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INTRODUCTION |

The Arrow Flight Simnlator has been designed to provide
a replica of the asircraft's performance over the rsnge of flight
conditions between take off and Mech 2.5 and up to altitudes
of 80,000", All known significant cross-coupling effects have
been included and the varistion of aerodynemic derivatives with
Mach No.,, Altitude and incidence have been zllowed for.

In conjunction with the cockpit and control system simulation,
it can be used familiarize pilots with the per‘ormance of the
aireraft, especislly from the point of view of instrument display.
Alternatively, it may be used in conjunction with a simulstion of
the rsdar system to investigate fire control problems. Two ways
in which the simulator ha- already been used were to check out
the suitebility of the control system for the aireraft, by linking
the computer to the B-1l rig, and to check the behaviour of the
controls und demping system installed in the first airersft,
by linking the simulator to the sireraft control surfaces and

providing an suxiliary instrument panel inside the cockpit.
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| EQUATIONS OF MOTION

In the course of simulation, the six equations of motion are
formulated, specifically the 1ift, drag, sideforce, rolling moment,

yawing moment and pitching moment equations. OCOf these, the first

é two equations ere in the wind axes system, and the remaining four
j in the body axes system. Once the 1ift und drsg forces have been
obtained, they sre resolved into their components in the body ;
axes system. This hus been done becsuse, zlthough the body axes '
: system is more suitsble for simulation, people in cenerzl are more i
| familier with the concepts of 1ift and drag than of normal force

g and axial force.

E The principsl problem to he ovsrcome in mechanizing the force

3 and moment equations was that some of the aerodynamic

| derivatives were functions of three varizbles:- Mach Number, Altitude
| and Incidence. By examining the variations, it wzs concluded that

en acceptsble approximation would be to seperate the variables, znd

take sums and multiples of functions of e:ch of the three variables
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LIFT COEFFICIENT

CL = Clyg (x-xop) + CLg,p.0e

where CL p = CL o (l-flgl)

XoE =XoR(1-fpg5)

Cloer = CLg,p (1-f3e3)

ClyRrs f1MoRs T35, ClgeR:s f3 are Mach Functions,

€1, 825 g3, are Altitude Functions,

DPrag Goafficient
CD = 6D, + G(CL + E)* + G,CL.8e+ H,6e2

where GD,;, C; E, G, end H are Mach Functions

Sideforgs Coefficient

CY = CYBEBB + CYppE.br

where cYﬁE = GYaR + CYBN'O(“(f2O + £31.%).820
CTerg = CYprre (1-f19.219)

CYBR, CIBm! £20, 21, CYgyR, f19 are Mech Functions

g0 19 are Altitude Functions

Bl ] t_Coe.

CM = CMOE + (c-g s Boc) cI‘XEQ (O(" O(OE) + cMaeEaae * Glh- g_:_g + CM &.‘;‘2‘9'-
v

where CM g = CM,p.(1-fg.gg)
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CMor, f9, CMgeR, f10, CMg, CM g , (c.g - a.c) are Mach Functions

Eqgy E10» are Altitude Functions

Ya Mom ©] ent

Cn = GnﬁE'B + Cngpg-8r + Cnggop.da + Cnp zb + Cnp,. rb

2v 2v
where anE = anR ek Cnﬁu'0(+ 1(fsp + £21 %) g20
Cngpg = (anrR + X .Cogpe ) (l-f22g22)

Cna‘E = (Cn&aR *'(chaa“) (l-fzngB)

|
where C"ﬁR! Cnﬁq, 1, 30, 515 Cnepy Cngpys Cnges Chpans f23 are Mach FUnctio$

g20s E22, g23 are Altitude Functions

Rolling Loment Goefficient

€l = CJ.BElg + ClarE-ﬁr + ClbaE-Ba + CIPE. g%

where GIQE = mBE = Clﬁﬁ Ar 04.01.%0(' -Z(fzo + le.d) «E20

i

Clsak = CloaRr(1-f29825)
Gl5rE ~ Cler(l‘f24E2A)
Cl g = Clpr (1-f26g0¢)
ClﬁR! Clﬁ s £20 fo1, ClgaRs f24» Clgpr» ClpR’ f23, fpg ere Mach Functions

