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Mr. J. D. Hodge, Technical Flight Test Co-ordinator 
J. Lucas, Chief of Performance Evaluation 

PERFORMANCE DATA FROM ARROW 1 FLIGHT TESTS 

Attached herewith, please find report 71/PÏRF/2, Issue 2, on 

Programming for Performance Data from Arrow 1 Flight Tests. 

This issue supersedes the original issue of report 71/PÎKP/2 

and Includes clarification and refinements to the list of 

available instrumentation, Sanborn editing records and to the 

applicable formulae for I.B.M. 704 computations. A note on 

aircraft weight and C.G. data (Appendix I) is added. 

It is realized that performance testing on Arrow 1 aircraft is of 
secondary importance but useful results are readily obtainable 

from the existing program using available instrumentation. 

Adequacy of thrust measuring instrumentation is discussed under 
report 70/FERF/ 1 App. II. 

j. Lucas 

Chief ot Performance Evaluation. 

Messrs I. A. Chamberlin 
F. Brame 

A. J, Downing 

D. N. Scard 

D. R. Woolley 

G. Esilman 

Ot 
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REPORT NO. 71/PTSRW2 la», 2 

/IVfiO A/RCRAFT L/M/reD 1. M ALTON - ONTARIO SHEET NO 

TECHNICAL DEPARTMENT PREPARED BY DATE 

AIRCRAFT; 
NOT/57 R. Waecbtsr 

ARROW 1 PBRTORMANCK FLIGHT TKSTS CHECKED BY DATE 

raOGRAWMTNO FOR FgRFCKMANCg DATA FROM ARROW 1 FLIGHT TESTS INTOODUCTIÇM:- 

Thls report on programming for performance data from Arrow 1 
flight tests is divided into three main sections, i.e. 1) Available 
instrumentation. 2) Sanborn trace recorder for editing and 3) Input - 
output summary and applicable formulae and charts for I.B.II. 704 

required. Hence before final data processing on tne I.D.H. 

computer, the data will need to be transformed to the lower frequencies 
either on the computor itself or on an intervalometer. 

A Sanborn trace recorder will be used to edit the flight test data 
prior to entering on the I.B.M. 704 computor. This trace recorder will 
also show traces of all measurements which require no further computations, 
such as elevator angle, pitch an.le, air brake angle etc. This would 
eliminate the need to enter them on the I.B.M. 704 computor and would 
simplify programming. It would be desireable to convert ambient 
and dynamic) pressure measurements to indicated Mach number and indicated 
altitude on the Sanborn recorder to facilitate editing as well as to 
record accelerations and R.P.M. settings to determine the steadiness of 
each manoeuvre. A total of 8 traces per record is available, with paper 
speeds of .25, .5, 1.0, 2.5, 5.0, 10, 25, 50 4 100 mms/sec and a paper 
length of 200 feet. At the editing stage, time frequencies between 5 
seconds interval* and 5 per second will be decided for 704 computations. 

Computations will then be made by the 704 computor from which all 
output will be presented as time plots and tabulated when required, 
except from steady level speed tests where the stabilized portion will 
be previously obtained by editing and the computor output tabulated only. 
Cross plots of compntor output data will be made only when specifically 

All records should be Identified by aircraft number, flight number 

computations. 

requested. 

$ 





ffîîrr" AIR O A / R c R A Fr L/M/TED 
MALTON - ONTARIO 

TECHNICAL DEPARTMENT 
AIRCRAFT: 

mot i PERFORMANCE FLIGHT 
TESTS 

REPORT NO _ 

SHEET NO . 

71/PS:lF/2 Ig8 2 

PREPARED BY 

R.Baaehtar 
CHECKED BY 

Sept. 1957. 

