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TC lUi L II 

document is intended to facilitate the distribution of 
information and rBeQmwimdatlonrf pertaining to the r-eneral 
requirements for /Receiver airplane installations to accomplish 
air refueling with the K0133A /lylnp: ^oom Ranter» g^ 

The information and recommendations* in this document represent 
the current practice of the Boeing Company| however, even 
thouph this method of refueling has been used extensively for 
more than a decade, changes are still bein? nade«   Therefore, 
formatinf: with new, higher performance aircraft may alter these 
recommendations» 

In the event this document is utilized in the design of 
Receiver airplane components it is suererested that the Boeing 
Company be contacted to be sure that the data herein is up to 
date»   It is also surges ted that during the layout and design 
stage of a new installation that such data be forwarded to tbsi 
Boeing Company for review of the proposed desißn» 

Requests for data or for interchange of deeiim information 
should be forwarded toi 

The Boeing Company 
•   Transport Division 

P.O. Box 707 
Renton, Washington 

Attention: Chief Project 2ns?ineer-Military 

All rights as to the duplication of this document, and patent 
rirhts with respect to the equipment described herein, are 
reserved by the Boeing Company, Henton, Washington» 
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lo AIR RKFUEUHO WITH THE FLYDIO BOOM 

A.   IntT^yalation of Tmker and Rtotivtr 

!♦   SuccessftiXrAir Rftfaellai: is dependant upon the flight 
characterititlce of both tne Tanker and Receiver aircraft 
while In formation» the functioning of the Tanker De- 
fueling equlpMent and the operation of the Heoeiver Air 
Refueling oquipnent«   Since these function« are all 
inter-related, it is necessary that the designer of the 
Receiver Installation be familiar with the Tanker con- 
siderations as well as those pertaining to the Receiver» 

B»   FlylaK Boon Relüeling 

1»   The Flying Boon consists of a teleacopin^ tubular ftoel* 
tight unit attached universally at its forward- end to 
the underside cf the body of the Tanker airplanes with 
a notsle on the aft end of the telescoping section for 
insertion into a suitable reception coupling on the upper 
surface of the Receiver airplane and two oontrol surfaces 

K (ruddevators) for maneuvering the nozzle into alignment 
with the Receiver airplane«    The Tanker Receiver relation- 
ship during refueling is shown by figure 1-1« 

C»   Performanqi Considerationg 

1«   In order to attain and maintain the formating position 
ctf/the Taiker and Receiver aircraft diring air refueling, 
jj is essential that at the speed, altitude, weights and 
Jormating positions at which the operation will take plaee, 

> T)oth aircraft have power reserve and controllability 
■ adequate to provide the proper degree of maneuverability, 

rate of climb and speed control«   When formating with a 
Flying Boom Tanker, the adjustnteuts of speed and position 
required to maintain the formating position are primarily 
the responsibility of the Receiver Aircraft, so that it is 
particularly important that the Receiver have good control 
at the foncatlng position and speeds, and have no disturbing 
or unpredictable operating characteristics at those speeds« 
For example, 5f the Receiver has automatic wing slots or 
automatic pitch control which would beoomo operative curing 
formating, provisions should be made for locking out the 
automatic control with the surface In the most favorable 
position, to avoid sudden changes In the flight character- 
istics resulting from automatic operation of the controls« 
Stability and oontrol of the Receiver about all three axes 
should be good at formating speeds both in and near the boon 
envelope to reduce the time required to get into the formating 
position«   Speed oontrol by throttles or speed brakes should be 
rapid, positive and capable cf fine adjustment, to avoid over- 
run or lag of the Receiver with respect to the Tanker while 
in contact and tp facilitate rotting into the formating 
position« 
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I 
AIH REFlTBLINa WITH THE FLYI1C BOON (continsed) 

C* 29   Daring n noimal Air Rufuelix^ conUct, the Tanker pilot 
«alntains constant airspeed, altitude «nd headinp, «hieb 
weans that as the RecelTer takes on fttel* an increasing 
anount of power is retired hy the Keeeiw to stay in the 
Tanker emrelope* Sinoe the Receiver is operating in the 
do^nwaah of the Tankerf additional thrust is required to 
stay in foraation» These e fleets are sufficiently ereat 
with son« Receivers to require the use of afterburner and 
special techniques such as descent refueling in order to 
transfer the desired quantity of fuel« 

