor. A factor which indicates the relative stability of a proj«tile under given conditions. It is dependent upon the force momertts acting to align the projectile axis with the tangent to the trajectory, and the oYertuming force moments. For the projectile to be stable, the stability factor must be greater b'1an unity.

standard atlusphere. An average or representative structure of the air U$ed as a point of departure in computing firing tabl~ for projec tiles. The standard atn~adopted ill 1956 ,r the Armed Services and DOW known as the l,. S. Standard Atmosphere, is that uaed by the i~.(emational Civil AYiation Organiz.:ation (ICAO). . This Standard AtmoIpbn-e aaaumes a ground pressun of 7(;1) m/m of mercury. a ~ound temperature of IS° C. air dauity at ground level of 0.076,475 Ib/ft', aDd a taDpc:rature grallirot to the beginniIIc of the ..phere expressed by the formula absolute temperature T(OK} = 288.16-6.SH where H is height above sea level in Jn1ometa's. ~n the stratosphere (above II kilometers) the temperature is assumed ttIOStaDt at 216.66° Ie. For firing table purposes wiad .,eIOCitir:I of zero are assumed.

...porei~"'_:tiClll. An ;I(~ded positive angle in aatiaircraft gt:m'~r)' that COR\(l("nSlltes for the faD of the projectile dunng the time of Raght due to the pull of gravity; the angk the: gun or projector must be elevated above the: gun-targd tiDe.

trajectery.· The path followed in 5pQIC'e by the aDtel' of gravity of a missile while ill free 8icht.

yaW'. 1ne angle between thc direction of moboIl of a projectile and the axis of the projectile, ferred to either as ,.". cr more c.«lIIlpIe.tdy. tJAgk 01 ya;tI1. The angle of yaw incn::ases with time of flight in UDStab1c projectile (see ". bilily lactor) aad dccn:ascs to a aJOstant nlae. caI1cd the jOII1 01 nfHne, or the re~ .."u of yorv. in a stable projectile.
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Figure 1 (1 of 1,;. Trajectories for Projectile Type 8, 45· elevation, 1200 ips mu?,/ e velocity
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Figure l. Drag Coefficient VII Mach Number
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Figure 3. Tim.e of Flight for Projectile Type 1
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Figure 4. Tim.e of Flight for Projectile Type Z
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Figure 5. Time of Flight 'i.')r Pt"ojectile Typ.a 8
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F~gure 6 (1 of IZ). Trajectories lor Projectile Type Z, 45° elevation, IZOO Ips muzzle velocity ( (
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Fipre 6 (3 of 12). Trajectories for Projectile Type a, 45° elevation, 2800 fps muzzle velocity ( ( ', (

[image: Figure, page 36]

----..., ! (

,FigLlre 6 (4 of 12). L'l'ajec:l,orien for T'}rojc,;tile Type 1.. ~:S" e-~f;, .. ~.t~O!l; ::,:,00 £p=, / ,. 1· v~!ocit>
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Figure 6 (5 of lZ). Trajectories for Projectile Type Z, 45· elevation, 4400 fps muzzle velocity
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Figure 6 (7 oI lZ). Tra.'ecto:des for Projectile Type 2, 60· elevation, !lOO Ips muzzle v~locity
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Figure 7 (2 of 12). Trajectories for Projectile Type 8, 45
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Flpre 7 (or of 12). Trajectorie. for Projectile Type 8, 60· elevation, 1200 fp. muzzle velocity
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ENGfNEERING DESIGN HANDBOOK SERIES

The Engineering Detiign Handbook Series is intended to provide a compilation of principles and fund~~ental data to supplement experience in assisting engineers 1n the evolution of new designs which will meet tactical and technical needs while also embodying satisfactory producibility and maintainability.

Listed below are the Handbooks which have been published or submitted for publication. Handbooks with publication dates prior to I August 1962 were published as 20-series Ordnance Corps pamphlets. AHC Circular 310-38, 19 July 1963, redesignated those publications as 70b-series AMC pamphlets (e.g., ORDP 20-138 was redesignated AHCP 706-138). All new, reprinted, or revised handbooks are being published as 706-series AHC pamphlets.



Gelleral and Milee11aneous Subjects Ballbtic Mluile Series

U8 Section 5. Inspection Aspects of Artillery AnunW1ition DeSign

U9(C) Section 6. Manufacture of Metallic Components of Artillery Ammunition (U)






About this edition

AMCP 706-140 — AMCP 706-140 — Trajectories, Differential Effects, And Data For Projectiles

Public domain (U.S. Government work). Mirrored by T.REX ARMS.

Source: local:raw/ancient/AMCP 706-140 Trajectories, Differential Effects, And Data For Projectiles [clean scan].pdf
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