IT EU 

18) Fuel remaining, per tank (14 off) 

19) Engine intake (port and stbd) 

20) Engine intake p^ (port and stbd) 

21) Engine intake Tj (port and stbd) 
optional 

22) Turbine discharge P„ (port 
stbd) ' 

and 

23) Turbine discharge T„(port and 
stbd) 1 

24) By-pass gills shut ind. lights, 2 
off(port and stbd) (one on side 
gills and one on oil cooler gill) 

25) By-pass temp, above and below jet 
pipe TJJ (port) 

26) By-pass press, below mid jet pipe 
PB (port) 

27) Diff. static in lower ejector just 
upstream of final nozzle, relative 
to ambient static 
(port) (pB - pi) 

23) By-pass temp, above and below 
turbine (port) 4 

29) By-pass static press, above rear 
comp, (port) 4 

RANGE 

0-300 gals 
each 

(max.) 

O-30 psia 

-75+350°F 

0-45 psia 

0-1400 F 

0-500°F 

O-35 psia 

- 3 to 0 psig * .05 psi 

ACCURACY 

* 6 gals 
(max.) 

1 »3 psi 

4 F 

1 .45 psi 

* 14 °F 

shut -not 
shut and 
shut and 
fully open 

* .35 pal 

0-500°F 

0-35 psia 

* 5°F 

! .35 psi 

REMARKS 

Representative 
probes after ra)^ 
calibration. 

May substitute 
free stream T. 

Manifolded 
rake measure- 
ments. 

Static pressure 
measurement hers 
assumed = downs|t 
total press. 

Of incidental 
use only,in 
performance 
measurements. 

NOTE;- Items 25,26 and 27 are available on port side only and will be 
assumed identical on starboard side. 

Item denoted thus 4, are not required for the program as detailed 
herein but should be available if and when needed. 

O) 



/tiffo 4/f/cf/AFr i_/M/reo 
VI A LTON ONTARIO 

TECHNICAL DEPARTMENT 

ARROW I PERFORMANCE 
FLIGHT TESTS 

REPORT NO 71/PERF/2 188.2 

PREPARED 

R. Waechte 
CHECKED 0) 

SECTION II SANBORN EDITING RECORDS 

Sanborn trace records will consist of a time history of direct 

Purposes ar.d recording data which requires 

to wUMn + m ep100* I T. traCeS 3h°Uld be r90°rded versus tirae 
I B M 707 ' H 

SUC^ ^ accurate correlation with succeeding 
infini LstrU

0™ÎntCan "a ' °Vera11 a0CUraCy to Sanborn trace output, including instrument measuring accuracy, should be within + 2Ï of full 
scale reading In the case of ambient pressure measurement The most 
sensitive reading should be selected for recording and if conveniently 
possible they should be converted to traces of indicated Mach number 7 

and indicated altitude using the following formulae. 

(1 + .2 Mi ) 

, 2 3.5 
(1 + .2 Mi ) 

1.394 

T 2.5 

/ 2 \ 1*4 
'«i + 5 

for 

6 id. 

P / i 

/7 Mi2 '1 

1.394 

Hi 145,447 
Pi \ O.I903- 

(2116 ] J for Pl ^ 472.7 p,f 

164,221 - 47,907 log Pi for Pi c 472.7 paf 



LRSIL A l R O A/RCRAFT L/M/TED 
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ARROW 1 
PERFORMANCE 

FLIGHT TESTS 

REPORT NO _0/PERy/2 
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PREPARED 

R# Waechter 
CHECKED BY 

Oct# 1957 
DATE 

Two Sanborn reoorda, consisting of S items each, are required i.e. 

1. a) Ambient static pressure pi 

b) Ambient dynamic pressure qci « PTi - Pi 

c) H.P.compressor R.P.M., port N2p 

d) H.P»compressor R.P.M., stbd.N28 

e) Afterburner fuel flow rate, port (Qi/B)p 

f) Normal acceleration 

convert to M^ and Hj. 
if conveniently 
possible 

(for A/B on or off 
indication only) 

as measured relative A/C 
datums g) Longitudinal acceleration 

h) Lateral acceleration 

2. a) Angle of pitch 

b) Air brake angle 

c) By-pass gill position (port and stbd) shut-not shut indications 

d) Oil cooler gill (port and stbd) shut and fully open indications 

e) Elevator angle (complete range, port) 

f) Elevator angle (sensitive range, port) 

g) Elevator angle (complete tange, stbd.) 

h) Elevator angle (sensitive range, stbd.) 

