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ABSTRACT

effect of non-standard atmospheres upon the fuzing Mach :ante

:" thc, M ,,tnr'or niss 41 e is established. Consequent effcsts cr
nerometrie fuzing accuracies ar. discussed.



STI-ViA.ZY

A !!tud7 - has been conducted to determine the ,effect or non-standard eta-spheres- .

fusingYach raage of the Yatador missile. It is shown that the pre-'

fuzing NIreh range of 0.96 to 1.01 in the ?ACA standard atmotiPheriACCOmes

to 1.06 in nonm-stanaard atmospheres which do possoss,some smaLlprohahility

cf nccurrenee. The effortof this increased Mach raa,e upon the accuracies of

' -1.--:-. 7etrLc fuzing s7stoms utilizing body orifice and nose pro	 essure seneing

DISCtS3.10:;

atrlesrshras chosen for the investigation are considered representative of

re.,1es in the lower latitudes and winter extremkes in the upper latitudes.

o tsnneratura and pressure structures of these hypothetical atmesphit6 and7the

11.JA standnr: atmosphere are shown in figures 1 aid 2. The "cold" atmosphere,-

In a study by R. L. Hendrick (Ref. 1) .

urrance at polar ra6ions above 55c ::. Lat. The wuot" at.a.osphere •

tLe 3srporation specifies as "Atm. rc" IC" ar.(3 is somewhat

.;:„- srtic of summer conditions at Salton Sea. Its unrealistic temperature 	 •

in a featrogion near38,000 feet altitude was asemmed to have nes-

uron .V.Ach nurfccrs in the fuzing altitude range 0 to 9,00C feat.'

.11-1?":71ailcns of =issile weli;ht, aJ,tituila x and velocity existing at

- tion of terminal'dive for typical trajectories were .obtaimed.4

v Cc' Pr 	 Vat4'combinationa emcoUntera:110:., 	, 	 •  

0.,
"4-0.6,04,..411,44 ~KAI.

possesses so-seismal 	 ter-



The egTeot of. 	 inoreaae4: sahss se _ upca,f:the -actvátliaiko:-.

117"r'7.4.

and some intermediate range miesions from launch to target were used in thav

calculation of standard atmosphere trajectories. These three trajectories

ocmpared favarably with similar ones calculated byliartin

The small differences are attributed to slightly different initial conditions.

Those suggested by Martin for use in the Sandia calculations are considered

more realistic. Note that in the standard atmosphere, the total Mach range

at fuzing altitudes, 0-9000 feet, is only about 0.96 to 1.01.

The two Sandia calculated trajectories yielding Mach number extremes at fuzing

altitudes 0-9000 feet were then used in studying the effect of non-standard

atmosiberes. The results are illustrated in figures 4 and 5. The increase in

Mach number caused by the cold atmosphere is anpriciable. At altitudes near

25,000 feet the Mach increase amounts to 0.090. Near 10,000 feet it is 0.050,

and at sea level it is about 0.015. The decrease in Mach number caused by the

hot atmosphere is significant at high altitudes; however, it becomes'almost

negligible at sea level. Near 30,000 feet the Mach decrease is 0.050. -.Aktio

10,000 feet it is 0.008, and at sea level it is only about 0.002. From the

nature of these Mach-Altitude curves, it is apparent that at fuzing altitudes,

0 to 9000 feet, hot atmospheres contribute little toward increasing the. Mach

range of the Matador missile. Cold atmospheres, however, may cause an increase

of 0.05. Bence, the fUzing Mach range of 0.96 to 1.01 in the NAGA standard et-

moaphere MET become 0.96 to 1.06 in non-standard atmospheres.



UNCLASSIR
fUsing systems utilising body orifice and nose probe pressure seniiag'is

illustrated in figures 6-8. The data presented in these figures were de-

rived from wind tunnel and theoretical studies, the results of which are

summarized in Ref. 2. Shown in figure 6 is the capability of body orifiess

located at station 45. This is the method of pressure sensing presently

employed to arm radars in the Mod C Matador warhead. Errors in feet of

altitude at sea level and 9000 feet are plotted versus Mach number assum-

ing zero error at Mach 0.99. Altitude effect is eme31, however, the Mach

effect causes a uniform change in error from 600 feet low at Mich 0.96 to

almost 1800 feet high near Mach 1.05. At Mach 1.06 the error is about 3,300

feet high. The Mach number for zero error is arbitrary and could, of course,

be redefined; this does not, however, alter the total spread in error over a

given Mach range. In the standard atmosphere this total spread is 1100 feet;

in non-standard atmospheres it may approach 2400 feet. An additional error

of 100 to 300 feet may be caused by each degree angle of attack.

The performance of a 7-foot nose probe is shown in figure 7. Probes of this

type are currently being flight tested on full scale Matador missiles. In the

Mach range based on standard atmosphere, the total spread in error is 600 feet.

son-standard atmospheres, however, produce a Mach range which brackets the

pressure discontinuity caused by the bow shock wave. The total spread in

error then becomes almost 2000 feet. Angle of attack error is negligible for

probes experiencing angles -less than two degrees.-



UNCLASSIFI
of 500 feet in the standard atmosphere Mach range is increased to 900 feet in

the non-standard atmosphere Haab range. The increased Mach ramge-aiidn- Urackets

the preserve discontinuity caused by the,bow 'honk. This diacontinuitycauld, be

eliminated by making the probe short enough to insure its occurrence at &Mach

number in excess of the upper limit of 1.06; however, according to Ref. 3, the

prediscontinuity pressure-Mach gradient would then reflect a total, spread in

altitude error of almost 2000 feet.

Cursory tests conducted in the Wright Field Transonic Wind Tunnel lend doubt

that an alternate body port exists on Matador wialob will perform .0 well a5 the

13-foot nose probe. Present contention is that only a trailing device will yield

pressures having a smaller degree of Mach sensitivity. Results of trailin&probe

tests on an F-86 aircraft in the Mach range 0.8 to 1.04 are presented in Ref. 4.

variations, due to Mach effect, of 500 feet were obtained. Smaller variations

are considered possible with minor revisions in probe design.

CONCLUDING REMARKS

It has been shown that in non-standard atmospberes the fuzing Hach range of the

Matador missile may become 0.96 to 1.06. In this particular range of Mach num-

bers, neither body orifices, for which data are available, nor nose probes of

practical length yields a pressure which can be considered luch insensitive:

atendiug the length of the nose probe to 13 feet only reduces the total spread

in altitude error to 900 feet. A thorough pressure survey may reveal a less Mach

sensitive port or a combination of ports which may be manifo1ded,A4.4ele
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UNCLAS'
!neensitiVity. Thie, hovevor,vouldinvoloe costly end time-consuming wine

tunnel and flight test programs. Unless acednicyre*Arenants are relaxed, a

trailing device nay be the only source yielding premium; acceptable for baro-

metric fuzing of the Matador warhead.
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