
vr 

I, 

- -ANA.DIAN 
' 



'/-- 500/WTS/ l 

---- CANADIAN GOVERNMENT PROGRAM FOR THE AVROCAR 

PHASE 1 

WEIGHT AND BALANCE REPORT 

f April 1961 

Issued by: 
Avro A i re raft Limited 

Molton, Ontario, Canada 

Under 

't- Contract TB 570345 
i- Contract Serial No , 9-BX-0-8 

(S.O " W. para 2 , l "0) 

-
Approved by: 

' / 

/ 

E of , Burnett H: Shoji 

TO: 

DATE: 
COPY NO , ~ 

The number of pages i n this report, including Title Page, 
and Table of Con te nts is 25. 

I .· 
v 



Section 

TABLE OF CON TENTS 

Ti t ie 

LIST OF REFERENCE REPORTS 

. FOREWORD 

WEIGHT ESTIMATION METHODS 

2,3 

2A 

Stru cture 

Powerp lant 

Equipme n t 

Operat i ona l Load 

j 0 

Paoe No o 

11 

2 

2 

3 

3 

4 



,......__ 

Report No. 

Vickers -
Armstrong W28 

S , A. W. E , # 1 26 

R, A , E}80 

P & W TDM-1569 

GEN/WTS/ 44 

S.A. W , E,# 158 

J . R . Ae " Soc o 

PB 121097 

R. A.E. 94 

J. R .Ae , Soc. 

LI ST O F REFEREN CE REP ORTS 

Ti t ie 

Selection of O ptimum Wi ng Configurat ion 
for M inimum Vvei gh t 

Tail Unit Weig h t Prediction 

Fuse lage Weight Prediction 

Prediction of Undercarriage Weig hts 

A Method of Undercarriage Weig ht Prediction 

Preli minary Perfonna r: ce Estimates of 
Li fting Fans 

Li f ti ng Fan Weights 

Pre I imi nary Desig n Weigh t Estimation 

Gear Box Design 

Weights and Balance, Rotary Wing 

Aircraft, Vol , 5 

A Simple Me thod for Tai I Unit St ructure 
Weigh t Pre d i ction 

Aircraft Design Anal ysis 

Author 

Davidson and 
Mc Whorte r 

Pavel in 

Green 

Burt and Rip ley 

Phi I lips . 

Pratt & Whitney 

ii . 

Avro A i rc raft Lim ited 

Wei nberg 

October 1954 

Li beratore 

Ripley 

Driggs 



1 "0 FORE VvORQ 

Phase appe rta i ns to the A vrocar development i n its prese n t generc l configu ration . 

Sinc e there was not o r igid spec ifi cati on to adhere to ond mcst confi gL,rct ions were 

unconventiona l, th e stimot i ng processes outlined for Phcse 2 cou ld no t be app lied. 

The ge neral A vroccr srrucrurol lcyout was used as a desig n b~sis for the d i sc us shaped 

port ion of each config urati on , raisi ng th e gauges of the mc~er i c l to mee t the speed 

L 

• and load fa cto r requiremen ts , The wi rg s, tail planes, fi ns and rudders were es rimated 

i n the con ventional m(mner ou t l ined in Estimating Methods section of thi s re port. 

As the v a rious desi gn configurat i o ns e vo lved , a we igh t es +irn a re o f each w as pre pared 

except for a few configurations wh i ch were discorded as impractical before a we ight 

estimate commenced _ The Des ign Di v ing Speed and th e UI ri mote Lood Factor were 

set for each configurati on at the G , A , drawing comp le tion st:Jg e b, th e Proj ect 

Engineer, and the Wei.ght Si tateme nt prepared on thi s info rmoti c n , Subseque l'l t i nfor­

mation from the Performance G rou p has not bee n in cor porated i n the \". 'ei ght :; taterne nt s 

un d coul d aite r the Weigh t Est imc,tes apprecia b ly . The assumed values for each con­

figurati on ore shown on eac h We igH Statement. 

Where horiz:ontal c ag. posi tions have been calcul a ted, th e roto r ce nterli ne is used as 

the da tum . No deta iled moments of inertia have bee n c a lcu lated bu~ where approx­

i mate values were re quired for performa nce es tirnates 1 A v roc ar data was extrapolated 

for the Discus veh icles, and em pi r i cal data used for more conventional config ura tions . 