The first record will be used for editing and t^er8a^*r f°rB
re7*r*n0<l 

only, while the second record will be used in conjunction with I.B.M. 10* 
c omput or out. put dat a • 

Some identification signal should be available on the Sanborn records 
where the pilot has noted the start and/or finish of a test.Thisaignal 
My be obtained from the pilot's voice recording or from a pilot 8 coding 
button. When this identification signal is made available it may replace 
item 2 h.) on the Sanborn records. 

0) 

f 

-\3
 



AVRO A /R CRA FT L/M/TED 
MALTON - ONTARIO 

TECHNICAL DEPARTMENT 
AIRCRAFT 

ARROW 1 
PERFORMANCE 

FLIGHT TESTS 
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PREPARED BY 

R. W achter 

CHECKED 

Nov. 1957 

SECTION III:- INPUT -OUTPUT SUMMARY AND APPLICABLE FO iMUMK OR _ 

CHARTS FOR I.B.M. 704 COMPUTOR 

In general, I.B.M. 704 computer output will be presented graphically 
versus time except when specifically requested to be tabulated or be 
cross plotted. Graphical presentation will be made with 4 outputs versus 
time on one graph and therefore the following input - output summary ig 
grouped such that each successive 4 outputs are related and will appear 
on one graph. 

Reading accuracy of time scele should be * 
Engine Symbols used are such that capital 

small 
capital 
subscript 

.01 

subscript 0 

1 = 

B = 
no subscript 

seconds 
total pressure 
static pressure 
Total Temperature 
port 
stbd. 
net thrust 
gross thrust 
installed engine thrust 
basic or primary 
engine thrust 
free stream static 
(or Initial conditions) 
station 1, free stream 
total 
station 2, engine faèe 
station ^, turbine outlet 
station 10,final noz: 
(primary) 
station 10, in by-pai 

:;le 

free stream conditions 

All instrument calibrations, which are in the fora of "Y = a x + b" 
conversions from electrical signal to the required units, are taken for 
granted in the overall data processing, either prior to entering on the 
704 computor or on the computor itself. 

It is assumed that a) acceleration measurements are converted tong" 
units 

b) ambient pressure measurements are converted to 
psf 

c) engine inlet, turbine outlet and bypass pressure 
measurements are converted to psi 

d) all temperature measurements (ambient and in and 
around engine) are converted to°K. 

Hence ensuring formulae are derived using the above units. Where 
outputs such as i/p , Ffy , etc are required in units of square 

inches, conversions are made by appropriate constants in the applicable formulae. 



AfOOW I PSitFQrcMAIiCE FLIGHT TESTS 

~ SUMMARY Aii'D APPLICABLE EOlUitfLAK OR GHAHT3 PD 

INPOT 

Time (T) 
Differential Pressure (Pm - o.) 

Ti 1 

0-2380, U40 and 720 psf 

Ambient Static Pressure 

0-21o0, 720 and 233 psf J 

OOTPOT 





Afirtow r PEItFOaiAflCE FLIGHT TESTS 

HPiri - OOTPOT SIMMAAY AÆ APPLICABLE ?'ORl>iULAE OR GHAPTS. FOR I.E.Ü. 7QA 

INPOT OOTPOT APFEI 

3. A.ib. air temp T[:0K I (d r0 * Tj; 
/ 

4. Angle of pitch Q da 

5. 

o. 

date of pitch q = Ô deg/sec 

Angle of attack i 

7. Normal accel. (g units) 

Long, accel au (g units) 

9. 

10(a) 

10(b) 

Fuel remain. (14 tanks) 

Operational weight empty « ff0 

C.O. position (C.G.)0 % M.A.C. 

ot Wo, Vo UP» water methor.al and 

alcohol tanks full 

2 (a 

2(b) 

2(c) 

-(a) 

3(a) 

3(b) 

3(c) 

3(d) 

(Vc)i (fpa) 

(4/0)2 (fpm) 

A gle of attack u. 

