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SDEPARTI-w 

1.1 Applicability. 

These'criteria prescribe acceptable airworthiness requirements, applicable to 
nonrigid, near-equilibrium, conventicnal airships, for the issuance of type 
oartificates and changes to those certificates under Part 21.17(b) of the 
Federal Aviation Regulations (FAR). These criteria are applicable to airships 
oertificated in the normal category that have a passenger seating 
configuration, excluding pilot seats, of nine seats or less. Additional 
requirmnts may be required to cover airship design features or operational 
characteristics not envisioned in this d ocument as discussed in Advisory 
Circular 21.17-l. t- 

1.2 Definitions. 

Tha following apply: 

(a) Ah airship is an engine-driven, lighter-than-air aircraft, that can be 
steered. 

(b) A nonrigid airship is one whose structural integrity and shape is 
maintained by the pressure of the gas contained within the envelope. 

(cl A near-equilibrium airship is one which is capable of achieving zero 
static ,heaviness during normal flight operations. 

(d) A car is a structure attached to or suspended from the envelope for 
carrying cre&rs, passengers, cargo, equipment, or propulsion systems. 

(e) Pressure height is the altitude at which the lifting gas fills the 
envelope with the ballonets.canpletely deflated. 

(f) Weight of pure gases at standard sea level atmospheric condition of 
29.92 inches Hq. pressure and l5*C temperature: 

(1) Dry air = .07647 lb/ft3. 

(2) Dry helium = .01054 lb/ft3. 

(g) Unit lift - Tba value used should be identified in the analysis of the 
design. In the absence of a rational analysis, 0.0635 lb/ft3 (96% purity) 
should be used for helix. 

(h) Ballonet - a flexible and collapsible air cell contained within the 
envelope for the purpose of canpensating for gas volme changes, maintaining 
internal pressure in the envelope, and assisting in triming the airship. 

(i) Virtual Inertia - the apparent additional inertia of a body roving in 
a fluid due to the motion on that fluid by the body.. 
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1.3 Abbreviations and symbols. ' _ 

Tk folbving are equivalent airspeeds (EAS) unless indicated otherwise. 

(a) VB - Design speed for maximun gust intensity. 

1 (b) VD -Designdiving speed. - 

(cl yf - Maxirrun level flight speed at sea level. 

(d) b-Maximunoperatinglimitspeed (Indicatedairspeed-IAS) 

(e) VL -Maximunlanding gear operating speed 

L 
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SUBPART II - FLIGa 

Genera 

2.1 . Proof of co- . 

. 

(a) Each of these requirements must be met at the 
appropriate weight and center of gravity within the range of 
loading conditions for which certification is requested. This 
must be shown by tests upon an airship of the type for which 
certification is requested, or by calculations based on and equal 
in accuracy to the results of testing. 

(b) The following general tolerances are allowed during 
flight testing; however, greater tolerances may be allowed in 
particular tests: 

Itern Tolerance 

Weight +5%, -10% 
Critical items affected by weight +5%, -1% 
Center of gravity +7% total travel 

2.2 * . . . . Load distribution l&~&5 . 

Ranges of weight and centers of gravity within which the 
airship may be safely operated must be established. 

2.3 Weicht lw. 

(a) Madmum weigh% The maximum weight is the highest 
weight at which compliant;! with each applicable requirement of 
these criteria is shown. 
so that it is-- 

The maximum weight must be established 

(1) Not more than-- 

applicant: 
(i) The highest weight selected by the 

(ii) The design maximum weight, which is the 
highest weight at which compliance with each applicable 
structural loading condition of these criteria is shown; or 

(iii) The highest weight at which compliance with 
each applicable flight requirement is shown. 

c 

(2) Assuming a weight of 170 pounds for each occupant 
of each seat, not less than the weight with-- 

capacity, 
(i) Each seat occupied, oil at full tank 

and at least enough fuel for one-half hour of operation 
at rated maximum continuous power: or 
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* 

(ii) The required minimum crew, and fuel and oil 
at full tank capacity. 

(3) Not less than that which can be achieved with the 
car loaded to its maximum design weight. 

(b) Minimum wei- The design minimum weight must be 
established so that it is-not more than the sum of-- 

(1) The empty weight determined under S 2.4; 

(2) The weight of the required minimum crew (assuming 
a weight of 170 pounds for each crewmember); and 

(3) The weight of the fuel necessary for one-half 
hour of operation at maximum continuous power. 

2.4 . . ntv welaht and corresr>on&na center of gra vitv. 

(a) The empty weight and corresponding center of gravity 
must be determined from the weight of all items, including-- 

(1) The weight of the deflated envelope; 

(2) Fixed ballast: 

(3) Unusable fuel determined under 8 5.13; and 

(4) Full operating fluids, including-- 

(i) Oil; and 

(ii) Hydraulic fluid. 

(b) The condition of the airship at the time of 
determining empty weight must be one that is well defined 
repeatable. 

2.5 ODeller 
. sneed and Ditch . . lw . 

and 
* 

(a) General. The propeller speed and pitch must be 
limited to values that will assure safe operation under normal 
operating conditions. 

. . (b) ProPellers not contrd.bb~afllaht For each 
propeller whose pitch cannot be controlled in flight, during 
takeoff and initial climb at best rate of climb speed, the 
propeller must limit the engine r.p.m., at full throttle or at 
maximum allowable takeoff manifold pressure, to a speed not 
greater than the maximum allowable takeoff r.p.m. 

Change 1 
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(c) Controllable Pitch Propellers withat constant speed controls. Each 
propeller that can be controlled in flight, but that does not have constant 
speed controls, must ha= a means to limit the pitch range so that the lowest 
possible pitch allaws canpliance with paragraph (b) of this section. 

(d) Controllable pitch propellers with constant speed controls. cash 
'controllable pitch propeller with constant speed controls rnwt have- 

(1) With the governor in operation, a means at the governor to limit 
the maximun engine speed to the maximum allcwable takeoff r.p.m.; and 

(2) With the governor inoperatie, a means to limit the maximun engine 
speed to 103 percent of the maximum allowable takeoff r.p.m. with the propeller 
blades at the lcwest possible pitch and with takeoff manifold pressure, the 
airship stationary, and no wind. 

Performance 

2.6 General. 

(a) Unless 
swrtmust be 

otherwise prescribed, the performance requirements of this 

propo=d by the 
met for still air and a standard atmosphere or for conditions 
manufacturer if standard conditions are not applicable. 

(bl Theperformancemlstcorrespondtothevectored,propulsive thrust 
available under the particular ambient atmospheric conditions. 

2.7 Takeoff. 

Fca: each airship, the distance required to takeoff and climb over a 50-foot 
obstaclemustbe ktermined with- 

air 

(a) The airship at maximun static heaviness; . 
(b) Tk engines operating within approved operating limitations; 

(c) The co& flaps or other means for controlling the engine cooling 
supply in normal takeoff position; 

(d) Tfie engines, and/or propellers, vectored, if so equipped, to each 
position for which takeoff approval is sought; 

(e) Uponreachinga height of 50 feet above the takeoff surfaoe, the 
airship must ha= reached the reccmme&e dclimbspeed;and 

(f) Takeoffsma& todetermine the data required by this sectionmay 
not require exoeptional piloting skill or exoaptionally famrable conditions. 
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2.8 Climb: all engines operating. 

:(a) Each airship must have a steady rate of climb at sea level of at 
least 300 feet per minute and a steady angle of climb of at least 1:12 with- 

(1) Not more than maximum continuous Fr on each engine; 
(2) Auxiliary thrust and lift controls in their normal position 

for climb: 
(3) The landing gear retracted; and 
(4) The cm1 flaps or other means for controlling the engine cooling 

air supply in the position used in the cooling tests required by 
§§ 5.39 through 5.41. 

(b) The maximum rates of ascent and descent, to be used for all operations, 
must be established for all conditions of equilibrium using maximum continuous 
forward thrust. It must be demonstrated that envelope pressures remain within 
the maximum and minimum approved pressures during climbs and descents at those 
maximum rates. 

2.9 Climb: (xle engine inoperative. 

Each multiengine airship must have a steady rate of climb at sea level of at 
least 100 feet per minute with- 

(a) cxle engine inqerative and its propeller in the minimum drag position; 
(b) Remaining engines at not more than maximum continuous mr and.nrost 

favr>rable settings for all auxiliary thrust and lift controls; 

(c) Landing gear retracted. 

(d) 0x1 flaps.or other means..for controllingLengine- cooling or- air supply 
in the position used for the engine cooling test. 

2.10 Ianding. 

The horizontal distance neoessary to land and cana to a qlete stop frm a 
point 50 feet above the landing surface must be determined, with the airship in 
the most critical configuration for landing. 

2.l.l Ehgine failure. 

The airship must be capable of rapidly restoring itself to a stab of 
equilibrium following failure of one or more engines during any flight conditicr?. 
Cnlydesignatedballastmaybeused. 

2.12 Balked landing. 

(a) Each airship must hmnstrate the ability to transition to a balked 
landing climb fram.a descent and approach to landing at maximum landing weight 
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without excessive sink or requiring e&ssiR pilot skill. The airshiD 
ocjnfiguration will incl*- 

. 

(1) 
(2) 

The ballonetstrirmredfor dascentandlanding; 
TI~landinggearextended;and 

(3) 
momally used 

Auxiliary thrust and lift controls initially in the positian. 
for landing. 

(b) Auxiliary thrust and lift controls may be used to assist in showing 
canpliancetothis requirenrentaslungas they do not introduce unacceptable 
flying qualities or create exessive pilot workload. 

Flioht Characteristics 

2.13 General. .-' 

The airship must meet the requirements of S 2.14 through 2.21 at the normally 
expected operating altitudes without exceptional piloting skill, alertness, or 
strength. 

Controllability and Maneuverability 

2.14 General. 

(a) The airship must bs safely controllable and maneuverable during- 

(1) Takeoff; 
(2) Climb; 
(3) Ieve flight; 
(4) Descent; 
(5). Landing: and 
(6) Level flight with one engine inoperative and remaining engine 

vectored in any allowable position. 
l 

(b) It must be shcwn th&t the airship is controllable vertically, without 
engine po.ver (in the free balloon mDde of flight), and that a safe descent and 
landing canbemadz. 

i 

(c) It must be possible to make a SRXDIA transition fran one flight 
condition to any other flight condition without exceptional piloting skill, 
alertness, or strength and without danger of ex@ng the limit-load factor 
under any probable operating condition, including the sudden failure of any 
engine, or all engines. 
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(d) If, during the testing required by paragraph (c) of this section, 
marginal conditions exist with regard to required pilot strength, the pilot 
foroes may not exoeed the limits prescribed in the follckJing table: 

: 

Values in pounds of force 
applied to the control as 
specified 

(a) Tsmporary application: 
Sti& ---- -------- 
Wheel (applied to rim)--- 
capstan l&(+1 ---us ---- 
Rudder pedal- ---- 

(b) Prolonged application: 
Stick or wheel (applied to 
r~)-------------- 
Capstan w&yal---------- 
R&&r p&~------------- 

Axis 

Pitch Yaw 

60 30 
75 60 
60 

mm-- I.50 I 

10 5 
10 

------------ 20 

(e) It must be possible to establish a zero rate of descent at an altitude 
suitable for a controlled landing follming any single failure in the primary 
or auxiliary control systems. Control systems include mechanical and 
electrical devices such as: 

(1) Aerodynamic surfaces 
(2) Vectoredthrustsystems 
(3) Ballast 
(4) Helium/Air valves 
(5) Electric or hydraulic actuator 
(6) Associated wiring or hydraulic tubing 
(7) Pcwer sources 
(8) control system boost. 

(f) Multiple failures should be addressed when- 

(1) They might occur fran a ccmryln source; 
(2) The first malfunction is not announciated and would not be 

detected during normal operation, including periodic checks 
established at intervals which are consistent with the degree of 
hazard involved; or . . 

(3) The first malfunction would inevitably lead to other malfunctions. 

2.15 Iongitudinal control. 

With all engines operating at maximum continuous pcn+er, appropriate lift 
control settings and airship trirmred, it mt be possible to produce- 

(a) A nose dawn pitch change out of a stabilized climb with 30* nose-up 
deck angle; and 
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:  

,p-* (b) A rxxe-up pitch change out of a stabilized descent with 30" nosedan 
&ck angle. 

2.16 Control during landing. 

Sufficient pitch control authority must exist under normal approach and landing 
'conditions to permit the pilot to achieve the desired attituda. The technique 
andlimits for such controlmustbe publishedinthe AirshipFlightManual. 

Trim 

2.17 Trim. 

It shall be &non&rated that the airship, when in static trim and 
equilibriun, can be flawn in horizontal flight at all airspeeds in still air 
with the elevator controls approximately neutral. 

Stability 

2.18 Stability. 

The airship must ba sufficiently stable in both pitch and yaw axes in steady 
unaccelerated flight during ascent, desoent, and level flight when trinrned at 
the appropriate -rating speeds and with consistent use of auxiliary thrust and 
lift controls to ensure that the pilot will not be unduly fatigued and 
distracted fran his no& duties. 

Miscellaneous Flight Requiremants 

2.19 Vibration and buffeting. 

Each part of the airship must be free fran excessive vibration under any 
appropriate speed and pcxer condition up to VD. In addition, buffeting must not 
occur in any normal flight condition severe enough to intertere with the 
satisfactory control of the airship, cause excessive fatigue to the crew, or 
result in stru=tural damage, 

2.20 Envelops pressure and distortion. 

It must be shm that any envelope distortion will not interfere with flight 
path controlthroughoutthe range of speed, pmer, andenvelopepressure to be 
used in normal flight. In addition the following apply: 

(a 1 A means must be provided for the pilot to determine and control the 
envelope pressure within the design pressure range. 

(b) An operational prooadure must be provided and must be set forth in the 
AirshipFlight Manual. 

(c) Inproper use of the procedure and the controls necessary to canply 
with subparagraph (a) must not jeopardize the integrity of the envelope. 
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. : 
2.21 Ground handlinq characteristics, - 

(a) Satisfactory gromd handling prooedures must be dewloped asslnning the 
specified minimun ground crew, all anticipated airship weight and buoyancy 
oonditions, and wind conditions. 

. 
> (b) Mooring procedures must be developed for the use of both a fixed mast 
and a mobile mast. 

.- 
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-ART III : - mu- 

Ganeral 

3.1 rids. 
> (a) Strength requirements are specifiedintermsof limit loads (the 
maximm loadsexpectedin servioe) andultimateloads (limit loads multiplied 
by prescribed factors of safety). 
arelimitloads. 

lhless otherwise provided, prescribed loads 

(b) Unless otherwise provided, the air and grovld loads must be placed in 
equilibrium with inertia forces, considering each item of mass in the airship, 
and, where appropriate, taking into accovlt the effects of virtual inertia of 
the airship. 

(c) Canpliance with the structural requirements must be shown at any 
co&in&ion of weight, fran the design minimum weight to the design maximum 
weight and the most adverse center of gravity position within the range for 
which certification is soqht. 

(d) If deflections under load would significantly change ths distritrution 
of external or internal loads, this redistribution must be taken into accost. 

3.2 Factors of safety. 

Unless otherwise provided, a'factor of safety of 1.5 must be used. 

3.3 Strength and deformation. 

(a) The structure must be able to support limit loads without detrimental 
permanent deformation. At any load up to limit loads, the deformation may not 
interfere with safe operation. . 

(b) Tk structure must be able to support ulkimate loads without failure 
for at least 3 seconds. H-ver,whenproofof strength is shcwn by dynamic 
tests simulating actual load conditions, the 3 second limit does not apply. 

3.4 Proof of structure. 

i 

Conplianoe with the strength and deformation requirements must be shown for 
each critical load condition. Structural analysis may be used only if the 
structure conforms to those for which experience has shown this method to be 
reliable. In other cases, substantiating load testsmust be made. Dynamic 
tests, incl\llling structural flight tests, are acceptable if the design load 
conditions have beensimulated. 

. 
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3.5 Desiqn Weights. . . 
Thz weight of the airship is equivalent to its maximm design static buoyancy 
plus any additional weight which may be carried by dynamic lift (distributed on 
theenvelope andempennageinan acceptablemanner) w byvectoredthrust. 

9 (a) Maxinum desiqn weight. ThemaXimunweights atwhich amplianceis 
sh~~~~~~witheach applicable struztural andflightrequiremsntare defined helm: 

(1) Maximun &sign equililxiun wei& = W, (lb.) 

(2) Maximun static heaviness = Wsh(lb.) The amount by which the weight 
of an airship exozeds the displa-t buoyancy. 

(b) 

(31 Maximun landing weight = Wl (lb.) 

(4) h!dKUn takeoff weight = Wt (lb.) = W, + Wsh 

(5) MaxLnuncarweight 

Mininum design weight. 'h minimm weights at which car@iance is shm -. .- mm. -_- with each applicable requirement are aefinedbelcrw: 

(1) Minimm *sign weight = i$, (lb.1 

(2) Maximm static lightness = Wsl (lb.) The amomt by which the weight 
of an airship is less than the displaant buoyancy. 

3.6 De&n airspeeds . 

The selected design airspeeds are equivalent airspeeds (EAS) except as provi&d 
in specific requirmnts. 

(a) Designrrraximunle~lflightairspeed,VH. yIis tkjemaximunspeed 
obtainable in level flight with all engines aperating at maximum continucus 
pm?er and the airship loatid to equilibrium tucyancy or that loading which will 
produoe minimun drag. 

(b) Design airspeed for maximun gust intensity, vg. 
than 35 knots or 0.65 yI, whichever is least. 

v~ shall not be less 

(cl Jksign dive airspeed, Vjp b may not be less than the greater of- 

(1) VH; or 
(2) Maxlmunairspeedobtainableinadi\~withallenginesatmaximuo 

continuous paler and the airship in tk minimun drag configuration. 

12 



Flibht Loads 

3.7 General. 

Canpliancewith the flightloadrequirenrents of this subpartmustbe shown- 

3 (a) At each critical altitude within the range in which the airship may 
expxtedtooperate; 

be 

(b) Ateach~igfitfrontheminimunQsignweighttothemaximundesign 
weight;and 

(c) For each required altit& and weight, at any practicable distrika.ltion 
of disposable load w&thin the aperating limitations specified in 8s 7.26 
through 7.29. 

3.8 De&n maneuver loads. 

(a) The airship, including control surfaces, is consideredtobe subjected 
to the loads resulting fran the maneuvering conditions listed in Table 1. 
Steady state and transient effects during checked and unchecked mnemrs must 
ba taken into account. 

(b) Ccnsideration of the maneuvering conditions must include the 
investigation of both the separate and the conbined effects of the rudder and 
elevator controls. 
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1 

2 

3 

4 

5 

6 

7 

8 
r 9 

10 

ll 

12 

13 

14 

15 

16 

Condition 

fRvle1 Flight 

Lewl Flight 
ReverseThrust 

Nose Darn 

N-W 

Descent& Pull* 

Turn Ehtry 

Turn 61 Reverse 

DitR Entry 

Climb Entry 

Turn & Climb 

Turn L Dicta 

Turn 

TurnR~vary 

Turn Rec. c Climb 

Turn Rec.& Diva 

Light Flight 

0.71vH 
vk 

VH 

VH 

Yl 

vH ., 

VH 

44 

Yl 

VH 

Nate1 

NdX?l 

Nate 1 

Nate1 

VH 

TABLel 

Weight 

wt 

Wl 
WO 

WO 

wt 

WO 

WO 

WO 

WO 

WO 

WO 

WO 

WO 

w; 

WO 

Note 2 

DESIGNMANEwERooNDITI~s 

!lwust 
Attitude Direction 

NurE2 Ebrward 

tKYrE2 Reverse 
+ 30" Fbrward 

- 3o" 

twfz2 Fbward 

~~Harizcxltal Forward 

Horizontal Forward 

Horizontal Forward 

Horizontal Forward 

Horizontal Forward 

Horizakal Pox-ward 

HorizcMal J&ward 

Horizontal Forward 

Horizakal Fbrward 

Horiza&al Forward 

twrE2 Forward 

Control Surface Position 
Rudder 

Neutral 

Neutral 
Neutral 

Neutral 

Neutral 

FullOver 

wrE3 

Neutral 

Neutral 

FullOuer 

FullOver 

FullOwr 

Note 3 

Note3 

Note 3 

Neutral 

-1 - Velocity values must be dstennined for a steady state condition. 
~WI?E 2 - Ihat necessary to produoe maximun loading conditions. 
xnE3- lW.l rudder must be applied follwed by full reverse rudder after 75' of turn. 

ELevator' 

wYrE2 

twl%2 
twrE2 

L 2 3 d 2 
N&ral 

N+tral 
1 " 

?fF- : 
!'. $l.l up 

+!hJp ' 

Full Dwn 

Neutral 

Neutral 

Full VP 

mllDcMl 

BwrE2 



, 

3.9 Gust loa@. 

(a) The airship is assumed to be subjected to the loads 
resulting from encounters with the following atmospheric gusts in 
level flight: 

(1) 

(2) 

(3) 

u- 

Discrete gust of 25 f.p.s. while flying at speed, VH. 

Discrete gust of 35 f.p.s. while flying at speed, VD. 

Gust shapes and intensities are defined as follows: 

s (1-cos %) 
2 where-- 

urn = 

X = 

H = 

L = 

(4) 

gust velocity specified above (f.p.s.); 

penetration distance, O< X< 2H (ft.); 

gust gradient length, 4 < H< 800 (ft.): and 

length of airship (ft.) 

The dynamic response of the airship to the design 
gusts as well as the steady state loads must be taken into account. 

: 
(b) The gusts are applied in any direction, including parallel 

to the airship axis, with the control surfaces in both the neutral 
position and the maximum effective angles required to counteract the 
gust. 

(c) In the absence of a more rational analysis, the maximum 
aerodynamic bending moment, applied to the envelope, must be computed 
as follows: 

* n = O.O29(l+[$'d - 4.0][0.5624Looo2- 0,5]),o~~v+ 

where-- 

L= length of airship (ft.); 

d = maximum envelope diameter (ft.); 

e= density of air (slugs/cu.ft.) 

. It= gust velocity from paragraph (a)(f.p.s.); 

v= airship equivalent speed from paragraph (a)(f.p.s.); 
* 

-tt= total envelope volume (cu.ft.) 

This equation is applicable for L/D between 4.0 and 6.0. For L/D 
below 4.0, use 4.0. * 
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. 

(d) The empennage is assumed to be subjected to the 
discrete gusts defined in paragraph (a) applied under the 
following conditions: 

(1) The airship is in straight and level flight. 

surfaces. 
(2) The gust is applied at 90" to either set of tail 

(3) Control surfaces must be considered to be in both 
the neutral-position and at the maximum effective angles 
to counteract the gust. 

required 

(4) The effective angle of attack is assumed to be: 

&= 1.25 tan -' um 
1.689V 

(5) Control surface loads plus stern aerodynamic 
forces in the envelope induced by the empennage must be placed in 
equilibrium with opposing inertia forces in a rational or 
conservative manner with the airship at its maximum weight. 

3.10 mine toruue . 

(a) Each engine mount and its supporting structure must be 
designed for the effects of- 

(1) A limit engine torque corresponding to takeoff 
power'and propeller speed acting simultaneously with 75 percent 
of the limit loads from the design maneuver conditions of § 3.8: 

(2) A limit engine torque corresponding to the 
maximum continuous power and propeller speed acting 
simultaneously with the limit loads from the design maneuver 
conditions of 5 3.8: and 

(3) For turbopropeller installations, in addition to 
the conditions specified in paragraph (a)(l) and (a)(2) of this 
section, a limit engine torque corresponding to takeoff power and 
propeller speed, multiplied-'by a factor accounting for propeller 
control system malfunction, including quick feathering, acting 
simultaneously with lg level flight loads. In the absence of a 
rational analysis, a factor of 1.6 must be used. 

(b) For turbine engine installations, the engine mounts 
and supporting structure must be designed to withstand each of 
the following: 

(1) A limit engine torque load imposed by sudden 
engine stoppage due to malfunction or structural failure (such as 
compressor jamming). 

(2) A limit engine torque load imposed by the maximum 
acceleration of the engine. 

16 



(c) ~The"iimit engine torque, to be considered under paragraph (a) of this 
section, must be obtained by multiplying the mean torque by a factor of- 

(1) 1.25 for turbqropeller instdllations, unless pcwer transients 
cancauseahigherlimittorque. 

. 
3 (2) 1.33 for engines with fivz'or more cylinders; and 

(3) Two, three, or four for engineswith four, three, or two 
cylinders, respecti=ly. 

(d) When the airflaw throqh the propeller is not symmetrical, due to 
airship yawing and pitching, or engine vectoring, the additional forces must & 
considered. 

3.ll Side load on enqine nrxrnt. 

(a) Each engine momt and its supporting 
limit load factor in a lateral direction, for 
mmt, of not less than- 

(1) 1.33, or 

structuremustbe designed for a 
the side load an the engi= 

(2) One-third of the limit load factor for design maneuver conditions 
specified in 5 3.8. 

(b) The side load prescribed in paragraph (a) of this section may be 
assumd to be independent of other flight conditions. 

3.12 Ensine failure loads. 

Forturbopropellerpcwer airships, theenginemovltandsupport structuremust 
be designed for the loads resulting fran the failure of any one engine in 
canbination with a single malfUxtion of the propeller draglimiting systan. 
The following conditions apply: 

(a) The loads resulting fran power failure because of fuel flclw interruption 
areconsidaredbbelimitloads, 

(b) The loads resulting fran the disconnection of the engine canpressor'fran 
the turbine or franloss of the turbine blades are consideredtobe ultimate loads. 

3.13 Gyroscooic loads. 

. 
For turbine powered airships, each engine momt and its supporting strxture must 
bedesignedforthegyroscopicloadsresultingfranthemaneuverloadscanbined 
with the maximun rate of angular change in vectored thrust with the engines at 
maximun continuous r.p.m. 

. 
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Control Surface and System Loads 

3.14 Control surface loads. 

(a) Control surfaces must be designed for the control surface loads 
resulting fran the conditions described in §§ 3.8 and 3.9. 

(b) In the flight loading conditions, the airloads on movable surfaces 
and the corresponding deflections need not exceed those that would result in 
flight fran the application of any pilot force within the ranges specified in 
5 3.16(b). Hover, these pilot forces may'not be less than the actual maximum 
pilot forces determined when canplying with § 2,14(c). In applying this 
criteria, the effects of control system boost and servoioechanisms, and the 
effects of tabsmustbe considered. The autunatic pilot effort must be used 
for design if it alone can produce higher control surface loads than the human 
pilot. 

3.15 Control system loads. 

(a) Each flight control system and its supporting structure must be 
designed for loads corresponding to at least 125 percent of the carputed hinge 
mJllents of the movable control surface in the conditions prescribed in §§ 3.8 
and 3.9. However, these loads need not exceed the higher of the loads that can 
be produced by the pilot or by the autopilot. 