2o0 'vVEiG HT ESTI MATION METHODS 

The weight est imates for the va r ious configu rat ions conside red i n thi s program are 

based on prese n t state-of -the-art le vels with no signi fi cont opti miza tion attempts a 

In general, the config urati on weig hi' estima te was cor~ducted on an "as draw n" 

basis using equi pment and ma te r iG ls ava ilab le ' o ff the shelf' . Certain areas of 

current ai rcraf t development, pa rticu larl y in the gear box and propeller f iel d, give 

promise of significan t weight reducation in the near future. It is felt, therefore,. 
that the weig hts quoted in this re p:>rt are realistic and poss ibly slig ht ly conserva tive. 

The weig ht esti mates are based on a design diving speeds, and an Ultimate Load 
Factors : se t by the Pro iect Engi neer at the completion of the G.A. d rawings. 

2o l Structure 

2o 1 o 1 Wing 

The Davidson-Mc 'v'V'horter method of wing weight predict i on (S .A. W.E. Report #33) 
was used exclusively for conventional wing/fuselage structures usi ng ultimate load 

factor, aspect rat io, w i ng area, taper ra tio, thickness/ cho rd ratio, and design diving 
speed as the major parameterL 

'vVherever the Avrocar discus shape appeared in its true form the components weight was 

calculated using the Avrocor basic structure with increased material gauges to suit the 

requirements. 

2. 1. 2 Fin and Rudder 

The fin and rudder weights were establishe~ by the Pavel i n method (Vickers Armstrong 

Report 'vV28 ) using design d i v ing speed, area, strnctural swee p , span and taper ratio 

as parameters , Ar-. additional i0% a llowance for mass ba lan ce we ight is included " 

'vVhere applicab le , a previous Avrocar fin desig n was used bei:.g modif ied sligh tl y to 

sui t the new area requirement " 

2 c 1 o3 Tailplane 

The Pavel in method was also used for tailp lane estimates ond is essentially the same 

as the vertical tail method using differen t constants_ Here ogain an additional 10% 
was added for moss balancing . ,A. previously designed Avrocm tai I plane was used as 

a basis for applicable con figu rati ons. 

2o 1 A Fuselage 

Fuselages for the conve ntional configurations were estimored by the Green method, 
( S A ' 1

, i:: # l n') ' D • 'A ' f D • A 1 , ) I• 1 
• d , , . v'✓ , .:.. . LO and riggs \ Ircra t esIg n ncIysIs wnIcn uses max1rm.: rn spee , 

wetted area, and to il le ngth (1/ 4 c wi ng to 1/4 c toil p icm e) as parame ters . Som e 

discus shaped ve h i c les o re considered under wing g rou p cr: l :,: w ith no se parate all owan ce 

for fuselage and are generaily based on Avrocar des ig n w iih inc reased ma terial gou9es. 



3 . 

2 .1 . 5 Undercarri age 

2,2 

R. A. E" Structures Reports 80 and 198 were used to establi sh w e igh ts o f the re tractable 
conventi onal undercarri age assumi ng a sink i ng speed of 9 f t/sec , A n ext rapo lation of 
the A v rocar undercarri age was useJ on applicab le configurations. 

Powerp l ant 

The weights for the engine and engi ne accessories were gene ra l ly obta ined from th e 
engine manufactur~rJs brochures. 

The· l ifti ng fan we ights were der i ved from Avro Report GEN/VITS/44 wh i c h i s a colle c ti on 
of curves relating fan diameter , horse power, pressure ratio e tc, based on informati on 
obta i ned from Pratt & 'v'/hitney Re port TDM 1569 and checked w ith da ta based on our 
own experience wi th the Avro car and other vehicles .., Prope l ler we ig hts were esti mated 
from a method outlined in S.A. \.I.. . E . Report # 158 after c heck ing the method w i th 

known actual we ights of aircraf t prope l lers o 

The Journal of the Royal Aeronautical Soc i ety pub l ished an a rt ic le or. G ear Desig n 
wh'i ch was used as the basis for the gear box weights. It was fou nd that thi s method 
was reliable for spvr gears, but di d not reflec t the weight sav i:igs possib le through use 
of pl ane tary gearing " Several exam ples of planetary gear box we re plotted against 
the general curve end all fell bel ow the curve, however, it was deemed insu ffic ient 

data to warrant a change in method an d the heavier geor box weights are ca rried 
throughout the study o • 

Shafting weight was determined in each case by sizing according to accepted 
machinery practice. The ducting was sized by simple hoop tensi on and allowonc~ 

made for hangers, ioints, etc . 