•?- Operating Envelope 

1« The Flytafr Boon as installed on the KG-13SA Tanker has certain 
Mechanical and disconnect limits which are shown by figure 1-2# 
The position of the boon in elevation and extension actuates 
colored lights on a step basis against a tfiite li :ht back» 
ground which represent the disconnect limits* These lights 
are located synsetrieally on the bottom of the Tanker body 
(see firpre 1-2)# These limits serve as a graphic aid to 
assist the Receiver pilot in maintaining the optimnm position 
within the boom envelope« firing contact if the Heeeiver 
position relative to the Tanker moves the boom such that an 
aziinth9 elevation or extension limit is exceeded, the Boom 
is disconnected and an automatic retraction initiated« 
Automatic disco meet is also initiated whenever the fuel 
pressure in the Heeeiver refuel manifold exceeds the pressure 
switch settinr« Voluntary disconnect may be effected at any 
time by the Boom Operator in the Tanker or by the Receiver 
Pilot by use of their disconnect switches« The Heeeiver 
Pilot may also effect a disconnect at any time by reducing 
power« The Receiver then drops back and the Boom extension 
limit is exceeded which initiates an automatic disconnect« 
When not in contact with a Receiver, the Boom Operator has 
complete control at all times of the telescoping, hoisting 
and directional movement of the Doom« 

F# Operating Features 

The Flying Boom has a universal joint for its primary 
attachment to the Tanker airplane» The Boom Nozzle also 
has a universal ,ioint and an erection spring at the ball 
Joint, The whole nozsle swV/els relative to the telescoping 
tuba at its attach point wtoch in turn is a part of a spring 
and friction compression shock absorber unit that reduces 
impect loads upon contact» These features tofrether with the 
telescopins; action of the Boom tube permit the relative 
displacement of the Receiver to the Tanker vertically^ 
laterally and lonpitudinallyo 

As mentioned above, release of the i3oom nozxle from the 
reception couplinr of the Receiver may be effected in a 
number of wayso In every case certain mechanisms in the 
Tanker are operated when the release is -Initiated by 
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I. AIR REK^SLIHn WITH THE FLYINH HOOK (contim<id) 

E*    2«    (continued) 

the Receiver, or converselyt certain mechanisms in the 
Receiver are opnrated when the release is initiated by the 
Tanker«   With the Flying 3oom Air Refuel System the link 
which makes this action possible is a pair of indnetion 
cotls, one in the reception coupling and the other in the 
nozzle*   An electrical mpiilse in either coil sets up a 
corresponding impulse in the other coil, which after 
amplification^  controls the actuation of the necessary 
mechanisms*    The ciesim requirements and circuitry for this 
vital link of the Air Refuel system is described by D6-56l;5« 
A typical Tanker Receiver relationship is shown by flpure 1-3« 

3«    Moth the Tanker Joom Nozzle and t«j Receiver Receptacle have 
an intepral shutoff valve»    These valves are opened simultc- 
neously by th«0 act of formating*    The optimum travel to open 
the nozzle poppet valve is shown by lipure l-Uo    At disconnpct, 
both valves are closed by sprinp force«    The Boom nozile p<ippet 
valve, however, is permitted to close rapidly until almost 
closed wher^» it is snubbed to a slow rate of closure for the 
balance of travel«    This makes the total amount of fuel 
spilla?e small and reduces the surpe pressure (water hammer) 
in thr tanker fuel system to an acceptable level when the fuel 
flow rate at the time oi  disconnect is hi^h« 

ho    *hile the Receiver is in contact with the Tanker,  the Receiver 
can extend or telescope the Boom« 

a.    For normal operation, with the Boom telescope control lever 
in the "Contact1* position, 

(1) the force needed for the Receiver to extend the boom 
is l9hO0 lbs« 

(2) the force needed to telescope the Boom is 200 lbs« 

b«    Accidental or improper use of the telescope control by the 
Boom Operator« 

(1) Telescope control in "Extend" while in contact exerts 
a liiOO lb# compression force on the Receiver« 

