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INTRODUCTION

\‘mﬁ document is intended to facilitate the distribution of
information and-—reeommandationd pertaining to the rensral
requirements for Receiver airplaine installations to accomplish
air refueling with the KC=135A Flying Boom Fankers \

The information and recommendations in this document rijprecent
the current practice of the Boelng Company; howWever, even
thourh this method of refueling has been used extensively for
more tlan a decade, changes are still beiny madee. Therefors,
formating with new, higher performance ajircraft may aiter these
recommendations,

Tn the event this docnment is utilized in the desien of
Receiver airplane components it is surgested that the Boeing
Company be contacted to be sure that the data herein is up to
dates It is also surrested that durins the layout and design
stape of a new installation that such data be forwarded to tha
Bosing Company for review of the proposed designe

Hequasts for data or forr interchange of desien information
should be forwardad to:

The Boeing Company
Transport Division
.P-O- Box 707

Renton, wWashington

Attention: Chief Projsct Zneineer-Military
All riphts as to the duplication of this document, and patent

rirhts with respect to the equipment describsd herein, are
reserved by the Boeinyg Coupany, Renton, Wnshington,
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ATR REFUELING WITH THE FLYING BOUM

Ae Intererelation of Tenker and Rccqiwr

1l Successful Air Remelhw is dependent upon the flight
characteristics o2 both tne Tanker and Reeeiver aircrafy
while in formation, the functioning of the Tanker De=
fueiing equipment and the operation of the Receiver Air
Refueling oquimment, Since these functions are all T
inter-related, it is necessary that the designer of the Yy
Receiver installation be familiar with the Tanker con- e
siderations as well as those periaining to the Recelver, i

Be Flying Boom Refueling

l, The Flying Boom consists of a telescoping tubular fuele
tight unit attached aniversally at its forward end to i
the undsrside of the body of the Tanker airplaney with ;s
a nozsle on the aft end of the telescoping section for
insertion into a suitable reception coupling on the upper y i
surfuce of the Recaiver airplane and two control surfaces .
(ruddevators) for maneuvering the noxzle into alignmeant
with the Receiver airplane, The Tanker Raceiver relation- - oL
ship during refueling is shown by figure l-l,

@, Parfom_mConsiderationa

1. In ¢rder to attain and maintain the foruaating position
o,’ ‘the Tanker and Receiver aircraft during air refueling, '
" is essential that at the speed, altitude, weights and l
rmating positions at which the operation will take plaee,
oth aircraft have power reserve and controllability
: adequate to provide the proper degree of mansuverability, l
rate of climb and speed controle When formating with a . N
Flying Boom Tanker, the adjustmants of speed and position g |
required to maintain the formating position are primarily i
the responsibility of the Receiver Alircraft, so that it is '
_particularly important that the Receiver have good control {
at the formating position and speeds, ani have no disturbing _ {
or unpredictable operating chiaracteristics at those speeds, :
For example, if the Receiver has sutomstic wing slots or o
automatic pitch control which would heoome operative wuring '
* formating, provisions should be made for locking out the ‘
automatic control with the surface in the most favorable 4
position, to avold sudden changes in the fiipght character=
istics resulting from automatic operation of the controls,
Stability and oontrol of the Receiver ebout all three axes 1
should be pgood at formating speeds both in and near the btoom J
envelope to reduce the time required to gat into the formating ‘
position, Speed control by throttlas or cpeed brakes should be '
rapid, positive and capable of fine adjustment, to avoid overw
ran or lag of the Recelver vith respect to the Tanker while
in contact and tQ facilitate retting into the formating
position,
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Te  AIR REFUELING WITH THE FLYING BOOM (contimued) -

Ce 2o During & normal iir Refuelins contact, the Tanker pilst

saintains conatant airspeed, sltitude &nd heading, which
means that as the Receiver takes on fuel, an increasing
amount, of pover is recuired hy the Receiver to stay in the
Tanker envelopee Singe the Receiver is operatine in the
downwash of the Tanker, additional thiust is required to
stay in formatione Tnese effeots are sufficiently great
with some Recelvers to require the use of afterburner and
special techniques such as descent refueline in order to
transfer the desired quantity of fuel,

s Operating Envelope

le The Flyine Boom as installed on the KC=135A Tanker has certzin

mechanical and discomnect limits which are shown by fisure 1=2,
The position of the boom in elevation and extension actuates
colored lichts on a step basis against a white lirht backe
ground which represent the disconnect limits, These lipghts
are located symmetrically on the bottom of the Tanker body
(see fimre 1=2), Thesze lichts serve as & eraphis aid to
agsist the Recelver pilot in maintaining the optirmam pozition
within the boom envelopes During contact if the Receiver
position relative to the Tanker moves the boom such that an
azimth, elevation or extemsion limit is exceaded, the Boom
is disconnected and an sutomatic retraction initiated,