(b) The system must be designed for the maximum effort of the pilot or 
autopilot, whichever is higher. In additicn, if the pilot and the autopilot 
act in opposion, the part of the system bet-n them may be designed for the 
maximum effort of the one that imposes the lesser load. Pilot forces used for 
design need not exceed the maximm forces prescribed in 5 3.16(b). 

(cl The design must, in any case, provide a rugged system for service use. 
Cmliance with this paragraph may be shckJn by designing for loads resulting 
fran application of the minimum forces prescribed in S 3.16(b). 

3.16 Pilot forces. 

(a) Pilot forces used for design are ass-d to act at the appropriati 
control grips or pads as they would in flight, and to be reacted at tk 
attacbnts of the control system to the control surface horns. 
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(b) The pilot forces and torques are presented in Table 2. 
: 

. 
Control 

Elevator: 
(i) Capstan wheel (1) 
(ii) Wheel mounted on a columr 

(Synmtetrical) 
Wnsyrsr&rical)J2) 

(iii) Stick 
Rudder: 
(i) Rudder pedals 
(ii) Eamogted on a 

(iii) Stick 

Notes : 

- 

I daximum 
forces or torques 

Minimum 
forces or torques 

167 lb. 100 lb. 

200 lb. 
--w-w 
167 lb. 

100 lb. 
100 lb. 
100 lb. 

200 lb. 130 lb. 

50D in.-lb.(4) 
67 lb. 

40D in.-lb.(4) 
40 lb. 

(1) When a capstan wheel is mounted beside the pilot, the fore-and-aft force 
is applied to the highest point on the rim of the wheel. 

(2) The unsymmetrical force must be applied at one of the normal hand grip 
points on the control wheel. 

(3) When the rudder -rating control is a wheel mounted on a column in front 
of the pilot, the loads must be applied tangentially to the rim of the wheel. 

(4) D = wheel diameter (inches). 

3.17 Dual control system. 

(a) Each dual control system must be designed for the pilots operating in 
opposition, using individual pilot forces not less than- 

(1) 0.75 times those obtained under § 3.14; or 

(2) Tk minimum forces specified in fi 3.16(b) 

(b) The control system must be designed for pilot forces applied in the 
sane direction, using individual pilot forces not less than 0.75 times those 
obtained under § 3.14. 
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3.18 Secondarycontrolsystem. 

Secondary controls, such as valve and damper controls, must be designed for the 
maximum forces that a pilot is likely to apply to those controls. 

3.19 Trim tabs. 

(a) The effects of trim tabs on the control surface design conditions must 
be accounted for only where the surface loads are limited by maximum pilot 
effort. In these cases, the tabs are consideredtobedeflectedinthe 
direction that would assist the pilot. 

(b) Control surface tabs must be designed for the severe canbination of 
'airspeed and tab deflection likely to be obtained. 

3.29 Supplementary conditions for control surfaoes. 

For airships with control surfaces having appreciable angles with respect to 
the horizontal and vertical axes or having inter surface supports, the 
surfaces and supporting structure must be designed for the canbined surface 
loads prescribed for the separate systems. 

3.21 Tail-mind loads. 

(a) The control surface hinges and control systan must be designed, as 
follows, for control surface loads due to tail-to-wind loads: 

(1) In the absence of a more rational analysis, the load distribution 
on the movable control surface must be c-ted as varying linearly frm zero 
at the hinge to a maximum value at the trailing edge. 

(2) The control system, fran the control surfaoe horns to the 
location reacting the loads (stops, gust locks, pilot controls), must be 
designed for loads corresponding to the hinge mcment, H, of subparagraph (3) of 
this paragraph. 

(3) Control surface hinge manents coquted fran the follming formula 
need not exceed the loads corresponding to the maximum pilot loads in 
§ 3.16(b). 

H = K&q, 

where- 

H = limit hinge manant (ft.-lb.); 

c = nean chord of the control surface aft of the hinge line (ft.); 

S = area of the control surface aft of the hinge line (sq.ft.1: 

20 



: 
9 = dynamic pressure (p.s.f.1 based on a design speed of not less 

than 15 f.p.s.; and 

K= hinge mcment factor, 1.40. 

(b) Tha resulting loads on each surface must be determined for locked and 
unlocked controls in positive and negative positions with the surface against 
the stops and in the neutral position. 

GroundLoads 

3.22 General. 

The limit ground loads specified in this subpart are considered to be external 
loads that act upon the airship structure. In each specified ground load 
condition, the external loads must be placed in equilibrium with the linear and 
angular inertia forces in a rational or conservative manner. 

3.23 Ground load assumptions. 

(a) The ground load requirements of this subpart must be canplied with at 
the weights and shock absorber extensions shown in Table 3. 

(b) The selected limit vertical inertia load factor at the center of 
gravity of the airship for the landing load conditions prescribed in this 
subpart may not be less than that which would be obtained when landing with the 
maximum descent velocity expected to occur in service but may not be less than 
3 feet per second. Prcper consideration may bs given to the distribution of the 
landing energy between the car and the envelope. No allowance shall be made for 
dynamic lift throughout the landing impact. The limit vertical inertia load 
factor, n, represents the ratio of the externally applied vertical forces to the 
weight‘of the airship. 

(c) Energy absorption tests (to determine the limit load factor, n, 
corresponding to the required limit desoant velocities) must be made under 
§ 4.24(a). 

3.24 Landing conditions. 

The landing gear and airship structure are considered to be subjected to the 
loads resulting fran the takeoff and landing conditions listed in Table 3. In 
determining the ground loads on the landing gear and affected support structure, 
the following apply: 

(a) When investigating landing conditions, the drag canponents simulating 
the forces required to accelerate the tires and wheels up to the landing speed 
must be properly ccmbined with the corresponding instantaneous vertical ground 
reactions assuming a tiresliding coefficient of friction of 0.8. The contact 
speed must be appropriate to landing the airship at the maximum anticipated 
forward landing speed but may not be less than 15 knots. In determining wheel 
spin-up loads, the method set forth in F'AR 23, AFpendix D, may bs used. 
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(b) If a swivel (without lock, steering device or shimy damper) is used, _ 
in addition to the above requirements, the gear is assumed to be swiveled 

. 90 degrees to the airship 
passing through the axle. 

longitudinal axis; with the resultant ground load 

(c) Auxiliary landing gear (e.g., *eels mounted on tail fin) mst be 
designed towithstandthe loads resulting fran expected service. 

TAELz3 -TAKECX?FANDLRNDINGCXNDITIONS 

Condition Attit& Weight 

Takeoff 

LeVel 
Landing 

Level 
Landing 

Side Drift 
Landing 

Level 

Level 

Level 

LZVel 

wt 

Wl 

Wl 

Wl 

Shook 
Absorber 
Extension 

static 

Maximum 

Maximum 

stafic 

Landing Gear m h (3) 

Vertical Lateral(2) I 

10rw,h 0 

n Wl 0 

n Wl 0 

Wl I 
.55Wl 

mgitudinal(2) 

.275Wsh 

2.25nWl 

(1) 

0 
.- 

Notes : 

(1) This load is based upon spin-up or. spring-backconditions,. 

(2) Lateral and longitudinal loads act in a horizontal plane. 

(3) For landing gear equipped with dual wheels, use a 60/40 load 
ciSstribution between wheels. 

(4) n is the limit vertical inertia load factor, at the C.G. of the 
airship, selected under § 3.23(b). 

3.25 Moorins and handling conditions. 

The limit loads specified in this section are consideredtobe external loads 
that act upan the airship structure and handling lines. These loads are those 
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resulting from the mooring and handling conditions listed in 
Table 4. For these conditions, the airship is considered in the 
landing configuration. 

* 
TICS 

Condition (6) Weight Wind Velocity Wind Angle 
(knots) (Degrees) 

Symmetrical Mooring Wt 70 
Unsymmetrical Mooring Wt 70 cx, 
Mast Handling-Heavy (3) Wt (1) (2) 
Mast Handling - 

Equilibrium (3) wo (1) (2) 
Mast Handling - 

Override (4) 
Line Handling (3), (5) & 
Line Handling (3), (5) (1) 

Notes : 

(1) The maximum wind velocities expected to occur during 
ground handling are selected by the designer and listed in the 
airship operating limitations, but may not be less than 10 knots. 

(2) The wind angle must be determined from the lateral 
P-- wind force and the longitudinal wind force assumed imposed on the 

envelope with maximum design gas pressure. These wind forces are 
based on an instantaneous directional change to either side. In 
the absence of a more rational analysis, a wind angle of 10 
degrees must be used. * 

(3) An envelope of ground loads must be determined based 
on critical effective relative wind angles. 

* (4) Loads must be determined based on a compressive force 
between mast and airship'resulting from a differential speed of 3 
knots. 

l 

(5) For nose lines, use wind angles determined for mooring 
conditions with line angles of O-120 degrees laterally with 
respect to a vertical plane through the airship axis and at an 
angle of 30 degrees below the horizontal plane through the 
airship axis. For tail or after quarter lines, an envelope of 
ground loads must be determined, using wind angles determined for 
mast handling. In the absence of a more rational analysis, use 
line angles of 60-120 degrees laterally to the same reference 
planes as for the nose lines. Line angles selected must be 
listed in the airship handling procedures. 

f 
(6) Compressive loads caused by elastic rebound of the 

P-h airship due to a sudden change in wind velocity must be 
considered for all applicable mooring conditions. 
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. . . eruencv J,wna Condltlo~ 
3.26 General. 

(a) The airship, including its propulsion system, although 
it may be damaged in emergency landing conditions, must be 
designed as prescribed in this section to protect each occupant 
under those conditions. 

(b) The structure must be designed to give each occupant 
every reasonable chance of escaping serious injury in a minor 
crash landing when- 

(1) 
the design: and 

(2) 
forces shown in 

* 

Proper use is made of seat belts provided for in 

The occupant experiences the ultimate inertia 
the following table: 

. . e Inertia Forces 

Upward 0 
Downward 3.og 
Forward 2.5g 
Rearward l.Og 
Sideward l.Og 

(c) The supporting structure must be designed to restrain, 
under loads up to those specified in subparagraph (b)(2) of this 
section, each item of mass that could injure an occupant if it 
came loose in a minor crash landing. 

* 

u 
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4.1 General. 

,Tk suitability of each questionable design detail and part having an important 
bearing on safety must be established by tests. 

4.2 Materials and =-hip. 

(a) The suitability and durability of materials used for parts, the 
failure of which oould adversely affect safety must- 

(1) Be established by experience or test; 

(2) &et approved specifications that ensure their having the 
strength andotherproperties assumadinthe designdata; and 

(3) Take into accost the effects of enviromnental conditions 
expectedinservice. 

(b) Waktnanship must be of a high standard. 

4.3 Fabrication methods. 

(a> The methods of fabrication used must produce a consistently sovld 
structure. If a fabrication process requires close control to reach this 
objective, the process must be performed in accordanoe with an approved process 
specification. 

(b) Each new aircraft fabrication method must be substantiated by a test 
program* 

. 
4.4 Fastenings. 

Only approved bolts, pins, screws, and rivets may be used in the structure. 
Approvedlockingdevioes ormethodsmustbe usedforalltbese bolts, pins, and 
screws, vlless the installation is shown to be free fran vibration. 
Self-locking nuts may not be used on bolts that are subject to rotation in 
service. 

4.5 Protection. 

Each part of the airship m=t- 

(a) Be suitably protected against deterioration or loss of strength in 
SerViOe due to weathering, oxrosion, ahrasion, or other causes; and 

(b) Have adequate provisions for ventilation and drainage. 
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4.6 Accessibility. 

Means must be provided to allcrw inspection, close examination, repair, and 
replacement of each part requiring maintenanoa, adjustments, lubrication or 
servicing. 

4.7 Material strength properties and design values. 

(a) Material strength properties must be based on enough tests of 
material meeting specifications to establish design values on a statistical 
basis. 

(b) 
structure 
remote. 

The design values must be chosen so that the probability of any 
being understrength because of material variations is extremely 

(cl 
follcwing - 

Design values must be those contained in or determined fran the 
publications (obtainable fran the Superintendent of Documents, 

Government Printing Office, Washington, DC 20402) or other values approved by 
the Administrator: 

MIL-RDBK-5. "Metallic Materials and Elements for Flight Vehicle 
Structure": 

MIL-HDBK-17, 'Plastics for Flight Vehicles"; 

AK-18, "Design of Wood Aircraft Structures"; 

MIL-HDBK-23, Tanposite Construction for 

Federal Fkquiremznt 191-A, "Textile Test 

4.8 Design properties. 
. . 

Flight Vehicles"; and 

Methods". 

(a) Design properties outlined in MIL-HDBK-5 may be used subject to the 
following conditions: 

(1) Where applied loads are eventually distributed through a single 
msmber within an assembly, the failure of which would result in the loss of the 
structural integrity of the canponentinvolved, the guaranteedminimumdesign 
mechanical properties ("A" values) v&en listed in MIL-HDBK-5 must be met. 

(2) Redundant structures in which the partial failure of individual 
elements would result in applied loads being safely distributed to other load 
carrying members may be designed on the basis of the "90 percent probability" 
("B@' values) when listed in MIkHDBK-5. Examples of these items are 
sheet-stiffener canbinations and multi-rivet or multiple-bolt connections. 

(b) Design values greater-than the guaranteedminim~ required by 
paragraph (a) of this section may be used if a "premium selection" of the 
material is mads in which a specimen of each individual item is tested before __ 
use to determine that the actual strength properties of that particular item 
will equal or exceed those used in design. 
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(c) Material correction factors for structural itens such as sheets, 
sheet-stringer canbinations , and riveted joints, may be cmitted if sufficient 
test data are obtained to allaw a probability analysis shming that 90 percent 
or more of the elsnents will equal or exceed allowable selected design valrres. 

4.:9 Special factors. 

The factor of safety prescribed S 3.2 rmrst be multiplied by the highest 
pertinent special factors of safety determined in §S 4.10 through 4.12 for each 
part of the strueturewhose strengthis- 

I 
(a) Uncertain; 

(b) Likely to deteriorate in service before nornml replacement; or 

(c) Subject to appreciable variability because of uncertainties in 
manufacturing processes orinspectionmethods. 

4.10 Castinq factors. 

(a) General. The factors, tests, and inspections specified in paragraphs 
(b) through (d) of this section must be applied in addition to those necessary 
to establish fou&y quality control. Theinspectionsmustmeetapproved 
specifications. Paragraphs (c) and (d) of this section apply to any structural 
castings exozpt castings that are pressure tested as parts of hydraulic or other 
fluid sysWns and do not support structural loads. 

(b) Bearing stresses and surfaces. The casting factors specified in 
paragraphs (c) and (d) of this section- 

(1) Need not exQed 1.25 with respect to bearing stresses, regardless 
of the met&A of inspection used; and 

(2) Need not be used with respect to the bearing surfaces of a part 
whose bearing factor is larger than the applicable casting factor. 

(c) Critical castings. For each casting whose failure would precluk 
continued safe flight and landing of the airship or result "In serious injury to 
occupants, the follcwing apply: 

(1) Each critical casting must- 

(i) Have a casting factor of not less than 1.25; and 

(ii) Receive 100 percent inspection by visual, radiographic, 
andmagneticparticle orpenetrantinspectionmethods or approvedequivalent 
Wndestructive inspectionmethods. 

. 
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(2) For each critical casting with a casting factor less than 1.50, 
3 sample castings must be static tested and shm to meet the strength 
requirements of S 3.3 at an ultimate load corresponding to a casting factor'of 

. 1.25, and the deformation requirements of S 3.3 at a load of 1.15 times the 
limit load. 

c ..-e- .d 

(3) Examples of these castings are structural attactxnent fittings., 
parts.of flight control systems, control surface hinges and balance weight 
attackxnents, Seat, barth, safety belt, and fuel and oil tank 
attacbnts, and cabin pressure valves. 

supportsand 

(d) Noncritical castings. For each casting other than 
paragraph (c) of this section, the following apply: 

those specified 

(1) Except as provided in subparagraphs (2) and (3) of this 
paragraph, the casting factors and corresponding inspections must meet the 
foll&ing table: - 

Casting factor 

2.0 or more ---- ----------- 

Less than 2.0 but more than 1.5.- 

Inspection 

100 percent visual 

100 percent visual, and magnetic 
particle or pen&rant, or equiva- 
lent nondestructive inspection 
mthods. 

1.25 throughl.SO--------- 100 percent visual, nqnetic 
particle or pen&rant, and radio- 
graphic, or approved equivalent 

.nondestructive inspection n&hods. 

(2) The percentage of castings inspected by nonvisual methods 
reduced belaw that specified in subparagraph (1) of this paragraph when 
approved quality control procedure is established. 

/ 

my be 
an 

(3) For castings procured to a specification that guarantees the 
mechanical properties of the material in the casting and provides for 
dznonstration of these properties by test of coupons cut fran the castings on a 
s-tmpling basis- 

(i) A-casting factor of 1.0 may be used; and 

(ii) The castings must be inspected as provided in 
subparagraph (1) of this paragraph for casting factors of "1.25 through 1.50," 
and tested under paragraph (c)(2) of this section. 
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4.ll Bearing factors. 

(a) Each part that has clearance (free fit), and that is subject to 
pounding or vibration, must have a bearing factor large enough to provide for 
the effects of normal relative motion. 

(b) Far control system joints, oampliance with the factors prescribed in 
§ 4.23, meets paragraph (a) of this section. 

4.12 Fitting factors. 

For each fitting (a part or terminal used to join one structural member to 
another), the follawing apply: 

(a) For each fitting whose strength is not proven by limit and ultimate 
load tests in which actual stress conditions are simulated in the fitting 
and surrounding structures, a fitting factor of at least 1.15 must be applied to 
each part of-- 

(1) The 

(2) The 

(31 The 

(b) A fitting 
canprehensive test 

fitting; 

attachment~ans; and 

bearing on the joined nembers. 

factor is not required for joint designs based on 
data (such as continuous joints in metal plating, welded . . 

joints, and scarf joints in wood) 

(c) Far each integral fitting, the part must be treated as a fitting up to 
the point at which the section properties beccmz typical of the member. 

(d) For each 
must be shawn,by 
forces prescribed 

seat, berth, and safety belt, its attachment to the structure 
analysis, tests, or both, to be able to withstand the inertia 
in S 3.26 multiplied by a fitting factor of 1.33. 

Control Systems 

4.13 General. 

(a) Each control must aperate easily, SmDOthly, and positively enough to 
allaw proper performance of its functions. 

(b) Controls must be arranged and identified to provide for convenience 
in operatian and to prevent the possibility of cunfusion and subsequent 

. inadvertent cperation. 

4.14 Primary fliqht controls. 

(a) Primary flight controls are those used by the pilot for the 
inmediate control of pitch and yaw. 
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(b) Regardless of the type of control systen, the design must minimize 
the probability of canplete loss of control in the event of failure of any 
connecting or transmitting elanent in the control system. A mans must be 
provided the pilot to rapidly disable or disconnect the control system in the 
event of any malfunction and transition to the backw system where backup 
systems are provided. - 

(c) For anymxhanicalcontrolsystem (primary or backup) installed, 
'where envelcpe expansion or contraction could adversely affect control cable 
tension or mechanical freedan, a rrwaans must be provided to autcmatically adjust 
and maintain control cable tension or mechanical freedan. 

(d) In the event that there is no direct mechanical linkage provided 
between the pilot's primary controls and the control surfaces, a dual redundant 
msans of controlling those surfaoas must bs provided and a method for the pilot 
to easily and rapidly transition fran the prinmry means of controlling those 
surfaoss to the backup means such that no unsafe flight characteristics are 
encomtered and the probability of ccmplete loss of control is mlikely. 

4.15 stops. 

(a) Each control system must have stops that positively limit the range 
of motion of each movable aerodynamic surface controlled by the system. 

tb) Each stopmustbelccatedsothatwear, sla&ness,ortakeup 
adjustnrents will not adversely affect the control characteristics of the 
airship because of a changeinthe-range-of surface travel. 

(c) Each stop must bs able to withstand any loads corresponding to the 
design conditions for the control system. 

4.16 Trim systems. 

(a) Trim systems inclti ballonets, trim tabs on aerodynamic control 
surfaces, or any other system which directly affects the long-term, in-flight, 
attittie of the airship. Proper precautions must be taken to prevent 
inadvertent, improper, a akxqt trim -ration. 

(b) When ballonets are used for trimning, the pilot must be capable of 
determiningwhen they are cempletelysmptyandcunpletelyfull. 

(~1 Whantrimtak areused, theremustbemeans near the trimcontrolto 
indicate to the pilot the direction of trim control movement relative to 
airship motion. In addition, there must ba means to indicate to the pilot the 
position of the trim *vice with respect to the range of adjustznant. This 
maans must be visible to the pilot and must be located and designed to prevent 
confusion. 
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(d) Tab controls must be irreversible unless the tab is 
properly balanced and has no unsafe flutter characteristics. 
Irreversible tab systems must have adequate rigidity and 
reliability in the portion of the system from the tab to the 
attachment of the irreversible unit to the airship structure. 

4.17 Control svstem locks. 

If there is a device to lock the control system on the 
water, there must be means to-- 

(a) Give unmistakable warning to the pilot when 
is engaged: and 

(b) Prevent the lock from engaging in flight. 
. 4.18 Limit load static tests . 

(a) Compliance with the limit load requirements 
part must be shown by tests in which-- 

ground or 

the lock 

of this 

(1) The direction of the test loads produces the most 
severe loading in the control system: and 

(2) Each fitting, pulley, and bracket used in 
attaching the system to the main structure is included. 

.- 
(b) Compliance must be shown (by analyses or individual 

load tests) with the special factor requirements for control 
system joints subject to angular motion. 

. 4.19 Operation test% . 

(a) It must be shown by operation tests that, when the 
controls are operated from the pilot compartment with the system 
loaded as prescribed in paragraph (b) of this section, the system 
is free from-- 

(1) Jamming; 

(2) Excessive 

(3) Excessive 

(b) The prescribed 

friction: and 

deflection. 

test loads are-- 

(1) For the entire system, loads corresponding to the 
limit airloads on the appropriate surface, or the limit pilot 
forces, whichever are less; and 

(2) For secondary controls, loads not less than those 
,/- 

corresponding to the maximum pilot effort established under 
5 3.18. 
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* (c) For nonmechanical flight control systems, it must be ,___ 
shown by operating tests that the airship is fully controllable 
following a hard-over in any axis such that no unsafe condition 
exists between the time the hard-over occurs, pilot recognition 
of the hard-over, and the time to revert to the back-up system. 
Furthermore, it must be shown that, following recognition time 
after the hard-over input, the pilot can successfully, safely 
transition to a manual system without exceptional pilot skill, 
alertness, or strength. Furthermore, the airship must be fully 
controllable following any single failure in the system. * 

. 4.20 Control svstem detaiLS . 

(a) Each detail of each control system must be designed 
and installed to prevent jamming, chafing, and interference from 
cargo, passengers, loose objects, or the freezing of moisture. 

(b) There must be means in the cockpit to prevent the 
entry of foreign objects into places where they would jam the 
system. 

(c) There must be means to prevent the rubbing of cables 
or tubes against other parts. 

(d) Each element of the flight control system must have 
design features, or must be distinctively and permanently marked, 
to minimize the possibility of incorrect assembly that could _---_ 
result in malfunctioning of the control system. 

. 4.21 SDrina . 

The reliability of any spring device used in the control system 
must be established by tests simulating service conditions unless 
failure of the spring will not cause flutter or unsafe flight 
characteristics. 

4.22 Cable svstem. 

(a) Each cable, cable fitting, turnbuckle, splice, and 
pulley used must meet approved specifications. In addition-- 

(1) No cable smaller than l/8-inch diameter may be 
used in primary control systems: 

(2) Each cable system must be designed so that there 
will be no hazardous change in cable tension throughout the range 
of travel under operating conditions and temperature variations; 
and 

(3) There must be means for visual inspection at each 
fairlead, pulley, terminal, and turnbuckle. 
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(b) Each kind and size of pulley must axrespond to the cable with which 
it-is used. 'Each pulley must have closely-fitted guards to prevent the cables 
fiepnbeingmisplacedor fouled, evenwhen slack. Each pulleymustliein the 
plane passing through the cable so that the cable does not rub against the 
pulley flange. 

(cl Fairleadsmustbeinstalled sothatthey donotcause achangein 
,cable direction of more than 3 @rees. - 

(d) Clevis pins subject to load or motion and retained only by cotter 
pinsmaynotbe usedin the control system. 

(e) Turnbuckles must be attached to parts having angular motion in a 
manner that will positively prevent binding throughout the range of travel. 

(f) Tab control cables are not part of the primary control systen and may 
be less than l/8-inch dimneter in airships that are safely controllable with 
the tak in the most adverse positions. 

4.23 Joints. 

Control system joints (in push-pull systems) that are subject to angular 
mot&n, except those in ball and roller bearing systans, must have a special 
factor of safety of not less than 3.33 with respect to the ultimate bearing 
strength of the softest material used as a bearing. This factor may be reduced 
to 2.0 for joints in cable control sys&ms. 
approved ratings may not be exoeeded. 

Far ball or roller bearings, the 

: 
Iandins Gear 

4.24 Shock absorption test 

(a) It must be shown that the limit load factors selected for design in 
accordance with 5 3.23(b) will not be exceeded. This must be shclwn by energy 
akorption tests except that analysis based on tests conduc$ed on a landing gear 
systan with identical energy absorption characteristics may k used for 
increases in previously approved takeoff and landing weights. 

(b) The landing gear may not fail, but may yield, in the test shming its 
reservedenergyabsorpticn capacity, simulatinga&scentvelocityof1.2times 
the limit descent velocity. 

4.25 Iandins qear extension and retraction system. 

(a) General. 
apply: 

For airships with retractablg landing gear, the follming 

(1) Each landing gear retracting mechanism and its supporting 
structure must be designed for maximum flight-load factors with the gear 
retracted and must be designed for the canbination of friction, inertia, and air 
loads, occurring during retraction at any airspeed up to VL, selected by the 
applicant;and 
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(2) Tfie landing gear and retracting mechanism, in&ding the wheel 
well doors, must withstand flight loads, including loads resulting fran all 
yawing conditions specified in the Structure Subpart with the landing gear 

.extendedatany speeduptov~. . 

(b) Ianding qear lock. Theremustbepositiveraaans (otherthanthe use of 
hydraulic pressure) to keep the landing gear extended. . 

,, 
2 

(c) mrqency oneratiun. For airships having retractable landing gear that 
cannot be extended manually, unless it can be demonstrated that a safe landing 
canbemadewiththe gear retracted, theremustbe amaans toextendthe landing 
gear in the event of either-- 

(1) Any reasonably probable failure in the normal landing gear 
cperation system; or. 

(2) Any reasonably probable failure in a power source that would 
prevent the operation of the normal landing gear aperation system. 

(d) Operation test. Tb proper functioning of the retracting mechanism must 
be shckJn by -ration tests. 

