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FXIR('HI1,1) AIRCI RAFT D)IVISION AGES
RE 'IT ',,,.O- .. 7• ,o . 1 F1111-(11,AII 1 Ht KNOIPJE & AtWLei.AE (1 rIOUATION -

MoVnl XC-1 "0 PBF-HrItS) _APPum.p

IDATE, 12'Jul 194.

.subject:------ GROUND I{ANDLI1W3 LOADS CRITERIA ...............------....

INTRODUCTION- -~

This report presents all the loads imposed on the airplane due to
ground handling which includes jacking, towinp, hoisting, mooring, and cargo
loading.

The Model XC-120 airplane has a detachable cargo section (pack)
which is hoisted from the ground to the airplane (carrier) and locked in place
to make a complete flying unit. The pack has detachable ground handling gears
on which it may be towed about the airport and also off the airport. Ground
handling may therefore involve the carrier alone, the carrier plus pack, or the
pack alone.

In the hoisting condition, the hoisting of the pack, from the gronmd
to the carrier will be considered, but hoisting the airplane as a complete unit
(with or without pack) will not be required on this airplane.

(Urnp•sLI 1IHlIK, Ct,•D) •t::sre I truo

ATR 09 479 (cC*1:S OHTAINAPI- U .K(C CADO)

FAIRCI-dH91.1 ; ENGMN- AND AIRPI ANk (:Oki', , IAI RChItI) ,• PORMAPI•
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FAIRCHILIID AIRCRAFT DIVISION•.
REPORT NO. R10"7B--00 4)T IFAMCi191t:3l RN(Wtl~ AIVEMIANK CORlPORATIOgN PAG... AG

MoL XC-120 ] ,w .r Dea_ , PeteOrso A-'r"VEm HT

iA T F . 1 2 ... J ~ l y .1 9 4 9 . .. ..

S_..C . ... .. . . ... ... ... . . . . ......... .. ... . ......... . ...

JACKING

The Jack pad locations are shown in figures 1 and 2 (Ref pgs 4- and 5).

There are mevo"n Jack points per side (fourteen total) located on

the Model XC-120 airplane. Two are located on the wing, one outboard and one
Inboard of the tail boom, one on each ret of landinp and pack handling g•aras
and one mounted in the pack lock fitting when the pack is removed.

The airplane gaar jacks will bh used only to change tires, and the
Jack point on the aft pack pround handl ;ng gear at Fusela Sta-. 542.59 will
be used to Jack the pack only. Jacking the complet÷ airplane with pack will
be aocomplished by Jacks at the rear spar (wing) Jack points and at the Jack
point located on the pack at Fuselage Sta. 112.147. In jacking the complete
airplane with the pack offp the rear spar (wing) Jack point, and the Jack pad
fitting moirtred in the pack lock fittipg on the crew nacelle at fuselage St.a,
147.0 are utilised.

Table 1 (Hef pgi_) gives the static RrorMd reaction per side and
the name and location of theforward and aft support points. Table 2 (ref pU.)
shows the limit load factors (specified in ANC-2a, Table 2.46) au the ulti-
mt& Jack loads per side for a symmetrical loading cornition,

For the jacking conditions, a desipn gross wight of 64,000# with
pack-on and 54#00CO with pack-off will be used with the airpline c.g. at 20%
M.A.0. or 30% H.A.O., which are the maximum forward and aft e.g. positions
peraitted (ref4 V. The packs when jacked alone, consists of 20,000 #. cargo
Plus 5,12]# strucTural weight with the most aft e.g. position (ref 0) tp give
the critical Jack loads on the aft Jack points. The forward Jack point loads
are critical for jacking the complete airplane plus pack.

The pack is attached to the carrier by four lock fittings, two at
Fuselage sta. ITT.0 and two at Fuselage Sta. 394.0. The two forward fittings
carry only vertical load so that the side load component and the fore and aft
load component due to jacking the airplane with pack on are resisted at the
aft lock fittings. The pack inertia loads will relieve part of this load on
the aft fittings.

F -
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-.. �FAIRCHILD AIRCRAFT DIVISION -
REPMT NO. R1G7-300 AVF VAIEMEM. 3EUfW" & AI1?LA.n mwan0E8L-Y -. 7

!MUM XC-120 u•WAam y Feaste.r MOM=o _ AF"VO sy

DATE1 .- ,1l 1949
GRJ,.UI) F.DLIN• LCLDS 5R1T!A

:.. ...... ............. .. . ....-------- - R. ..... ..