Normal accel a,'.j 

Long accel a]u 

C.G. % M.A.C. (u/c up) 

(VOi 

(Vo). 

1. li 

aU • [a 

and 

F3’ r4 

C.G. 



'l\i p*.rdiY*. r<iq 

LIGHT TESTS 

E OR GHAHTS, FOR I.E.a. 704 COMPUTOR 

rsr— 
mam S.nt. 

•no^owe 

-, R.WflEUHTELR 

APPLICABLE FORMULAE, OPERATION OR GHART RE.VARKS 

aok o4 

(U/c up) 

r^. ♦ .2m2] K - constant, initially s 1 

Pi |T^ = So1 p ^ T0 (1+ .2M
2
) 

"Î4Z 

(P/CJ-L fpm =. À Hp (ft) x 60 

L T (secs) 

(1/C)2 fpra = 2030 A (M
2
 TQ) 

2I T (secs) 

:v{2. = (Vc)i + (1/0)2 

^ f7233 

Non steady level flight only 

394? x ' 
Note:- (^022 2 ^ * al* for VQ 

'g' units 

0 5 fus. datura sol. horizontal 

c( = <li + A(( - q (X - X C 
3765 M ‘ 

aU • [ a^ji - cos 0 ] y corf. 

+ [a^ - sin 0 ] sin / 

al, = tali “ * cos rf. 

" [aNi “ c°s 0 J y sin «(. 

and Fj = fuselaga tanks fuel remain,(Lfc.) 

Fj, F^, F^, F^, Fy, and Fg » wing tanks (fiprt + 

C.G. . WQ^C.G)0-22.5 Fp-0.5 F2 + 2.8 F3*l#4 F4+31 

A/ B corr- for bending ^.upwash 
X-X C.G.)= vane distance from-C.G. 

= 45.8 feet 

Inputs relative to A/C datum 
Outputs relative to flight path. 
See P/AERO DATA/92 ISS. 2 for) 
pitch rate corrections if (naglitible 
instrumentation not at C.G, 1 ^ 

' î»o *£ ? 

itbd) fuel remain (LBs.) 

2 F5+42.3 F6+52.3 F7+66.0 F3 

useable fusl only 

See Appendix I 



AfUOW I P,v'.FO:'-JA CE FLIGHT TESTS 

LiPUT - OOTPOT SamAiIY A;D APP^ICA1:'LE FORMULAS OR GHAriTS FuP, I.B.!,i. '/04 

IJJPUT OUTPUT APPLIC 

nir 

i? 

L.P. rpm port % 

L.P. rpm stbd. 
si 

13. 

14. 

H.P. rpm port No. % 
pi 

H.P. rpm atbd. % 

V 

i Port eng. intake p2p (psi) 

j Stbd. eng. intake (psi) 

4(a) 

4(b) 

4(c) 

4(d) 

5(a) 

5(b) 

5(c) 

5(d) 

nw 

P 

■"W 

CT
2 

V 

»2//r 

W 

%/^ 
"is / v/îi 

V Al 
%/ A 

N 

!/( 

V 
N 
is/ 

N
2P/ 

23/V 





ARUOW I r.:, .KJr-iA 02 FLIGHT TFATS 

IWPOT - OOTFÜT SIMAAT AND APP^IGAI>LE ?O^ULAE CR GHAriT.q Fr,-? 

INPUT 

17. Port enj. intake P2p (pai) 

13. 

19. 

20. 