(e) Position indicator. If a retractable landing gear is used, there must 
be a landing gear position indicator (as well as necessary switches to actuate 
the indicator) or other means to inform the pilot that the gear is secured in 
the extended (or retracted) position. If switches are,& ..they must be. 
locatedandcoupledtothe landing gearmechanical system in amanner that 
prevents an erroneous indication of either "dawn and lock&" if the landing gear 
is not in the fully extended position, or of "up and locked" if the landing gear 
is not in the fully retracted position. The switchesmaybelocatedwhere they 
are operated by the actual landing gear.locking latch ordevice; 

(f) Iandinq gear warninq. Either of the following aural or equally 
effective landing gear warning devices must be provided: 

(1) A device that fuxtions continuously when on: or more throttles 
are closed if the landing gear is not fully extended and locked. A throttle 
s~opmaynotbe usedinplace of an auraldevice. Ifthereisamanual 
&&-off for the warning device prescribed in this paragraph, the warning 
?:*stem must be designed so that, when the warning has been suspended after one 
c):- more throttles are closed, subsequent retardation of any throttle to 0T 
?xyond the position for normal landing mroach will activate the warning- 
&vice. 

-_ 

(2) A&vice thatfuxtions continuouslywhen the landing gear is 
not fully extended and locked and the altitude of the airship is less than 
100 feet above ground level. Ifthealtittisensorportionof thewarning 
system fails, the warning systemmust be designed to activate until the landing 
gear.isfullyextendedandlocked. 
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4.26 JVheeb. 

(a) Each landing gear wheel must be approved. 

(b) The maximum static load rating of each wheel may not 
be less than the corresponding static ground reaction with the 
maximum takeoff weight. 

(c) The maximum limit load rating of each wheel must equal 
or exceed the maximum radial limit load determined under the 
loading conditions prescribed in 5 3.22. 

4.27 Tires. 

(a) Each tire must be approved. 

(b) Tires must be such that, when fitted to the airship 
wheel(s) and inflated to the recommended pressures, they will be 
capable of withstanding the permitted operation of the airship. 

(c) If specially constructed tires are used, the wheels 
must be plainly and conspicuously marked to that effect. The 
markings must include the make, size, number of plies, and 
identification marking of the proper tire. 

(d) Each tire installed on a retractable landing gear 
system must, with the maximum size of the tire type expected in 
service, have a clearance to surrounding structure and systems 
that is adequate to prevent contact between the tire and any part 
of the structure or system. 

. 
Personnel and Cara Accomodatlons 

4.28 Pilot compartment . 

For each pilot compartment-- 

(a) The compartment and its equipment must allow each 
pilot to perform his duties without unreasonable concentration or 
fatigue: 

(b) Where the flight crew are separated from the 
passengers by a partition, an opening or openable window or door 
must be provided to facilitate communication between flight crew 
and the passengers: and 

(c) The aerodynamic controls listed in $j 4.32, excluding 
cables and control rods, must be located with respect to the 

* propellers so that no part of the pilot or the controls lies in * 
the region between the plane of rotation of any inboard propeller 
and the surface generated by a line passing through the center of 
the propeller hub making an angle of 5" forward or aft of the 
plane of rotation of the propeller. 
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. 4.29 Pilot compartment view . 

(a) Each pilot compartment must be free from glare and 
reflections that could interfere with the pilot's vision, and 
designed so that-- 

(1) The pilot's view is sufficiently extensive, 
clear, and undistorted, for safe operation: 

(2) Each pilot is protected from the elements so that 
moderate rain conditions do not unduly impair his view of the 
flight path in normal flight and while landing; and 

(3) Internal fogging of the windows covered under 
subparagraph (a)(l) of this section can be easily cleared by each 
pilot unless means are provided to prevent fogging. 

(b) If certification for night operation is requested, 
compliance with paragraph (a) of this section must be shown in 
night-flight tests. 

4.30 Windshields and windows . 

(a) Nonsplintering safety glass must be used in glass 
windshields and windows. 

(b) The windshield and windows forward of the pilot's back 
when seated in the normal flight position must have a luminous 
transmittance value of not less than 70 percent. 

4.31 . Cockpit controls . 

(a) Each cockpit control must be located and (except where 
its function is obvious) identified to provide convenient 
operation and to prevent confusion and inadvertent operation. 

(b) The controls must be located and arranged so that the 
pilot, when seated, has full and unrestricted movement of each 
control without interference from either his clothing or the 
cockpit struct$re. 

(c) Identical powerplant controls for each engine must be 
located to prevent confusion as to the engines they control, and 
must be arranged from left to right in the following order: 

(i) Throttles or power levers 

(ii) Propeller pitch controls 

(iii) Mixtures of fuel control/cutoff 
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(d) The landing gear control must be located to the left 
, of the throttle centerline or pedestal centerline. 

(e) Each fuel feed selector control must be located and 
arranged so that the pilot can see and reach it without moving 
any seat or primary flight control when his seat is at any 
position in which it can be placed. 

36-l (and 2) 





4.32 Motion and effect of cockpit controls. 

Cockpit controls must be designed so that they oparate as follows: 

Controls 

Aerodynamic: 

Motion and effect 

Elevator . . . . . . . . . . . 
Rudder . . . . . . . . . . . . . 

Rearward for nose up 
Right pedal forward for nose right, 
or, for wheel control, right 
(clockwise) for right rudder. 

PoBJerplant: 

Throttle *...ci....... Forward to open. 

Wherever practicable, the sense of motion involved in the operation of other 
controls must correspond to the sense of the effect of the operation upon the 
airship or upon the part cperated. 

4.33 Doors. 

(a) Each closed cabin with passenger accamrodations must have at least 
one adequate and easily accessible external door. 

(b) No passenger dcor may be located with respect to any propeller disc 
so as to endanger persons using that door. 

4.34 Seats, berths, and safety belts. 

(a) Each seat, barth, and its supporting structure must be designed for 
occupants weighing at least 170 pounds and for the maximm load factors 
corresponding to the specified flight and ground load conditions, including 
emergency landing conditions. 

(b) Each seat, barth, 'and safety halt must be approved. 

(c) Each pilot seat must be designed for the reactions resulting from the 
application of pilot foroes to the primary flight controls. 

(d) Each berth.installed parallel to the longitudinal axis of the airship 
mustbedesigned sothattha forwardparthas apaddeder%board, canvas 
diaphragm, or equivalent means that can withstand the static load reaction of 
the occupant when the occupant is subjected to the forward inertia forces 
prescribed in S 3.26. In adldition- 

(1) Each berth must have an approved safety belt and may not have 
corners or other parts likelytocause serious injurytoaperson occupying it 
during emergency conditions; and 
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(2) Safety belt attachments for the berth must be designed to _--. 
withstand the critical loads resulting fran relevant flight and ground load 
conditias and from the emergency landing conditions, with the exosption of the 
forward load. 

(e) Proof of canpliance with the strength and deformation requirements of 
this section for seats, berths, and safety belts, approved as part of the type . 
design and for their installation, may be shcwnby- 

(1) Structural analysis, if the structure conforms to conventional 
I aircraft types for which existing m&hods of analysis are knck~n to be reliable; 

(2) A anbination of structural.qalysis and static load tests to 
limit loads; or 

(3) Static load tests to ultimate loads. 

(f) Each occupant must be protected fran serious injury when he 
experiences the inertia forces prescribed in § 3.26 by a safety belt for each 
seat. 

(g) There must be a means to secure each safety belt, when not in use, so 
as to prevent interference with the operation of the airship and with rapid 
egress in an emergency. 

(h) The cabin area surroundirqeach-seat, including.the-structurei- _..-. 
interior walls, instrunent panel, control wheel, p&a&, and seats, within 
striking distance of the occupant's head or torso (with the safety belt 
fastened), must be free of potentially injurious objects, sharp edges, 
protuberances, andhardsurfaces. If energy absorbing designs or devices are 
used to.meet-thisrequirement, they'm~'.protect,~e-occupant fran- serious - 
injury when the occupant experiences the ultimate inertia forces prescribed in 
§ 3.26. 

(i) Each seat track must be fitted with stops to prevent the seat from 
sliding off the track. 

4.35 Carqo canparmnts. 

Each ~~gocanpz&?nt- 

(a) Must be designed for its placarded maximum weight of contents and for 
the critical load distributions at the appropriate maxim-load-factors 
corresponding to the flight and ground load conditions of these requirements. 

(b) Must contain provisions to prevent the contents of any cargo fran 
becaning a hazard by shifting and to protect any controls, wiring, 
lines,equipment, or accessories whose daMge or failure wrluld affect safe 
operations. 

.- 
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(c) Must be constructed of materials which are at least flanre resistant. 

adjacent to the ccnpartment with the occupants, must have means to protect the 
(d) Designed to provide for cargo to be carried in the same canpartment or 

occupants fran injury under the ultimate inertia forces specified in 5 3.26. 

(e) where lamps are installed, each lamp must be installed so as to 
prevent contact between lamp bulb and cargo. 

(f) Not accessible to the crew while in flight must have provisions to 
contain a fire to allow continued safe flight and landing. 

4.36 Rnsrgency exits. 

(a) Number and location. Rnergency exits must be located to allow escape 
without crcwding in any probable crash attitude. The airship must have at least 
the follming emergency exits: 

(1) For all airships, except those with all engines mounted on the 
approximate centerline of the car that have a seating capacity of five or less, 
at least one emergency exit on the opposite side of the cabin fran the main door 
specified in 5 4.33. 

(2) If the pilot wartmerit is separated fran the passenger 
canpartment with a door that is likely to block the pilot's escape in a 
minor crash, there must be an exit in the pilot's caqqartmant. The number of 
exits required by subparagrah (1) must then be separately determined for the 
passenger canpartment, using the seating capacity of that ccqartment. 

(b) Type and operation. mrgency exits must be movable windows, panels, 
or external doors, that provide a clear and unobstructed opening large enough 
to admit a 19-by-26-inch ellipse. In addition, each emargency exit must- 

(1) Be readily accessible, requiring no exceptional agility when used 
in emergencies; 

(2) Have a method of opening that is sinple and obvious; 

(3) Be arranged and marked for easy location and operation, even in 
darkness: and 

(4) Have reasonable provisions against jamning by car deformation. 

(c) The proper function of each emergency exit must be shuvn by tests. 

4.37 meservedl. 
1 

4.38 Bntilation. 

* All passenger and flightcrew accarmodations must be suitably ventilated. 

(a) Carbon monoxide concentration may not exceed one part in 20,000 parts 
of air. 
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(b) Fuel vapor may not be present in hazardous concentratitis. 

Fire Protection/Lightning 

4.39 Canpartmant interiors. 

Fca: each carpartment to be used by the credo or passengers, the following apply: 

(a) Ths materials must be at. least flama-resistant. 

(b) Provih at least one approved and appropriately placarded handheld 
fire extinguisher. 

(c) If ding is prohibited; there must be a placard stating this, and if 
sa&ing is allowad: 

(1) Thsre"must be an adequate number of self-contained removable 
ashtrays; and 

(2) Ware the crew conpartnrent is separated fran the passenger 
caTlpartment, there must be at least one illuminated sign (using either letters 
or symbols) notifying all passengers when stroking is prohibited. Signs which 
notify when smoking is prohibited must- 

(i) When illtinated, ba legible to each passenger seated in the 
passenger cabin under all probable lighting conditions; and 

and off. 
(ii) Be constructed so that the crew can turn the illumination on .,.. 

(d) Lines, tanks, or equipmant containing fuel, ,oil, or other fkunnable 
fluids may not be installed in such carpartznsnts unless adsquately shielded, 
isolated, or otherwise protected so that any breakage or failure of such an item 
would not create a hazard. 

(e) Materials located on the cabin side of the firewall must be 
szlf-extinguishing or be located at such a distance fran the firewall, or 
otherwise protected so that ignition will not occur if the firewall is subject 
to a flame teqerature of not less than 2,000 degrees F for 15 minutes. 
Tar selfextinguishing materials kxoapt electrical wire and cable insulation 
a?d small parts that tha Administrator finds would not contribute significantly 
to the prqagation of a fire) , a vertical self+ztinguishing test must be 
conducted in accordance with Appendix F of Part 23 of the FAR or an equivalent 
n&hod approved by the Mministrator. The average burn length of the material 
maynotexce&6 inches and the average flaw tim after remval of the flame 
sourcemay notexoaed15 seconds. Drippings fran the material test speciman may 
not continue to flama for more than an average of 3 seconds after falling. 
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. . . 4.40 Flawle flud fire protection . 
,,f+-- 

(a) In each area where flammable fluids or vapors might 
escape by leakage of a fluid system, there must be means to 
minimize the probability of ignition of the fluids and vapors, 
and the resultant hazard if ignition does occur. 

* (b) Compliance with paragraph (a) of this section must be 
shown by analysis or tests, 
considered: 

and the following factors must be 

. 
(1) Possible sources and paths of fluid leakage, and 

means of detecting leakage. 

(2) Flammability characteristics of fluids, including 
effects of any combustible or absorbing materials. 

(3) Possible ignition sources, including electrical 
faults, overheating of equipment, and malfunctioning of 
protective devices. 

a fire, 
(4) Means available for controlling or extinguishing 

such as stopping flow of fluids, shutting down equipment, 
fireproof containment, or use of extinguishing agents. 

(5) Ability of airship components that are critical 
to safety of flight to withstand fire and heat. 

(c) If action by the flight crew is required to prevent or 
counteract a fluid fire (e.g., 
a fire extinguisher) 

equipment shutdown or actuation of 
, quick acting means must be provided to 

alert the crew. 

(d) Each area where flammable fluids or vapors might 
escape by leakage of a fluid system must be identified and 
defined. 

. . . 4.41 Fire Protection of flight controls and other fligJ& 
structure. 

Flight controls, engine mounts, and other flight structure 
located in the engine compartment must be constructed of 
fireproof material or shielded so that they will withstand the 
effect of the fire. 

. . . . . 4.42 metrical bondina and liaht~na ucharae . protection . 

(a) The airship must be protected against catastrophic 
effects from lightning. All items, which by the accumulation and 

* discharge of static charges may cause a danger of electric shock, 
ignition of flammable vapors, or interference with essential 
equipment, must be adequately bonded to the main ground system. 
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(b) Provisions must be made to minimize damage to the 
airship structure and to avoid injury to occupants in the case of 
lightning strikes either while on the ground or in flight. 

velone 
. 4.43 Envelone desian . 

(a) The envelope must be designed to be pressurized and 
maintain sufficient superpressure (amount of envelope pressure in 
excess of ambient pressure) to remain in tension while supporting 

* the limit design loads for all flight conditions and ground 
conditions, except for mooring and handling conditions, where 
wrinkling at the ends of the battens is permitted. The effects * 
of all local aerodynamic pressures (including thrust slipstream 
impingement) and pitch angles must be included in the 
determination of stresses to arrive at the limit-strength 
requirements for the envelope fabric. 

(b) The envelope fabric must have an ultimate strength not 
less than four times the limit load determined by the maximum 
design internal pressure combined with the maximum load resulting 
from any of the requirements specified herein. 

(c) Suspension system components made of fabric or 
nonmetallic material must have an ultimate strength of not less 
than four times the prescribed limit loads. 

(d) It must be demonstrated by test in accordance with 
Appendix A that the envelope fabric (in both the warp and woof 
(fill) directions) can withstand limit design loads without 
further tearing. 

(e) Ballonets must be designed and installed such that 
their center of displacement must coincide longitudinally with 
the center of buoyancy of the envelope. The ballonet system must 
be designed so that the static trim capabilities of the system 
about the center of buoyancy of the airship are equally divided 
between the fore and aft ballonets. The effective trim 
capabilities of the ballonets must be maintained approximately 
equal between the limits of 0 to 100 percent ballonet fullness. 
Sufficient means must be provided to prevent trapping of air when 
partially deflated. 

(f) Provisions must be provided to permit rapid envelope 
deflation should the airship break away from the mast during 
mooring. If the airship is to be left unattended, automatic 
deflation must be provided. The system must be protected against 
inadvertent use, and must be properly identified and available to 
crewmembers. 

Change 1 
7/24/92 

.- 

42 



* (g) A means must be provided to permit emergency deflation 
of the envelope on the ground during emergency evacuation of the 
occupants. Normal valving of .helium may be considered in meeting 
this‘requirement. During evacuation, the airship must not leave 
the ground to an extent that would prevent occupants leaving the 
airship, and the envelope must not deflate at a rate that would 
permit the envelope to entrap the occupants. * 

* 
(h) Internal and/or external suspension systems for 

supporting components such as the car must be designed to transmit 
w and distribute the resulting loads to the envelope in a uniform 

manner for all flight conditions. The fabric parts of such systems 
and their connection with the envelope must be designed and 
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constructed in such a manner that the bonds are not subjected to 
peeling loads. Provisions must be incorporated to prevent 
chafing between suspension system components and air system 
components. Suspension system cables must be adjustable as may 
be necessary to ensure proper load distribution. 

(i) The nose of the envelope must be designed to prevent 
wrinkling due to high speed flight or from limit-mooring loads. 

4.44 Prewure svstem. 

A means shall be provided to control the internal pressure of the 
envelope and to provide air to the ballonets and must contain at 
least the following components: 

(a) ifeli- Valveffil At least.one valve must be provided. 
The valve(s) may be located either on or near the envelope but 
not higher than 10 degrees above the equator. They must be 
designed for both manual and automatic operation, be operable at 
specified pressure settings at all attainable air speeds, and be * 
designed to open and close positively. The valve(s) must not 
discharge helium into the car interior, the engine intake system, 
or the ballonets. The valve(s) must be of sufficient capacity to 
permit ascent above pressure height at the maximum design rate- 
of-climb without exceeding helium pressure of 1.25 times maximum 
operating pressure. 

(b) Air Valvee At least one air valve must be provided 
to discharge air from-each ballonet. The valves may be located 
in the envelope or connected to it by a suitable duct. The 
valve(s) must be capable of manual -and automatic operation and be 
capable of operating at appropriate pressure settings at all 
attainable air speeds and must be designed to open and close 
positively. The valve(s) must be of sufficient capacity to 
permit ascent below pressure height at the maximum design rate- 
of-climb without exceeding helium pressure of 1.15 times maximum 
operating pressure. 

. . 
(cl Ballonet AlrInductlon Scoops, ducts, 

blowers, or combinations of these must & of sufficient capacity 
to permit descent at the maximum design rate, without a reduction 
in envelope pressure below the specified design value. On 
multiengine airships, where ballonet pressurization is dependent 
upon the engines, means must be provided to pressure all 
ballonets during a single-engine failure. 

(W A& suwl\r source A reliable means of supplying air 
to the ballonet, must be provided, and must have adequate 
capacity to enable the pressure in the envelope to be maintained 
during flight at low engine powers and forward speeds, and, if 
appropriate, when thrust vectoring reduces the effectiveness of 



* the engines in supplying air. The means shall also be able to 
maintain envelope shape to permit operation of systems dependent 
upon that shape following the failure of all engines for a * 
sufficient time to permit a landing to be made. 

(e) Provisions must be made to blow air into the helium 
space to supplement the ballonet in case of excessive helium 
loss. The control(s) for this system must be readily accessible 
and quickly operable by the crew. A helium pressure sufficient 
to prevent wrinkling of the envelope at a forward speed of 0.25VH 
must be maintained with a descent rate of 5 ft./set. 

4.45 Ground handling. 

Provisions for ground handling must be provided. Handling lines 
must be manufactured of nonconducting materials. All fabric 
patches and fittings of ground handling lines must be designed 
with a breaking strength which exceeds the specified breaking 
strength of the attached cable or line assembly strength by a 

* minimum of 15 percent. * 

4.46 Flutter. 

The envelope and all fixed and movable control surfaces must be 
shown to be free from flutter, by analysis or flight test, at all 
speeds up to the maximum airspeed attained from the airship speed 
plus head-on gusts in accordance with I 3.9, the mooring wind 
speeds, or VD, whichever is greater. 

4.47 [Reserved]. 

llaneou 

4.48 Lifting aas . 

The lifting gas must be non-flammable. 

4.49 B-E!. 

(a) General. The ballast system, including all controls 
and related components, must be designed and installed so as to 
ensure positive, controlled disposal of the ballast by the pilot 
under all normal operating conditions. 

(W CaDacitv The airship must contain sufficient ballast 
capacity, when used'with other provisions, to restore itself to a 
condition of equilibrium at any time during normal flight 
operations. Adequate provisions for safe storage of the ballast 
under all design loading conditions must be provided. 
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. 
W Ballast material, Ballast may be in the form of water 

or other disposable material such as sand or shot, It must be 
easily dissipated without causing injury to persons or property 
on the ground. If water is used, means must be provided to 
prevent freezing. 

. W Pischarae rate Means must be provided to discharge 
liquid ballast at a rate iot less than 100 gallons per minute. 
Ballast tank vents must be installed to accommodate this 
discharge rate. Leakage from the tank or vents is not permitted 
in normal flight attitudes. The liquid discharge value must be 
designed to allow the crew to close the valve during any part of 
the discharge operation. 
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(e) Location of ballast ports. The ballast discharge ports or vents must 
not be located in the imnediate vicinity of the engines, air stxqs, or so as 
to cause iqingemsnt on the airship. 

(f) CoDltrols and instruments. Controls and instnments necessary for 
controlled release of the ballast by the pilot must be provided. Such controls 
andinstrunents shallbelocated and arranged sothattheymay bs operated by 
the pilot in the correct manner without undue concentration or fatigue. If 
electrically actuated dw valves are used, a mchanical backup system must be 
provided. . 

4.50 Levelins means. 

There must bs means for determining when the airship is in a level position a~1 
the ground. 
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SUBFWtTV-KWERKAW 

General‘ 

. 

5.1 Installation. 

(a) Far the purpose of these criteria, airship pawerplant installations 
,include each carqonent that-- 

(1) Is necessary for propulsion; and 

(2) Affects the safety and control of the major propulsion unit(s).. 

(b) Each pcwerplantmustbeconstructed,arranged, andinstalledto- 

(1) Ensure safe operation to the maximun altite for which approval 
is requested;and 

(2) Be accessible for necessary inspections and maintenance. 

(c) Engine -1s and naoelles must be easily removable or openable by the 
pilot to provide adequate access to and exposure of the engine canpartment far 
preflight checks. 

and 

5.2 

(d) Thz installation must canply with- 

(1) Thz installation instructions provided under S 33.5 of the FAR; 

(2) The applicable provisions of this subpart. 

&sines. 

(a) Engine type certificate. 

(1) Each engine must be approved and either- l 

(i) Ha= a type certificate; or 

(ii) Be certificated as a part of the airship. FAR Part 33 my 
be used as a guide for the certification basis. 

(2) Each turbine enginemusteither- 

(i) Canply with S 33.77 of the FAR in effect on 
October 31, 1974, or as later -n&d; or 
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(ii) Be shawn.to hauz a foreign object ingestion service history 
in ~similar installation locations that has not resulted in any msafe condition. . _- 

(b) Turbine engine installations. For turbine engine installations-- 

(1) Designprecautionsmustbe takentominimizethehazards tothe 
airship in the event of an engine-rotor failure or of a fire originating inside 

,the engine which tins through the engine case. 

(2) The pawerplant systems associated with engine control &vices, 
systxms, and instrunentation must be designed to give reasonable assurance that 
those operating limitations that adversely affect turbine rotor structural 
integrity will not be exceeded in service. 

(c) The pawelants must be arranged and isolated fran each other to al.1~ 
-ration, in at least one configuration, so that the failure or malfunction of 
any engine, or the failure or malfmqtion (incltiing destructionby fire in the 
engine canpartment) of any system that can affect an engine (other than a fuel 
tank if only one fual tank is installed), will not- 

(11 Prevent the continued safe operation of the remaining engines; or 

(2) Require immediate action by the crewms&er for continued safe 
-ration of the remaining engines. 

(d) Starting and stopping (piston engine). The design of the installation 
must be such that risk of fire or mechanical damage to the engine or airship, as 
a result of starting is reduced to aminimun, Any t;echniques andassociated 
limitations for engine starting must be established and included in the Airship 

.^__ 
Flight Manual, approved l~nual material, or applicable operating placards. 
Means must be provided for stopping and restarting each engine in flight. 

(e) Starting and stopping. (turbine--engine;) Turbine engine installations 
must cu@y with the following: 

(11 The design of the installation must be such ihat risk of fire or 
mechanical damage to the engine or the‘dirship as a result of starting the 
engine is reducedto aminimm. Any techniques andassociatedlimitationsmust 
be established and included in the Airship Flight Manual, approved manual 
material, or applicable aperating placards. 

(2) Means must be providad for stopping dtion and rotation of 
any engine. All those canponents provided for ca@iance with this requirement, 
which are within any engine canpartmant, Q1 the engine side of the firewall, 
rnst be at least fire resistant. 

(3) It must be possible to restart an engine in flight. Any 
techniques andassociatedlimitationsmustbeestablishedand includedinthe 
Airship Flight Manual, approvedmanualmaterial, orapplicableoperating 
placards. 
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(4) It must be demonstrated in flight that when restarting engines 
following a false start, all fuel or vapor is discharged in such a way that'it 
tis not constitute a fire hazard. 

. 

(f) Restart capability. Analtitude andairspeedenvelopamustbe 
established for the airship for in-flight engine restarting, and each installed 
engine must have a restart capability within that envelopa. 

'5.3 Propellers. 

(a) General. 

(1) Eachpropellermustbe approvedandeither- 

(i) Have a type certificate; or 
.-' 

(ii) Be certificated as a part of the airship. FAR part 35 will 
XXXKBI.~~ be used as a guids for the certification basis. 

(2) Engine power and propeller shaft rotational speed may not exoeed 
the limits for which the propeller is certificated. 

(3) Each featherable propeller must have a means to mfeather it in 
flight. 

(b) Propeller vibration. Each propeller and/or‘shro~withmetalblad~ 
or highly stressed metal caqonents must bs shown to have vibration stresses, in 
normal operating conditions,.that do not exoaed values shown by the propeller 
manufacturer to be safe for continuous operation. Thismustbe shmby- 

(1) Measurement of stresses through direct testing of the propeller 
and shroti throqh all anticipated mission configurations. 

(2) Conparison with similar installations for which these measurement 
havebeenmade: or . 

(3) Any other acceptable test method or service experience that 
proves the safety of the installation. In addition- 

(4) Proof of safe vikation characteristics for any type of 
propaller,nm~tbe sho,vnwhere necessary. 

(cl Prapeller and/or shroud clearance. 

(1) Gromd clearance. 

(i) Propallers. Unless smaller clearances are substantiated, 
propeller clearanoas with the airship atmaximrnn weight and with the most 
adverse center of gravity may not ba less than 9 inches with the gromd with 
the airship in the level, normal takeoff, normal landing or taxiing attitude, 
whichever is most critical. In addition, the propellers must have positive 
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gromd clearance in the takeoff attitude with the critical tire ccmpletely 
deflated'and.the corresponding shock strut bottar&. 

(ii) Shro&s. The shrouds must have positi= ground clearance 
in' the takeoff attitude with the critical tire canpletely deflated and the 
corresponding shock strutbottansd. 

(iii) Propeller to shroud clearance. Propellers must have 
'positive clearance fran shrouds under all flight and ground conditions 
specified in these Design Criteria. 