(2) Telescope control  in "iietract" (Hec^iver latched on 
and within normal Tanker envelope, with the Receiver 
closin? or stationary relative to  the Tanker) the 
Tanker exerts a tension force oi" 2000 lbs« on the 
Receiver« 

(3) Telescope control in "Retract" (Receiver latched on and 
within normal Tanker envelope, with the  Receiver 
falLin? off rolative to the Tanker) the Tanker exerts 
a 23SO Ibo tension force on the Receiver« 
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• UR RF^TfXINCI V/ITH THE FLYINO BOOH (continued) 

I 

» 

i.    5. The Boon recoil assembly is a coll sprinrr and friction brake 
unit deHi/med to reduce the impact load on the receiver from 
a normal contact (sec figure 1-5)•   oince the effect of Impact 
loads on the Receiver structure is also a function of the 
spring rate of the receptacle installation the following Boom 
data is linted for use in impact calculations: 

(a) The total weight of the telescoping unit (tube, sure« bootSj 
linersf recoil unit, nozzle* f\ielf etc«) is 315 pounds« 

(1) Of this 315 pound total weight, S3 pounds are not 
affected by the reColl unit« 

(b) The preload on the recoil sprinir is W5 1 Uh pounds«    The 
spring rate is 100 pounds per inch«   The maximum recoil 
travel is 2«80 inches« 

(c) The brake unit exerts a snubbing force of 300 Jjgg pound« 
TMs force is exerted on both compression and extension 
of the  recoil unit« 

(d) The extension rate of thp telescoping tube is limited by 
means of a hydraulic flow limiter to e maximum of U feet 
per second© 

(e) The telescopinr tube retraction rate is limited hydraulical« 
ly to a maximum of 10 feet per second«    This limit is 
active both on a manual and automatic retraction« 

F«    Formating Procedure 

After the Tanker and Receiver have established visual contact 
through uce of rendezvous equipment and the Receiver is 
approximately one-half mile away the Boom operator lowers the 
boom to the trail po^iiiono    Except during Radio silence, the Boom 
Operator contacts the Receiver and states "Tanker Ready11 when the 
Receiver reaches the observation posit;on«    From this point the 
Doom Ooerator talks the Receiver into the formating position. 
When the Receiver Is in a pood formatinfT position,  and stable, 
the Boom Operator extends  th* Boom and seats the Boom in the 
receptacle«    The Boom Operator then reports "Tanker Contact11« 
>formaily the Tanker fuel panel is set up by the co-pilot so that 
fuel transfer is started by the signal system upon contact« 
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I 
II«      K0135A FLYING BOOM TAMKSR 

A«   Tha Airplane 

■4? 

4 

1. 

TO IM LI} 

4; 

2. 

3. 

b. 

5. 

Th« KC-135A is a foar en^in«f swept wlnr# lonp raripe, hitfi 
altitude, hif3:h speed airplane that Is priarwrily a Tanker but 
may also be used as a carpo carrier or ;» ^op transport« 
The normal crew consists of a pilot, c<- 
9oom operator«    As a Tanker, the BOOK 
major portion of the 175,000 to 195^000 , 
other airplanes for refuelinp! in flight»    . 
transferred is a function of type of mission 
performing»    Firure 1-6 sl'iows the effect or 
able fuel» 

nsvijrator and 
^•anfifer a 

faoad to 
of fuel 

e Tarker is 
on transfer- 

The KC-135 airplane is equipped with two different Flyinp 
Boom confirrurationG«    The oripiaal configuration desifmated 
the Starxiard 3oora limits the airplane speed with the bccw down« 
The latest configuration designated the Hi-Speed Boom has the 
same speed limits as the airplane in a clean confiairationo 
These limits are shown by fi^e 1-7»    A system schematic for 
the Boom is shown by figure l-^« 