820: B23» B24» 826 are Altitude Functions

Although the derivatives were generated in the way just described,
when it ceame to mechanizing the equations of motion in the computer,
it was not always convenient to use the derivutive values. One
reason was that the derivetives micht not be correctly sezled. Another

was that the corputer had to generate forces znd moments rather than

[
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just derivatives, so in soms cases the Mach Mumber times the
derivetivewas sceled. Sculing was necessary because the functions

of Msch No. and sltitude were obtained from tapped potentiome'ers, and

a value of grester than 1.0 could never be obtained, but for reasons of

accuracy a velue of as near 1.0 a8 possible wuzs desireable.
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(a! Aircraft

i Wing Area S
‘ Wing Spean J°}
? Wing Mem Aerodynaic Chord e
W

Mass M
Moment of inertia in roll Ix

Moment of inertia in pitch Iy

Moment of inertia in yaw Iz

Product of inertis (yew-roll compling) Ixz

H Weight
|

|

|

' (b)  itmospheric (Sea Lavel)
|

Speed of sound &,
Density

o
Pressure /Ijo

Ratio of Spmecific heats jf

Provision has been made in the computer Tor inserting
aerodynamic derivates partinent to the centre of gravity
being located st either 29% or 31% of the mesn aerodynamic
chord. Due to the difficulties involved in sceling the equations
of motlion, the same physicaly constants for the sirceaft insrties

have been used for either centre of gravity position.

1225 ft2

50 £t

30.22 ft

55,000 1b.

1710 slugs
75,200 slug ft 2
387,000 slug ft5
453,000 slug f
11,200 slug ft

1116 ft/sec
.00238 alugs/ftB
2116 1b/ft

1.40
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Normal
&= o +q+miscosecoa¢-m +z&}
57.3 57.3 M
Axial
v=yx ,(-q+&%) -gsine +Iwai+ﬁk
(57.3)2 57.3
Sideslip
‘B=ap =1 +57.3 (-¥3) + g cos 8 sin ¢ +3&
57.3 v 57.3
Roll
p = Ixg (r +pg )+ 57,3 2L
Ix ] Ix
YTaw
f=Ixp+Ix-Ir pg +57.3 2N
Iz Iz L A R
Pitch
§=Iz=Ix rp_ =Ixz.D° *+57.37 +57.3.3M
Iy 59.3 Iy.- 57.3 Iy Iy

In the ahove =quations, ell anples &nd gnsular rastes are in

degrees.
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Because of tis nonlinear cheracter of the egusations of
motion, particularly when the apsmd and altitude ares varisble,

& large nurber of multiplicetions w're required. These

(1) The muitiplication of two quantities which occured as
voltages in %lie computer.
(2) The multiplication of two quantities, one of which occured

a voltage in the computer.

For the first tyre, = servo motor was driven by one variable

second varisble end driving the wiper by the servo motor, a volteage
was picked off which was proportional to the product of the two

quantities.

The second type of multiplication may be most ezsily seen
| if we first consider how the function of a varieble was generated.
As before, the s=2r-o motor was positioned such that its rotation fpom

some reference position waes proportionel to the aspplied variable.

multi plications were performed by using servos and ganged potentiometers. |

In general, the multiplications could be sepurated into two distinct types.