(2) Structural clearance. There mustbe- 

(i) At least one-half inch longittiinal clearance between the 
propeller blades or cuffs and stationary parts of the airship; 

(ii) Positive clearance between other rotating parts of the 
propeller or spinner and stationary parts of the airship. 

(iii) Sufficient clearance between the propeller and the envelope 
so as to minimize damage frcm debris or ice thrown by the propellers. There 
must be a clearance of at least 2 feet unless propeller shrouds or equivalent 
protective means are provided. 

(3) Hazards from propeller and shroud interference for minor crash 
landings must be considered in the design. 

5.4 Ehqine installation ice protection. _.- 

Propeller (exoaptwooden propellers) and other mnponents of canplete engine 
installations must be protected against the accunulation of ice as necessary to 
enable satisfactory fuxtioning without appreciable loss of power when operated 
in the icing conditions for which certification-.is,requested; For-airships; 
where the envelope is not protected fran ioe being thxwn fran the propellers, 
anti-icing devices rather than deicing devices must be used,. 

5.5 Turbosuperchargers. 

(a) Eachturbosupercharger must be approvedundertheenginetype 
oartificate,orit must beshcwnthattheturbosupercharger system- 

(1) Canwithstand,withoutckfect, anendurance test of150 hours 
that meets the applicable requirements of S 33.49 of the FAR; and 

(2) Will have no adverse effect upon the engine. 
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(b) Ccntrol system malfunctions , vibrations; and abnormal speeds and 
temperatures expected in service may not damage the turbosupercharger 
aqnpressor or turbine. 

(c) Each tubrosupercharger case must be able to contain fragments of a 
ccxnpressor or turbine that fails at the highest speed that is obtainable with 
normal speed control devices inoperative. 

5.6 TUboprqeller-drag limiting systems. 

Turbopropeller-wered airship propeller-drag limiting systems must be designed 
so that no single failure or malfunction of any of the systems during normal or 
emergency operation results in propeller drag.in exoass of that for which the 
enginemuntandsqqortstructurewere designedunderthe structural 
requirements of this criteria. Failure of structural elements of the drag 
limiting systems need not be considered if the probability of this kind of 
failure is extrmly remote. 

5.7 Powerplant aperatinq characteristics. 

(a) Turbine engine pcwerplant operating characteristics must be 
investigated in flight to determine that no adverse characteristics (such as 
stall, surge, OT flameout) are present, to a hazardous degree, during normal 
and emergency operations within the range of operating limitations of tha 
airship and of the engine. 

(b) Tha 
failure could 
operation. 

vibration characteristics of turbine engine canponents whose 
be catastrophic may not be adversely affected during normal 

Fuel System 

5.8 General. 

(a1 Each fuelsystemmustbe constructedand arranged to ensure a flm of 
fuel at a rate and pressure established for proper engine functioning under 
each likely operating condition, including any maneuver for which certification 
is requested. 

(b) Each fuelsystemmustbe arranged sothat- 

(1) No fuel pumpcan draw fuel franmore than one tankatatime; or 

(2) There are means to prevent intrecing air into the system. 
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5.9 Fuel system independence. 

(a') E&h fuel system for a xnultkgine airship must be arranged so that, 
. in at least one system configuration, the failure of any one ccmponent (other 

thana fuel tank) will notresultintheloss of- ofmore than one engine 
or require inmadiate action by the pilot to prevent the loss of m of more 

-than orie engine. 
2 (b) If a single fuel tank (or series of fuel tanks interconnected to 
function as a single fuel tank) is used on a multiengine airship, the following 
mu& be provided: 

(1) Independent tank outlets for each engine, each incorporating a 
shut-off valve at the tank. This shut-off valve may also serve as the fire 
mll shut-off valve requiredifthe line between the valve andtheengine 
ccmpartrrrent does not-contain more than one quart of fuel (or any greater aarr>unt 
shown to be safe) that can drain into the engine ccsnpartment. 

(2) At least two vents arranqed to minimize the probability of both 
Ents &caning oktructed simultaneo~l~. 

(3) Filler caps designed to minimize the probability 
installation or inflight loss. 

of incorrect 

(4) A fuelsysteminwhich those parts of thesystem fran each tank 
outlet to any engine are independent of each part of the system supplying fuel 
toany other engine. _-. 

5.10 Fuel system lightninq protection. 

The ftlel system must be designed and arranged to prevent the ignition of 
fuelvaporwithinthe system by- 

(a) Direct lightning strikes to areas having a high probability of stroke 
attachnent: . 

(b) Swept lightning strokes onareaswhere swept strobes are highly 
probable; and 

(cl Corona or streamering at fW vent outlets. 

5.11 Ibel Flow 

(a) General. The ability of the fud system to provi& fuel at the rates 
specified in this section and at a pressure sufficient for proper engine 
-ration must be shckJn in the attitude that is most critical with respect to 
fuel feed and quantity of unusable fuel. Theseconditionsmay be simulatedin 
a suitable mockup. In addition- . 

(1) The quantity of fuel in the tankmay not exoeed the 
arrount established as the unusable fuel supply for that tank under S 5.13 plus 
that neoessary to show qliance with this paragraph; and 
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(2) If there is a fuel flowmater, it must be blocked during the flow 
test, andthe fuelmust flawthrough themater bypass. 

(bl Gravity systems. The minimum fuel-flow rate for gravity systems 
(main and reserve supply) must be 150 percent of the fuel-flow rate of the 
engine at the maximum w approved for takeoff under these criteria. 

(cl PuRp systems. The minimum fuel-flow rate for each punp system (main 
and reserve supply) for each reciprocating engine, must be 125 percent of ths 
fuel flaw rate of the engine at the maximum power approved for takeoff under 
these criteria. 

(1) This flow rate is required for each main 
psLfndayt be available when the pump is running as 

; 

(2) For each hand-operated punp, this rate must occur 
than 60 ocanplete cycles (120 single strokes) per minute. 

each emergency 
during 

at not more 

(d) Auxiliary fuel svstEisns and fuel transfer sysm. Paragraph (b), 
(cl, and (f) of this section apply to each auxiliary and transfer system, 
except that- 

(1) Ths required fuel-flow rate must be established upon the basis 
of maximum continuous pckJer and engine rotational speed, instead of takeoff 
mr andfuelconsu@ion;and 

(2) A lesser flow rate may be used for a small, auxiliary tank 
feeding into a large, main tank, if there is a suitable placard stating that 
the auxiliary tank is not to be cpened to the main tank unless a predetermined 
amount of fuelremainsin themaintank. 

(e) Multiple fuel tanks. If a reciprocating engine can be supplied with 
fuel frun more than one tank, it must be possible, in leml flight, to restart 
that engine after switching to any full tank after engine stopping, due to fuel 
depletion, while the engine is being supplied fran any other tank. 

(f) Turbine enqine fuel systems. 

.(l) Each turbine engine ft;lel system must provide at least 100 
percent of the fuel flow required by the engine under each intended operaticn 
condition and maneuver. The conditions may be simulated in a suitable mockup. 
This flaw must be shm with the airship in the nrost adverse fuel-feed 
condition (with respect to altitudes, attitudes, and other conditions) that is 
expected in operation. 

(2) If a turbine engine can be sullied with fuel frcm more than 1 
tank, it must be possible, in level flight, to restart that engine after 
switching to any full tank after engine stopping, due to fuel depletia, while 
the engine is being supplied fran any other tank. 

53 



5.12 Flow between interconnected tanks. 
:  

It must bs impossible, ina gravity-&dsystemwithinterconnectedtank 
outlets, for enough fuel to flaw betwean the tanks to cause an overflew of fuel 
fran any tank vent under the conditions in 5 5.13, except that full. tanks must 
be used. 

5.13 Unusable fuel supply. . 
3 

Tbz unusable fuel sqply for each t&c must be established as not less than 
that quantity at which the first evidence of malfunctioning occurs under the 
nrostadverse fuel-feed condition occurring under each intended operation and 
flight maneuver involving that tank. 

5.14 Eke1 system hot eather operation. 

Each fuel system must be free fran vaporlockwhenusing fuelata temperature 
of UOo F mder critical operating conditions. 

5.15 Fuel tanks: general 

(a) Each fuel tank must bs able to withstand, without failure, the 
vibration, inertia, fluid, and structural loads that it may be subjected to in 
-ration. 

(b) Each flexible fel tank liner must be of an acceptable kind. 

(c) Each integral fual:tank..must have a&quatsfacilities for interior 
inspection and repair. 

(d) The total usable capacity of the fuel tanks must be enoqh for at 
least one-half hour of operation at maximun continuous pwer. 

(e) Eih fuel-quantity indicator must be adjusted to account 
musable-fml supply determined under S 5.13. 

l 

for the 

5.16 F&l tank tests. 

(a) Each fuel tank must be able to withstand the following pressures 
without failure or leakage: : 

(1) For each conventional m&al tank and nonmetallic tank with walls 
not supported by the airship structure, a pressure of 3.5 psi, or that pressure 
de~lopedduringrrraximunultimatea~lerationwithafulltank,ttJhi~~ris 
greater. 

(2) For eachintegraltank, thepressure developedduringthemaximun 
limit acceleration of the airship with a full tank, with simultaneous 
application of the critical limit stru?tural loads. 
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(3) For each nonmetallic tank with walls supported by the airship 
structure and' constructed in an acceptable manner using acceptable basic tank 

.ma&rial, and with actual or simulated suppdrt conditions, a pressure of 2 psi 
for the first tank of a specific design. 
designed for the critical loads 

Thesupportingstructuremustbe 
occurring in the flight or landing conditions 

canbined with the fuel-pressure loads resulting fram the corresponding 
accelerations. . > 

(b) Each fuel tank with large, msupported, or unstiffened flat areas 
must be able to withstand the follaring tests without leakage or failure: 

(1) Each canplete tank assembly and its supports must be vikation 
tested while movlted to simulate the actual installation. 

(2) Exept as specified in subparagraph (4) of this paragraph, the 
tank assenbly must be-,vibrated for 25 hours at an anplitude of not less than 
l/32 of an inch (mless another amplit& is substantiated) tiile 2/3 filled 
with water or other suitable test fluid. 

(3) Tk test frequency of vikation must be as follows: 

(i) If no frequency of vikation resulting fran any r.p.m. 
within the normal -rating range of engine speeds is critical, the test 
frequency of vikation, in ntxnbar of cycles per minute, must be the number 
obtained by multiplying the maximun continuous engine speed (r.p.m.1 by 0.9. 

(ii) If only one frequency of vikation resulting fran any 
r.p.m. within the normal operating range of engine speeds is critical, that 
frequency of vikation must be the test frequency. 

(iii) If more than one frequency of vikation resulting fran any 
r.p.m. within the normal aperating range of engine speeds is critical, the most 
critical of these frequencies must be the test frequency. 

(4) Under subparagraph (3)(U) and (iii) of U&paragraph, the time 
of test must be adjusted to accanplish the szme nunber of vibration cycles that 
muld be accanplished in 25 hours at the frequency specified in subparagraph 
(3)(i) of this paragraph. 

(5) During the test, the tank assembly must be rodred at a rate of 
16 to 20 ccrnplete cycles per minute, through an angle of 15 degrees on either 
si& of the horizcntal (30 degrees total), about an axis parallel to the axis 
of the car, for 25 hours. 

(c) Eachintegraltankusingnrethods of constructionandsealingnot 
. previously proven to be adaquate by test data OT service experience must be 

able to withstand the vikation test specified in su@aragraphs (1) through (4) 
of paragraph (b). 

(d) Each tank with a nonmetallic liner must be subjected to the sloshing 
test outline in subparagraph (b)(5) of this section, with the fuel at roan 
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temperature. ,,a addition, a specimen liner of the samebasic construction as 
thattobe used intheairshipmust,when in@zalled inasuitable testtank, 
withstand the sloshing test with fuelata temperatureof 11O'F. 

5.17 Fuel tank installation. 

(a) Each fueltankm=tbe supported--so thattankloadsarenot 
concentrated. In tiition- 

(1) Plere mrst be pads, i;.nLessary, to peventchafing between 
eachtankand itssupports; 

(2) Padding must be nonab=rbent,>or treated to prevent the 
absorption of fuzl; 

(3) If a flexible tankliner is used,itmtstbe supported so that 
it is not required ~SD withstand fluid loads; 

(4) Interior ,surfaces adjacent to I& liner must be smooth and free 
km projections that could ca=e war of the liner, unless- 

(i) Provisions are mde for protection of the liner at those 
points;or 

(ii) 'ihe liner construction itself provides such protection; 

(5) A positive pressure mist bemaintained within the vapor space of 
eachbliddercell tier alltirditionsofoperationexcept for a particular " 
condition for tichit is show that a zero or negative pressure will not came 
thebladder cell to collap~;and 

(6) Siploning.of fuzl (other than minor spillage). or collage -of 
bladder fuel cells may not result fran improper securing or loss of the fuel 
filler cap. 

. 
(b) Eachtank caqarbnent murjt beventilated anddrained to preventthe 

emulation of flannable fluids or vapors. Eachcanpartmentadjacenttoa 
tankthatisan integral prtofthe airshipstruzture m=t als~beventilated 
z&drained. 

(c) No fElta.nkmaybeonthe engine sideofthe fireal. 'Ihere must 
beatleast ontrhalfimhofclearmebetweentb fuel mk arx3 ti firewall. 
W partoftheenginenacelle skin thatliesixunediatelybehind amajor air 
opening from UE engine caqrtm~t mayactasthe rsill of an inwral tank. 

(d) If a fu?ltankisinstalled in the personnel comprtient,it mrr;tbe 
isolatedbyfuaeti fuel-proofenclosurestitaredrained andvented tothe 
extzrior ofthe car. Abladder-type fMcell,if wed, mrsthavea retaining 
&ell atleastequivalentto amebl fuzltankin structural integrity. 
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(e) ‘Ehel,. tanks 
f&- 

mustbedesigned,J.ocated, and installed 9~ asto retain' 

. 
(1) Under the inertia tircespreszribed for theemergencylaading 

mtiitions in S 3.26; and * . 

. 

(2) bder coalitions likely to occur aen the airship lands either 
kthitslanding gear r,etracted,or &none landing gear iscollaped. 

5.18 Fuel tank expansion space. 

&h fuzl tankmust have an exmsion spice of not less than 2percentof the 
tinkcapazity unlessthz tankventdischarges clear oftheairship. Itmustbe 
impossibleto fill theexpsion spree inadvertentlywiththeairshipin the 
rxxmalgromd attittie. 

5.19 Fuel tank SLIIQ. 

(a) Each fuzl tankmrst have a drainable sunp with an effective capacity, 
in the normal ground ti flight attitu%s, of 0.25 percent of th tznk capacity, 
or l/16 gallon,tichever is greater, unless- - 

(1) %he f4 system bsa sediment bowl or chamber tit 
for drain-e ard his a capacity of 1 OUIXX for every 20 gallons of 

,@f-"-. caplcity; and 

is accessible 
fueltank 

(2) Each fuzltankoltletislocated 90 that,in the normal gromd 
attitlrde; mter will drain fran all parts of ti tmk bo thz s&imentbowl or 
chamber. 

(b) Eachsunp, sedimentboti,and szdimentchamberdrain required by 
parq-a@ (a) of this sectionmust ca@y with the drain prwisions of S 5.29(b). 

5.20 Fuel tank filler connection. . 

(a) Each fuzl tank fill=, connection must bemarked as prescribed in 
S 7.21(c). 

(b) Spilled f ut mrstbeprevented fromentering &e fuzltankcomprtrnent 1 
or any part ofthe airshipothzr than the tankitself. 

(c) Each filler capmwt provide a fwl-tight seal for the main filler 
opening. bvever, theremaybesnallo~irqsin.tifuel tankcapfor 
venting plrposesor for the plrposeofallowing passageofa fuzlgawethrowh 

* the cap, providing stir carnotenter &e tank. 

(d) Bach fuel-filling point,except pressure futling connection points, 
. must have a prarision for electrically bordixq the airshiptogroti fueliq 

equipuent. 
#=‘-% 

57 . 



5.21 Fuel tank vents and carburetor vapor vents. 

: (a) Each fuel tank must be vented from-the top part of the expansion 
'SpW& In addition- 

(1) Each vent outlet must be located and constructed in a manner 
that minimizes the possibility of its being obstructed by ice or other foreign 
matter; 

(2) Each vent must be constructed to prevent siphoning of fuel 
during normal operation; 

(3) 9he venting capacity must allow the rapid relief of excessive 
differences of pressure between the interior and exterior of the tank; 

(4) AirspaCes of tanks with interconnected outlets must be 
interconnected; 

(5) There may be no undrainable points in any vent line where 
rdsture can amulate with the airship in either the ground or level flight 
attitudes; and 

(6) No vent may terminate at a point where thE! discharge of fuel 
fran the vent outlet will constitute a fire hazard or fran which fumes may 
enter personnel compartments. 

(b) Each carburetor with vapor elimination connections and each fuel 
injection engine employing vapor return prmisions must have a separate vent 
line to lead vapors back to the top of a fuel tank. If there is mre than one 
fuel tank, and it is necessary to use these tanks in a definite sequence for 
any reason, the vapor vent return line must lead back to,the.fueltank.to.be 
used first, unless the relative capacities of the tanks are such that return 
to another tank is preferable. 

5.22 Fuel tank outlet. 9 

(a) There must be a fuel strainer for the fuel tank outlet or for the 
tister M. This strainer must- 

(1) For reciprocating engine-powered airships, have 8 to 16 meshes 
p:r inch; and 

(2) Fbr turbine engine-powered airships, prevent the passage of any 
object that could restrict fuel flow ar damage any fuel--system component. 

(b) !Ihe clear area of each fuel tank outlet strainer must be at least 
five times the area of the outlet line. 

(c) The diameter of each strainer must be at least that of the fuel tank 
outlet. 
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(d) Each finger strainer must be accessible for inspection and cleaning. 

5.:23 Pressure fueling system. 

For pressure fueling systems, the follcrwing apply: 

(a) Each pressure fueling system fuel manifold connection must have means 
to prevent the escape of hazardous quantities of fuel fran the system if the 
fuel entry valve fails. 

(b) An automatic shutoff maans must be provided to prevent the quantity of 
fuel in each tank fran exceeding the maximum quantity approved for #at tank. 
This means must allow checking for proper shutoff operation before each fueling 
ofthetank. 

Cc) A means must be provided to prevent danage to the fuel system in the 
event of failure of the autanatic shutoff means prescribed in paragraph (b) of 
this section. 

(d) All parts of the fuel system up to the tank which are subjected to 
fueling pressures must have a proof pressure of 1.33 times, and an ultimate 
pressure of at least 2.0 timas the surge pressure likely to occur during 
fueling. 

Fuel System Ccmponents 

5.24 Fuel pumps. 

(a) Main pumps. Each fuel punp required for proper engine operation, or 
required to meet the fuel systgm requirenents of this subpart (other than those 
in paragraph (b) of this section), is a main punp. For each main pun-p, 
provision must be made to allow the by pass of each positive displaoement fuel 
puqother than a fuelinjectionpunp (apurrqthatsuppliestheproper flaw and 
pressure for fuel injection when the injection is not accarplished in a 
carburetor) approved as part of the engine. 

(1) Far recprocating engine installations having fuel puaps to supply 
fuel to the engine, these must be at least one main pump which must be either 
directly driven by the engine or be electrically driven. 
electrically driven, the following apply: 

If the purp is 

(i) The electrical system, including the power supply, for the 
main pump for each engine must be independent of the electrical system for each 
main punp for any other engine. 

(ii) The electrical system, incllvling the wr supply, for the 
energency purrp for each engine must be independent of the electrical system for 
the main punp for the saEme engine. 

. (iii) Exept during the engine starting operation, the independent 
fuel pump electrical systems must not be connected to any camw>n electrical 
load, either engine or airframe, during normal operations. 
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(iv) A failure in any other electrical system, inclcrding both 
engine and airframe systems, must not adversely affect any part of any fuel pw --. 
electrical system. 

(v) The main fuel punp control switches in the cc&pit must be 
independent fran all other switches and guarded to prevent inadvertent 
actuation. 

(2) For turbine engine installations, each fuel pump required for 
proper engine -ration, or required to meet the fuel system requirements of 
this subpart (other than those in paragraph. (b) of this section), is a main 
punp* In addition- 

(i) There must be a least one main punp for each turbine engine; 

(ii) The pck7er supply for the main pump for each engine must be 
independent of the pcwer supply for each main puq for any other engine; and 

(iii) For each main pump, provision must be made to allaw the 
by pass of each positive displacement fuel pump other than a fuel injection pump 
approved as part of the engine. 

(b) mrqency pumps. There must be an emergency puq imdiately 
available to supply fuel to the engine if any main purp (other than a fuel 
injection puxtp approved as part of an engine) fails. The pckJp,r supply for each 
emergency pump must be independent of the power su@y for each corresponding 
mainpump. ._^- " 

(c) Warning T[13ans. If both the normal pi and errrergency pump operate 
continuously, there must be a means to indicate to the appropriate flight 
creIE?mber a malfunction of either punp. 

(d) Operation of any fuel pcmp may not affect engine operation so as to 
create a hazard, regardless of the engine power or thrust setting or functional 
status of any other fuelpunp. 

5.25 Fuel system lines and fittings. 

(a) Each fuel line must be installed and supported to prevent excessive 
vibration and to withstand loads due to fuel pressure and accelerated flight 
conditions. 

(b) Each fuel line connected to canponents of the airship between which 
relative motion could exist must have provisions for flexibility. 

(c) Each flexible connection in fuel lines that may be under pressure and 
subjected to axial loading must use flexible hose assemblies. 

(d) Each flexible hose must be approved or must be shawn to be suitable 
c for the particular .application. . 
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(e) No flexible hose that might be adversely affected by exposure to high 
temperatures may be used where excessive temperatures will exist during 
-ration or after engine shutdown. 

5.26 Fuel system cqnents. 

Fuel system components in an engine nacelle or in the car must be protected 
fran damage which could result in spillage of enough fuel to constitute a fire 
hazard as a result of a wheels-up landing on a paved runway. 

5.27 Fkl valves and controls. 

(a) Thare must be a means to allaw apprcpriate flight crewmambars to 
rapidly shut off the fulel to each engine individually in flight. 

C' 
(b) No shutoff valve may bs on the engine side of any firewall. In 

addition, there must be means to- 

(1) Guard against inadvertent operation of each shutoff valve; and 

(2) ~Uuv appropriate flight crewmembers to reopen each valve 
rapidly after it has been closed. 

(c) Each valve and fuelsystemcontrolmustbe supported sothatloads 
resulting from its operation or fran accelerated flight conditions are not 
transmitted to the lines connected to the vale. 

(d) Each valve and fuel system control must be installed so that gravity 
and vibration will not affect the selected position. 

(e) Each fuel valve handle and its connections to the valve mechanism 
must have design features that minimize the possibility of incorrect 
installation. 

(f) Each check valve must be constructed, or otherwise incorporate 
provisions, to preclude incorrect installation of the valve. 

w 

the “OFF” 

Fuel tank selector valvasmust- 

(1) Require a separate and distinct action to pla,ce the selector in 
position; and 

(2) Have the tank selector positions located in such a manner that . . it is impossible for the selector to pass through m "OFF" position when 
changing fran one tank to another. 

5.28 Fuel strainer or filter. 

There must be a fuel strainer or filter between the fuel tank outlet and the 
inlet of either the fuel metering device or an engine-drim positive 
displacement pump, whichever is nearer the fuel tank outlet. This fuel 
strainer or filter must- 
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(a) Be accessible for draining and cleaning and must incorporate as 
screen or elemant which is easily removable; 

(b) Have a sedtint trap and drain exept that it need not have a drain 
if the strainer or filter is easily mvable for drain purposes; 

(c) Be mounted so that its weight is not supported by the connecting 
lines or by the inlet or outlet connections of the strainer or filter itself; 
and 

(d) Have the capacity (with respect to cperating limitations established 
for the engine) and the mesh to ensure that engine fuel system functioning is 
not ispaired, with the fwl contaminated to a degree (with respect to particle. 
size and density) that is greater than that established for the engine in Part 
33 of the FAR, or equivalent standards. 

5.29 Fuel system drains. 

(a) There must be at least one drain to allaw safe drainage of the entire 
fuel system with the airship in its nom1 ground attittie. 

(b) Ear=h drain required by paragraph (a) of this section and § 5.19 
must- 

(1) Discharge clear of all parts of the airship; --. 
(2) Have manual or autanatic means for positive locking in the 

closed.position; and 

(3) Have a drain valve that is readily acosssible and which can be 
easily opened and closed; and that is either located or protect& to prevent. 
fuel spillage in the event of a landing with landing gear retracted. 

5.30 E&l jettisoning system. 

If a fuel jettisoning system is installed, it must be able to jettison fuel at 
the rate of 100 gallons per minute. The systemmust be designed so that is is 
not possible to jettison that fuel neoassary to make a safe landing. 

(a) JQel jettisoning must be demonstrated in a descent, climb, and level 
flight. During this flight test, it must be shown that- 

(1) The fuel jettisoning sysWn and its operation are free fran fire 
hazard; 

(2) The fuel discharges clear of any part of the airship: 

(3) Fuel or f-s do not enter any part of the airship; and 

62 



(4) The jettisoning operation does not adversely affect the 
f--- controllability of the airship. 

: 
(b) The fuel jettisoning valve must be designed to allcrw the crew to. 

close the valve during any part of the jettisoning operation. 

(c) Unless it is shown that engine operation, engine vectoring or 
-ration of auxiliary power units does not adversely affect fuel jettisoning, 
there must be a placard, adjaoant to the jettisoning control, to warn crew 
nrembers against jettisoning during those -rations. 

(d) Tha fuel jettisoning system must be designed so that any reasonably 
pr&able single malfunction in the system will not result in a hazardous 
condition due to the inability to jettison fuel. 

Oil Systerm 

5.31 General. 

(a) Each engine must have an independent oil system that can supply it 
with an appropriate quantity of oil at a temperature not above that safe for 
continuous qeration. 

(b) Tk usable oil tank capacity may not be less than the product of the 
endurance of the airship under critical operating conditions and the maximum 
oil conswtion of the engine under the sams conditions, plus a suitable margin 
to ensure adequate circulation and cooling. 

Cc) For an oil system without an oil transfer system, only the usable oil 
tank kpacity may bs considered. The munt of oil in the engine oil lines, 
the oil radiator, and the feathering reserve, may not be considered. 

(d) If an oil transfer system is used, the amount of oil in the transfer 
lines that can be pumped by the transfer punrp may be included in the oil 
capacity. 

5.32 Oil tanks. 

(a) Installation. Each oil tank must be installed to- 

(1) Meet the requirements § 5.17 (a) and (b); and 

qeration. 
(2) Withstand any vibration, inertia, and fluid loads expected in 

. 

(b) Exoansion space. Oil tank expansion space must bs provided so that- 

(1) Each oil tank used with a reciprocating engine has an expansion 
space of not less than the greater of 10 percent of the tank capacity or 0.5 
gallons, and each oil tank used with a turbine engine has an expansion spaoe of 
not less than 10 percent of the tank capacity; and 
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(2) It is impossible to fill the expansion space inadvertently 
the airship in the normal ground attitude. 