JAC - .0 K 1

Table 2 - Ultimte- Jacking Loads Per Side

"* Air Force Letter I)REZA.54/1/cj dated 12/12/49.

-00d Jack Pon omponent ILimit Load! Ultimato Load IfV UltAr~tAQT.
Factor Faotor (Lbs.) Per .3idAe(14.1 -:i , -oo 5 •• •(_.>lr.•..

Grow Nace LI3 Vertical t 2.00 3. 000 I 8004 2404

Pack Lock fForean .50 .750 6006

""Fr S.0 .6014.7017611• 1~~~ ~~.........]-1o•;•...

VtertaI 176 245 231

L....... _ .etio 025 -6444

Fore andAAf .40. .6o 3086•iI (Y $ •9.')Lateral .40 ..6o ' 31966

-- Jack I Vertical 2. • 3. OW 251 77a73
S -i38%86) ateal .0 .50 1?690

Pack Fitting Foe and Aft .40 .60 5008

Pack Fitting Fore--And Aft .40 .60 3955

F S.•.4• ) Lateral' .40 .6 355

N AtJack vertical j 1135 2J2 5974 U2097
PakFitting F~ore and Aft 406 3584

'o (F. S. 542.59) lateral .4 6o38

1and 2 " A-2a 2.5 x (4) Tab,1 , (5) x (6)
______________ Table 2.,f *,14 1?,

.. 7
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.'-i CfIILD AIRCRAFT DIVIiGN
RE'4)RT No. R107B--R)OO A_ _ _ L.N___.

_+ _0 !ý-ewMt -- j

IDA'iaLe July -i949• .......

GROUJND. RIA.N LINO. m QAV5 CaTFJfIIA-m---- ... ...... REVISEP1

H8OISTING - PACK TO CA&RIER

Tha pack is hoisted from its ground position to the carrier by means
of four cables, two on each side of the airplane at Fuselage Stations lI.U
and 39h.8. The loading conditions are "IP" at 74,000# Gross Weight (Refpg.Lo),
"2A" at 64,0OO# and 7h,000# Gross Weight (Ref 6), and "6L" at 60,000# Gross
Weight (Ref. 6) Condition "IP" at 74,OO0# Gross Weight is critical for the
forward cables and condition 2A at 74,O00 Gross Weight is critical for the
aft bables. Table 7 shows the ultimate cable load per side for an ultimate

load factor of 3.00. Figure 3 (pg_6) shows the maximum allowable cable mis-
alignment due to pack hoistinj for the forward cables and is similar for the
aft cables. Thb maximum side misalignment between t he pack and the airplane
centerlines is four inches, and the maximum fore and aft misalignment is 70.
The critical cable loads are calculated assuming the side and fore and aft
maximum misalignments occur simultaneously and are shown in Tnhle 7.

_ _ _ _I
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1()lr NO). FAIRCH ID _ A IRC iAFT DIVISION PA _t :. PA ( ;E,

90 - -L ~ _ __r ---- -1

I)A'rF, 12 Ju.l.. 191-4

`i.Wper,: - GUN.U Ul.&NDLIN• LOADS .CRITERIIA . ITFDI .

HOISTING - PACK TO CARRIER

Condition IF - Outer Panel Fuel Tank Full, Airplane C.G. e 20% M.A.C. Gear
Down, Cargo F-d and High (60" above floor) - Gross Weight 64,000#

Item I-eight X WX I 'z WZ
--- ~- I (LBS) ft(in# xloK3 V (in# x 10-3)1

B fasic Weipht 4- 3o5 1,7.0 642 7,o47.03
I I

I A 14 (From Geai -206.39 1358.03
jExtension) .

Fuel 9,74h 372.5 3,629.64 154 . 1,501.55

01.1 5147 475.0 259.83 151.0 82.60

Cargo 11,867 X 11.87x 2•04.o 0 2,.42087

64,ooo 336.34 17,930. 18 11,4i8.0

X cargo ' 6h.0o x36.34 - I(712.221 8 - 3595.5811.87 11.0
- 302.91" (F.So - 284.91)

Z airplane = 11,410.08 x 10 - 178.28"

Cond 3P - Outer Panel Fuel Tanks Full, Airplane C.GQ20% M.A.C. Gear Down,
Cargo Fwd and Low (6" above floor) G.W. . 614,000# (same as Cond."1P" except
Cargo 6.0" above floor)

X airplane w 33 6 .14 (See Cond "IP" above)

X cargo = 302.91 (F.S. - 284.91) (See-Cond "1?" above)

Z cargo 9O201•4O + (6n-6) = 258.00"

AWZcargo - (11,867)(54)y 640.82 x 103 in-#

Z airplane - (n,41o.o8 + 64o.82)4013) . 188.30o64, 000 -"..

