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1.0 HTOEKCES . --•. 

1.1 Militaxy publications 

1.1.1 Statement of Work, Sjrstera 620A, Dyna Soar (Step I), 
Exhibit 620A~6O~lijA, dated 6 August I960« revised 
1 Noveiaber I960. 

1.1.2 MEI/-I-26600 (USAF) (rev. June 2, 1958) Interference Control 
Requirement» Aeronautical Equipment 

1.1.3 ABDC Manual 80-5, Handbook of Instructions for Ground Equipment 
Designers. 

l.l.U ARDC Manual 80-6, Handbook of'Instructions for Aircraft Oround - 
Equipment Designers. 

1.1.5 MTL-E-UlSBB (January 3» 1958) Electronic Equipment, Oround, 
General Requirements. 

1.1.6 Mni-S-8512B (Januaiy 8, 1958) Support Equipnent, Aeronttttlcal, 
Special t   General Specification for the design of 

1.1.7 MIL-B-$087A, Bondingj (for Aircraft). 

1.2 Boeing publications 

1.2.1      D-18306, Magnetic and electrostatic wire coupling In the 
audio frequency range. 
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2.0 

2.1 

2.2 

2.3 

»*C   ".<»  L J! 

INTROPUCTIO:; .     

Thi» document sets forth the design criteria and interference 
control plans to be employed in assuring elimination or 
satisfactory suppression of radio interference in the Ityna 
Soar SjrstKv.as req-oirod br/ KIL-I-26600 and para. B(l.l,3,8)2 
of Ref. 1.1.1V 

Additions and/or corrections nay be made to this document 
at any time to reflect the latest design and test plans 
as the Dyna Soar program progresses. 

Deviations from the requirements of specification MIIi-I-26600 
have not been requested pending determination of the specifica- 
tion adequacy as determined by comparison with techniques 
evolved for solution of Dyna Soar problems. 

It is current policy that no requests for deviations to the 
provisions of KIL-I-26600 will be entertained except in the 
following areast 

(a) Expansion of MIL-I-26600 to cover frequency ranges or 
techniques not currently covered by the specification, 
and 

(b) Exceptions taken to MIL-I-26600 provisions for short- 
time use of equipment Which is non-tactical and is neither 
a prototype nor an evolutionary forerunner of a tactical 
equipment,    Exceptions must be applied for and will be' 
granted on an individual basis only after careful con- 
sideration of the effects of the equipment utilization. 



3.0 SUMMARY 

j.l Reductioa of electromagnetic interference in the Dyna-Soar 
System shall be accomplished by 

(a) use of low-noise design techniques and component parts 
together with adequate shielding and filtering, bonding 
and grounding to lower interfering outputs and reduce 
susceptibility to interference sources; 

(b) Avoidance of undesired resonances with fundamentals, 
harmonics and products of known radio frequency sources 
within the Dyna-Soar System; 

(c) Determination of interference problem areas in advance 
of system integration by interference control at the 
lowest sub-assembly levels capable of sustaining 
meaningful interference testing. 

3„2 Interference testing shall be conducted as described in 
Section 5 of this document to insure compliance of the 

, several portions of the Dyna-Soar System with required 
standards and specifications. 

It is intended that Section 5 be expanded to provide detailed 
teet plans for Dyna-Soar systems, sub-systems and elements 
requiring interference control measurements, 

These detailed test plans will be prepared and incJuded by 
revision to this document as the equipment details are 
defined. 

•AC «54« in 
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IAC  IS44 II] 

^oO DSJIQN CRTTSaiA 

if*1 G«n?rHl Practices 

^•1«1 pgoign Ohjgctivea 

The deaijn obj«ctive3 of electrcnagnotic interference control 
are to elx^inate or satisfactorily suppress all flZl of 

ol atSy^t^tre ^ their COlU'Cea ^ ^ "lunate 
«-n«?!^     ! y f01"1120 the "'-isceptibillty of e^uiunent 
semutive to electromagnetic diaturbancea.    The deai»n of the 
entire systen. complex shall be such that generation 

will  be1^' n01^1'11 ^ C0UplinS 0f ^ 8Puri0U8 emission« will be considered in all cases and will be held to the 
oininum practicabletlevels, 

if»1»2 Subsystona and Systems    . 