\ 

with udh- 

(c) Filler connection. Each recessed oil tank filler connection that can 
retain any appreciable quantity of oil must have a drain that discharges clear 
of each part of the airship. In addition- 

(1) Each oil tank filler cap must provide an oil tight seal; and 

(2) Each oil tank filler must be marked as prescribed in S 7.21(c). r 

(d) Vent. Oil tanks must be vented as follows: 

(1) Each oil tank must be vented to the engine crankcase from the 
toppart of theexpansion space sothatthe ventconnectionis not covered by 
oil under any normal flight conditions. 

(2) Oil tank vents must be arranged so that condensed mter vapor 
that might freeze and obstruct the line cannot accumulate at any point. 

(e) Outlet. No oil tank outlet may be enclosed by any screen or guard 
that would reduce the flaw of oil belw a safe value at any operating 
trnperature. No oil tank outlet diameter may be less than the d&mater of the 
engine oil purrp inlet. Each oil tank used with a turbine engine must have 
maans to prevent entranoe into the tank itself, or intothetank-outlet, of any. 
object that might obstruct the flaw of oil through the system. There must be a - 
shutoff valve at the outlet of each oil tank used with a turbine engine, unless 
the external portion of .the oil system (including oil tank supports) is 
fireproof. 

(f) Flexible liners. Each flexible oil tank liner must be of an 
acceptable kind. 

5.33 Oil tank tests. 

Ezh oil tank must be tested under S 5.16 exoapt that- 

(a) The applied pressure must be 5 p.s.i. for the tank construction 
&stead of the pressures specified in § 5.16(a); 

(b) For a tank With a nonmetallic liner, the test fluid must be oil.rather 
than fuel as specified in S 5,16(d), and the slosh test on a specimsn liner must 
ke conducted with the oil at 25O'F; and 

(c) For pressurized tanks used with a turbine engine, the test pressure 
may not be less than 5 p.s.i. plus the maximum mating pressure of the tank. 

5.X Oil lines and fittings. 

(a) Oil lines. Oil lines must meet 5 5.25, and must a ccammdate a flw of 
oil at a rate and pressure adequate for proper engine functioning under any -_ 
normal operating condition. 
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(b) Breather lines. Breatherlinesmustbe arranged sothat- 
. . (1) Condensed water vapor or oil that might freeze and obstruct the 

line cannot accumulate at any point; 

(2) The breather discharge will not constitute a fire hazard if 
foaming occurs, or cause emitted oil to strike the pilot's windshield; 

(3) The breather does not discharge into the engine air-induction 
system; and 

(4) The breather outlet is protected against blockage by ice or 
foreign matter. 

5.35 Oil strainer or filter. 

(a) Each turbine engine installation must incorporate an oil strainer or 
filter through which all of the engine oil flows and which meets the follcxbg 
reguirezents: 

(1) Each oil strainer or filter that has a bypass, must be 
constructed and installed so that oil will flow at the normal rate through the 
rest of the system with the strainer or filter completely blocked. 

(2) The oil strainer or filter must have the capacity (with respect 
to operating limitations established for the engine9 and the mesh to ensure 
that engine oil system functioning is not impaired when the oil is contamina+& 
to a degree (with respect to particle size and density) that is greater than 
that established for the engine in Part 33 of the FAR 011: equivalent standards. 

(3) The oil strainer or filter, vlless it is installed at an oil 
tank outlet, must incorporate an indicator that will indicate contamination of 
the screen before it reaches the capacity established in accordance with 
subparagraph (2) of this paragraph. 

(4) The bypass of a strainer or filter must be constructed and 
installed so that the release of collected contaminants is minimized by 
appropriate location of the bypass to ensure that collected contaminants are 
not in the bypass flcrw path. : 

(5) An oil strainer or filter that has no bypass, exoapt one that is 
installed at an oil tank outlet, must have a means to connect it to the warning 
system required in § 6.3(c)(7). 

(b) Each oil strainer or filter in a power-plant installation using 
reciprocating engines must be constructed and installed so that oil will flm 
at the normal rate throqh the rest of the system with the strainer or filter 
elenr?nt canpletely blocked. 
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5.36 Oil system drains. 

T&e must be at least one accessible drain that-- 

(a) AlltkJs safe drain-age of 

(b) Has manual or autanatic 
position. 

5.37 Oil radiators. 

the entire oil system; and 

w for positi= locking 

If installed, each oil radiator and its supporting structure - .- - - . must be able to 
withstand the vibraticn, inertia, and-oil pressure loacis to which it would be 
subjected in operation. 

in the closed 

5.38 Propeller feathering system. 

(a) If the prqeller feathering system depends on engine oil, there must 
be maans to trap an amount of oil in the tank if the supply becanes depleted 
due to failure of any part of the lubricating system, other than the tank 
itself. 

(b) The amount of trapped oil must be enough to accanplish feathering and 
must be available only to the feathering punp. 

(c) The ability of the system to accotnplish feathering with the trapped 
oil must be shown. 

(d) Provisions must be made to prevent sludge or other foreign nratter 
from affecting the safe operation of the propeller feathering system. 

Cooling 

5.39 General. 

The pcwerplant cooling provisions s . c must be able to maintain the temperatures of 
-r-plant carponents ano engine fiuids, within the temperature limits 
established during ground and flight -rations to the,maximUn altitude for 
which approval is requested. :' 

5.40 cooling tests. 

(a) General. Canpliance with S 5.39 must be shown under critical ground 
and flight operating conditions (including loiter, hover, climb, and descent) 
to the maxims altitude for which approval is requested. For turbosupercharged 
engines,eachturbosuperchargermustbeoperated throughthatpart of the climb 
profile for which qeration with the turbosupercharger is requested and in a 
manner consistent with its intended operatian. For these tests, the follwing 
apply: 

(1) If the tests are conducted under conditions deviating fran the 
maximum ambient aqheric temperature specified in paragraph lb), of this 
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section, the recordedpowerplanttemperaturemustbe correctedunder 
paragraphs (c) and (d) of this secticn, unless a more raticnal correctid 
m&hod is applicable. 

(2) No corrected temperature determined under subparagraph (1) of 
this paragraph may exoaed established limits. 

(3) The fuel used during the cooling tests must be the most critical 
grade approved for the engines, and the mixture settings must be those used in 
normal operation. 

(b) Maximum ambient atmospheric temperature. Amaximun 
z&ient a-spheric tzqerature corresponding to sea level conditions of at 
least lOOoF must be established. The ass4 temperature lapse rate is 3.6'F 
per thousand feet ofaltitude above sea level. Hover, for winterizaticn 
installations, the applicant may select a maximum annbient atmospheric 
temperature corresponding to sea level conditions of less than lOOoF. 

(c) Correctian factor (except cylinder barrels). Unless a more rational 
correction applies, tenperatures of engine fluids and pckJerplant ccmponents 
(except cylinder barrels) for which temperature limits are established, must bz 
corrected by adding to them the difference between the maximum &Sent 
atmospheric temperature and the temperature of the ambient air at the tima of 
the first occurrence of the maximum caqonent or fluid mrature recorded 
during the cooling test. 

(d) Correction factor for cylinder barrel temperatures. Cylinder barrel 
temperatures must be corrected by adding to them 0.7 times the differenoe 
between the maximum ambient atmospheric temperature and the temperature of the 
ambient air at the time of the first occurrence of the maximum cylinder barrel 
temperature recorded during the cooling test. 

5.41 Cooling test procedures. 

(a) General.. For each stage of flight, the cooling test must be conducted 
with the airship- 

(1) In the configuration most critical for cooling (including ctk~l 
flap settings seleckd by the applicant for reciprocating engine -red 
airships, and where vectored thrust is provided, including vectoring procedures 
established by the applicant); and 

(2) Ukier the conditions most critical for cooling. 

(b) Temperature stabilization. For the purpose of the cooling tests, a 
temperature is "stabilized" when its rate of change is less than 2 degrees F. 
perminute. The follcrwing stabilization rules apply. For each airships, and 
for each stage of flight- 

(1) The temperatures must be stabilized under the conditions from 
which entry is made into the stage of flight being invzstigated; or 
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(2) If the entry condition normally does not allaw temperatures to __ 
stabilize, operation through the full entry condition must be conducted before 
entry into the stage of flight being investigated in order to allaw the 
temperatures to attained their natural levels at the tinta of entry. 

(cl IXration of test. For each stage of flight the testsmustba 
continued until- 

(d) 
applies: - . 

Turbine engine powered airships. The following additional requirement 
The takeoff cooling test must be preceded by a period during which the 

powerplant component and engine-fluid temperatures are stabilized with the 
engines at ground idle. 

(1) The canponent and engine-fluid temperatures stabilize; 

(2) The stage of flight is -leted; or - . 

(3) in -rating limitation>s reached. 

(e) Reciprocatinq engine-powered airships. The following additional 
requirmts apply: 

(1) For each single-engine airship, engine-cooling tests during climb 
muat be conducted as follows: 

(i) Engine temperature mustbe stabilized in level flight-with 
the engine at not less than 75 percent of nraximum continuous pckJer. .I 

(ii) The climb must begin at the lawest practicable altitude with 
the engine at takeoff power for the specified duration of takeoff pr and 
thence with maxima-continuous power-. 

(iii) The climb must be conducted at a speed not more than the 
best rate of climb speed with maximum continuous pckJ13r unless the slw of the 
flight path at the speed chosen for the cooling test is equal to or greater than 
the minimum required angle of climb determined under § 2.8 and the airship has a 
cylinder head mature indicator. 

(iv) The climb must be continued at maximun continuous power for 
at least Sminutes after the occurrence of the highest temperature recorded. 

(2) For each multiengine airship engine-cooling tests during climb 
must be conductedas follows: 

(i) One engine is inoperatiw. 

(ii) Engine temperatures must be stabilized in level flight with . 
the operating engines at not less than 75 percent of maximuc~ continuous mr. 
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(iii) Thz climb must begin at the Iwest practicable altitti with 
the engine at takeoff ~CBH for the specified duration of takeoff mr and 
thence with maximun continuous puver. 

(iv) The climb must be conducted at a speed not more than the 
best rate of climb speed with maximum continuous mr unless the slcpe of the 
flight path at the speed chosen for the cooling test is equal to or greater than 
the minimum required angle of climb determined under S 2.9 and the airship has a 
cylinder head temperature indicator. 

(v) The climb must be continued at maximm continuous power for 
at least 5 minutes after the occurrence of the highest temperature recorded. 

Liquid Cooling 

5.42 Installation. 

(a) General. Each liquid-cooled engine must have an independent cooling 
system (including coolant tank) installed sothat- 

(1) Each coolant tank is supported so that tank loads are distributed 
over a large part of the tank surface; 

(2) There are pads between the tankand its supportstoprevent 
chafing; and 

(3) No air or vapor can be trapped in any part of the system, exept 
the expansion tank, during filling or during -ration. 

Padding must be nonabsorbent or must be treated to prevent the absorption of 
flanmable fluids. 

(b) Coolant tank. The tank capacity must be at least one gallon, plus 
10 peroznt of the cooling system capacity. In addition- 

(1) Each coolant tank must be able to withstand the vibration, 
inertia, and fluid loads to which it may be subjected in operation; 

(2) Each coolant tank'must have an expansion space of at least 
10 peroent of the total cooling system capacity; and 

(3) It must be impossible to fill the expansion space inadvertently 
with the airship in the normal gromd attitti. 

(c) Filler connection. Each coolant tank filler connection must be marked 
as specified in S 7.21(c). In addition- 

(1) Spilled coolant must be prevented fran entering the coolant tank 
compartment or any part of the airship other than the tank itself; and 
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(2) Each recessed coolant filler connection must have a drain that ---- 
discharges clear of the entire airship. 

(d) Lines and fittings. Each coolant system line and fitting must meet 
the requirenents of 5 5.25, except that the inside dimneter of the engine 
coolant inlet and outlet lines may not be less than the dieter of the 
corresponding engine inlet and outlet connections. __. 

(e) Radiators. Each coolant radiator must be able to withstand any 
vibration, inertia, and coolant pressure load to which it may normally be 
subjected. In addition- 

(1) Each radiator must ti supported to allclw expansion due to 
operating temperatures and prevent the transmittal of harmful vibration to the 
radiator; and 

(2) If flammable coolant is used, the air intake duct to the coolant 
radiator must be located so that (in case of fire) flames fran the nacelle 
cannot strike the radiator. 

(f) Drains. There must be an accessible drain that- 

(1) Drains the entire cooling system (incltiing the coolant tank, 
radiator, and the engine) when the airship is in the normal ground attit&e; 

(2) Discharges clear of the entire airship; and 

(3) Has means to positively lock it closed. 

5.43 coolant tank tests. 

Each coolant tank must be testedunder §5.16,exeptthat- 

(a) The test required by 5 5.16(a)(l) nust be replaced with a similar test 
using the slpn of the pressure developed during the maximun ultimate acceleration 
wl+b a full tank or a pressur e of 3.5 pounds per square inch, whichever is 
g-eater, plus the maximum working pressure of the, system; and 

(b) For a tankwithanonrrretalliclinerthetestfluidmustbe coolant 
rstber than fuel as specified in S 5.16(d), and the slosh test on a specimen 
iF,ner must be conducted with the coolant at operating temperature. 

Inductian System 

5.44Airinduction. 

(a) The air induction system for each engine must supply the air required 
by that engine under the cperating conditions-for,which certification-is-. 
requested. 

.-- 
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(b) Each reciprocating engine installation must have at least two separate 

air intake sources and must met the following: 

(1) Primary air intakes may cgen within the cclwling if that part of 
the cowling is isolated fran the engine accessory section by a fire-resistant 
diaphragm or if there are msans to prevent the emergence of backfire flames. 

(2) Each alternate air intake must be located in a sheltered position 
and may not open within the cowling if the erraergence of backfire flanes will 
result in a hazard. 

(3) The suwlying of air to the engine through the alternate air 
intake system may not result in a loss of excessive mr in addition to the 
pier loss due to the rise in air temperature. 

(c) For turbine engine-pawered installations- 

(1) Thsre,must be means to prevent hazardous quantities of fuel 
leakage or overflaw fran drains, vents, or other cartponents of flammable fluid 
systems frunenteringtheengineintake system; and 

(2) The air inlet ducts must be located or protected so as to 
minimize the ingestion of foreign matter during takeoff, landing, and taxiing. 

5.45 Induction system icinq protection. 

(a) Reciprocating engines. Each reciprocating engine air-induction system 
must have means to prevent and eliminate icing. Unless this is done by other 
IIEans , it must be shckJn that, in air free of visible moisture at a temperature 
of 30° F- 

(1) Each airship with sea level engines using conventional venturi 
carburetors has a preheater that can provide a heat rise of 90' F with tha 
engines at 75 percent of maximun continuous power; 

(2) Each airship with altitude engines using conventional 
venturi carburetors has a preheater that can provide a heat rise of 120° with 
the engines at 75 peroent of nmximun continuous power; 

(3) Each airship with'altitti engines using carburetors tending to 
prevent icing has a preheater that, with the engines at 60 peroent of maximum 
continuous power, can provide a heat rise of 100° F; 

(4) Each single-engine airship with a sea-level engine using a 
carburetor tending to prevent icing has a sheltered alternate source of air with 
a preheat of not less than that provided by the engine cooling air downstream of 
the cylinders;and 

(5) Each multiengins airship with sea-level engines using a 
carburetor tending to prevent icing has a preheater that can provide a heat rise 

71 

. 



of 90' F with the engines at 75 percent of maximti continuous purer. 

(b) Turbine engines. 

(1) Each turbine engine and its air-inlet system must operate 
throughout the flight--r range of the engine (including idliq), within the 
limitations established for the airship, without the accumulation of ice on 
engine or inlet system carponents that ad adversely affect engine -ration / 
or cause a serious loss of pc~er or thrust- 

(i) Under the icing conditions specified in mndix C of Part I 
25oftheFAR;and 

(ii) In snow, both falling and blowing. 

(2) Each turbine engine must idle for 30 minutes on the ground, with 
the air bleed available for engine icing protection at its critical condition, 
without adverse effect, in an atmosphere that is at a temperature between 
l5O and 30' F (between -9' and -lo C) and has a liquid water content not less 
than 0.3 grams per cubic mater in the form of drops having a mean effective 
diameter not less than 20 microns, folloaed by manantary operation at takeoff 
pc~er or thrust. During the 30 minutes of idle operation, the engine may ba run 
up pariodically to a moderate mr or thrust setting in a manner acceptable to 
the Administrator. 

(c) For airships with reciprocating engines having superchargers to 
pressurize the air before it enters the carburetor, the heat rise in the air ,. _. 
caused by that supercharging at any altitMe may be utilized in determining 
caqliance with paragraph (a) of this section if the heat rise utilized is thzt 
which will be available, autanatically, for the applicable altitudes and 
-rating condition because of supercharging. 

5.46 Carburetor air preheater design. 

If a carburetor air preheater is installed, it must-be designed and constructed 
to- 

(a) Ensure ventilation of the preheater when the engine is operated in 
cold air: 

(b) Alloy inspection of the exhaust manifold parts that it surrounds; and 

(cl Allow inspection of critical parts of the preheater itself. 

5.47 Induction system ducts. 

(a) Each induction system duct must have a drain to prevent the 
accunulation of fuel or moisture in the normal ground and flight attitudes. No 
drain may discharge where it will cause a fire hazard. 
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(b) Each duct connected to canponents between which relative motion could 
exist must have means for flexibility. 

5.49 Induction systemscreens. 

If induction system screens are used- 

('a) Each screen must be upstream of the carburetor. 

(b) No screen may bs in any part of the induction sysWn that is the only 
passage through which air can reach the engine, ulless- 

(1) Tk available preheat is at least lOO* F; and 

(2) The screen can be deiced by heated air; 

(cl No screenmay be deiced by alcohol alone; and 

(d) It must be impossible for fuel to strike any screen. 

5.49 Turbine engine bleed-air system. 

Far turbine engine bleed-air systems, the following apply: 

(a) No hazard may result if duct rupture or failure occurs anywhere 
-, 

between the engine port and the airship unit send by 

(b) The effect on airship and engine performance 
air must be established. 

(c) Hazardous contamination of cabin air system 
failures of the engine lubricating system. 

E%haust system 

the bleed ai;, 

of using m~~imun bleed 

may not result fran 

5.50 general. 

(a) Eachexhaustsystemmustensure safe disposal of exhaust gases 
without fire hazard or carbon monoxide contamination in any personnel 
ccmparbnent. 

(b) Eachexhaustsystempartwitha surfacehotenoqhtoignite 
flamnabk fluids or vaporsmustbelocatedor shielded sothatleakage franany 
system carrying flaznmble fluids or vapors will not result in a fire caused by 
impingement of the fluids or vapors on any part of the exhaust system including 
shields for the exhaust system. . 

(c) Each exhaust system vnent must be separated by fireproof shields 
fr& adjacent flammable parts of the airship that are outside the engine 
canpartment. 
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(d) No exhaust gases may discharge near any flamnable fluid, vent, or 
drain that may cause a fire hazard. _I"._ 

(e) Each exhaust sysWn canponent must be ventilated to prevent points of 
excessively high temperature. 

(f) No exhaust gases may be discharged where they will cause a glare 
seriously affecting pilot vision at night. 

(g) If significant traps exist ,eachturbine engine exhaustsystemmust 
have drains discharging clear of the airship, in any normal ground and flight 
attitude, to prevent fuel amulation after the failure of an attempted engine * 
start. 

(h) Each exhaust heat exchanger must incorporate means to prevent 
blockage of the exhaust port after any internal heat ex&anger failure. 

5.51 Exhaust -ifold. 

(a) Each exhaust manifold must be fireproof and corrosion-resistant, and 
must have means to prevent failure due to expansion caused by operating 
temperatures. 

(b) Each exhaust manifold must be supported to withstand the vibration 
and inertia loads to which it may be subjected in cperation. 

(c) Parts. of the manifold connected to canponents between which relative 
motion could exist must have means for flexibility. 

/-" 

5.52 Exhaust heat exchangers. 

(a) Each exhaust heat exbanger must be constructed and installed to 
withstand the vibration, inertia, and other loads that it may be subjected to 
in normal -ration. In addition- 

(1) Each exchanger must be suitable for continued cperation at high 
kmperatures and resistant to corrosion fran exhaust gases; : 

(2) There must be means for inspection of critical parts of each 
exchanger;and. 

(3) Each exchanger must be ventilated wherever it is subject to 
contactwithexhaust gases. 

(b1 Each heat ex&anger used for heating ventilating air must be 
constructed so that exhaust gases may not enter the ventilating air. 
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. Powernmt Controls and Accessories 

5.53 Powernlant controls. . aeneru . 

(a) Powerplant controls must be located and arranged under 
5 4.31 and marked under Ii 7.20(a). 

1 
(b) Each flexible control must be an acceptable kind. 

(c) Each control must be able to maintain any necessary 
. position without- 

(1) Constant attention by flight crewmembers; or 

vibration. 
(2) Tendency to creep due to control loads or 

(d) Each control must be able to withstand operating loads 
without failure or excessive deflection. 

(e) For turbine engine-powered airships, no single failure 
or malfunction, or probable combination thereof, in any 
powerplant control system may cause the failure of any powerplant 
function necessary for safety. 

(f) The portion of each powerplant control located in the 
engine compartment that is required to be operated in the event 
of fire must be at least fire resistant. 

have (g) Powerplant valve controls located in the cockpit must 
NV 

(1) For manual valves, positive stops, or in the case 
of fuel valves, 
position; and 

suitable index provisions, in the open and closed 

(2) For power-assisted valves, a means to indicate to 
the flightcrew when the valve- 

(i) Is in the 
position: or 

(ii) Is moving 
closed position. 

5.54 mine controls . 
. 

fully open or fully closed 

between the fully open and fully 

* (a) There must be a separate and independent power or 
thrust control for each engine, and a separate control for each * 

. supercharger that requires a control. 
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* (b) Each power, thrust, and supercharger control must 
give a positive and immediately responsive means for controlling. 
its.engine or supercharger. 

(c) Power controls must be arranged to allow separate 
control and simultaneous control of all engines. 

(d) If a power or thrust control incorporates a fuel- ' 
shutoff feature, the control must have a means to prevent the 
inadvertent movement of the control into the shutoff position. 
The control must-- * - 

(1) Have a positive lock or stop at the idle 
position; and 

(2) Require a separate and distinct operation to 
place the control in the shutoff position. 

5.55 Ianition switches. 

(a) Ignition switches must control each ignition circuit 
on each engine. 

(b) There must be means to quickly shut off all ignition 
on multiengine airships by the groupings of switches or by a 
master ignition control. 

(c) Each group of ignition switches, except ignition 
switches for turbine engines for which continuous ignition is not 
required, and each master ignition control must have a means to 
prevent its inadvertent operation. 

5.56 Mixture controls If there are mixture controls, each 
engine must have a sepirate control, and each mixture control 
must have guards or must be shaped or arranged to prevent 
confusion by feel with other controls. The controls must be 
grouped and arranged to allow separate control of each engine and 
simultaneous control of all engines. 

. 5.57 Pronell& saeed and notch controu . 

(a) If there are propeller speed or pitch controls, they 
must be grouped and arranged to allow-- 

(1) Separate control of each propeller: and 

(2) Simultaneous control of all propellers. 

(b) The controls must allow ready synchronization of all 
propellers on multiengine airships. 

Change 1 
7/24/92 76 



. 
,F-=- 

5.58 &oDeller featherlna controls . 

If there are propeller feathering controls, each propeller must .' 
have a separate control. 
inadvertent operation. 

Each control must have means to prevent 

. 
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. 5.59 wburetor air temperature controle 
l 

There must be a separate carburetor air temperature control for 
each:engine.. 

. 5.60 Powernlant accessories . 

. (a) Each engine-driven accessory must-- 

(1) Be approved for mounting on the engine involved: 

b 
and 

(2) Use the provisions on the engine for mounting; 

(3) Be sealed to prevent contamination of the engine 
oil system and the accessory system. 

(b) Electrical equipment subject to arcing or sparking 
must be installed to minimize the probability of contact with any 
flammable fluids or vapors that might be present in a free state. 

(c) Each generator rated at or more than 6 kilowatts must 
be designed and installed to minimize the probability of a fire 
hazard in the event it malfunctions. 

(d) The generator cooling provisions must be able to 
maintain the temperatures of generator components within the 
established temperature limits during ground and flight 
operations. 

5.61 Engine ianition &stew . 

(a) Each battery ignition system must be supplemented by a 
generator that is automatically available as an alternate source 
of electrical energy to allow continued engine operation if any 
battery becomes depleted. 

(b) The capacity of batteries and generators must be large 
enough to meet the simultaneous demands of the engine-ignition 
system and the greatest demands of any electrical system 
components that draw from the same source. 

for-- 
(c) The design of the engine-ignition system must account 

(1) The condition of an inoperative generator; 
a (2) The condition of a completely depleted battery 

with the generator running at its normal operating speed: and 

w (3) The condition of a completely depleted battery 
with the generator operating at idling speed if there is only one 
battery. 
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(d) There must be means to warn appropriate crewmembers if 
malfunctioning of any part of the electrical system is causing 
the.continuous discharge of any battery used for engine ignition. 

(e) Each turbine engine ignition system must be 
independent of any other turbine engine ignition system and must 
be protected from airframe electrical loads and/or faults. 

5.62 -thrust controls . 

* If thrust vectoring is provided, the following requirements must 
be met: 

(a) Each vectoring control must be independent of all 
other controls, and must provide a positive and immediate 
response. 

(b) The vector controls must be readily available to the 
pilot, and must be such that the pilot can readily and positively 
select each appropriate thrust position. 

(c) If separate vector controls are provided for each 
propulsor-- 

(1) They must be arranged to allow separate control 
and simultaneous control of all propulsors; and 

(2) The airship must be demonstrated to have safe 
flight characteristics when the vectored thrust units are in the 
normal flight position on one side and in the fully vectored 
position on the other, with engines operating at maximum takeoff 
power. 

(d) In the event of a vectoring-system failure, an 
auxiliary means must be provided to return the system to the 
normal-operating position. * 

. 5.63 Auxiliary power unit controls . 

Means must be provided at the pilots station for starting, 
stopping, and emergency shutdown of each installed auxiliary 
power unit. 

. . Protection 

I ”  

. * . 
5.64 Nacelle areas-tone firew&l& . 

Components, lines, and fittings located adjacent to the engine- 
compartment firewall must be constructed of such materials and 
located at such distances from the firewall that they will not 
suffer damage sufficient to endanger the airship if a portion of 
the engine side of the firewall is subjected to a flame 
temperature of not less than 2,000 degrees for 15 minutes. 

_ 

,. 
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5.65 . 