Note:

(*) X . Fuselafe Sta. + 18.00
(A)Z - Dist. below vertical ref. line

Vert. Ref. Line is 172.06 above thrust line

http://www.abbottaerospace.com/technical-library


VIWR NO. R1O' -800 FkIRtCHIILI AIRCHAFT I)IVISION PAGns PAGE e

140DRT XC-1-20 JPH"ARBD-BY Deady & UCE A11~Lterso& n APPROV= DTl

Subject ..... IIAIYD)U ~ ,_L W 5__ ciaDS TIERiA.. ................ ---------.......... RE I D ------------------

HOISTING - PACK TO CARRIER

Table 3 H~oisting - C.G. Determination

APLIE CARGO PACEMT CARGO IPACK -1 JW2 x 2 TJ'L PC
COiW! GROSS VC'. WT., I 0.0. 1.G 1 WX- CA.RGO-C.G.

(i, 14 J9) _

1? 714,000 20,000 5121 3114.00 324dd44 §28q0O00 1- 661457 79hJ.457 316.13

2A 74,00OO 20,000) 5121 3146-56 3214.44 693J,200 .166;,57 q93657 34.0

2A 64,,o0o 11,867 5121} 358.27 324.44* 4i252,90 ;2 66~1457 5,913,047 3148 .07

6L. 60,000O 17,132 5121 j361.149 3214.h44 6;L91047 {)663)457 78h514329

. ~ -Ref 6____x(),C6_ +7

.0

AIRPLA 1NEC~ WEGH PAKWdW

COND GROSS WI'. d IAG

ip 714,000 25,12a 169.13 4,(8o 14 24h715 7,1146 7975

2A 714,000 25,1211 195.05' 147.80 Y~99,851 19,-173 53148

2A& 614,000 16,,988 201.07 147.80 3,41.r,7 77 13,7814 32014

6L 60,00 22,253 205.9 6 147.80 83228_ 18,1496 3757

1147. 0

Nt:ColwmnsO®,cjý, and ®ý are fuselagn !Aationi14

A-x~
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RE1PORT NO. R107P..800 ]IA I R i ('1I) A I R C'AFT 1)1VIS10N P I'AGPAE,W• VAIR4111|l 13 Y-NOONE A A119Fl A-•k, UXlEOR ILA'nON

moflXL. 7-_1 20 1 WftEMIKD BY Ir)ci~y PHcIYa2nL APFIOVR li
DAT.E 12 July 1ý. .

sub' - GROUND HANDLING LOADS CRITERIA - . Ri........

HOISTING - PACK TO CARRIER

AIRPLANE] ULT. CABLE LOADlS PER SIDE
COND._ GROSS WK. FRONT CABLE R CABLE

IP 74sO00 11,963 -

2A 74,000 .. .. 2 9,-660 .. ti.ate Load Factor

(3.oo-•00 D (3.o0 x 2 i

Table 6 Cable Angles_(Dueto 4" Misa__-iment to Left) (PF,- F _ ) _
-- . -4 ,

CABLE (C),6 CABLE ANGLE E TAN E90 ,.

Left Front -19" .f344I\33j + \ ,,,
-.. . . . .... ..

Eight Front 40 . .06993-

..eft Rear -7.25w .127

S Right Rear o 0.83@ .014B55 - \o

_•_:ie_--7_ Ultirate_ HHoist Cable Loada for Maximum Misali !nt Cond.

CABLE (A) Pz P P Tan9 Fx -PZ Tan? 7J Result~ant Cable Loadi
- --- ... .. . - -R . f p , 2 + . .P y 2 __ + p x _2

Left Front 11,963 4119 1469 12,737

Right Front 11,96:3 837 146( 12,082

L ft Rear 29,t,60 3773 3642 30,120

Ritght Rear 29,(60 432 3642 29,886

(a)AS Viewelfrom IRar Looking Forvard

, .*. ,u ,. ... '
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REPORT NO. F 00 AIRCHII. AI RCRAFT DIVISION ANA (

McDEL XC-12•0 I[Pa"rAalw pi _, 2.1dRdy-_ _-_. _jvt~•o~ V--IMa.- r~av• .....