The clutch weights were obtained from a clutch weight vs torque cu rve produced 
from data obtained on a great number of c lutches , 

The fue l system and tankoge, eng ine contro l system, and f i re ex t inguishi ng system 
weights were established from empiri ca l data based on ex perience , 

Equipme n t 

Si nce time did not permit the detai I layout of equipme nt and the general specification 
did no t list mandatory commur,i cat ion a nd navigation equipment i t was deci ded to 
use the Avrocar e qui pment modified where necessary by design considerations_ 



Operational Load 

Fuel loads were estab l i shed arbitrarily depending mainly on avai lable volume, and 
o; ! weights were ob tai ed from the eng i ne manufacturer's brochu res o Residual fuel 
(unusable) is consi dered to be 1. 5% of the usable fuel . 

A standard a llowance of 200 lb , per crewman is carried assuming a crew of two. 

The cargo a I lowance was estobi ; shed orbi trori I y " 
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WEI G HT ESTIMATE (Fig " l) 

COMPONENT 

Structure 
Wing 
Tailplane 
Fin 

Undercarriage 

Powerplant 
Rotor, stator and shroud 
Engines, J85-7 
Engine installation 
Engine controls 
Fue I system and tanks 
Engine jet pipes and diverters 
Rotor and puffer pipes 
Insulation 
Firewal Is 

Flying Controls 

Equipment 
Radio and intercom. 
Instruments 
Electrics 
Pneumatics 
Cockpit furnishings 
Trapped fuel 

Weight Em11>ty 

Useful Load 
Crew 
Residual fuel 
Rotpr oi I 
Engine oi I 
Fuel 
Cargo 

Gross Weight 

V = 350 knots· 
UI timate load factor - 6 

6. 

Wt o ( lb o) H cArm (in " ) 

1104 - 15 
960 2 
72 -145 
72 -110 

60 0 

1921 13 
548 0 
650 38 

22 38 
10 52 

290 20 
205 - 26 
88 - 41 
78 6 
30 40 

200 - 35 

366 49 
35 80 
26 80 

218 40 
23 0 
64 65 

3651 5 

4855 8 
400 60 

54 40 
9 0 

12 45 
3580 20 

800 - 75 

8506 7 



j ' 

·~ ! ,"i 
< ...,-, 

I > 
I ' M 

I i 
L 

\ 
\ 

~ 

I 
I 

I 

~n, 

\ \ \ 

~ __._, Ll .L -

~-- - ·, 
I .- ~ 
~ 

~ ----) 

' I 

FI G. 2 ' 



WEIG HT E: TiMATE (Fig c 2) 

C O M P O N E N T 

Struc ture 
Wi ng 

Ta i l p!ane 
Fin 

Underco rr i 1Jge 

Powerpl ant 
Ro tor, stator and shroud 
Gear boxes and shaft 
Engi ne, T-58 
Engi ne moun ts 
Eng ine cont rols 

Fuel system a nd tank s 
Exh aust pi pes 
Firewalls 
Engine in takes 
Fire extinguishers 
Insulation 

Flyi ng Controls 

Equipment 

Radio and intercom " 
Instruments 
Electrics 

Pneumatics 
Cockpit furnishi ngs 

~ 

\ \'eight Em p ty 

Useful Load 
Crew 
Residual fuel 
Rotor oi I 
Enc:; ne oil ,, 

Fuel 
Cargo 

Gross \'✓ eight 

= 290 kn o ts 

Ul t1mote lcod foe tor = 6 

Wt . (l b " ) H_ A rm( i n. ) 