(a) Except as provided in paragraph (b) of this section, 
each'component, line, and fitting carrying flammable fluids, gas, 
or air in any area subject to engine fire conditions must be at 
least fire resistant, except that flammable fluid tanks and 
supports which are part of and attached to the engine must be 
fireproof or be enclosed by a fireproof shield unless damage by 
fire to any non-fireproof part will not cause leakage or spillage 
of flammable fluid. Components must be shielded or located so as 
to safeguard against the ignition of leaking flammable fluids. 
Flexible hose assemblies (hose and end fittings) must be approved. 
An integral oil sump of less than 25 quart capacity on a 
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reciprocating engine need not be fireproof nor be enclosed by a fireproof 
shield. 

(b) Paragraph (a) of this section, does not apply to- 

(1) Lines, fittings, and carponents which are already approved as 
part of a type certificated engine: and 

(2) Vent and drain lines, and their fittings, whose failure will not 
result in, or add to, a fire hazard. 

5.66 Ventilation. 

Each cxqartmentcontaining any partof.the mrplant installation must have 
provision for ventilation to prevent the accumulation of flammable vapors. 

5.67 Shutoff mans. 

(a) Each engine installation must have means to shut off or otherwise 
prevent hazardous quantities of fuel, oil, and other flanmable liquids fran 
flowing into, within, or through any engine carpartment, except in lines, 
fittings, and ccmponents forming an integral part of an engine. 

(b) The closing of the fuel shutoff valve for any engine may not make fuel 
unavailable to the remaining engines. 

(c) -ration of any shutoff means may not interfere with the later 
emergency operation of other equipmark such as propeller feathering devices. 

(d) Each shutoff must be outside of the engine caxpartnrent unless an equal 
degree of safety is provided with the shutoff inside the carpartnrent. 

(e) No hazardous amount of flammable fluid may drain into the engine 
canpartment after shutoff. 

(f) Tkre must be means to guard against inadvertent -rations of each 
shutoff mans, and to make it possible for the crew to repn the shutoff means 
in flight after it has been closed. 

(g) Turbine engine installations need not have an engine oil system 
shutoff if- 

(1) The oil tank is integral with, or mounted on, the engine; and 

(2) All oil system ccqonents external to the engine are fireproof or 
located in areas not subject to engine fire conditions. 
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5.68 Firewalls. 

: (a) Each engine, auxiliary- unit, fuel-burning heater, and other 
canbustion equipment intended for operation in flight, must be isolated fran the 
rest of the airship by firemlls, shrouds, or other equivalent means. 

(b) Each fir-11 or shroud must be constructed so that no 
hazardous quantity of liquid, gas, or flans can pass frun the engine carpartment 
to other parts of the airship. 

(c) Each opening in the firewall or shroud must be sealed with 
close-fitting, fireproof gram&s, bushings, or firewall fittings. 

(d) Each firewall and shroud must be fireproof and protected against 
corrosion. 

(e) Ca@iance with the criteria for fireproof materials or ccsponents, 
must be shawn as foil-: 

(1) The flame to which the matirials or carponents are subjected 
must be 2,000_+5Oo F. 

(2) Sheetmaterials approximately10 inches squaremustbs subjected 
to the flame from a suitable burner. 

(3) The flame must be large enough to maintain the required test 
temperature over an area approximately 5 inches square. --. 

(f) Firewall materials and fittings must resist flams penetration for at 
least 15 minutes. 

(g) The following materials may be used in firewalls or shrotis without 
being tested as required by this section: 

(1) Stainless steel sheet, 0.015 inch thick. 

(2) Mild steel sheet (coated with aluminum or otherwise protected 
against corrosion), 0.018 inch thick. 

(3) Terne plate, 0.018 inch thick. 

(4) M-1 metal, 0.018 inch thick. 

(5) Steel or capper base alloy firewall fittings. 

5.69 Engine acoessory vt diaphragm. 

For aircooled radial engines, the engine pawer section and all portions of the 
exhaust Systemmustbe isolated frantheengine accessorycanpartmentbya 
diaphragm that meets the firewall requirements of S 5~68. 
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5.70 Rqine cowling. 

. 

(a) The cckJling must be constructed and supported so that it can resist 
the vibration, inertia, and air loads to which it may be subjected in 
cqeration. 

(b) There must be means for rapid and mlete drainage of each part of 
the cckJling in the normal ground and flight attitudes. No drain may discharge 
where it will cause a fire hazard. 

(c) Cowling must be at least fire-resistant. 

(d) All surfaoes aft of or near an cpening in the engine canpartment 
cowling must be at least fire-resistant for a distanoe of at least 24 inches 
of the opening. 

(e) Each part of the CCklling subjected to high temperatures due to its 
nearness to exhaust-system ports or exhaust gas impingement must be fireproof. 

5.71 [Reserved]. 

5.72 Fire-detector systems. 

For multiengine turbine engine-pered airships and multiengine reciprocating 
engine paknered airships incorporating tubosuperchargers, the following apply: 

(a) There must be a means which ensures the praqt detection of a fire in 
an engine canpartnrant. 

(b) Each fire detector must be constructed and installed to withstand the 
vibration, inertia, and other loads to which it may be subjected in operation. 

(~1 No fire detector may be affected by an fluids or f-s that might be 
present. 

(d) Tbare must be a nreans to allaw the crew to check, in flight, the 
functioning of each fire detector electric circuit. 

(e) Wiring and other ccqonents of each fire-detector system in an engine 
mqxrtment must be at least fire resistant. 

5.73 Vectored thrust. 

For airships utilizing vectored-thrust systems, the engine exhaust impingement 
effect on the airship may not cause an increase in the tenperature of airship 
materials or canponents beyond safe limits. 
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6.1 

&h 

SUBPARTVI~~ 

eneral 

Function and installation. 

item of installed eguipnent must- 

(a) Be of a kind and design appropriate to its intended function; 

(b) Be labeled as to its identification, function, or operating 
limitations, or any amlicable -ination of these factors; 

(c) Be installed according to limitations specified for that equipnent; 

(d) Function properly when installed. 

6.2 Flight and naviqation instruments. 

!Ihe following flight and navigational instruments are required: 

(a) An airspeed indicator. 

(b) An altimeter (sensitive). 

(c) A magnetic direction indicator. 

(d) A free air-temperature indicator. 

(e) Means to indicate pressure in the envelope and ballonets. 

(f) Means for measuring the temperature differential between the lifting 
gas and the outside air. . 

(g) A means to indicate the pitch attitude of the airship. 

(h) Pate-of-cliti indicator. 

6.3 Puwerplant instnsnents. 

!Ihe following are required powerplant instruments: 

l 
(a) Ebr all airships: 

(1) A fuel-quantity indicator for each fuel tank. 
< 

gauge 1. 
(2) An oil-quantity indicator for each oil tank (dipstick or sight 

F"n-. 
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(3) An oil-pressure indicator for each independent pressure oil 
system of each engine. 

(4) An oil-teqerature indicator for each engine and for each 
turbosupercharger oil system that is separate from other oil systems. 

(5) A fire-warning indicator for those airships required to carply 
with S 5.72. 

(b) For reciprocating engine--red airships. In addition to the 
pckJerplant instnanents required by paragraph (a) of this secticn, tk 
following -lark instrunents are required: 

(1) A tacharreter for each engine. 

(2) A cylinder head temperature indicator for each engine. 

(3) A fuel-pressure indicator (to indicate the pressure at which the 
fuel is supplied) for each punp-fed engine. 

(4) A manifold-pressure indicator for each altitude engine. 

(5) For turbosupercharger installations, if limitations are 
established for either carburetor air inlet tenperature or exhaust gas 
temperature, indicators must be furnished for each temperature for which the 
limitation is established-unless it is shown that-the limitation will not be 
exceeded in all intended operations. 

(c) For turbine engine-powered airships. In addition to the powerplant 
instrumants required by paragra@ (a) of this section, the following pmerplant 
instnmmnts are required: 

(1) A gas-temperature indicator for each engine. 

(2) A fuel flcwrrreter for each engine. 

(3) A tachaTleter (to indicate the speed of the rotors with 
established limiting speeds) for each engine. 

(4) A xnaans to indicate, to the flight crew, the -ration of each 
engine starter thatcanbe qeratedcontinuouslytrutthatisneither designed 
for continuous operation nor designed to prevent hazard if it failed. 

(5) An indicator to indicate the fmctioning of the mrplant 
ice-protection system. 

(6) An indicator for the fuel strainer or filter required by § 5.28 
to indicate the occurrence of contamination of the strainer or filter before it 
reaches the.capacity established in accordance -with 5 5.28(d). 
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(7) A warning means for the oil strainer or filter 
required by § 5.35, if it has no bypass, to warn the pilot of the 
occurrence of contamination of the strainer or filter screen 
before it reaches the capacity established in accordance with 
I 5.35(a)(2). 

(8) A low oil-pressure warning means for each engine. 

(9) An indicator to indicate the proper functioning 
of any heater used to prevent ice clogging of fuel-system 
components. 

(d) For turbopropeller-powered airships. In addition to 
the powerplant instruments required by paragraphs (a) and (c) of 
this section, the following powerplant instruments are required: 

(1) A torque indicator for each engine. 

(2) Position-indicating means to indicate to the 
flight crew when the propeller-blade angle is below the flight 
low pitch position, for each propeller. 

(3) A means to indicate to the pilot when the 
propeller is in reverse pitch, for each reversing propeller. 

6.4 . Miscellaneous eauinment instruments . 

The following are additional required instruments for auxiliary 
systems, if installed: 

(a) Electrical-power generating systems 

(1) Volt/load meter for each DC-generating system. 

system. 
(2) Volt/frequency meter for each AC-generating 

(b) Auxiliary-power unit 

(1) Gas producer'speed indicator for turbine engines. 

(2) A temperature indicator to provide overtemp 
protection for turbine engines. 

(3) An indicator to show that the APU is operating. 

(4) An indicator to indicate APU shutdown when the 
APU switch is in the ltON@t or l@RUN1l position. 

(5) A tachometer for reciprocating engines. 

(6) A cylinder head temperature indicator for air- 
cooled reciprocating engines. 
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(c) Thrust-vectoring system - A thrust vector angle 
position indicator for each engine or propeller. _-- 

(d) Hydraulic systems 

(1) Hydraulic-quantity gauge for each system 
(dipstick or sight gauge). 

(2) Hydraulic-pressure gauge for each system. 

(e) Fly-by-wire/flight-control systems 

(1) A means to indicate control surface position to 
the crew relative to commanded position. 

* (2) A means to indicate to the pilot that the fly- 
by-wire/flight-control system is not functioning properly. * 

. 6.5 Miscellaneous . 

The following miscellaneous equipment is required: 

(a) A seat or berth for each occupant. 

(b) A master switch arrangement. 

(c) Electrical protective devices, as prescribed in this 
Criteria. 

. . 
6.6 uent. svstems. and lnstallatlw . 

(a) Each item of equipment, when performing its intended 
function, may not adversely affect- 

(1) The response, operation, or accuracy of any 
equipment essential to safe operation; or 

(2) The response, operation, or accuracy of any other 
equipment unless there is a means to inform the pilot of the 
effect. 

(b) The equipment, systems, and installations of a 
multiengine airship must be designed to prevent hazards to the 
airship in the event of a probable malfunction or failure. 

(c) The equipment, systems, and installations of a single- 
engine airship must be designed to minimize hazards to the 
airship in the event of a probable malfunction or failure. 
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. . . . 6.7.. Arranaement and visibality . 

(a) Each flight, navigation, envelope and ballonet 
pressure, and powerplant instrument for use by any pilot must be 
plainly visible to him from his station with the minimum 
practicable deviation from his normal position and line of vision 
when he is looking forward along the flight path. 

. (b) For each multiengine airship, identical powerplant 
instruments must be located so as to prevent confusion as to 
which engine each instrument relates. 

(c) Instrument panel vibration may not damage or impair 
the accuracy of any instrument. 

* (d) For each airship, intended for operation under * 
Instrument Flight Rules, 
and, as applicable, 

the flight instruments required by I 6.2 

instrument panel 
by Part 91 of the FAR, must be grouped on the 

and centered as near as practicable about the 
vertical plane of the pilot's forward vision. In addition-- 

(1) The instrument that most effectively indicates 
the attitude must be on the panel in the top center position: 

(2) The instrument that most effectively indicates 
airspeed must be adjacent to and directly to the left of the 
instrument in the top center position: 

(3) The instrument that most effectively indicates 
altitude must be adjacent to and directly to the right of the 
instrument in the top center position; 

(4) The instrument that most effectively indicates 
direction of flight, other than the magnetic direction indicator, 
must be adjacent to and directly below the instrument in the top 
center position. 

(e) If a visual indica'tor is provided to indicate 
malfunction of an instrument, it must be effective under all 
probable cockpit-lighting conditions. 

6.8 . . . , d advisorv Ii- . 

If warning, caution, or advisory lights are installed in the 
. cockpit, they must, 

Administrator, be -- 
unless otherwise approved by the 

d (a) Red, for warning lights (lights indicating a hazard 
which may require immediate corrective action): 
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(b) Amber, for caution lights (lights indicating the 
possible need for future corrective action): 

(c) Green, for safe operation lights: and 

(d) Any other color, including white, for lights not 
described in paragraphs (a) through (c) of this section, provided 
the color differs sufficiently from the colors prescribed in 
paragraphs (a) through (c) of this section to avoid possible 
confusion. 

. . . 
6.9 Airsneed indicatina svstem . 

(a) Each airspeed indicating instrument . . - 
to indicate true airspeed (at sea level witn a 

must be calibrated 
standard 

atmosphere) with a minimum practicable instrument calibration 
error when the corresponding pitot and static pressures are 
applied. 

(b) Each airspeed system must be calibrated in flight to 
determine the system error. The system error, including position 
error, but excluding the airspeed indicator instrument 

* calibration error, may not exceed five knots throughout the range * 
from 20 knots to VMO. 

(c) Each system must be arranged, so for as practicable, 
to prevent malfunction or serious error due to the entry of 
moisture, dirt, or other substances. 

6.10 Static pressure svsta . 

(a) Each instrument provided with static pressure case 
connections must be so vented that the influence of airship 
speed, the opening and closing of windows, airflow variations, 
moisture, or other foreign matter will least affect the accuracy 
of the instruments except as noted in paragraph (b)(3) of this 
section. 

(b) If a static pressure system is'necessary for the 
functioning of instruments,'systems, or devices, it must comply 
with the provisions of subparagraphs (1) through (3) of this 
paragraph. 

(1) The design and installation of a static pressure 
system must be such that- 

(i) Positive drainage of moisture is provided: 

(ii) Chafing of the tubing, and excessive 
distortion or restriction at bends in tubing, is avoided; and 
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(iii) The materials used are durable and suitable 
for the purpose intended, and protected against corrosion. 

(2) A proof test must be conducted to demonstrate the 
integrity of the static pressure system in the following manner: 
Evacuate the static pressure system to a pressure differential of 
approximately 1 inch of mercury or to a reading on the altimeter, 
1,000 feet above the airship elevation at the time of the test. 
Without additional pumping for a period of 1 minute, the loss of 
indicated altitude must not exceed 100 feet on the altimeter. 
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* (3) For those airships intended for operation under 
Instrument Flight Rules or in known icing conditions, and if a 
static pressure system is provided for any instrument, device, or 
system required by the operating rules in Part 91, each static 
pressure port must be located in such a manner that the 
correlations between air pressure in the static pressure is * 
not altered when the airship encounters icing conditions. An 
anti-icing means or an alternate source of static pressure may be 
used in showing compliance with this requirement. If the reading 
of the altimeter, when on the alternate static pressure system 
differs from the reading of the altimeter when on the primary 
static system by more than 50 feet, a correction card must be 
provided for the alternate static system. 

(c) Except as provided in paragraph (d) of this section, 
if the static pressure system incorporates both a primary and an 
alternate static pressure source, the means for selecting one or 
the other source must be designed so that-- 

(1) When either source is selected, the other is 
blocked off: and 

(2) Both sources cannot be blocked off 
simultaneously. 

(d) Paragraph (c)(l) of this section does not.apply if it 
>-. can be demonstrated that the static pressure system calibration, 

when either static pressure source is selected, is not changed by 
the other static pressure source being open or blocked. 

(e) Each system must be designed and installed so that the 
error in indicated pressure altitude, at sea level, with a 
standard atmosphere, excluding instrument calibration error does 
not result in an error or more than +30 feet in the speed range 
between 20 knots and VRC. 

. . . . . 6.11 Haanetic direction -cator . 

(a) Except as provided in paragraph (b) of this section-- 

(1) Each magnetic direction indicator must be 
installed so that its accuracy is not excessively affected by the 
airship's vibration or magnetic fields; and 

deviation, 
(2) The compensated installation may not have a 
in level flight, greater than 10 degrees on any 

heading. 

(b) A magnetic nonstabilized direction indicator may 
deviate more than 10 degrees due to the operation of 
electrically-powered systems such as electrically-heated 
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windshields if either a magnetic stabilized direction indicator, 
which does not have a deviation in level flight greater than 10 
degrees on any heading, or a gyroscopic direction indicator, is 
installed. Deviations of a magnetic nonstabilized-direction 
indicator of more than 10 degrees must be placarded in accordance 
with f 7.16(e). 

6.12 . . autwimtlc Dllot svfitem . 
If an automatic pilot system is installed, it must meet the 
following: 

(a) Each system must be designed so that the automatic 
pilot can-- 

(1) Be quickly and positively disengaged by the 
pilots to prevent it from interfering with their control of the 
airship; or 

(2) Be sufficiently overpowered by one pilot to let 
him control the airship. 

(b) Unless there is automatic synchronization, each system 
must have a means to readily indicate to the pilot the alignment 
of the actuating device in relation to the control system it 
operates. 

(c) Each manually operated control for the system 
operation must be readily accessible to the pilot. Each control 
must operate in the same plane and sense of motion as does the 
corresponding primary flight control. The direction of motion 
must be plainly indicated on or near each control. 

(d) Each system must be designed and adjusted so that, 
within the range of adjustment available to the pilot, it cannot 
produce hazardous loads on the airship or create hazardous 
deviations in the flight .path, under any flight condition 
appropriate to its use, either during normal operation or in the 
event of a malfunction, assuming that correction action begins 
within a reasonable period of time (recognition plus 3 seconds). 

(e) Each system must be designed so that a single 
malfunction will not produce a hardover signal in more than one 
control axis. If the automatic pilot integrates signals from 
auxiliary controls or furnishes signals for operation of other 
equipment, positive interlocks and sequencing of engagement to 
prevent improper operation are required. 

(f) There must be protection against adverse interaction 
of integrated components, resulting from a malfunction. 
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(g) If the automatic pilot system can 

airborne navigation equipment, means must be 
be coupled to 
provided to indicate 

to the flight crew the current mode of operation. Selector 
switch position is not acceptable as a means of indication. 

. . . 6.13 mectronic flmt instruent systems (EFIS~ . 
Electronic display units used for attitude and navigation 
reference may be installed in lieu of mechanical or 
electromechanical instruments if- 

(a) The display units- 

(1) Are easily legible under all lighting conditions 
encountered in the cockpit, including direct sunlight; 
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(2) Do not inhibit the primary display of attitude; 

(3) Incorporate sensory cues for the pilot that are equivalent to 
those in the instruments being replaced by the electronic display units; and 

(41 Incorporate visual displays of instrument markings required by 
§§ 7.13 through 7.19, or visual displays that alert the pilot to abnormal 
operational values, or approaches to unsafe values, of any parameter required 
to be displayed by these criteria. 

(b) The display units, including their systems and installations, must 
be designed so that one display of.information essential to continued safe 
flight and landing will remain available to the crew, without need for 
inmediate action for continued safe operation, after any single failure or 
probable canbinationof failures under any anticipated aperating condition, or 
it must be shown that such failures are extremely improbable. 

6.14 Instruments using a Fr supply. 

For each instrumant that uses a pawer supply, there must be a visual means to 
indicate when mr adequate to sustain proper instnnuent perforce is not 
being sumlied. Tha power must be measured at or near the point where it 
enters the instnxnents. For electrical instrcnnents, the wr is considered 
adequate when the voltageiswithin approved limits. 

6.15 Fliqht director systems. 

If a flight director system is installed, means must be provided to indicate to 
the flight crew its current ma& of operatim. Selector switch position is not 
acceptable as a means of indication. 

6.16 Powerplant instrumnts. 

(a) Instrumnts and instrumnt lines. 

(1) Each mrplant instrumant line must maet the requirements of 
5 5.25. 

(2) Each line carrying flammable fluids under pressure must- 

(i) Have restricting orifices or other safety devices at the 
source of pressure to prevent the escape of excessive fluid if the line fails; 
and 

. 

(ii) Be installed and located so that the escape of fluids would 
not create a hazard. 

(3) Each powerplant instrument that utilizes flamnable fluids must be 
installed and located so that the escape of fluid would not create a hazard. 
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(b) -1 quantity indicator. Thare must be a xrraans to indicate to the _^_ 
flight cr ewns&ers the guantity of fuel in each tank during flight. An 
indicator, calibrated in either gallons or pounds, and clearly marked to .' 
indicate which scale is being used, may bs used. In addition- 

(1) Each fuel-quantity indicator must be calibrated to read 8tzoro*' 
during level flight when the quantity of fuel remaining in the tank is equal to 
theunusable fuelsqqlydeterminedundar S 5.13; 

(2) Each exposed sight gauge used as a fuel-quantity indicator must 
be protected againstdanage; 

(3) Each sight gauge that forms a trap in which water can collect and 
freeze musthavemeanstoallclwdrainage on the ground: 

(4) Tankswithinterconne~tedoutlets andairspaoesmaybe considered 
as one tank and need not have separate indicators; and 

(5) No fuel-quantity indicator is required for a small auxiliary tank 
that is used only to transfer fuel to other tanks if the relative size of the 
tank, the rate of fuel transfer, and operating instructions are adequate to- 

(i) Guard against overflow; and 

(ii) Give the flight crewm&zxars prarpt warning if transfer is 
not proceeding as planned. _,A. -. 

(c) EUelflmter system. If a fuel flowrrreter system is installed, each 
metering caqxnentmust have a means to bypass the fuel supply if malfunctioning 
of that conponent severely restricts fuel flow. 

(d) Oil-quantity indicator. Thare must be amzanstoindicate the . 
quantity of oil in each tank- 

(1) On the ground (such as by a stick gauge); and 

(2) In flight, tb the flight crevanambers, if there is an oil transfer 
system, or a reserve oil-sumly system. 

: 
ElectricalSystemsandEquipnent 

6.17 General. 

(a) Electrical system capacity. Each electrical system must be adeqUate 
for the intended use. In addition- 

(1) Electrical pawer souroes, their transmissioncables, andtheir " 
associated cmtrolandprotectivedevices, must beabletofurnish the required 
z at the proper voltage to each lad circuit essential for safe operation; 
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(2) Carrpliance with subparagraph (1) of this paragraph must be shown 
by an electrical load analysis, or by electrical measurements, that account for 
the electrical loads applied to the electrical system in probable canbinations 
and for probable durations. 

(b) Functions. For each electrical system, the following apply: 

(1) Each system,when installed,mustbe- 

(i) Free fran hazards in itself, in its method of operation, and 
in its effects on other parts of the airship; 

(ii) Protected fran fuel, oil, water, other detrimzntal 
sub&axes, andmzhanicalmge;and 

(iii) So designed that the risk of electrical shock to crew, 
passengers, andgroundpersonnelis reducedtoaminimm. 

(2) Electrical pckJer sources must function properly when connected in 
canbination or independently, except that alternators may depend on a battery 
for initial excitation or for stabilization. 

;r"*bh‘. 

(3) No failure or malfunction of any electrical-r source may 
impair the ability of any remaining source to supply load circuits essential for 
safe operation, except that the operation of an alternator that depends on a 
battery for initial excitation or for stabilization may be stepped by failure of 
that battery. 

(4) Eachelectric- source controlmustdllaJthein~~n&ent 
operation of each souroa, except that controls associated with alternators that 
depend on a battery for initial excitation or for stabilization need not break 
the connection between the alternator and its battery. 

(c) Generating system. Tbaremustbe atleastone generator if the 
electrical system supplies wr to load circuits essential for safe operatim. 
In addition- 

per ; 
(1) Each generator must be able to deliver its continuous rated 

_' 

(2) Generator voltage controlequilxrentmustbe able to regulate the 
generator outputwithin rated limits; 

(3) Each generator must have a reverse current cutout designed to 
disconnectthegenerator franthebatteryandfrantbeothergeneratorswhen 
enough reverse current exists to damage that generator; 

(4) There must be a means to give imnadiate warning to the flightcrew 
of a failure of any generator; and 
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(5) Each generatormusthave an overvoltage controldesigned and 
installed to prevent damage to the electrical system, or to eguipnent supplied 
by the electrical system, that could result if that generator were to develop an 
overvoltage condition. 

(d) Instruments. There must be a maans to indicate to appropriate flight 
crewnanbers the electric m system quantities essential for safe operation. 
For direct current systems, an anmeter that can be switched into each generator 
feedermaybe usedandif there is cnlyonegenerator, the mtermaybein the 
battery feeder. 

(e) Fire resistance. Electrical equipment must be so designed and 
installed that in the event of a fire in the engine carpartment, during which 
the surface of the firewall adjacent to the fire is heated to 2000* F for 
5 minutes or to a lesser teqerature substantiated by the applicant, the 
eguipnt essential to continued safe operation and located behind the firewall 
will function satisfactorily and will not create an additional fire hazard. 

(f) External power. If provisions are made for connecting external power 
to the airship, and that external power can be electrically connected to 
eguipnent other than that used for engine starting, neans must be provided to 
ensure that no external pcwer su@y having a reverse polarity, or a 
reverse-phase sequence , can supply power to the airship's electrical system. 

(g) Electrical/electronic.equipmant.and systems.. Each.piece..of 
electrical/electronic equipment or systems installed in the airshipmust be 
shcwn through .electromagnetic interference and electranagnetic caqatibility 
tests to function prwrly and not interfere with any other piece of equipt 
or system aboard the airship. 

6.18 Storage battery design and installation. 

(a) Each storage battery must be designed and installed as prescribed in 
this section. 

(b) Safe cell temperatures and pressures must be maintained during any 
probable charging and discharging condition. No uncontrolled increase in cell 
lxmperature may result when the battery is recharged (after previous complete 
discha.rge)- 

(1) Atmaximmregulatedvoltage or-power: 

(2) During a flight of maximm duration; and 

(3) Under the most adverse cooling condition likely to occur in 
servioe. 

.: I;&... - i i < .-. (c) Canpliance with paragraph (b) of this section must be shckJn by tests 
unless experience with similar batteries and installations has shrxn that 
maintaining safe cell temperatures and pressures presents no problem. .,-.^ 
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(d) No explosive or toxic gases emitted by any battery in normal 
operation, or as the result of any probable malfunction in the charging system 
or battery installation, may accumulate in hazardous quantities within the 
airship. 

(e) No corrosive fluids or gases that may escape fran the battery may 
damage surrounding structures or adjacent essential eguipnent. 

(f) Each nickel cadmim battery installation capable of being used to 
start an engine or auxiliary power unit must have provisions to prevent any 
hazardous effect onstructure or essential systems thatmay be causedbythe 
maxims amount of heat the battery can generate during a short circuit of the 
battery or of its individual cells. 