Stbd. eng. intake s.intake P2s (p8i) 

Port eng. intake T2p (°K) 

Stbd. eng. intake T2<, (°K) 

OUTPOT 

6(a) 

6(b) 

6(c) 

o(d) 

P2p/pi 

P2
S/PL 

1 / S J 

21. Turbine Disch. (port) P., (psl) 

22, Turbine Disch. (stbd) P,/s (psi) 

7(a) 

7(b) 

7(c) 

7(d) 

(P
7/P2)P 





XR'-idt I psamauNCg FLIGHT TESTS 





iffg.-: amt ITMtfT 

M23U   PKifQBlUfKa riyiQBT TMPTS 

nmvuüt OR auaa m LB.a. 7ox 

oorwr tfPLJCii 

2b) 

27) 

28) 

29 f 

30) 

3D 

Stbd. »ng. fuel flow QS.E. 

Port A/B fuel flow Qptx. 

Stbd.A/B fuel flow !JS.A. 

By-peas air Tg (pôrtT above and below 
aid Jet pipe No. 45 and 46 FAü/135/1 
Part 3» las. 9. 

By-paas air pg (port) below, mid jet plpi 
No.ol of FAf/105/1 Part 3» las. 9. 

By-paaa air pg - p* (port) where f>g is 
near final nozzle Mo. 63 FAR/105/1 
Part 3, las. 9. 

9(b) 

9(c) 

9(d) 

QS.E. 

An 
QP.A. / 
QS.A 

/pi^ 

IOU) 

10 (b 

10(c 

ffg (port) 

FN, (p°rt) 

F.r (stbd) 
7 /p 

Input 
P. = 

Average 
f convert 

Take mil 

(Pg 

7 = Pi 

]fæ 

F 

P 

mV 





M22-I  psarortMAiiçx niGBT TESTS 

rjpur - oop»nr jUB iPfUCABU PORHUUS OR ClUigs 

OOTPOT 

10(c ) /* (port) 

11(< ) ^ (stbd) 







r TESTS 

GHAiCTS Foa I.ë.L:. /04 GbHPUTOH 

l€.S. 2 

erntm M9, 14 
Octp 1957 

71/PGRT/2 

Ro Waachter 

1) 

AFFLIGABLE FORi'iULAF,, OPSItATION OR CHART 

CDS " 'bcT>s WK "lB * 5 . 308(1+.2M2) /p^\ 

l^a 
from Chart VÏTÏ 

from Chart IX 

a- in "g* units 

/? =/''FNp + %s ] 008(^-2.58°) 

V p 

__ (R/C)] 

at mean interval 

3945 M\,T0 

( ap, s . a int^srval 

D/ x 
P 123,600 

V r 38.9 M \/T^ (knots)^^=- 

Q E 0poSo + Qs.s, + Q,poA0 

-a.,, - FNp + F
NS 

S * T°/288 

'ÎF * Qpts0 + QpoAo 

F70.LI6 

REV. ARKS 

Spillage drag coefficient 
Sea Report 70/P5RF/1 App0II 
for derivation 

For comparison with (R/c)2 

In steady level flight 
D/P 

3 f^Np + 
FNc,'t 

l^'T- •—/ 003(04-2.58' 

net at mean interval» 

May substitute/x wjby(R/C)? 

',3945 M'jr;, 

if (F./C)2 has less scatter than 

f3945 aL M VT0) . 

In steady level flight CQ does 

not occur at mean interval 

Steady level flight only 



AIî AGW I Gi-. FMaiiT TESTS 

LiPUT - OOTPUT S^AM A.:L APP.-I3Hi.I^ / OÂ CHA,gS FGR I.h.-;. 704 

JP UT oirrpur 

13^ 

13(b 

13(0 

L 

P 

APPUI 

L 

P 

13(d Mg (port only) M3 = 

14ja (port) 
% -- 

14(b) (stbd) Simlln] 



:z FUaiiT TESTS 
OX OHA^ffS I.E.,;. '/04 G^t,Jin'CH 

15 
ï-WlfeT»: . r— -**..... . 