s^i?a^CHSUb8yStftm8 aad 8y8ter1s of the I^-Soar complex shall be denned so thnt each is neither a source of ncr 
is susceptible to electromagnetic interference within ?hl 
lllUlnU MIL-1-26600 as d^-ted in SecUo" S^fthis* 

All sources of iff or pulse pov/er shall be shielded and 
In  Z   y*™*?***1* *> Prevent unvoted escape of eneror. 
i^d sS'bf .o^f Sha11 be filt9r9d aai thft «hieldl^ ^ 
«n-r^   ^i?    continuous and coherent.    Powerful sources of 
energy shall use shielding thickness appropriate to the 
electromagnetic levels involved and capful aUention 'hall 
nlltX '? ^hieJd C0™*<*^ for avoidance of el^ctr^ 
magnetic pickup loops in shielding circuits. 

l^fierf' tUner8» IF 8triPa ^ oth« «usceptible items 
SSered   r'^ ^ Sln,ilar faS^on' ^^^ Welded Sd 
Jeads SSal? HT£ ^/^ 0f interf«^^    All non-signal 
«^ ! be/iltered ^d signal circuits, where possible 
shall be restricted to the necessary pass bind.        PO681bl0' 

^•1»3 Componente 

'   cSS!!erta 0f th8 Vari0U8 «^systems and system» shall be 
chosen from among those which have the least probabUity 
of generating or being susceptible to electroSgn-tic 
disturbances, consistent with tne primary appSion. 

^•1.^ rilterlnp 

^Ja'foTafl8^1 ^ ,ldded t0 ^ io8^l*tion, not as a 
K« has B!iimi?edrtJrnCe Pr?bleB8' bUt 0nl* ^tor «"ful ueeign nas Binimized the generation of interference.    Such 

_-iSiiii«Siiili|^ 



4.1.5 

4.1.6 

4.1.7 

4,1.8 

4.2 

Shielding 

Electrical and «lectronic wiring and circuitry which could 
be either a source of or susceptible to electromagnetic inter- 
ference shall be shielded,  with shield grounds located  to make 
the shielding most effective.    All antenna leads shall be 
waveguide or coaxial cable.    Wherever high power or sensitive 
circuitry is involved, multiple shielded coaxial cable 
shall be used to prevent mutual coupling. 

Integrity of enclosure shielding shall be maintained by use 
of bonding, metallic weatherstrippins, and/or other techniques 
which have been developed for this purpose. 

Antenna Gystsms 

Antenna Systems, including Multiplexers and other feed 
networks, shall be designed for a ninlnmm of signal cross- 
coupling consistent with other requirements. 

It should be noted that transmitters employing Class C and 
overbiased Class B amplifiers in the output stag« are 
essentially non-linear devices and are capable of being 
modulated by any voltap^s appearing in their input or 
output circuits.    It is extremely important, therefore,  that 
sufficient decoupling and filtering be incorporated into the 
design of output networks for such amplifiers to prevent 
intermodulation from other RF sources. 

Circuit Resonances 

Susceptibility of equipment at any assembly level to electro- 
magnetic interference shall be minimized by circuit deaigna 
which avoid resonances with undesired fundamentals, harmonics 
or products of known audio or radio frequency sources in the 
system complex. 

Oscillations at frequencies apparently not related to design 
circuit resonances (cormonly referred to as "parasitics") must 
be suppreseed at their source, even though their presence may 
appear not to be detrimental.    Such oscillationc- are usually 
unpredictable in naf-nitude and frequency and cannot be 
tolerated in operational equipment« 

Government Furnished bguipnent 

It is aseuEed that any Government Furnished Equipment including 
Associate Contractor Furnished equipment, supplied for 
incorpcrßtiün into or use with the Dyna-Soar system complex 
has met the requirements of K1L-I-266CO and will not require 
further interference meacurement«.    Certification of successful 
qualification under MIL-I-c:6b0ü should be required from the 
manufacturer-of equipment in this category. 