The air refuel fuel system on the KG-135A Tanker consists of 
h hydraulically driven pumps located in the forward and ai't 
body tanks manifolded into the Boom through a pressure 
repulatln^ valve and a flowmcter,    A schematic of the air 
refuel fuel system is shown by fifrure 1-9•   The entire 
airplane fuel system is designed and calibrated for JP-4 in 
accordance with MIW-56214»    However, alternate fuels can be 
used for both air refueling other aircraft and by the Tanker^ 
When these alternate fuels are used by the Tanker certain 
compromises on performance and limitations result»    A tabulation 
of alternate fuels  and their limits on the Tanker is shown by 
figure 1-10# 

The rate of fuel transfer is controlled by the operation of 
one,  two, three or four re fueling pumps plus the effect of 
the fuel pressure refmlator in the Tanker.    With this method 
of control the pressure loss from the Receiver for any flow 
condition plays an important part in the total How rate»    A 
plot of pressure vs flow rate is shown by fisrure 1-11» 

A set of. Receiver pilot director liphts is located symmetrically 
on thfl bottom of the Tanker (soe fipure 1-2),    These limits 
assist the Receiver pilot in mai^  lininr a nominal formating 
position»   They are most eiTecti      for Kecelvers havinr a 
receptacle located aft of the pilot's line of "i^ion»    Th«, Boom 
telescoping tube is color banded for those Receivers having 
the receptacle in front of the pilot,    I1 or nirrht refuelinfr 
the pilot director llrhts and floodlights which silhouette the 
Tanker are used.    These liphts are shown by fi^re 1-12« 
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KC-135 FLYTKG DOOM TANKER 

A«   60   The performance of the KO»135A as a Tanker is shown ty 
figure 1-6«    Tliis same plot showD the effect of prose 
w>ifrht at the time of transfer on performance»   A 
representative downwash field for the K013^A is shown 
by figures 1-13, l-lli# 1-15 aad 1-16#    Flfrure 1-13 serves 
AS a legend for figures l^lli, 1-15 and 1-16 which are plot« 
of the dowmrash in a plane parallel to a vertical plans 
thra the Tanker center line*    The dowmrash angles are of 
particular concern to the Receiver because they require a 
constant climb an^le to overcome« 

?•   Figure 1-ii shows the pertinent dimensions of the Boom nozzleo 
Figure 1-5 gives the clearance (Äitllne of the Boom, relative 
motion points and other information« 

8.   The KC-135A has certain rendezvous electronic equipment whieh 
aids fomtating at ranges up to ?00 miles«   This equipwent 
falls into two categories! 

(a) Communication transmitter to direction finder» 

(b) Search radar to radar beacon» 

The particular Tanker equipment and the required Receiver 
equipment to establish one of these links is listed by figure 
1-17#    It is reconnended that Receivers be capable of complfitin| 
at lrn.st two of the links lirted In this chart» 

9»    In addition to thf» equipment listed by figure 1-17 the Tankftr 
has munerous olectronic navigational aids»    This equipment 
makes it possible for the Tanker to locate and orbit within 
any predetermined area without dependinp; upon ground based 
navirational aids» 
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III.    FLYING BOOK RECEIVER BJST/.LLATIOKS 

A«    Rgcaivar H»c#ptacle Loc&tiop 

I«   The air refueling receptacle in the Receivt*' must be located 
with due coneideration of the problem of spec«f structarei 
other equipnent ar.d proxiwity to the Receiver fuel syete»» 
In addition, require»»nts relative to the for»atinfT condition 
and Boom limitations must also be considered« 

2«   Receptacles located in the nose of the Receiver ahead of the 
pile t seem to offer the optJaum control»   The second most 
desirable location is on the top of th« body just aft of the 
pilot«   Other locations such as leading edp:e of the w inr and 
top of the body aft of the winp; have been less desirable« 
Re±nforc«nent of the skin adjacent to the slipway is recommended 
to minimize dampfe«    Also, if the receptacle is close to and in 
line with the pilot»s windshield, bullet proof plass should be 
considered« 