Au tomatic discomnect is also {nitiated whenever the fuel
pressure in the Receiver refuel manifold exceeds the pressure

- switch settinr. Voluntaury disconnect may be effected at any

time by the Boom Cperator in the Tanker or by the Receiver
Pilot by use of their disconnact switches, The Receiver
Pilot may also effect a disconneact at any time by reducing
power, The Receiver then drops back and the doom extension
limit is exceeded which initiates an sutomatic disconnect,
¥when not in contact with a Receiver, the Soom Operator has
complete control at all times of the telescoping, hoisting
and directional movement of the Boom,

Fe Operatine Features

1,

2.

The Flying Boom has a universal joint for its primary
attachment to the Tanker airplanes, The Boom No2zle also
has a universal joint and an erection sprirp at the ball
Jointe The whole nozzle swiels relative to the teléscoping
tube at its attach point which in turn is a part of & spring
and friction compression shock sbsorber unit that reduces
impect loads upon contacte These features topether with the
telescoping action ¢f the Boom tube permit the relative
displacement. of the Receiver to the Tanker vertically,
laterally and loneitudinally,

As mentioned above, release of the 3ocm nozzle from the
reception coupling of the Receiver may be effected in a
number of wayse In every case certxin mechanisms in the
Tanker are operated when the release is initiated by
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AIR REFUELING WITH THE FLYING 5004 (contimed)

E. 2

3e

Lo

(continued)

the Receiver, or conversely, certcin mechanisms in the
Receiver are operated when the release is initiated by the
Tankers With the Flying 3oom Air Refuel System the link
whieh makes this actlon possible is a nair of indunetion
coils, ono in the reception couplinc -nd the other in the
nozzle, An elecirical impulsa in either coil sets up a
correspondinz impulse in the other coil, which after
amplification, controls the actuation of the necessary
mechanisms, The Jesirn requirements and circuitry for this
vital link of the Air Refuel system iy described by D6=56LS,
A typical Tanker Receiver relationship is shown by fipure 1=3.

loth the Tanker _oom Nozzle a2nd the Receiver Receptacle have

an inteeral shuteff valve, These valves &re opened simultie-
neously by the act of formatlinye The optimum travel to opsn
the nozzle poppet valve is shown by fipure l<ho At disconrect,
both valves are closed by spring force. Ths Boom nozzle poppet
valve, however, is permitted to close rapidly until almnst
closed where it is snubted to a slow rate of closure for the
balance of travel, This makes the total amount of fuel
spillage small and reducss the surge pressure (water hammer)

in the tanker fuel system to an acceptapble level when the fuel
flow rate at the time o! disconnect is hirhe ,
While the Receiver is in comtact with the Tariker, the Receiver
can extend or telescope the Boom,

1e For normal operation, with the Boom telescope contirol lever
in the "Contact" posit ion,

(1) the force needed for the Receiver to e xtend tha boom
is 1,400 1lbs,

(2) the force needed to telescope the Boom is 200 1lba,

be Accidental or improper usa of the ite2lescope control by the
Boom Cperators

(1) Telescope control in "Extend" while in contact exerts
a 1L00 1lb, compression force on the Receiver,

(2) Telsscope rontrol in "Hetract" (:ieceiver latched on
and within normal Tanker envelone, with the Receiver
closine or stationary relstive to the Tankar) the
Tanker exerts a tension force of 2000 lbs, on the
Receiver,

(3) Telescope control in "Retrast" (Receiver latched on and
within normal Tanker envelope, with the Receiver
falliny off relative to the Tanker) the Tanker exerts
a 2350 lb, tension torce on the Receivers
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3TR RFVUELING WITH THE FLYING BOOM (econtinued) ‘

ke

Fe

¢ The Boom recoil assembly is a coil spring and friction brake
unit desimned to reduce the impact load on the receiver from
a nomal contact (see firure 1=5)s singe the effect of impact
loads on the Receiver structure is alse a funciion of the
spring rete of the receptacle installation the following Boom
data is listed for use in impact calculations:

(2) The total weirht of the telescoping unit (tzbe, surre Loots
liners, recoil unit, nozzle, fuel, etc.) is 315 pounds.