11 79 - 16 
980 2 
85 -124 

114 - 95 

60 0 

1608 45 
490 0 
258 40 
542 92 

22 92 
10 40 

115 38 
85 - 15 
30 79 
10 105 
28 80 
18 85 

204 - 40 

396 41 
35 30 
26 52 

218 50 
23 50 
64 30 

3447 17 

4466 - 13 
400 21 
45 0 
9 0 

12 95 
3000 0 
1000 - 70 

7913 0 
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\A/EIGHT ES TIMATE (Fig " 3) 

COMPO N E N T 

Struc ture 
\fling 
Ta ilplane 

Fin 

Undercarri age 

Powerp lant 
Rotor, sta tor and shroud 
Eng ines, J85-7 
Eng ine i nstalla t ion 
Engine controls 
Fue I system and tanks 
Engine jet pipes ar,d d iver ters 

Rotor and puffer pipes 
Insulation 
Firewal Is 

Flying Controls 

Equipment 
Radio and i ntercom " 
Instruments 
Electr ics 
Pneumatics 
Cockpit furnishings 

Trapped fuel 

Wei gh t Empty 

Usef \J I Load 
Crew 
Residual fuel 
Rotor oi I 
Engine oil 
Fuel 
Cargo 

Gross \Veigh t 

VD = 290 k nots 

U l t imate load facto r - 6 

10. 

V✓t, ( 16 o) H. Arm (in . ) 

1489 - 12 
1330 5 

81 -170 
78 -135 

80 0 

211 5 4 
548 0 
650 36 

22 36 
10 60 

333 9 
246 - 36 
101 - 49 
175 - 40 
30 41 

200 - 50 

426 49 
35 88 
26 90 

218 45 
23 20 
64 76 
60 7 

4310 0 

7511 - .1. 
400 76 
90 -, 

I 

9 0 
12 43 

6000 7 
1000 - 80 

11 82 1 - 1 
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WEI G HT ESTIMATE (Fig _ 4) 

COMPON ENT 

Structure 

Wi ng s 

Fi n and Rudde r 

Fuselage 

Unde rcarri c:ge 

Powerplan t 

Engines and free turbine 

Fan 

Jet pipes 
lnsuiation 
Due ring 
Fue l system and tanks 

In takes 

En9 ;ne mounts 

Engine controls 

FI ying Controls 

E9uipment 

Weight Empty 

Operational Load 

Crew (2) 
Oil 
Re sidual fuel 
Fuel 

Car00 

Gross 'lv'eight 

VO : 684 mph 

U l t imate load factor = 4 

2072 
777 
126 

1169 

180 

3254 
1931 
650 

18 
15 

374 
124 
86 
30 
26 

130 

360 

5996 

3726 
400 
60 
66 

3000 
200 

9722 
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V,; EIG HT EST IMATE (Fi0 , 5 ) 

C O MPONE N T 

Str1J cture 
Wi ngs 
Fin , ru dder and nace l le 

Fuse loge 

Unde rcar r iage 

Powerp lan t 
Eng i nes (2) Astazou II 
Fan 
Cose and stator 
Gear box and shaf ring 
Prope ller 

Jet p ipes 
Insu lation 
Ducting 
Fue I system und tanks 
In takes 
Engine mounts 
Engine controls 

Gyro al lowance 

Fl ying Controls 

Equ ipme nt 

\//ei ght Empty 

Operdi onal Load 
Crew (2) 
O i l 
Res idual fuel 
Fuel 

Cargo 

G ross Wei ght 

= 250 mph 

U l timate load factor - 7.27 

Wt. ( lb .) 

1036 
46 1 

65 
510 

50 

2713 
550 

42 
66 

534 
232 

16 
12 

374 
111 
30 
20 
26 

700 

130 

360 

4289 

1603 
400 
60 
23 

920 
200 

5892 

14 . 