Subjec.t:ar 9P RI .JulyIN L1 9 .........
s~j a-.... ....•• •t .H N?.' ...... -.. C-. .............. .... . ......... .•:~ • -----.................-- I . -- -- --- --- E E

TO'•iING

(a) Towing Airplne

The airplane (with or without pack) in tmwed or pushed from a fitting
on the aft side of the main gear by a tractor unit at e:'ch gear (left and
right) as shown in Figure 4 (Ref pg t4). There is no tow point on the forward
gear. The maximiu towaing ross weighit for the romplote airplane with pack
is 7h,O0W. S qction 2.41• of ANC-2a states the towing loads criteria.

Limit towing load P * 6Wt + 450 (ReWf_) where Wt - 74 kips

P - 6 x 7 + 450 - 12,771# (limit)

or P - 19,157# ultimate

The main gear towing load acting parallel to the "D" axis or 30* frorn
the the D axis equals 0.75P or 1i,3 6 8#. The vertical load at the gear is
equal to the static reaction. Since no towing will be done from the forward
gear, the aft gear will be crit'i-al.

For a gross weight of 7h,O00# with the pack cargo high and aft the
airplane c.g. is at Fuselage Station 332.38 (Ref .5 ) Conditions 2A and hA
Gear Down G.W. 7h,O000.

Vertical reaction on Main Gear w 74,000 x 163.38 x 1.5 - 96,980# (ult)

Vertical Reaction on Fwd Gear . 111,600 - 96,980 . 14,020# ultimate

I IORIZONALLOAD VERTICAL iPA j

GEAR MAGNITUDE DIRECTION JLOAD CONDITION 1ROSS TT.

Main lh,368# Fwd or Aft 96,980# Pack Cargo 1 74,000
Parallel to Ii
D Axis or at High and Aft

300 to D Axis - [
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TO&J NG

STowing Pack

The pack may b•. Luwe. froir either forw-ard pack -ear a5- whnn in Fig.
4_ (Ref. pg 14). iHoth front gears are free swiveling while the aft ,ears are
Tixed. Two-pack towing conditions, Normal Towing and Fast Towing, will be
investigated. Norrmal towing, is a very slow towing condition for maneuvering
the pa•k about the ajrport. and will conform to section 2.45 of ANC-2a. The
Fast Tow condition is a towting, condition off the airport at a slightly in-
creased speed. Ultinato load factors of 3.0 g vertical arxi .'I! g lateral
will be a;sumwl foc the Fast Tow condition. The maximum pick gross weight
for towing is 22,253# which includes a cargo weight of 17,132#.

The maximum allowable cargo for the pack towing condition is 17,132#.
The most Forward and aft pack c.g. limiting conditions are 5L and 61, (Refe_)

Qi

Table 9 Pack Static Ground Reactions

CAG AK CIOPACK dPd2~IG ),_Ido P2n t-M +R 2  R2• _ . . I - - ,Xi .2 x.. ..M. ....L

4 5'9 (6J ~ ~ Ž ) Cy '; 'L
'L 17132 5-12l1 314. 6 324~.4 199.1 208.9 1,~ 1. 001 W 8. 09 ,

-' ... 1 341 001 . 0917

6L 17132 5121 361.5 324.4 260289~2..4J~ O(]56. ?79~

(•,5) 1 4259 1-5o.41•7 427.l2
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(b) Towing Pack

(1) Normal Tow

The loaded pack will be towed from one set of forward gears.

P - 0.30 Wt (Ref, Fig. 2.45 ANC-2a)

Wt - 22, 253#

P - .030 x 22,253 - 6676#

Tow is assmued to be 0.75P in all directions.

Tow load v .75 x 6676 x 1,5 - 7511# (ultimate)

Maximum Vertical load per forward gear 11760 x 1.,5 . *"L:)

- 5880 x 1.5 - 8820#- (ultimate)

The balancing forces for pack towing will be translational and
rotational inertia of pack (Ref. Condition "b' ANC-2a Table 2.45).
Condition "a' will be ignored as it is a gear condition only.