/1) Of this 315 pound total wiight, 53 pounds are not
affected by the recoil unit,

(b) The preload on the recoil sprins is 435 & LY pounds. The
spring rate is 100 pounds per inche The maximum recoil
travel is 2,80 inches,

(¢) The brake unit exerts a smubbing force of 300 % pounds

This force is exerted on both compression and extension
of the ~ecoil unit,

(d) The sxtension rate of the telescopine tube is limited by
means of a hydravlic flow limiter to ¢ maximum of L feet
per second,

(e) The telescopins tube retraction rate is limited hydraulicals
ly to a maximum of 10 feet per second, This limit is
active both on a manual and automatic retractione

Formating Procedure

After the Tanker and Receiver have estublished visual contact
throurgh use of rendezvous equipment and the Receiver is
approximately one~half mile away the Boom operator lowers the
boom to the trail positione Except durings Radio silence, the Boom
Uperator contacts the Receiver and states "Tanker Ready" when the
Receiver reaches the observation position, From this point the
Boom Operator talks the Receiver into the formatine rosition,
When the Receiver is in a rood formatinr position, and stable,
the Boom Operator extends the Boom and seats the Boom in the
receptacles The Boom Cperator then reports "Tanker Contact",
Normally 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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IIs XC=135A FLYING BOOM TANKER

Ae The Airplane

The KC=135A is a fonr engine, swept wine, lone ranpge, hirh
altitude, high speed airplane that is primarily a Tanker Tt
may also be used as a cargo carvier or » “rnop ‘runsport.

The normal crew consists of a pilot; 2« nzvigator and
Boom operator, As a Tanker, the Boom t-ansfer a
major portion of the 175,000 to 195,000 , : .0ad to
other airplanes for refueling in flicht, . - of fuel
transferred is a function of type of mission e Tarker is
performing, Firmre l=6 shows the effect or . on transfer=
able fuel,

The KC=135 airpiane is equipped with two different Flying

Boom confirurationse The original confipuration desienated
the Standard Soom limits the airplane speed with the bcom downe
The latest confisuration designated the Hi=5pead Boom has the -
game speed limits as the airplane in a clean confieuration,
These 1imits are shown by fizure 1-7. A system schematic for
the Boom is shown by fipure 1=8,

The air refuel fuel system on the KC=l13:4 Tanker consists of
i hyiraulically driven pumps located in the forward and aft
body tanks muanifolded into the Boam through a pressure
refulating valve and a flowmeber, A “chematic of the air
refuel fuel system is shown by fimure 1=9. The entire .
airplane fuel system is designed and calibrated for JP=k in
accordance with MIL=J=562Lke However, alternate fuels can be
used for both air refueling other aircraft and by the Tanker,
Vihen these alternate fuels =re used by the Tanker certain
compromises on performance and limitations resulte A tabulation
of alternate fuels and their limits on the Tanker 1is shown by
Tigure 1-10,

The rate of fuel transfer is controlled by the operation of
one, o, three or four refuelinr pumps vlus the effect of
the fuel pressure rerulator in the Tanker, With this method
of control the pressure loss from the Receiver for any {lew
condition plays an important part in the total tlow ratee A
plot of prevsure vs flow rate is shown by fisure 1-11,

A set of Receiver pilot director lirhts is lacated symmetrically
on the bottom of the Tanker (swe firure 1=2), These ligits
assist the Receiver pllot in mair iining a nominal f{ormating
vosition, They are most effecti for Heceivers having a
receptacle locatad aft ol the pilot's line of vision. Th:. Boom
telescopine tube is color banded for those Receivers having

the receptacle in fron’ of the pilot, Ilor rdrht refueling

the pilot director lirhts and floodlichts which silhouette the
Tanker are used, These lights are shown by ficuras l=12,