Airborne :uipnent 
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«».2.1.2 

'♦,2.1o3 

4.2 

Bonding aad Grounding 

. „„^inir within the aircraft shall be in 
Bonding and ?™u^.^^ a aiai^ requirement, 
accordance with «^-^^ ^^ or contact 

Particular care shall be ^f* ^       .      ^ult in corrosion 
between dissimilar ««^s fa^ ^d

tfr^ftora6e.    ^B 
during atmospheric exposure or long ter and 

Precaution i3 P-^^^e^inftysince the probability of 
otructures in ^«..^^V^? .sL junctions between 
existence of nou-iinear or ^^^/^^Cc. of non-lineap 
dissimilar metals is high and  .he «^CJ field3 vni creaf 
junctions in the presence oi hibh frequency 
spurious signals. 

^^rrÄ^ Tor« --Ä^it^X! 
circuits shall also be connected to structure   ^ 

.v. ^     ^l  cl-cuJtS and power circuits will have no By ^is method, sxgnalcl^cutp^        ^^ vo it ages may 

common impedance across va^u currents are carried by thd 
be developed.    So long as no "i^ °"r"°tic pounds and 
structure! relay coil ^0^^^ 
«rrounds of other circuits not susceptioxc 
^grounded to the basic structure. 

'   TbeSe general directions are subject to change in situations 
involving the following conaitions. 

(a)    The-structure proper is bonded into* f^y ^ductiv. 

produce Inttrferinis potential dif.cronces. 

,      .v „.■ i.»d roouirod to reach the siSMl    EPround 
Cb)    The lonsth of ^»^ "^"^^ of a ..„lo-ith at ta. 

* n     5 OT. ' nhase AC (locally supplied) Neutral conductor of 1, 2or> phase AL^ ^^ ^ 
power shall ho pounded at only 0^ ?0i^;ture ^ noz to 
as near the source as possible.    The structure 
used,as the neutral conductor xn any oaoe. 

Shietding 

M„  .MeXdio, 13 daflaed ^^^^"Zf ' 
covered -ire, the "^"^„""f."'^'-^"««! arc. oi cov.ro.-e, 
r^liri-^ef/or^^'^t^rire^tloa exterior j 

area. , 

IAC  154« HI 
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mi» i«nw v ■ n« ap«! inH^ti^ 

4.2.2.1 

H.C.C.C 

4.2,2.3 

shields due to the large inductance per unit length» 

Foil shielding is frequently advantageous from a space and 
weight standpoint but la comparatively fragile and inflexible. 

Solid metal  tubing may frequently be used to pruviue an extra- 
low impedance shield both in the electrostatic and electro- 
magnetic modes with proper selection of material. 

Wire shielding shall be used as a means of reducing inter- 
ference pici:up in low level» high lapedonce, circuits.    Such 
shielding shall preferably be grounded at only one point, near 
the highest impedance or lowest voltage end, to prevent current 
flow in the shield due to the formation of a ground loop.    In 
addition, shielding should not be continued into a shielding 
enclosure surrounding a pulse power source, power AF source or 
Into a shielding enclosure surrounding a susceptible receiver 
or amplifier.    In these instances, it is preferable to 
interrupt the shieldins as shown in Figure lb. 

Wire shielding is also to be used to reduce radiation from 
wires carrying pulse or transient voltages where the wave 
fronts are sufficiently ateep to produce radio frequency *• 
components in the wave.    In uost cases, a full inerallic shield, 
foil or tubing rather than braid, is recommended to achieve 
more complete electrostatic ahielding.    Grounding at both ends 
and intermediate points is recvmnend^d, with careful avoidance 
of ground loop conditions. 

High voltage, low current circuits may utilize shielded wire 
utilizing the shield as the return current path, with the 
shield isolated from ground except at source and sink. 