B«    Receiver Pilot Vision 

1«   The Receiver pilots should have the best possible vision of the 
Tanker while in the formating position; particularly of the 
pilot director lights or other means of holding the ti^ht 
formation required«    Structural members between windows should 
not blank out vision of Tanker«    V/indows which distort beeauee 
they are not normal to the line of vision should not be used 
for any part of the forma tin*; envelope«    For larpe Receiver 
/.irereft consideratlori should be -d^en to pilot fatirue resulting 
from upward vision for extended periods of time«    Any lights 
monitored during contact should be placed as close as possible 
to the line of vision« 

C«   Detail of Receptacle and Slipway 

1«    Clearance nwst be provided between the boom and the Heceiver 
throughout the formating envelope as shown by fii^ure 1-2« 
For clearance dimensions for Boom s-^e figure 1-5«    In addition 
sufficient width should be provided at the entrance of the 
slipway to assist the Boom operator in rou^h air«"   A width of 
50 inches is considered desirable for large Receivers, while 
20 inches is adequate for small maneuverable Receivers«    The 
optimum slipway consists of two distinct areas:    A forward area 
which must clear the boon under all operational conditions and 
a short transition area which positions thr» nor^le head under 
adverse oonditions«    The forward area should clear the boom by 
a minimum of J deprees for any an^le within the contact 
envelope as shown by fifmre 1*»?«    This $ decree minimum clear- 
ance should also inclnde any movement of the Receiver relative 
to the Tanker - i.e« biph anple of attack or trim from flape 
being down«    i'he dimensions for the tranfition area are shown 
by figure 1-lß«   The  sides of the  slipway should be smooth arrl 
hiprh enough to cruide the nozzle into the receptacle«   Normally 
the slipway is covered with a door to reduce drag«    If the 
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HI«      KLILNG SXm HECEIYER IKSTALLATIOMS 

C«   1«   veontdJMd) 

doors are not visible to the crew MM tjpo of door Indication 
sboctld be provided for open, closed and looked« 

2»   Figure* 1-19 and 1*20 «Juv two t jpical type« of eilpray 
Installations»   The angle at whtci» the receptacle is iaeUned 
on the Receiver is determined taj referenoing all noraai changes 
in the Receiver angle of attack while in contact to the tutor 
airplane center line in a eoHposite layont*   With snallest 
Receiver ancrle of attack at the Tanker lower# outer Lbiit 
(bD0 and SSI inches flfljare 1-2)   as one extra» end the largest 
Receiver anple of attack at the Tanker upper, inner liait 
(20° and faOb inches figure 1*2)   imladin^ effect of dowxmsh 
the optljui receptacle angle «ill be such that the boon notsle 
ie straight »idw&y between these llnits»   The reöeptade eheold 
be nounted in each a «anner that a plane through ite vertical 
centerline is parallel to the vertical plane of agmetiy of the 
airplane*   A check should be nade to detentlne that the total 
notion does not exceed the nossle allowablee as shown by 
fipure 1-5» 

3«   In addition to air loads and other loads normlly inposed on tiw 
aircraft structure, the slipway and its doors aast be designed 
fnr Impact loads imposed by contact wl*.h the no^ileo   These 
requlrenents will vary with the type of installation and 
anticipated operating conditional however, an ulilnate design 
load of 2000 pound« laterally and 5000 pounds vertically is 
reconroended« 

Um   The receptacle transmits loads into the Receiver under the 
following conditionsf 

(a) At contact» conpreeslon due to the impact of the Boon 
nozzle« 

(b) During contact, conpresslon or tension, as the Boon is 
compressed or extended with relative motion of the two 
aircraft, plus a part of the air load reaction on the 
BOOB« 

(c) Under the lollowine: emergency conditions!    Tension with 
a failure of the topple release mechanisjsi conpresslon 
with a failure of the release mechanism while the Receiver 
is in an overrunning ccodition snd bottaning of the Booau 

$«    The receptads attachaent structure should be capable of with-» 
Ätandine the following design loads J 

(a)   A load of IgSp x 2 tension applied at the ball joint 

of the Soon nozzle where the anfrle A may vary fron 0 to 
30 de frees maximau 
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C.   Sm   (cctitimed) 

(b) A load of 20,000 lbs« coMprissloii appUad at th« BOCK 
nottla ball joint» in a direction at an asgla B «Itfc 
respect to tiie receptacle axis ubere angle B matomm • 
17 degreee as shoim by flgare 1«18« 