as a voltege in the computer znd the othear was s function of

such that its angular rotsction from a reference position wes proportional

to the varisgble. By exciting one of the ganged potentiometers with the
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The wiper moved around a potentiometer ss the servo motor

rotated, but the potentiometer had thirteen tap points,

each of which was taken td & printed circuit cerd. On thie

cerd were three bars, one carrying a positive reference voltege,

one cerrylng the negative of this reference voltage end the third
grounded. By connecting ezch of the thirteen taps of the
potentiometer to one of the three bus bars through sn eppropriste
resistor any arbitrary function of the wvarisble driving the servo
motor could be obtasined. The wiper would pick off the wslue of the
function appropriate to the input varieble. If the reference voltuge
were now replaced by a eecond veriable, then the wiper would pick off
a voltage proportional to the product of this second variable and the

function of the varisble driving the servo.
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' Card riVat.ive or{ Seale Load Input Output |
| No. Funetion | Feetor |Resigtor !
Mach .
1 |Follow-up A 1.0 | ~-100v 4LOM |
2 [Clog 10/57.3 | 1.0 | ~2(x- ) -200L |
3 (CLygfl 40/57.3 | 4.0 | +2(X=x,)g1 -20CL
4 {CLge L0/57.3 | 4.0 | +2be" +/0CL |
|5 CLygts 40/57.3 | 4.0 | =20eM.g5 40CL |
6 |CDg+CE? 20 10.0{ +100v 200C,,
7 2 0.5 | 500L° 2006, |
I8 feiE 40 5.0 | 50CL(+&-) 200Cp |
9 |.G -200 2.0 20L.0 200Cp '
T 10,000 4.0! 4Lbe?/50 200Cp |
)
|
| 12 M -0.2 5.0} 100v 20£71
; ;
13 (oM, 20.2 4.0 ~100v ~pod/16pH°
14 [CM fg 50,5 5. 0’ +50.8g -pc,c'i/lépl-!2 =
. 15-3(a.cmc.)/3| 5.05 | 0.h| 4OCL(x) ~po/16pMF | ".\"
| | § >3
| 16.3CMy, 2.2 | o0.5] 28 ~p /161 |
i 17-:12115;10 -8.8 2.0/ -200'g), -Pod/16p°
| | o
1 18 [Cly -.1907M | 1.0/ -apq/aof)b q/10
- 2By 1.907M/5 z.o; aacy/a, Lo a/10
i 20-1.C¥BR l ~1.58 1.0‘ Zﬁlkzp/po Y/10,000
2 g -1.58 s 01 2pip/o, ~YV/10,000
22 Ol 632 1.0] 5xBMPp/57.3p, | ~YV/10,000 |
23 £20 -3.95 1.0{ -2B¥p/p_ ETL/4000g50
| .
24 b -1.58 1.0 5xP¥°p/57.3p, | ETL/4000ga0 |
25 bty 7.90 | 1.0/ 20r#p/p, 1/2000 |
T |
i { 1
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Card|Derivative | Scale Load Input Output !
. No |of Function | Factor |[Resiston
26 |or, 0 7.90 1.0 | -26r¥p.gy0/p, | 1/2000
| 27-2 [Gngp 18.0 1.8 | 2P¥p/p, r/10
i 28-1Cn. g 2.00 0.5 | -5xp¥p/57.3p, | ¥/10
‘ 29-2 |Cng . -20.0 2.0 | -28r 74 /p, £/10
| 30-0 |Gy 25.0 5.0 | -26r¥p/p, -57.3r/200¢
3 |re2 0.5 1.0 | -20rMpgga/p, | br'¥p/p, |