The requirements for shield isolation and cont-'.nuity of 
KIL-I-266OO paragraph 3.4,  through pressure or henetic 
seals shall be accomplished by use of an insulated extension 
of the shield connected through a pin, preferably adjacent, 
of the seal header or connoctor.,    The shield shall extend 
into  the connector hood or shell and the shield tie-back 
distance shall be the minimum practical in all cases. 

The hazards of ground loop creation as illustrated in Figure la 
shall be considered when entering::into a shield enclosure about 
a source of RF or pulsed »/©«er or aarrounding a seisitLve amplifier. 
In these instances the method of /i^ure lb is reconmended. 

Material used to shield hiijh-power KF sources shall be 
sufficiently  thick to attenuate radiation below the limits 
of HII/-I-26600, in accordance with the requirements of lief. 
1.1.1 and  the appropriate model specifications.    Uequired • 
thickness of shielding material may be computed fro-n the 
following: 

Attenuation (in db) ■ 3.34T yfju? + 10.82 + 10 log ~ 

vhere 
f « frequency in hC/sec, 
ix ■ relative pernoabiixty of shield material. 

■ AC  ISM t II 
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tf a relative conduct .ity of shiald material 
T » material thickneas in mila 

4.2.3 Conductor Routing 

4.2.5ol Wires and other conauctors shall be installed in the aircraft 
to provide minimum coupling by routing all AC power wiring 
separately from all other wiring.    Deviation from this 
requirement shall be permitted only when it is necessary to 
include powei^ wiring in a cooircon connector* in a cable passing 
through a common structure,  or when cables are required to cross 
other wiring.    Fne design objective for spacing power firon otJ»r 

k circuits is maintenance of a two inch minimum separation.    Space 
limitations frequently make such separations Impractical,but full 
consideration should be given to obtaining the eeparatita objective. 

> 
In most cases, wire routing is determined by a full scale 
aodcup installation and attention given to maximum isolation 
in this phase of design will be rewarding in the final 
functional performance. 

AC signal circuits may be routed with other wiring only if 
low level and adequately shielded.    Sensitive signal circuits 
shall not be inciuaad in connectors or header groups together 
with high current AC circuits. 

4.2.3.2 D-I8306 shall be used as a guide by designers to determine 
appropriate conductor spacing and need for shielding and wire 
group twisting where audio (60 to 10,000 cps) frequencies are 
involved. 

4.2.4 Wire Group Twistinp 

Twisting of wire groups shall be used as a means of reducing 
magnetic coupling and the interference created therefrcm. 
The objective snail be to include in one twisted group the 
entire output (0° - 360e) of the AC source; i.e. a sincle 
phase  (2 wir«)  system anall have both wires twisted;  a 2 phase 
(3 or 4 wire) system shall have all wires twisted as a group; 
a 3 phase (3 or 4 wire) shall have all wires twisted as a 
group.    The only oxcer.tion to this direction shall be a 3 
phase 4 wire system without phaje unbalance, in which case 
the neutral (non-current-carryin^) may  oe separately routed. 
Single phase Jropi fr^m • r.n-iö«» 4w.re systems shall have line 
and neutral ccaauctcra twisted for  the entire ran.    if one 
phase of a 3 phase 4 wire syatem is dropped in a caplo run,  the 
regaining wires shall be treated as single phase circuits, each 
twisted with its own neatrai wire, 

4.2.5 Selection of '«ir*?  lype 

4,2.3.1 Selection of wire type for icoat effective reduction of inter- 
ference  transfer shall b« In accordance with the following! 

(a)    Single phaje AC circuits 

MC 1544 113 
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c 
ahield«d twisted pair cable with shield grounded to 
avoid ground loops shall be used for high voltage, low 
.current circuits.    Low voltage, high current circuits aay us« 
unshielded twisted pair or single conduator shielded with 
shield as return conductor;  the latter only if the shield 
cross-section is adequate to carry the circuit current« 
Twisted pair io always preferred.     If the high side wire sust 
be routed separately from the return wire, the high aide should 
be shielded and grounded in a manner to avoid ground loops. 