(g) Nickel cadmium battery installations capable of being used to start an 
engine or auxiliary- unitmusthave- 

(1) A system,to control the charging rate of the battery 
autanatically to prevent battery overheating; 

(2) A battery temperature sensing and over-temperature warning system 
with a means for disconnecting the battery fran its charging source in the event 
of an over-tzmperature condition: or 

(3) A battery failure sensing and warning system with a means for 
disconnecting the battery fran its charging source in the event of battery 
failure. 

6.19 Circuit protective devices. 

(a) Protective devices, such as fuses or circuit breakers, must be 
installed in all electrical circuits other than- 

(1) The main circuits of 

(2) Circuits in which no 

(b) A protective device for a 

starter motors; and 

hazard is presented by their anission. 

circuit essential to flight safety may not 
be used to protect any other circuit. 

(c) -Each resettable circuit protective device ("trip free" device in which 
the tripping mechanism cannot be overridden by the operating control) must be 
designed so that- 

and 
(1) A manWWvration is required to restore service after tripping; 

(2) If an overload or circuit fault exists, the devioa will cpen the 
circuit regardless of the position of the operating control. 

L 
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(d) If the ability to reset a circuit breaker or replace a fuse is 
. es.sential to safety in flight, that circuit breaker or fuse must be so located 

and identified that it can be readily reset or replaced in flight. 

(e) If fuses are used, there must be one spare of each rating, or 50 
percent spare fuses of each rating, whichever is greater. 

6.20 Master switch arrangement. 

(a) There must be a master switch arrangement to allow ready disconnection 
of electric pufzzr sources fran the main bus. The point of disconnection must be 
adjacent to the sources controlled by the switch. 

(b) Load circuits may be connected so that they remain energized after the 
switch is opened, if they are protected by circuit protective devices, rated at 
five zunperes or less, adjacent to the electric paver source. These circuits 
must be isolated, or physically shielded, to prevent their igniting flamnable 
fluids or vapors that might be liberated by the leakage or rupture of flammable 
fluid systems. 

(c) The master switch or its controls must be so installed that the switch 
is easily discernible and accessible to a crem in flight. 

6.21 Electric cables and equiprwt. 

(a) Each electric connecting cable must be of adequate capacity. 

(b1 Eachcable andassociatedequi~ntthatwouldoverheatin the event 
of circuit overload or fault must be at least flane resistant and may not emit 
dangerous quantities of toxic f-s. 

6.22 Switches. 

Each switch must be- 

(a) Able to carry it rated current; 

(b) Constructed with enough distance or insulating material batween 
current carrying parts and the hbusing so that vibration in flight will not 
cause shorting; 

(c) Accessible to appropriate flight crewmenbars; and 

(d) Labeled as to operation and the circuit controlled. 

Liqhts 

6.23 Instnment lights. 

The instnrment lights must- 
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, 6.24 Iandinq lights. 

(a) Make each instrunznt and control easily readable and discernible; 

(b) Be installed so that their direct rays, and any reflections caused 
directly or indirectly fran it are shielded fran the pilot's eyes; and 

(c) Have enough distance or insulating material between current-carrying 
parts and the housing so that vibration in flight will not cause shorting. 

A cabin dome light is not an instrument light. 

(a) Each installed landing light must be acceptable. 

(b) Each landing light must be installed so that-- 

(1) No dangerous glare is visible to the pilot; 

(2) The pilot is not seriously affected by halation; and 

(3) It provides enough light for night landing. 

6.25 Position liqht system installation. 

(a) General. Each part of each position light system must maet the 
applicable requirements of this section and each system as a whole must mset the 
requirements of §§ 6.26 through 6.31. 

(b) Row position liqht. The baw position light must be a white light 
mounted as for forward as possible on the envelope and must be approved. 

(c) Forward position lights. Forward position lights must consist of a 
red and green light spaced laterally as far apart as practicable and installed 
forward on the airship so that, with the airship in the normal flying position, 
the red light is on the left side and the green light is on the right side. 
Each lightmustbe approved. 

(d) Pear position light. The rear position light must be a white light 
mxnted as far aft as practicable on the tail and must be approved. 

(e) Circuit. Tha bcw position light, the two fowd position lights, and 
the rear position light must make a single circuit. 

(f) Light covers and color filters. Each light cover or color filter must 
be at least flame resistantandmay not change color or shape or lose any 
appreciable light transmission during.normal use. 

6.26 Position liqht system dihedral anqles. 

. (a) Except as providled in paragraph (f) of this section, Bach by, 
forward, and rear position light must, as installed, shaJ unbroken light within 
the dihedral angles described in this section. 

(b) Dihedral angle F (forward) is formal by two intersecting vertical 
planes making angles of 110' to the right and to the left, respectively, to a 

97 



vertical plane passing through the longitudinal axis, as viewed when looking 
forward along the longitudinal axis. 

(c) Dihedral angle L (left) is formed by two intersecting vertical planes, 
t& first parallel to the longitudinal axis of the airship, and the other at 
110" to the left of the first, as viewed when looking forward along the 
longit\;ldinal axis. 

(d) Dihedral angle R (right) is formed by two intersecting vertical 
planes, the first parallel to the longitudinal axis of the airship, and the 
other 110" to the right of the first, as vi& when looking forward along the 
longitudinal axis. 

(e) Dihedral angle A (aft) is formed by two intersecting vertical planes 
making angles of 70' to the right and to the left, respectively, to a vertical 
plane passing through the longittiinal axis , as viewed when looking aft along 
the longittiinal axis. 

(f) If the rear position light, when mounted as far aft as practicable in 
accordance with S 6.25 (d), cannot show unbroken light within dihedral angle A 
(as defined in paragraph (e) of this section), a solid angle or angles of 
obstructed visibility totaling not more than 0.04 steradians is allowable within 
that dihedral angle, if such solid angle is within a cone whose apex is at the 
rear position light and whose elements make an angle of 30' with a vertical line 
passing through the rear position light. 

6.27 Position liqht distritition and intensities 

(a) General. Ths intensities prescribed in this section must be provided 
by new equipment with each light cover and color filter in placa. Intensities 
mustbe'determined with the light source operating at a steady value equal to 
the average luminous output of the source at the normal operating voltage of the 
airship; The light distribution and-intensity of.each position..light must-met 
the requirements of paragraph (b) of this section. 

(b) Baw, forward and rear position lights. Ths light distribution and 
intensities of bckJ, forward, and rear position lights must be expressed in terms 
of minimun intensities in the horizakal plane, minimun intensities in any 
vertical plane, and maximum intensities in ovltrlapping beams, within dihedral 
angles F, L, R, and A, and must meet the follcwing requirements: 

'(1) Intensities in the horizontal plane. Each intznsity in the 
horizontal plane (a plane containing the longitudinal axis of the airship and 
perpendicular to the plane of syxm&ry of the airship) aust equal or excseed the 
values in § 6.28. 

(2) Intensities in any vertical plane. Each intensity in any 
vertical plane (aplane perpendiculartotk horizontal plane) mustequalor 
exQed the appropriate value in S 6.29, where I is the minimun intensity 
prescribed in S 6.28 for the corresponding angles in the horizontal plane. 

(3) Intensities in overlaps he- adjackt signals. No intensity in 
any overlap between adjacent signals may exceed the values in § 6.30, except 
that higher intensities in overlaps may be used with main beam intensities 
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substantially greater than the minimun specified in 5 6.28 and S 6.29, if the 
overlap intensities in relation to the main beam intensities do not adversely 
affect signal clarity. When the peak intensity of the forward position lights 
is,more than 100 candles, the maximw overlap intensities be-n them may 
exd the values in § 6.30 if the overlap intensity in Area A is not more khan 
10 percent of peak position light intensity and the overlap intensity in Area B 
is not more than 2.5 peroant of peak position light intensity. 

(c) Row or rear position light installation. A single-position light-may 
be installed in a position displaced laterally fran the plane of symnetry of an 
airship if- 

(1) The axis of the maximun cone of illunination is parallel to the 
flight path in level flight; and 

(2) There is no obstruction aft of the light and between planes 70' 
to the right and left of the axis of maximun illunination. 

6.28 Mininarm intensities in the horizontal plane of bow, forward, and rear 
position lights. 

Each position light intensity must equal or exceed the applicable v&-es in 
the following table: 

Angle fran right 
or left of long- 

Dihedral angle itudinal axis, 
(light included) 

Intensity 
measured fran (candles) 
deadahead 

F (forward white) o" to llo" 20 
LandR (for- o" to 10" 40 

wrdredand loo to 2o" 30 
green) 2o" to Iloo 5 

A (rear white) 110' to 180' 20 

6.29 Minimzn intensities in any vertical plane of bow, forward, and rear 
position liqhts. 

Each position light intensity must equal or exceed the applicable values in 
the follming table: 

Angle above or below the horizontal plane Intensity 
0 

ii0 to 5O 
............................ ..T ....... 1.00 I 

................................. 0.90 I 
5O to loo ................................ 0.80 I 
10" to 15O ............................... 0.70 I 
15O to 2o" ................................ 0.50 I 
2o" to 3o" ............................... 0.30 I 
3o" to 4o" ............................... 0.10 I 
4o"to.900 ................................ 0.05 I 

99 



6.30 Maxinnrm intensities in overlapping beams of forward and rear position 
lights. 

No position light intensity IMY exoaed the applicable values in the folkwing 
table, exoapt as provided in § 6.27(b)(3). 

Green in dihedral angle L . . 
Red in dihedral angle R . . . . 
Green in dihedral angle A . . 
Red in dihedral angle A . . . . 
Rear white in dihedral 

angle L . . . . . . . . . . . . . . . . . . 
Rear white in dihedral 

angle R . . . . . . . . . . . . . . . . . . 

10 
10 

5 
5 

5 

I 5 

1 

1 

.- 

Where- 

(a) Area A incl&es all directions in the adjacent dihedral angle that 
pass through the light source and intersect the cannon boundary plan at more 
than 10' but less than 20'; and 

(b) Area B incl&es all directions in the adjacent dihedral angle that 
pass through the light source and intersect the cannon boundary plane at more 
than 2o". 

6.31 Color specifications. 

Each position light color must have the applicable International Cmnission 
o: Illumination chranaticity coordinates as follms: 

(a) Aviation red - 
"y" is not greater than 0.335; and 
"2 is not greater than 0.002. 

(b) Aviation green - 
"x1' is not greater than 0.440-0.320~: 
"x" is not greater than y-0.170; and 
"y" is not less than 0.390-0.170x. 

(c) Aviation white - 
"x1 is not less than 0.300 and not greater than 0.540; 
nyrl is not less than "x-0.040" or nyo-O.O1O', whichever is tbz 

smaller;and 
"y" is not greater than "x+0.020" nor "0.636-0.400x"; 
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Where "yo" is the "y" coordinate of the Planckian radiator for the value of 
"5" considered. 

6.32 Anticollision liqht system. 

(a) General. If certification for night operation is requested, the 
airship must have an anticollision light system that- 

(1) Consists of one or more approved anticollision lights located so 
that their light will not impair the flight crewasmbers' vision or detract fron 
the conspicuity of the position lights; and 

(2) Mets the requirements of paragraphs (b) through (f) of this 
section. 

(b) Field of coverage The system must consist of enough lights 
illuminate the vital areas iround the airship, considering the physical 

to 

configuration and flight characteristics of the airship. Ths field of coverage 
must extend in each direction within at least 75O above and 75' Bela the 
horizontal plane of the airship, exoapt that there may be solid angles of 
obstructed visibility totaling not more than 0.5 steradians. 

(c) Flashing characteristics. The arrangement of the system, that is, the 
nunber of light sources, beamwidth, speedofrotation, andother 
characteristics, must give an effective flash frequency of not less than 40, nor 
more than 100, cycles per minute. The effective flash frequency is the 
frequency at which the airship's canplete anticollision light system is observed 
fram a distance, and applies to each sector of light including any overlaps that 
exist when the system consists of more than one light source. In overlaps, 
flash frequencies may exceed 100, tilt not 180, cycles per minute. 

(d) Color. Each anticollision light must be either aviation red or 
aviation white and must mt the applicable requirements of § 6.31. 

(e) Light intensity. The minimun light intensities in any vertical plane, 
measured with the red filter. (if used) and expressed in terms of "effective" 
intensities, must meet the requirements of paragraph (f) of this section. The 
follwing relation must be assumad: 

J: 

t2 
I(t)dt 

IE= t 
: 

0.2+Q-tl) 

Where : 

IE = effective intensity kandles). 
I(t) = instantaneous intensity as a function of tima. 

t2-t1 = flashtimainterval (seconds). 
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Normally, the maximun value of effective intensity is obtained when t2 and ,_. 
tl are chosen so that the effectiw intensity is equal to the instantaneous 
intensity at t2 and tl. 

(f) Minimum effective intensities for anticollision liqhts. Each 
anticollision light effective intensity must equal or exceed the apl?licable 
values in the following table. 

?qle above or helm the 
I 

Effectiw intensity 
horizontal plane: (candles 1 

I 
ooto so 400 
so to 100 240 

loo to 200 80 
40 
20 

Safety Fquiprrent 

6.33 General. 

(a) Required safety equipwIt to be used by the flight crew in an 
emergency, such as autanatic liferaft releases, must be readily accessible. 

(b) S-age provisions for required safety equipment muk be furnished and 
must- ."-_ 

(11 Be arranged so that the equipment is directly accessible and its 
location obvious; and 

(2) Protect the safety equipment fran damage caused by king 
subjected to the inertia loads specified in 53.26. 

6.34 Safety belts. 

(a) Ths rated strength of safety belts may not be less than that 
corresponding with the ultimate load factors specified in S 3.26 considering the 
dimensional characteristics of $he belt installation for the specific seat or 
berth arrangmnt. 

(b) For safety belts for berths parallel to the longittiinal axis of the 
airship, the forward load factor specified in S 3.26 need not be applied. 

(c) Each safety belt must be quipped with-a metal to metal latching 
*vice. 

6.35 Electrostatic dis&arqe equiwt. 

A mzans must be provided.for -electrostatic-dischaq-.duringlanding and ground 
handling and while the airship is on the ground. 
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P-Y 6.36 Ditching equirerant. 

If certification with ditching provisions is requested, the airship must meet 
the requirements of this section. 

(a) &argency flotation and signaling equipment required by the rules 
under.which the airship is operated must be installed so that it is readily 
available to the crew and passengers. 

(b) Each raft and each life preserver must be approved. 

(c) Each raft released fran the airship must be attached to the airship by 
a line to keep it near the airship. This line must be designed to break before 
submerging the empty raft to which it is attached. 

(d) Each signding device required by any cperating rule must be 
accessible, function satisfactorily, and must be free of any hazard in its 
operation. 

6.37 Ice protection equipment. 

If certification with ice protection provisions is desired, cunpliance with the 
following requirements must be shckJn: 

(a) The recannanded procedures for the use of the ioe protection equipnrent 
must be set forth in the Airship Flight Manual. 

(b) An analysis must be performed to establish, on the basis of the 
airship's operational needs, the adequacy of the ice protection system for ths 
various canponents of the airship. In addition, tests of the ios protection 
system must be conducted to dmstrate that the airship is capable of operating 
safely in continuous maximun and intermittent maximun icing conditions as 
described in mndix C of Part 25 of the FAR. 

(cl Caqliance with all or portions of this section may be accanplished by 
referen=, where applicable because of similarity of the designs, to analysis 
and tests performed for the type certification of a type-certificated airship. 

(d) If night -ration is.desired and when monitoring of external portions 
of the airship by the flight crew is required for proper operation of the ice 
protection equipment, external lighting must be provided which is adequate 
to enable the monitoring to be done at night. 

Miscellaneous Equimt 

il 6.38 Hydraulic systems. 

(a) Design. Each hydraulic system must be designed as follows: 
. (1) Each hydraulic systemandits elementsmustwithstand, without 

yielding, the structural loads expected in addition to hydraulic loads. 
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(2) A maans to indicati the pressure in each hydraulic system which 
supplies two or more primary factions must be provided to the flight crew. .- 

(3) Tbare must be means to ensure that the pressure, including 
transient (surge) pressure, in any part of the system will not exceed the safe 
limit above design operating pressure and to prevent exoassiw pressure 
resulting fran fluid volunetric changes in all lines which are likely to remain 
closed long enough for such changes to occur. 

(4) Tbs minimun design burst pressure must be 2.5 times the operating 
pressure. 

(b) Tests. Each system must be substantiated by proof pressure tests. 
When proof tested, no part of any system may fail, malfunction, or experience a 
permanent set. The proof loadof each systemmustbe atleastl.Stimes the 
maximun -rating pressure of that system. 

(c) Accumulators. No hydraulic accumulator or pressurized reservoir may 
be installed on the engine side of any firewall, unless it is an integral part 
of an engine or propeller. 

6.39 Accessories for multiengine airships. 

Far multiengine airships, engine-drizn accessories essential to safe 
operation must be distributed among two or more engines so that the failure of 
any one engine will not impair safe operation through the malfunctioning of 
these accessor.ies. 

6.40 Pressurization and pneumatic systems. 

Tba following requirements apply to all pressurization and pneumatic systems in 
the airship except those systans dedicatedto the pressurization-of the.-envelope 
and ballonets. 

(a) Pressurization system elements must be burst pressure tested to 2.0 
times; andproofpressure-kstedtol.Stimes, themaxkm 
pressure. 

normal operating 

(b) Pneumatic system elemants must be burst pressure tested to 3.0 timas, 
andproofpressure testedtol;S times, themaximunnormal operating pressure. 

(c) An analysis, or a canbination of analysis and test may be substituted 
for any test required by paragraph (a) or (b) of this section if the 
A&inistrator finds it equivalent to the required test. 

6.41 EQuirznant containing high enerqv rotors. 

(a) Esuipanent containing high energy rotors must meet paragraph (b), (cl, 
or (d) of this section. 
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(b) High energy rotors contained in equipllent must be able to withstand 
damage caused by malfunctions, vibration, abnormal speeds, and abnormal : 
temperatures. In addition- 

(1) Auxiliary rotor cases must be able to contain damage caused by 
the failure of high energy rotor blades; and 

(2) Equiprent control devices, systems, and instmntation must 
reasonably ensure that no operating limitations affecting the integrity of high 
energy rotors will be exceeded in service. 

(c) It must be shckJn by test that equipnt containing high energy rotors 
can contain any failure of a high energy rotor that cccurs at the highest sped 
obtainable with the normal speed control tltvioss inoperative. 

(d) Equiprrrent containing high energy rotors must be located where rotor 
failure will neither endanger the occupants nor adversely affect continued safe 
flight. 
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SUEFARTVII -OPRWTINGLIMITATIONSANDINFQzMATIoN 

7.1 General. 

i 

(a) Each operating limitation specified in s§ 7.2 through 7.11 and other 
limitations and information necessary for safe eration must be established. 

(b) The operating limitations and other information necessary for safe 
-ration must be ma& available to the cr- 
through 7.29. 

s as prescribed in §§ 7.13 

7.2 Airspeed limitations. 

that 
(a) Tk maximun operating limit speed, ho, mu& be established as a speed 
may not be deliberately exceeded in any regime of flight (climb, cruise, or .- -- _._._ - - . _ 

@eratins Limitations 

&?scentl. NO must be established so that it iS not greater than VH. 

(b) The maximun landing gear operating speed, VL, may not exceed the speed 
determined under § 4.25 cp: by flight characteristics. 

7.3 Weight and center of qravity. 

,‘-+--. 
Tbz weight and oenter of gravity limitations determinedunder S2.2 must be 
established as -rating limitations. This includes the maximum takeoff weight, 
maximum landing weight, maximun car weight, and xnaximun permissible static 
heaviness and static lightness. 

7.4 mrplant limitations. 

(a) General. Tk powerplant limitations prescribed in this section must 
be established so that they do not exceed the corresponding limits for which the 
engines or propellers are either approved or type oertificated. 

(b) Takeoff operation.' The pcwerplant takeoff operation must be limited 
by- 

(1) Tbz maximun rotational speed (r.p.m.1; 

(2) The maximun allclwable manifold pressure (for reciprocating, 
altitude engines); 

(3) Tbs maximun allowable gas temperature (for turbine engines); 
3 

. 

(4) Thatimelimitfortheuse of the pc~er orthrustcorresponding 
to the limitations established in subparagraphs (1) through (3) of this 
paragraph: and 
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: 
(5) If the time limit in st&aragrapl (4) of this parwra* exceeds 

2 minm, themzXimun allowablecylitlder head (asapplicable), oil, and liquid 
aoolznttemperatures. 

(c) Qntinuous operation. me continlpus operation m-t be limited by- 

I (1) !ihe maximun rational-speed; 

(2) The maximun allovable 
altitlde engines); 

(3) 

(4) 
liquid slant 

(d) p-1 grade or desiqnation. 

Zhe maximunallow3ble 

%kemaximunallov&le 
temperatures. 

manifold pressure (for reciprocating, 

g.as temperature (for turbine engines); and 

cylinder kid (as applicable), oil@ and 

'Ihe min*un fLlelgra3e (for reciprocating _ . elqines) or fuel deslgnatlon (for turbine engines) must be establishsj SD that 
it is not less than that required for the operation of the engines within the 
limitations of paragram (b) znd (c) of this section. 

(e) Ambient temperature. Ebr turbine engines, ambient temperature 
limitations (inclrr3M limitations for winterization installations if 
amlicicable) rmstbeekablished asthe maximum ambient atmospheric Wnprature 
attichcanpliance with the cooling provisions is show. 

7.5 Auxiliary power unit limitations. 

Ifan auxiliarypouzr rnitisinskalled in theairship,thelimitations 
establish& for that auxiliary power rnit.must.be~specifi&.,as .o,peratirg. 
limitations for the airship. !Ihese operating limitations mu& incltie, at 
least,the following: 

(a) bhximun sped for the gas producer ofturbine e-&es. 

(b) t%ximun tempratures for overtempprotection for turbine engines. 

(C) I%ximun speed for reciFocating engines. 

(d) Maximun cylinder fiead temperature for air-cml& reciprocating 
wines. 

7.6 Minimun flight crew. 

Qhe minimum flight crew mud be established 90 that it is sufficient for safe 
operation considering- 

(a) !!he wxU& on individual. crewm6nbers; 

(b) The accessibilityand -se of operation of necessary controls by the 
appropriate crew members; and 
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(c) The kinds of operation authorized under § 7.8. 
. . . 7.7 : vsenaer-seating cowation . 

The maximum passenger-seating configuration must be established. 

The kinds of operation to which the airship is limited are 
established by the category in which it is eligible for 

, certification and by the installed equipment. 

7.9 Wum rates of ascent and descent. 

The maximum rates of ascent and descent determined under 5 2.8(b) 
must be established. 

. 7.10 &gine vector- . 

The maximum engine vectoring angles, both up and down, to which 
operation is allowed, 
powerplant, 

as limited by flight, structural, 
and functional requirements, must be established. 

7.11 mvelone and bmonet pressures . 

Operating pressure limitations for the envelope and ballonets, as 
limited by flight, structural, and functional, must be 
established, and must include the following: 

(a) Maximum and minimum operating pressure in the 
envelope. 

(b) Maximum operating pressure in the ballonets. 
. * . . 7.12 I,nstructionfi for continued airwortw . 

The applicant must prepare Instructions for Continued 
Airworthiness in accordance with Appendix G to Part 23 of the 
FAR, as appropriate, that are,acceptable to the Administrator. 
The instructions may be incomplete at type certification if a 
program exists to ensure their completion prior to delivery of 
the first airship or issuance of a standard certificate of 
airworthiness whichever occurs later. 

.- 

4  

. 

P-- 

and Plac& 

7.13 General. 

(a) The airship must contain-- 

(1) The specified markings and placards: and 
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(2) Any additional information, instrument markings, 
and placards required for the safe operation of the airship. 

(b) Each marking and placard prescribed in paragraph (a) 
of this section- 

(1) Must be displayed in a conspicuous place; and 

(2) May not be easily erased, disfigured, or 
obscured. 

. . 7.14 mtrument maz%Ugs. aeneral . 

For each instrument- 

(a) When markings are on the cover glass of the 
instrument, there must be means to maintain the correct alignment 
of the glass cover with the face of the dial: 

(b) Each arc and line must be wide enough and located to 
be clearly visible to the pilot: and 

* (c) When digital instruments are used, an analog trend 
indication must be provided unless, it is determined that the 
trend indicator advantages of an analog indicator are not needed. 
The limiting values must be marked on the analog indicator, if an 
analog indicator is needed. 

. * 7.15 .&.j,rsneed indicator . 

There must be a radial red line marking for VMC made at the 
lowest value of VMo established for any altitude up to the 
maximum operating altitude for the airship. 

. . . . . 7.16 Maaneticdlrectlon_,a&lcatQX . 

(a) A placard meeting the requirements of this section 
must be installed on or near the magnetic direction indicator: 

(b) Theplacard must show the calibration of the 
instruments in level flight with the engines operating: 

(c) The placard must state whether the calibration was 
made with radio receivers on or off: 

(d) Each calibration reading must be in terms of magnetic 
heading in not more than 30" increments. 

(e) If a magnetic nonstabilized direction indicator can 
have a deviation of more than 10 degrees caused by the operation 
of electrical equipment, the placard must state which electrical 
loads, or combination of loads, would cause a deviation of more 
than 10 degrees when turned on. 

*  
.  . .A .  
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7.17 Powerplant and auxiliary pcwer unit instruments. 

For each required pcrwerplant and auxiliary w unit instrument, as appr&iate 
to the type of instrun-tant- 

(a) Each maximun and, if applicable, minimun safe cperating limit must be 
marked with a red radial or a red line; 

(b) Each normal operating range must be marked with a green arc or green 
line, not extending beyond the maximum and minimun safe limits; 

(c) Each takeoff and precautionary range must be marked with a yellow arc 
or a yellow line; and 

(d) Each engine, auxiliary pckJer unit, or propeller speed range that is 
restricted because of excessive vibration stresses must be marked with red arcs 
or red lines. 

7.18 Oil quantity indicator. 

Each oil quantity indicator must be marked in sufficient increments to indicati 
readily and accurately the quantity of oil. 

7.19 Fuel quantity indicator. 

- Iftheunusable fuel supply for anytankexQedslgallon, or 5 percent of the 
tank capacity,whichever~is great&, a red 
extending from the calibrated zero reading 
level flight. 

7.20 Control markinqs. 

(a) Each cockpit control, other than 
whose function is obvious, must be plainly 
of operation. 

arc must-be marked on-its indicator 
to the lclwest reading obtainable in 

primary flight controls and controls 
marked as to its function and method 

(b) Each secondary control must be suitably marked. 