(2) Fast Tow

For this condition a 3.0 g vertical and a 0.25 x 3.0 0 0.75 g
lateral load in anv position in 360* is assumed. Since the load analysis
shown here includes Nomal Towing, the loads shown will be condidered
for aft and side loads only (no forward loads) and is call "Fast Tow
Condition.

The side load will be considered acting at the flat tire radius
(6.70 " below g of axle). This side load may occur even though the
front gears are full swiveling because on the towed gear, the tow bar
will restrain the swivel action.

Maximum front static reaction for one gear - 11760 - 5880# (Ref pg.!)
2 TI tiLL r- ý

Ultimate Vz - 5880 x 3.0 - 17,6hO#

Ultliiate Vx - 5880 x .75 - 4,410#

Ultimate Vy 5880 x .75 - 4,4

,. .- ~-*
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M.001ING

Limit load is that ThAr rpsiltinv from a 75 m.p.h. wind parallal to
the ground in any direction to the airplane. (Ref 4 ) It is asswaed that
the only weathervane action will be that due to th--wnd acting on the vert-
ical tail and on the tail boom. This design moment about the c.g. of the
airplane is resisted by a couple applied at the main wheel blocks, and nose
gear blocks, reactions applied at the eye at the end of each tail boom and
a couple applied at the mooring fittings at wing station 378 on the outer panel.

' It is further assumed that the wing mooring fittings awl the tail boom

mooring fitting each take 4O% of the total moment.

Assume drag coefficient of boom = 1.20

Assume drag coefficient of tail - 1.28

For 75 m.p.h. wind (limit)
Sq 1/2Po2 1/2 (.002318) (1.467 x 75)2 . 1)239 PSF

(pO standard density.)

Area of vertical tail - 99.4 ft 2 (Ref. Dwg. 107-000000)

Design load on tail - 1,28 x 14.39 x 99.4 x 1.5 2'(Q/

Vertical tail center of Pressure = 922.1 + 12.0 - 934.1 (Fus. Sta.)

Distance tail C.P. to forward c.g. of airplane - 934.I - 318.34 - 615.76"

Design weathervane moment about c.g. - 27t5 x 615.76 - 1,690,877 in-lb

Area of tail boomr.5.

Sz Fs.a. H.S

..-1/ Area Ci' + 36) x 381 145.2 ft-2

7- - f 4.. ,

- -
- t - - -- - -
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MOORING

Distance boom c.p. to forward c.g. of airplane N 738.3 - 318.34 h19.96 in.

T)Pi..qin load on boom - 1.20 x 145.2 x 14.38 x 1.5 - 'i61fi

Design weathervane moment about c.g. - 3761 x 419.96 . 1,579,470 in-P

Total weathervane momwnt - 3,270,3147 in lb

4O% Total Moment , .=4O x V270,317 - 1,308,139 in lb

( InZ Mo~ring

Distance between outer panel] mooring points -

f222.56 + (378.10 - 216.94) (.-9988)1 T2] 767.06' in.

Drag component - 1 308 139 - 1705#
S• • u. •o A Lt. ..••: ,

lald en tie down cable 17051 2620#

(b) Boom MooringF

co~~iple -A~OJ3

c~~uhlsI -oa - lwN

CA
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CARGO LOADING - PACK

The pack cargo will be loaded with the pack restinf, on its gears or
in the jacked position. The pack has provisionr for Inirlnp r-,1-go thru the
forward or aft indF by meanq of a loading ramp. The maximum carrgo that may
be loaded thru the fNd end of the pack is 10,0O0/i, while thru the aft it is
20,O000#. The maximnum concentrated weifht that may be applied to the frames
at each set of pears Is 1O,0O0# for the forward frames and 15,WOO# for the
aft frames. The ultimate load factor for loadinr is 2.00.

Ultimate load per forward pear . 10,00011

Ultimate load per aft pear 1'5,000

, • a. Ž
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"NOTICE: When Government or other drawings, specification- or
other data are used for any purpo~se other than in connection with
a definitely related Government procurement operation, the U.S.
Government thereby incurs no responsibility, nor any obligation
'whatsoever; and the fact that the Government may have -form~ulated,
furnished, or in any way supplied the said drawings, specifications
or other data is not to be regarded by implication or otherwise as
in any manner licefising the holder or any other person or corpora-
tion, or coniveying any rights or permi'ssion to manufacture, use or
sell any patented in'venhion that may in any way be related thereto."
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