(c) A load of SSfL— x 3 empreseion or tension applied at 

i 

the Boo« nossle ball Joint, in a directior. at an angU 0 
vith respect to the reoeptacle axis, where saxlm an^la 
C • 17°, coMbined vith a Aiel pressure of 12$ psi x 3» 

6« The slipway and rsceptacle joint, mist of coarse, be ftoel tight» 
The use of "0" rings and suitable sealants are suggested« It 
is advisable not to use paint in the slipway to «void oonta«- 
ination of the fuel fron particles peeling or flaking off« The 
use of hard ooat is suggested for alumjuu« because it is non 
reflective as well as a pood surface treatment« 

D# Beoeiver a^Viel Syste» 

1« A typical air refuel system schematic including fuel, hydraulic* 
electrical end mechanical elements is shown by figure 1-21« 

(a) The use of dual element level control valves to control 
the shu toff of flow to the tanks as they fill is shovq« 
Additional manual or remote oontrol valves monitored by 
the pilot or flight engineer may bo desired« 

(b) Means for protecting the Receiver fuel system from 
excessive pressures in the event of a malfunction« This 
is normally done by use of a pressure switch connected 
into the Receiver signal system vhich initiates a disconnect 
if a preset pressure value is exceeded« 

(c) Line sizes, angles of bend, fitting configurations and 
other items which produce pressure losses should be 
controlled so that with the pressures available from the 
Tanker the Heceiver manifold system will allow the desired 
flow rate» See figure 1-11 for plot of pressuro vs flow 
for the Tanker« 

(d) The use of 3000 psi hydraulic power from either one of two 
systems as the prime mover for doors and toggles is shown 
schematically by figure 1-21« Rrmote control of the valves 
on this system is accomplished electrically« 

(e) The electrical circuitry necessary for the all important 
sitmal amplifier as well as reeiote operation of valves, 
switches and indicator lights is shown diagrammatically 
by figure 1-21 along with the hydraulic and fuel elements« 
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in»     FETING BOON RECEIVER IJßTAIiLATIOBS 

B*   Sllpwur and Raeeptad» dnim 

hf   It i3 desirable to •nelose tb« allpwiy «d rtoeptAcl» in A flnid 
tifjht ^truotare»   Dimiiu^re is roaUd from ttm tar poiat oar 
polnis in this structur« %9 ft suitable low» loir prtftnre «re« 
so that it will spill into the slipetree» wlthoat r^-exytering 
the aircrafto 

Fo   Special Proylflions for Air Ref^eliii^ SSä^SSB f 

I«   All manifolds connections, fittings and eqnipMmt shorfd bo 
suitable for the flow rate required«   If the ftel shat-off 
yalTin^ used is fast closing suitable sur^e suppression should 
le provided since the total At el OOIUMI length fron the Tanker 
pumps to the Receiver is long« 

?o    The path of fhel spilled in or near the slipway and the 
possibility of obscuring the pilot's vision« navigation window 
or other equipnent items should be considered» 

CU   Night Lifting Provisions 

1«   To enable satisfactory ni#it refdeling9 provision should be 
made for the illumination of those areas of the Heeeiver 
aircraft which will enable the 3oom operator to judge the 
position and alignment of the Receiver aircraft«   The partiqjlai 
areas requiring illumtnatloD ar»s 

(a) Slipway and receptacle« 

(1)    2 slipway and one receptacle limits are reeomfe^mteia^ 

(b) Receiver upper body surface aft of slipway« 

(c) Receiver winrr leading edpe and upper surface« 
# 

(d) The area immediately forward of the süpwayf JLf praoftloal* 

to   Particular precaution should be taken to avoid arqr direct or 
reflected li^ht which mi^ht shine into the Boom operator's eyeu^ 

3«   Suitable briRht«ess control should be provided for all extptttftl 
Air refuel liphtlnR to allow for the relatively wide variation» 

% in the amount of sky illumination on the Reoe^ver* from 
partially overcast early dusk, to full black conditions« 
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