(cl For paJlerplantfuelco&rols- 

(1) Each fuel tank selector control must be marked to indicate the 
position corresponding to each tank and to each existing cross feed position; 

(2) If safe operation requires the uss of any tanks in a specific 
sequence, thatsequencemustbemarkedon ornearthe selector for those tanks; 

, 

(31 The conditions under which the full amount of usable fuel in any 
restricted usage fuel tank can safely be used must be stated on a placard 
adjacent to the selector valve for that tank; and 

1 

p--Y 
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(4)“'Each valve control 'for iply erqine 
~beiarkd tn indicate the positioncorrespotiing 

(d) Usable fuel cwitymust bemark& as follow;: 

ofa multiengine airshipmlst 
tn eachenginecontrolled. 

(1) Wr fuel systemshaving ro aelectir controls,the usable fllel 
capecity of the systemmrstbe indicated &the fu21 quantity indicator. 

(2) Fbr fu21 systemshaving selector controls,the usable fuzl 
capwityavailableatezh selectorcontrcil ipsitionmusthe itiicated near the 
selector control. 

(e) Ebr azcessoryF auxiliary,& aaerg~ycontrols- 

(1) If retraztablelzndinggear is used,the indicator required by 
S 4.25(e) mustbemarkd 93 thatthz pilotcan,atmytime,ascertain that& 
*eelsare secured in the extrene positions;and 

(2) Eachemergencycontrolm=tbe red andmustbemarked asto method 
of operation. 

7.21 Miscellaneous markings and placards. 

(a) Baggage and cargo ccqartxwts, and ballast location. &ch bqgqe 
&cargo canpartment,aM eachballastlocation, must haveaplazatd statiq 
anylAmitationsoncontents, incltiing wzight,thatare necessary under the 
lo&q requirement. : 

(b) Seats. If the maxinun dllotile.weight to&-carried in a seat is 
lessthanmpour&,a placard statiq thelesser wight mustbe permanently 
attached Ia the seatstruztufe. 

(c) Fuel and oil filler openings. lIhe following apply: 
. 

(1) %el filler openings mist be marked at or near the filler cover 
iGiL!- 

(i) 'Ihe knrd "fuzla 

Sra3e; 
(ii) Ebl'reciprocating engine-powzred airships,theminimun.fuel 

(iii) Brturbine engine-p-red airships,the permissible fuzl 
designations; and 

(iv) EW pressure fueling systems,the maximum permissible fuzling 
supplypressure and&e maximun permissible defueling pressure. 
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(2) Oil filter 
filler cover with the word 

openings must be marked at or near the 
"oil . . ," the oil capacity, and the - ._ approved grade and specification of oil. 

. (d) mrgencv exit ulacara Each placard and operating 
control for each emergency exit mu& be red. A placard must be 
near each emergency exit control and must clearly indicate the 
location of that exit and its method of operation. 

(e) The system voltage of each direct current installation 
must be clearly marked adjacent to its external power connection. 

(f) anusable. If the unusable fuel supply in any 
tank exceeds 5 percent of the tank capacity, or 1 gallon, 
whichever is greater, a placard must be installed next to the 
fuel quantity indicator for that tank, stating that the fuel 
remaining when the quantity indicator reads "zerol' in level 
flight cannot be used safely in flight. 

. . . . 7.22 ~at~tations ulacard . 

There must be a placard in clear view of the pilot that specifies 
the kind of operations (such as VFR, IFR, day, or night) and 
meteorological conditions (such as icing conditions) to which the 
operation of the airship is limited, or from which it is 
prohibited, by the equipment installed. 

. 7.23 Safetv . 

(a) Safety equipment must be plainly marked as to method 
of operation. 

(b) Stowage provisions for required safety equipment must 
be marked for the benefit of the occupants. 

7.24 A&speed nlacard . 

There must be an airspeed placard in clear view of the pilot and 
as close as practicable to the airspeed indicator. This placard 
must list the maximum landing gear operating speed VI,. 

7.25 Qeneral. 

* (a) Furni&ina information An Airship Flight Manual and L an Airship Ground Handling Manual; for ground handling 
procedures, must be furnished with each airship, and they must * 
contain the following: 

. 
(1) Information required by §§ 7.26 through 7.29. 

e--Y 
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(2) Other information that is necessary for safe 
operation because of design, operating, or handling 
characteristics. 

. . 
W -lnformatlon . 

(1) Except as provided in subparagraph (b)(2) of this 
section, each part of the Airship Flight Manual containing 
information prescribed in I§ 7.26 through 7.29 must be approved, 
segregated, identified, and clearly distinguished from each 
unapproved part of that manual. 

(2) The requirements of subparagraph (b)(l) of this 
section do not apply if the following is met: 

(i) Each part of the Airship Flight Manual 
containing information prescribed in 5 7.26 must be limited to 
such information, and must be approved, identified, and clearly 
distinguished from each other part of the Airship Flight Manual. 

(ii) The information prescribed in 65 7.27 
through 7.29 must be determined in accordance with the applicable 
requirements of this criteria and presented in its entirety in a 
manner acceptable to the Administrator. 

(3) Each page of the Airship Flight Manual containing 
information prescribed in this section must be of a type that is _A. 
not easily erased, disfigured, or misplaced, and is capable of 
being inserted in a manual provided by the applicant, or in a 
folder, or in any other permanent binder. 

(c) Each Airship Flight Manual must include a table of 
contents if the complexity of the manual indicates a need for it. 

. . . . 
7.26 Operating L.UUtatUZX . 

. . . 
(a) Stati- . The following information must . 

be furnished: 

(1) The maximum'operating limit speed, VMO, and a 
statement that this speed limit may not be deliberately exceeded 
in any regime of flight (climb, cruise, or descent) unless a 
higher speed is authorized for flight test or pilot training. 

(2) The landing gear operating speed. 
. . 

(b) Power- . The following information 
must be furnished: 

(1) Limitations required by 5 7.4. 

(2) Explanation of the limitations, when appropriate. 

(3) Information necessary for marking the instruments 
required by §$ 7.17 through 7.19. 
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(cl Weiaht. The Airship Flight Manual must include the 
following weight limitations: 

: (1) Maximum weight (takeoff). 

(2) Maximum landing weight. 

lightness. 
(3) Maximum permissible static heaviness and static 

(4) Maximum car weight. 

(5) Maximum baggage compartment weights. 
. 

W Center of crravlty . 
limits must be furnished. 

The established center of gravity 

W Fliaht crew The minimum crew required must be stated 
and if more than one ii required for safety. the number and 
functions of the minimum fiight crew must be furnished. 

(f) 
VFR, IFR, 
which the 
Installed 

. of 0Deratlon The kinds of operation (such as 
day, or night) and the meteorological conditions under 
airship may or may not be used, must be furnished. 
equipment that affects any operating limitation must be - .m s.-. - listed and identified as to its operational function. 

. . . (9) Maximum w=enaer seatlna coWatlm 
passenger seating configuration must be furnished.' 

The maximum 

(h) E-pressure. The minimum and maximum envelope 
and ballonet pressures must be furnished. 

(i) Q . The maximum 
rates of ascent and descent must be furnished. 

W Maneuvers. 
must be furnished. 

The maximum pitch 

(k) Placards. Any placards which 
through 7.24 must be reproduced together 

are required by fi§ 7.13 
with a written 

description of the appropriate locations of each on the airship. 
. 7.27 Qperatw DrocedureR . 

(a) For each airship, information 
emergency procedures and other pertinent 

concerning normal and 
information necessary 

angles for the airship 

for safe operation must be furnished, including- - 

(1) The recommended climb speed and any variation 
with altitude: 

(2) The recommended takeoff and climb profiles 
including use of auxiliary thrust, lift, and trim controls, and 
power management for normal takeoff and climb as well as for 
short field operations, if different: 
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(3) The recommended approach and landing speeds and 
profiles including use of auxiliary thrust, lift and trim 
controls and power management for normal approach and landing as 
well as for short field operations, if different; 

(4) The recommended balked landing climb airspeeds 
and procedures for transitioning from approach and landing to the 
balked landing climb: 

(5) The recommended procedures for transitioning from 
powered flight to free balloon mode and associated descent and 
landing procedures in the free balloon mode; 

(6) Operational procedures for maintaining envelope 
pressures based on the requirements of § 2.20; 

(7) Instructions covering the use of control system 
locks, when used; 

(8) Flammable fluid fire protection instructions and 
procedures based on the requirements of I 4.40; 

(9) The recommended procedures for starting and 
stopping engines as required by Q 5.2(d) and (e); 

(10) 
the procedures 
6.36); 

(11) 
ice protection 

(12) 

Ditching instructions and procedures (including 
based on the requirements of 53 4.36(b), 6.33, and 

Instructions and procedures covering the use of 
equipment required .by Q 6.37: and 

Instructions and procedures covering the use of . . 
fuel jettisoning equipment, including any operating precautions 
relevant to the use of the system. 

* (13) The recommended ground handling, mast handling, 
and mooring procedures required by 9 2.21. These procedures will 

reflect the design capabilities of the airship as required by 
I 3.25. * : 

(14) Operational procedures covering ballast disposal 
based on the requirements of P 4.49. 

(15) Operational procedures covering fuel jettisoning 
based on the requirements of 5 5.30. 

* (16) Operational procedures covering the emergency 
evacuation based on the requirements of 5 4.43(g). * 

(b) For multiengine airships, the following information and 
procedures must also be included: 

. 

Change 1 
7/24/92 116 



(1) Normal and emergency procedures for single engine 
operations and all engine out operations. 

(2) Procedures for obtaining the best performance with 
one engine inoperative including the effects of various 
configurations of the airship, prop and auxiliary thrust and lift 
controls. 
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(3) Procedures for takeoff determined in accordance with § 2.7. 

J 

-.. 

(4) Information identifying each cperating condition in which the 
fuel system independence prescribed in § 5.9 is necessary for safety must be 
furnished, together with instructions for placing the fuel system in a 
configuration used to show mliance with that section. 

(c) For each airship showing carpliance with S 6,18(g), the operating 
procedures for disconnecting the battery fran its charging source must be 
furnished. 

(d) If the unusable fuel supply in any tank exoeeds 5 percent of the tank 
capacity, or 1 gallon, whichever is greater, information must be furnished which 
indicates that when the fuel quantity indicator reads "zero" in level flight, 
any f-1 remaining in the fuel tank cannot be used safely in flight. 

(e) Information on the total quantity of usable fuel for each fuel tank 
must be furnished. 

7.28 Performance information. 

(a) For each airship, the following information must be furnished: 

(1) Any loss of altitude more than 100 feet, or any pitch angle more 
than 30 degrees, occurring during the recovery prescribed in 5 2.12. 

(2) The conditions under which the full aunt of usable fuel in each 
tank can safely bs used. 

(3) The takeoff distance determined under § 2.7, the airspeed at the 
50-foot height, the airship configuratim (if pertinent), the kind of surface in 
the tests, and 
of flight path 

the pertinent info&&ion with respect toVcowl flap position, use 
control devious, and use of the landing gear retraction system. 

(4) 
configuration 

(5) 

The landing distance determined under S 2.10, the airship 
(if pertinent), and the kind of surfaos used in the tests. 

The steady rats or gradient of climb determined under §§ 2.8 and 
2.12, the airspeed, pcwer, and the airship configuration. 

(6) Ths calculated approximate effect on takeoff distance 
(paragraph (a)(3) of this section), landing distanos (paragraph (a)(4) of this 
section), and steady rates of climb (paragraph (a)(5) of this section), of 
variations in- 

(i) Altitude fran sea level to W&nun design takeoff altitude; 

(ii) Temperature at these altittis fran 60 degrees F belaw 
standardto40dsgreesF~vestandard; 
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(iii) Relative hunidity at these altitudes fran 20 percent to 
100 paroant: and / 

-_ 
(iv) Lifting gas purity. 

(7) For reciprocating engine-powered airships, the maximums 
aixospheric temperature at which canpliance with the cooling provisions of 
§§ 5.39 through 5.41 is shown. 

(b) For multiengine airships, the following information must be furnished: 

(1) The best rate of climb speed with one engine inoparative. _, 
(2) The speed usedin showing ca@iance with the cooling and climb 

requirements of S 5.4l(e)(2)(iv), if this speed is greater than the best rate of 
climb speed with one-engine inoperative. 

(3) Tk steady rate or gradient of climb determined under 5 2.9 and 
the airspeed, power, and airship configuration. 

(4) The calculated approximate effect on the climb performance 
determined under 5 2.9 of variations in- 

(i) Altitude frcsn sea level to maximun &sign altitude; 

(ii) Temperature at these altitudes fran 60 degrees F balm 
standard to 49 degreesFabovestandard;- 

(iii) Relative humidity at these akitties fran 20 percent to 
100 percent; and 

(iv) Lifting gas purity. 

7.29 Loadinq information. 

T;ns following loading information must be furnished: 

(a) Ths weight and location of each item of equipllent incltied in the 
empty waight as determined under S 2.4. 

(b) AFprcpriate loading instructions for each possible loading condition 
lTe.eenthe maximum and minimum waights determined under S 2.3 that can result 
in a center of gravity beycnd- 

(1) Tk extremes selected by the applicant; 

(2) The extremes within which the structure is proven: or 

(3) TIE extremes within which canpliance with each factional 
requirement is shown. 
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IX A. TEARING ST- 

1. SCOPE. 

1.1 This method is intended for use in determining the 
tearing strength of envelope fabric. 

2. SPECIMEN, 

2.1 The sample must consist of a 4 inches by 6 inches 
sample having a l-1/4 inch wide slit made with a razor blade 
across the center of the sample at right angles to the longest 
dimension. (Figure 1) 

3. APPARATUS. 

3.1 The apparatus must be specified for Method 5100 of 
Federal Requirement 191A "Textile Test Methods." 

4. PROCEDURES. 

Fds9c-. 4.1 The specimen must be placed symmetrically in the clamps 
of the machine with the long dimension parallel and the short 
dimension at right angles to the direction of application of the 
load. The yarn running parallel to the long dimension must be 
aligned parallel with one outside edge of the front jaw of each 
clamp to ensure the same yarns being gripped in both clamps. The 
clamps must be 1 inch wide and must grip the yarns that have been 
slit. 

4.2 The distance between clamps must be 3 inches at the 
start of the test, with the slit in the specimen an equal 
distance from each clamp jaw. 

4.3 Breaking force must be applied to the specimen at such 
a rate that the pulling clamp will travel at a uniform speed of 
12.0 f 0.5 inches per minute. After rupture of the specimen, the 
breaking force must be read from the dial, scale, or chart and 
the value recorded. Five specimens in both the warp and woof 
(fill) directions must be tested and results reported for each 
fabric type. 
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5. RESULT. 

5.1 The tearing strength is determined as the average load, 
in pounds, of the highest recorded peaks of the five specimens. 

t 
DIRECTION 

OF 6 
PULL 

I 

/- SLIT 

DIMENSIONS IN INCHES t---"--i I 

FIGURE 1 - SAMPLE SPECIMEN 
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LANATION OF CH- 

1. Parat=a~h 2 4(W. This paragraph provides for the condition 
of the airship while determining its empty weight. The 
requirement specifies that the airship weighing can be repeated. 
There may be some confusion as to the intent of the requirement 
after airship erection. The intent is to provide an acceptable 
weight control program that would produce repeatable results 
whenever the airship is deflated. 
rewritten to clarify the intent. 

This paragraph has been 

2. Paraaranh 3.9. This paragraph provides for the loads 
resulting from encounters with prescribed atmospheric gusts while 
the airship is in level flight. There has been some concern over 
both the magnitude of the specified gusts and the equation that 
may be used to compute the maximum aerodynamic bending moment 
from these gusts. 

The FM believes that the current gust velocities provide a level 
of safety consistent with that required by 5 21.17(b) of the 
Federal Aviation Regulations (FAR). Therefore, the gusts defined 
in paragraph 3.9(a) were retained without revision. 

In paragraph 3.9(c), an equation was provided to compute the 
maximum aerodynamic bending moment.based on the gust intensities 
of paragraph 3.9(a). This equation must be used in the absence 
of a more rational analysis. It was determined that the equation 
presented in the ADC was intended to be used for rigid airship 
hull structures, 
airships. 

and, therefore was not appropriate for nonrigid 
Loral (Goodyear) proposed other equations that would 

have been appropriate for nonrigid airships. One of these was 
used in a proposal to the, U.S. Navy, and was used here. 
Paragraph 3.9(c) has been rewritten to provide a design equation 
that reflects the above discussion. 

3. Paraaraph 3.25. The requirements specify a maximum wind 
velocity of 78 knots while the airship is attached to the mast. 
There has been some concern over the magnitude of this wind speed 
as a minimum design requirement, It was used by the Navy in 
their design requirements to permit mooring in the vicinity of 
severe thunderstorms. Hurricanes were not a consideration in the 
development of this requirement. Successful civil airship 
operation conducted in the United States has indicated that 70 
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knots is an adequate design requirement. It is not expected that 
civil airships would be exposed to severe thunderstorms like the 
naval airships were designed for. Therefore, this requirement 
has been reduced to 70 knots. 

Another aspect of the above condition which is associated with a 
sudden change in the wind velocity or a sudden let-up of the 
wind. The FAA proposed to specify the need to investigate the 
compressive loads caused by the elastic response to the airship 
to an extreme, sudden change in wind velocity. Slight envelope 
wrinkling at the ends of the battens may be permitted. This may 
be applicable to all mooring and handling conditions that cause 
compressive loads at the battens. 

The unsymmetrical mooring condition is similar to the symmetrical 
mooring condition but accounts for an instantaneous wind shift 
(airship has not had time to react) to either side. This wind 
condition applies to all of the conditions except symmetrical 
mooring and mast handling-override. Based on previously 
conducted experiments, the critical loads usually occur when the 
wind angle is between 10 degrees and 15 degrees. 

The mast handling conditions pertain to airship handling while 
attached to a mobile mast. The override condition is based on 
the situation where the mobile mast stops suddenly while 
traveling at 3 knots. This condition provides a compressive load 
between the mast and the airship. 'The wind velocity is assumed 
equal to zero. There was some concern that this condition was 
not appropriate. The FM disagrees. Section Q of the BCAP has a 
similar requirement as a result of British experience with their 
airships. Mast handling conditions would not be applicable if 
their use was specifically prohibited in the operating and 
handling limitations. 

Some of the notes for Table 4 were written incorrectly and needed 
to be revised. : 

This paragraph has been rewritten to provide design conditions 
that reflect the above discussion. 

4. Paragraoh 3.26(b). This paragraph provides for the ultimate 
inertia forces necessary to ensure the safety of the occupants 
during a minor crash landing. Since there are no tests or data 
directly correlating operational experience to values for 
ultimate inertia forces, the values specified in the ADC were 
based on the Navy specifications. A review of the Navy accident 
data does not contain much detail; however, it appears that crew 
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members were able to remain at their stations, without restraints 
or severe injury, 
desired to do so. 

throughout the accidents as long as they 
Based on the above discussion, the FM 

believes that the values listed in the ADC were excessive. 

The table in subparagraph 3.26(b)(2) has been rewritten to 
provide design requirements that reflect a more realistic 
viewpoint of minor crash landing conditions. 

5. Par crash 4.19fct This paragraph provides for a 3 second 
delay tiie for recognition of a-failure in the nonmechanical 
flight control system. This requirement follows closely a 
similar requirement for fixed wing aircraft. Based upon the 
relatively slow response of an airship to a control input, this 
delay time is not appropriate. 

The paragraph has been rewritten to remove this requirement. 

6. Paraaraph 4.28(c) This paragraph contains an incorrect 
word. This paragraph has 
replacing "or" 

been rewritten to correct the text by 
in the second line with "of." 

.P---. 7. ParaaraDh 4.43(a). This paragraph provides for the envelope 
to be pressurized so as to remain in tension while supporting the 
limit design loads for all flight conditions. Ground handling 
conditions were not considered. The current revision to 
paragraph 3.25 provides clarification to some of the mooring and 
handling conditions. The explanation material for this revision 
suggests that envelope wrinkling be permitted at the ends of the 
battens during mooring and handling conditions. This paragraph 
needs to provide for this unique envelope behavior during these 
conditions. 

This paragraph has been rewritten to define envelope limitations 
during.mooring conditions. 

8. Paraaranh 4,43(al. This paragraph provides for the 
emergency deflation of the envelope while on the ground. It 
specifies that the deflation rate must be consistent with the 
time allowed for occupant evacuation which is 90 seconds. There 
has been some objection to the time limit. 

0 

The intent of the requirement is to enhance the emergency 
evacuation of the airship. That is, during evacuation, the 
airship should not leave the ground to an extent that would 
prevent the occupants leaving, and the envelope should not fall 
prematurely, entrapping the occupants. The time quoted reflects 

..-. 
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that for transport category aircraft. The British BCAR Section Q 
specifies 60 seconds. Section 21.17(b) requires a level of 
safety for airships that is equivalent to that provided by the 
appropriate airworthiness standards listed in Subchapter C of CFR 
14. The appropriate regulation is Part 23 of the FAR which does 
not specify a time limit for emergency evacuation. Therefore, a 
time limit for airships having a capacity of nine seats or less, 
excluding crew, may be requiring a higher level of safety than 
intended. 

The paragraph'has been rewritten to emphasize the need to keep 
the airship on the ground and to prevent the envelope from 
falling on the occupants as they evacuate the airship. 

9. Paraura& 4.44(a) This paragraph requires the helium valve 
to be located below thl equator. There was concern expressed 
that helium valves located on the bottom of the envelope would be 
limited in their ability to discharge helium under emergency 
conditions. Helium valve locations were required below the 
equator to provide ready access for inspection, maintenance, 
protection from accumulating moisture, and to keep the valves out 
of the envelope compression area. Experience has shown that 
valves located on the side of the envelope function adequately. _- 
The FM believes that helium valves located a small distance 
above the equator would not detract from the above stated 
objectives. This would slightly increase the location options 
for the designer without detracting from safety. 

The second sentence has been rewritten to increase the acceptable 
locations for helium valves. 

10. Paragramh 4.44(d). This paragraph provides for the ability 
to maintain envelope pressure after the failure of all engines 
for sufficient time to make a landing. There was some concern 
about a need for the requirement and the interpretation of 
"sufficient."trThe intent was to accommodate the systems 
dependent upon the envelope shape. The FM believes that 
maintaining the envelope shape is desirable. Therefore, the 
emphasis of the‘last sentence of this paragraph should be placed 
on the envelope shape and not on the pressure. 

The last sentence of the paragraph has been rewritten to clarify 
this intent. 
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11. Paraargnh 4.45. This paragraph contains the requirement to 
provide ground handling procedures in the airship flight manual. 
This requirement is more appropriately listed in paragraph 7.27. 

The last sentence has been rewritten to improve the organization 
of the Airship Design Criteria. 

12. wanh 5.54(a[. This paragraph requires a separate 
vector control for each engine. This requirement is based on the 
philosophy that each engine must be controllable independently of 
all other engines. There was some concern over the need to have 
separate vector controls. The FM agrees that there is no need 
for independent engine vectoring, and that it may actually be 
undesirable. However, independent engine vectoring will be 
retained as an option. 

Paragraphs 5.54 and 5.62 have been rewritten to clarify thrust 
vectoring and provide design options. 

13. Paraaranh 6.4(e). This paragraph provides for a relative 
position indicator, a comparator warning system, and a failure 
warning system for a fly-by-wire flight control system. These 
requirements were patterned after the requirements established 
for similar equipment installed in fixed-wing aircraft. Because 
of the slower response of airships. there was concern that some 
of the requirements may not be appropriate. The first 
requirement provides a means to determine that the fly-by-wire 
system is accomplishing its intended function. For example, when 
the control is moved to full pitch up position, the means should 
indicate that the control surfaces have actually achieved that 
position. Concerning the second requirement, due to the 
airship's slow response, the FM considers this requirement 
unnecessary. Concerning the third requirement, the airship's 
response time is not pertinent. The FM believes that the first 
and third requirements are appropriate and should be retained. 

To relieve the applicant from an unnecessary burden, the second 
requirement has been removed, and the third requirement has been 
relabelled. 

14. -Dh 6.7tdI. This paragraph requires that the airship 
in all conditions have their instruments in the basic T 
configuration. Since the response time of an airship is 

c 
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relatively slow as compared to an airplane, in which the basic T 
configuration is required, it is unnecessary for an airship, 
limited to VFR conditions, to have the basic T configuration 
instrument arrangement. 

This paragraph has been rewritten to allow for other 
configurations when limited to VFR conditions. 

15. Paragranh 6 9fb1 The requirement of paragraph 6.9(b) of 
the ADC is unnec&sarky restrictive, given the requirements of 
Section 23.1323 of part 23 of the FAR. An airship is less 
dependent on airspeed indication than fixed wing airplanes: 
therefore, the accuracy requirements should not exceed those for 
part 23 airplanes. 

We have revised this paragraph to reflect this comment. 

16. Par a aph 6 lO(bJ(31 
those ai%ps which are 

This requirement should only apply to 
co be operated under Instrument Flight 

Rules or in icing conditions. 

The first sentence has been revised to reflect this comment. 

17. Paraaranh 7.141~) This requirement states that an analog 
trend indication must be provided when digital instruments are 
used. An analog trend indicator is not always necessary when it 
can be justified in using digital instruments, if the rate of 
change is so slow that the trend monitoring advantages of an 
analog indicator are not needed. 

This paragraph has been rewritten, where trend monitoring is not 
an advantage, to allow for installation of a digital instrument 
monitoring slow rates of change. 

18. Par ar nh 7.25(a) This paragraph provides for an Airship 
Flight I&& that conCains'.required information for the flight 
crew. This information includes that concerning ground handling 
procedures which may have little value for the flight crew. 
Ground handling provides a significant portion of the environment 
of an airship. Therefore, it is necessary that ground handling 
information be provided in a clear and concise manner. An 
Airship Ground Handling Manual is the recommended means to 
provide this information. 

The first sentence of paragraph 7.25(a) has been rewritten to 
provide for an Airship Ground Handling Manual. 
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19. Paragranh 7 27(a) Subparagraph (13) provides for the 
operating procedures fir ground handling and mooring. There 
isn't any specified connection between these procedures and the 
design requirements of paragraph 3.25. The design capabilities 
of the airship need to be reflected in its operating procedures. 

To ensure that the operating procedures reflect the design 
capabilities of the airship, subparagraph (13) has been 
rewritten. 

This paragraph also provides for both normal and emergency 
operating procedures to be included in the airship flight manual. 
There is a need to provide information to the crew concerning the 
emergency evacuation of the airship. Paragraph 4.43(g) provides 
for a means to deflate the envelope to enhance emergency 
evacuation. A procedure must be established to meet this 
objective while maintaining the specified objectives of keeping 
the airship on the ground, and not permitting the envelope to ' 
deflate so rapidly so as to entrap the occupants. 

To provide for an operating procedure for emergency evacuation, 
paragraph 7.27(a) has been amended by adding a new subparagraph 
(16). 

NOTE: Paragraphs numbered 14 through 17 were coordinated under 
proposed change 1. A notice of availability with request for 
comments was published in the Federa.& peaister on June 15, 1989. 
Comments were received: however, _' change 1 was never published. 

All other paragraphs were coordinated under proposed change 2. A 
notice of availability with request for comments on proposed 
change 2 was published in the Federa Peaister on February 4, 
1992. 
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