T0 1548 L.R)
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KC-135 CROSS WEIGHT-1000 POUNWDS

FUEL TRAMSFIR CAFASIITES
BUDDY MISHON
AISFLANG oGS
NOTE KC-1384 A7 549N
THIS PMLOT TO BE LSED OMLY L. e e

DATE MARCH 1938

FOR PRELIMINARY ESTIMATING DATA BASIS: FLIGHT TESY

IN MISSION PLANNING

4 ISR B AR 2R SRR b e
' o o il by ieabinal 1 Eded
- ) 91 SEARSSg s REES SRR
! i } 16 it
3 HhRERIGER ONDITIONS
B 3 ’*;. ’fé‘ RERR L{;.‘: H[i“f;: .
B, R eRts ARRE AR IIRSLSSES MRT QLIS ’
RS ER53: FR02 ERHY3 RIS RRE: $54 00 LERE:
St st e iea b e
: R R 10 MINUT E RENDEZVOUS AT END OF INITIAL CLIMS
- S & - - [T REs 48 N R 1 &
N S0t i bt T T e ;
BER VES332 RS RERy e IRR o222 £2 -1 2 IERRY S .LLt:*.H 997 MAXIMUM RANGE CRUISE
e I S BT s it R
s S B R IR e S Y e REFUELING ACCOMPLISHED BETWZSIK 25,000 AND
230 SERE2 S TEoles BRLeatASR RS e ea=tiidiric! 35,000 FT ALTITUDES AT 900 GPY
*:ﬁ FINE ue
PR ITEC VRS SEEM | NORMAL DESCENTS
' b T e 4
3 T3 TE
SEIEEETT] LANDING WEIGHT = 107,000 LB
1ML ALL PHEL CONSUMP TIOH INCREASED 9% FOR
210 SESTESSS JEQVICE TOLERANCE

REFUELING ACCOMPLISHED AT 450 TAS OR RGOM
PLACARD WHICHEVER (S LOWER

200

ICAQ STAHDARD DAY

190 BUDDY MISSION
180

EXAMPLE:
170 GIVEN:

Tokeott weight = 275,000 L.B
Rendervona ot end of tenkar initlel climb
c.'_".lh refueling 2500 NAM from base

160

FIND:
1. Minimum Greas Woight et end of refueling te eliew
reivra 2500 NAM te dase

b. Yrensterakie tuel

20, Minimum Gross Weight ot end ef sefueling 10 ellew
tanker te procecd 1000 NAM te altemaote

b. Transfereble frel

150

140

130 -

SOLUTION:
le. A1 2500 NAM minimum Gress Weight = 145,200 1.8
b, Grass Wsight less fuel used during ironsfer = 196,800
L8 Yronafer fued 194,800 - 145,200 - 51,600 LB
2a. At 1000 NAM minimum Gross Weight = 121,000 L 8
b, At 2500 NAM, Gress Weight less fwel wsed during

trensfor = 196,800 L3 Vronsfer heel 196,800 —
123,000 - 75,300 LD

120
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The performance of the KC=l35A as a Tanker is shown by
figure 1«6, This same plct shows the effect of grose
weight at the time of transfer on performance.
representative downwash field for the KCel3tA is shown

by figures 1l=13, l=ll;, 1«15 and l=16, Figurs 1=13 serves
48 a legend for figures lelly, 1«15 and lel6 which are plots
of the downwash in a plane parallsl to a’vertical plans
thru the Tanker center linse The dowmwash anples are of
particular concern to the Receiver becanse they recuire a
constant climb angls to overcome,

Figure leli shows the pertinent dimensions of the Boom nozzle,
Figure l=5 gives the clearance cutline of the Boom, relative
motion points and other informatione

The KC=135A has certain rendezvous electronic equipment whieh
aids formating at ranges up to 200 miles, This equipment
falls into two catepories:

(a) Communication transmitter to direction finder,

(b) Search radar to radar beacons

The particular Tanker equipment and the required Recaiver
equipment to establish one of these links is listed by fipure

1=17, It is recormended that Receivers be capable of complating

at least two of the links listed in this charte

In addition to the equipment listed by fipure 1«17 the Tanker
has nmumercus clectronic navirzational aidse This equipment
makes it possible for the Tanker to locate and crbit within
any predetermined area without depending upon ground based
navirational aldse
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