 UD¥<>„1$.57— 
72/PERF/2 I?Si2 

P„ :"aeohtar 

,l?rLIG;U3.L£ F0Æ::rJL,\::, p'PS.lATICM wR CHART 

Ji_ = »N (Wp ■* ^£) - 
p p/144 

V • r 

— port + stbdo )3in(c(. -2 

y = lo4 
s where S e 17^,300 sq.inches 

RE'». ARKS 

where 2o58° = an^le of thrust axis 

relative to fuselage 
datum 

y) M 3 = 

«2 = 
! P 

Similar to l4a) 

»286 - 1 

Note:- Pg (near exit o )as measured 

mid jet pipe pB x 1,07 

Increase measured p^ by 1ÎÉ to allow 

for station of measurement 



9 

■i 

ri 



A I# O A/RCRAFT L/M/TFD 
MALTON ONTARIO 

 TECHNICAL 
AIRCRAFT 

ARE Off I 

DEPARTMENT 

PERFORMANCE 
FLIGHT TESTS 

AIRCRAFT ÏÏEIGHT AND C.G.DATA 

REPORT NO 
7I/PERF/2 APP.I 

SHEET NO 1. 

PREPARED 

R. ffaeohter 
CHECKED 

 Nov. 1957 
BY DATE 

(For referenoa only, see 
also report No. 7-0400-44- 
10) 

First aircraft, operational weight empty O.W.E., 
with C.G. at sta. 554.51" 

Standard MK I, 0.ÏÏ.E, with 959 lb. 
with C.G. at sta. 545.30" = 30.22 M.A.C. 

MK I first flight,O.W.E. with 1432 lb. at sta. 39.1b" and 165 lb 
seat = 49,356 lb. with C.G. at sta 

no ballast = 47,759 lb^ 
32.72 M.A.C. 

ballast at sta. 36.60" = 43,718 lb. 

541.3" = 29.22 M.A.C. 
in Nav. 

The above C.G. positions and A/C weights are given for the normal "in 
flight" condition with u/° UP and water methonal and alcohol tanks full, 
and with cylindrical ejector. On later flights a divergent ejector will be 
fitted, increasing the A/G weight by 204 lbs. including 79 lbs.ballast to 
maintain C.G. at the same position . All C.G. and A/C weight values, should 
be checkea by actual weighings before flight and after .<■ v k/C modifications, 

Correction for u/c down and water methonal and alcohol tanks empty ■ 
+ 0.82. Using fuel system proportioners, aft C.G. limite nerefore are 

312 M.A.C. for Standard MK I 
302 M.A.C. for MK I first flight. 

Effect of u/° position is such that the C.G. is 'shifted aft by .55$ 
M.A.C. at 43,500 lb. A.U.W. and .39$ M.A.C. at 68,561 lb. when the “/o is 
selected down. 

Draining of the water methonal and alcohol tanks rauscs a mean aft 
C.G. shift of approx. 0,222 M.A.C», These tanks should always be full or 
ballasted unless specifically mentioned in the flight report after each 
flight. 

For the standard MK I airplane, with u/c up and water methonal and 
alcohol tanks full, and using fuel system proportioners tb'i aircraft C.G. 
position varies lineahly from 29.632 M.A.C. at 68,561 lb. A.U.W. (full fuel) 
to 30.202 M.A.C. at 43,718 lb. A.U.ff. (no useable fuel). This total 
variation is only 0.522 M.A.C. with a rate of change of ♦ .0262 per 1000 lb. 
deereasedA.U.ff. Hence C.G.position could readily be estimated "by hand" 
at any stage of flight knowing:- 

1) Initial C.G. position, (C.G.)0 

2) Total fuel usedln a given flight, F (lbs) 
3) Flight time to point under consideration AT and 
4) Total flight time, T 

l.e. C.G. position a (C.G.) 0 ♦ AT x F x ,026 
T 1000 
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PREPARED 
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CHECKED 
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Thia value can be used to check aa "IBM ?04 computed" value based on 
fuel remaining measurements from 14 fuel tanks. This latter method is aore 
upiverisal in determining C.G. position for any possible variations in 
fue! sequencing but depends on the reliability of 14 fuel tank measureaenté. 
The following table gives the useable fuel capacities and horisontal C.G 
positions of ths'Ll fuel tanks. 