In specifying twisted wire,  the shortest practicable synnetrical 
, lay consistent with the conductor physical characteristics 

shall be used« 

(b)    Three Phaae AC Circuits -   ^ 

Provisions of the above paragraph shall apply, except 
substitute twisted triple for twisted pair. 

4,2,6     Aircraft Antenna DesiRn 

Antenna systems on the airborne portions of the Dyna-Soar system 
shall be located so as to minimize cross-coupling and interaction 
ao far as is practicable consistent with pattern and structure 
considerations.    All antennas shall be designed" to utilise a 
shielded coupl-jr/antenna-cover whenever possible during ground 
tttstlng to minimize interference with and from other services. 

Coupling between antennas shall be measured at the transmitter/ 
receiver toraiinal points with all multiplexing and coupling        '"- 
systems in normal configuration,  properly terminated, and tuned 
to operating frequencies.    The magnitude of cross-coupling 
shall be assessed for deleterious effect on equipment operation. 
Teat methods are outlined In Section 3, 

'♦.J Ground Support Equipment 

4.3.1 General Practices 

4.3.1.1 It is assumed that the provisions of AHDC Hanuala 80-5 and 80-6 
will, be used as a guide for ground support equipment design, 

4.3.1.2 The General Practices of Section 4,1 of this document shall 
apply to Ground support equipment for the Dyna-Soar program. 

4.3.2 Such 8hi«slding, filtering and other suppression measures shall be 
taken as are required to assure compliance with MIL-I-2c60ü in 
accordance with the requirement of Reference 1,1,1. 

4.4 Communication and Control S'suicment 
" i_       )■■     11 i    .        , ^ 

t 

(See Section ^.3, this document for interim information.) 
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5.0 TE3T PIANNIN3 

50i Oeneral ' 

CO1<>1 Interference Control Teats 

Each item of equipment considered to be «^f ^*0
te°

r
t0 

capable of generating radio interferenc« ^.1" *e^ed t0 

determine the level and character of susceptibility or 
«enewted Interference.    These testa shall be conducted to the 
Requirements of the appropriate classification delineated 
In MIL-I-26600. 

5#1.2 Interference Compatibility Tests 

Interference Compatibility Testa will be <**d*cte;J **      . 
accordance with Sections j.Z through 5-5 of this document. 

5,1.3    ' Friendly Interference Tents 

In addition to the teats noted in 5.1.1 and J-l-f f^; ^ 
communication and control receiving equipment shall ^tested 
for reliable performance in the signal density environment 
predicted by studies, 

«; 1 ^ 1 SiKnal Simulation Equipment capable of P10^«1»«*^. 8^S^H 5•1•3•     . deSSy environment of 5.1.3 «iH *>e designed and fabricated. 
to perform these tests. 

5,2 Airborne equipment Tests 

Testing of inatalled equipment comprisinf «fc^" »yf.8»8 and 

subsystems will be performed to determine the degree of 
compliance with HIL-I-26600, Class lb. 

S 2 1 Each flight configuration will be subjected to pre-flight 
S compatibility testing with each receiver operating at 
^r^equency and sensitivity, each RF and pulae source 
operating at full power and with antenna covers removed. 
Receiver outputs shall be examined for amplitude of 
unwanted sisals under these conditions, and evaluated for the 
effect of any interference detected. 

5,3 Ground Support Shipment Testa 

Testing of ground support equipment, excluding communication 
and control equiprtent, will be performed to determine the 
degree of compliance Jith MIL-I-26600. Class lb or Class III. 
as applicable. 

5^ Communication and Control Squipment Tests 

Tewting of communication and control eq-.:i;3cnt wi^ ^ 
performed to determine the decree of compUance with 
MIL-I-26600 Class II or Class III as applicable.  

■AC 124« I M 
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5.5 Ease Facility Testing 

Base  facilities installed or made available for Dyna-Soar 
operations will be tested to determine the degree of compliance 
with KIL-I-^6600, Class III and Class IV, as applicable,    A 
susnaxy of Eaae interference levels froo other than Dyna-Soar 
facilities shall be made to insure that no interference 
exists or will exiet during launching operations. 
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