I 
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WEIG HT ESTIMATE (Fi g ., 6) 

COMP 'ONENT 

Structure 
Fuselage 
Wing 
Fin and rudder 
Tai !plane 
Nace I le 
Pylons 

Undercarriage 

Powerpl ant 
Engines, Astazou II 
Fon 
Case and stator 
Gear boxes and shaf ting 
Propeller 
Jet pipes & i nsulation 
Ducting 
Fue I system and tanks 
Fan clutch (2) 
Intakes 

Engine mounts 
Controls 

Flying Controls 

Equipment 

Weight Empty 

Operational Load 
Crew 
Oil 
Residual fuel 
Fuel 
Cargo 

Gross Weight 

VD = 345 mph 

Ultima te load factor = 7 

Wt. (l b . ) 

2423 
128 1 
560 

63 
173 
217 
129 

180 

2022 
580 

60 
70 

61 8 
284 

12 
137 
60 

116 
45 
20 
20 

65 

480 

5 770 

165 2 
400 

60 
32 

960 
200 

6822 

16. 
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WEi G HT ESTIMATE (Fig o 7) 

COMP Of'.lEN T 

Structure 
\Aiing 
Fin 

U ndercarr iage 

Powerpl ant 
Rotor, stator and shroud 
Eng ines, J85-7 
Eng ine mou nts 
Engine control s 
Fue l system and tanks 
Je r pi pes 
Exhaus t out let 

Fi rewal Is 
Eng ine intakes 
Fi re exti ngu ishers 

Insu la ti on 

Fl ying Con trol s 

Equipme nt 
Rad io and i n tercom , 

Instruments 

Elec trics 
IP ne umati cs 
Coc kp it fu rn is hing s 

Weigh t Empty 

Use fu I Load 
C rew 

Res idu a l fue l 

Ro tor oi I 

Engine oi I 
Fuel 
Carg o 

G ross Wei~ ht 

'✓ o = 290 knots 

Ult :01cte load L:ic tor = 6 

Wt . (l b.) 

105 1 
980 

71 

60 

1651 I 

6 2 l \ 
' 650 ,: 
'r-----1 

! 22_ ': 
10 

115 
89 
58 
30 
10 
28 
18 

234 

366 
35 
26 

21 8 
23 
64 

3362 

4B32 
4◊0 --

51 
0 , 

12 
3360 -~-;_ 
1000 

2194 

18 . 

H V Arm ( in . ) 

- 5 
3 

-1 00 

0 

18 
0 

41 
39 
64 
15 

- 20 
29 
39 
83 
40 

- 29 

- 10 

50 
80 
90 
40 

0 
65 

12 

2 
60 
10 
0 

50 
10 

- 48 
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WEIG HT ESTIMATE (Fig, 8) 

COMPO N ENT 

Si ru cture 
Wings 
Fin and rudder 
Fuselage 

Undercarriage 

Powerplant 
Engines (2) Astazou II 
Fon 
Case and s to tor 
Gear box and shaft 
Jet pipe 
Insulation 
Ducting 
Fue I system and tank s 
Intakes 
Engine mounts 
Engine cont ro ls 
Gyro al Iowa nee 

Flying Controls 

Equipment 

Weight Empty 

Operational Load 
Crew (2) 
Oil 
Residual fuel 
Fuel 
Cargo 

Gross Weight 

Vo = 250 mph 

Ultimate load factor = 7 , 27 

2U. 

'NL ( lb .) 

9 19 
461 

42 
416 

50 

2124 
550 

42 
66 

177 
16 
12 

374 
111 
30 
20 
26 

700 

130 

360 

3533 

1603 
400 
60 
23 

920 
, 

200 

5186 
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V✓EIGHT ESTIMATE (Fig " 9) 

COMPONENT 

Structure 
Wings 
Fi n and rudders 

Fuselage 

Undercarriage 

Powerplant 
Rotor, stator and shroud 
Engines (2) J85-7 
Engine moun~ 
Engine controls 
Fuel system and tanks 

Jet pipes 
Exhaust outlet. 
Firewalls 
Engine intakes 
Fire extinguishers 

Insulation 

Flying Controls 

Equipment 
Rodi o and intercom o 

Instruments 

Electrics 
Pneumatics 
Cockpit furnishings 

Weight Empty 

Useful Load 
Crew 
Residual fuel 

Rotor oi I 
Engine oil 
Fuel 
Cargo 

Gross Weight 

VO = 350 mph 

Ultimate load factor :: 6 

I ,' ' (I ' ) . vYt " , D 0 

1643 
413 
250 
980 

60 

1651 
621 
650 

22 
10 

115 
89 
58 
30 
10 
28 
18 

234 

365 
35 
26 

217 
23 
64 

3953 

4831 
400 
50 

9 1 
12 i 

-.l 

3360 
1000 

8784 
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