Tank 

1. (fuse)age) 
2. (fuselage) 
3. (port ♦ stbd. wing) 
4. " « » 
5. » un 
6. " « s 
7. " » * 
3. » «K 

Oseable Fuel Capacity 
at 7.8 lbs, per gallon 

2161 lbs. 
2192 » 
2355 " 
1404 " 
2273 * (collector) 
2402 " 

4352 » 
.2622. * 
19,843 lbs.Total 

C.G. Position 
.Station jM.A.C. 

354.35" 
433.99» 
446.14» 
502.47» 
548.37" 
589.11" 
627.57" 
675.52» 

-22.5 
- 0.5 

2.3 
18.4 
31.2 
42.3 
52.8 
66.0 



AVRO A / ft CR A FT L/M/rED 
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mow i PERFORMANCE FLIGHT 
TESTS 
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PREPARED 

R. Waechter 
CHECKED 

Nov. 1957 

Note io M.A.C. = C.G. sta* -435.82" 
362!6l" 

x 100 

Hence for I.B.M. 704 computations, the aircraft C.G. position is 
determined as follows 

a) Denote fuel remaining in fuselage tanks as 4 ?2 

b) Add port 4 stbd wing fuel from corresponding tanks and denote 
F3, F4, F5, F6> F7 4 Fg. 

c) Denote O.W.K. = W0 and initial C.G. O WQ « (C.G.)0 for U/C up and 
water methonal and alcohol tanks full. Then at any time during 
flight with D/C up:- C.G. M.A.C. c 

W0 x (C.G. )0 -22.5^1 -0.572 *2.6?^ «18.4^/. •>31.2F6 «42.3*6 ♦52.8F7 ♦66.0^ 

W0 - £* 

If the aircraft is weighed prior to flight with full fuel,and C.G. 
determined by relative weights on main 4 nose wheels, then (C.G.)0 for U/C 
up = (C.G. as meas. U/C down) x (W as meas. ) -28.4 x 19.843 -.55 x 48.500 

(W as meas.) -19,843 

Where 28.4 = fuel C.G. position {% M.A.C.) tanks full or porportinnately full 
19,843 = useable fuel tank fuel when full (lbs) 

•55 = A/C C.G. shift, % M.A.C., when the U/C is selected up O W « 48,500 é 



AV R O A /R CRA FT L/M/TED 
MALTON - ONTARIO MALTON - ONTARIO 
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SHEET No ^ SHEET No 
TECHNICAL DEPARTMENT 

AIRCRAFT: PREPARED BY DATE 

I AHROW I PERFORMANCE FLIGHT 
TESTS 

R. Waechtar Nor. 1957 
CHECKED BY DATE 

ACCURA.CY REQUIRED IN C.G. MEASUREMENT 

1. At 50,000 feet e M * 1.5 O 1.5g, 1° change in elevator angle changes aircraft 

2. At 50,000 feet Q M * 0.9 to 2.0 O Ig, a shift of 7$ MAC in C.G. position will 

3. 1° elevator change par 2^ MAC shift in C.G. position at 50,000 feet at M = 

4. Using 50,000 feet © M = 1.5 © 1.5g as design criteria, then 1.0%levator 
change ■ 1.33% MAC shift in C.G. position 

9 4*0% Change in A/C drag. 

Therefore, for 1% error in drag, elevator angle must be measured to within 
2 i or f 0.25° and c.g. position must be measured to within 2 1.33/4 °r 
i 0.33% M.A.C. Since the total C.G. travel is only .52% M.A.C. (using fuel 
system proportioners) a complete flight from full fuel to no fuel need only be 

broken into 2 stages of constant mean C.G. position. 

drag approximately 4% (ref:- 72/PERF/4). 

change the required elevator angle for 
trimmed flight by 1° (l 0.2°) 

0.9 to 2.0 O Ig is directly proportional 
to g loading and will approximately double 
its value at 60,000 feet. 
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