| 32 cnbﬁﬁcn -50.0 5.0 -2es,.=.°M?p/pn /10
33 {Follow=-up A 1.0y =-100v 4L0M
34 {Cnypg 10.0 125] 2.0 | -267 WP 57.30"/210 |
35 |£23 .25 1.0 =28 Ag23];!ep/po -1/2oAg23.;23w?p/p0
36-21Cny.M 2.243 [ 5.0 -a/:l/a; po.r #/10
| 37-1{Cny. M 8.97 5.0 sp/acfo_i’/a(m—] r/10
38
39 {C1p §-7.537 | 05 f :2EM2P/P0 p/40
40 101, 5-1.2059 0.2 57.3 ¥p/p, B/40
i {ClspR 175.37 | 5.0 | 28rip/py p/40
42 iClgp.f24 1 75.37 5.0? -2br.zs(?p/pog24 p/40
43 {Clsa s L 0. f ~26,,1¥p/p,, p/40
Elastic tail :_ ! 3 :
Li=2} moment arm 5.05059 3 4.0 EX.L: /10 r/10
45 éClph.M E-l.oso * 0.4 | -afs/aopo.f p/4Lo
46 {M.Clpp.fpq ! -1.080 g 0.4 | 8p/acpo -p/4gag | /40
47 {chyg 512.990 ) 5,0 | -100v ~Hy/2,000
48 |.Chgg -25.98 | 0.2 | -2064 -Hg/2,000
49 {Chyg [-64.95 | 0.5 | 2 ~Hg/2,000
50 {Chyy 10.794 f 2.5 | =100v | - Port /1,000
| 1 |
i
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.‘ Card| Derivative | Scale Losad Input -Qutput
No or FMunctio Factor Resisto
| 51 | Chgy -21.588 | 0.1 | =28, -H4/1,000
| 52 | Chyp -21.588 | 0.1 |2« ~HA/1,000
53 | o EREEL 0.2 | 2pMp/p_ HR/500
|54 | Chgp | 93.78 0.1 | -26p¥%p/p, HR/500
55 | M L0 1.0 | 20M e
56 | M 0.4 1.0 |8 3,20
| %
57 | £ACR 1/4,000 | 1.0 | 40MPp/p_ qe/100
! |
5B Liers i 0.2 10.0 { 100v (+k-) 2
59 [xfp L 04 10.0{ -50g, 2,
1 4
60 | Mg 2 00630 | 2.0 | -48c2/50 1/16 q* pg - L
: P
61 | Chyy -43.176 | 5.0 | -100v =HA/1,000
62 | Chy -35.866 | 0.25{ -57.3p/v ~HA/1,000
| 2
| 63-1} cY, ~72.6 2.0 | 5xB M p -FY /10,000 |
{ B ‘
57.3 Po
| 64
. Altitude
65 | Follow-up | 1/80,000| 1.0M} -100v h/3,200
|
66 | g L 1.0 § =2(x=x ) -2(x=%. ) g3 |
67 | g 1 1.0 | 26e" 20e" g5 |
68 | gg 1 | 1.0 { -100v -100 g |
69 | g1 1 1.0 xlcuﬁemzcmbez; Input,g, !
70 | g9 1 1.0 | 28r uzk/bo | Input,gq ‘;
s
HARE BEE 1 i 1.0 § K3(fpo+fo1x) | -E.T.L./1,000
4 |
72 1 goan il 1.0 - 26ri2b /b, Input,gos |
73 | ga3 1 1.0 | 204 B/B, | Input,gy, |
s e 1 1.0 | 28rM°B/P_ Input g/ |
<| 1 ‘
< I . o 26 |
;.75 93 1 J 1.0 a{n/ao,ao p/& Input g
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Card{ Derivative | Scale Load ’ Input Output |
No or Rimction | Factor Resis i
76 | &30 1/20,000 { 5.0 | -100 TH/1,000
77 | gy 1/10,000 | 2.0 | 20M T3/1,000 |
[
78 | g3 -1/8,000 | 1.0 | 8M2(-u+) TM/1,000
79 | €33 1/100,000{ 10.0} -100 T,g/10,000 :
80 | gy, -1/100,00{ 2.0 | 20M(-w+) T /10,000 i
|
81 | g5 1/80,000 | 1.0 |8 T 45/10,000
82 | gy -1/32,000| 1.0 | -3.28 T,5/10,000
83 |
| . |
84 a 500 1.0 |-V/50 -10M |
85 | (& 1.0 1.0 {v/50 VI&/50
|86 ar/acfo 3515 1.0 kp/4 Input,za\/o/a
86 a[»/ao/vo 1.0 § 1.0 g Input ,a,o/a7oo
§ /
88
89 | ap/a 1.0 1.0 2 Input ,ap/a |
o S i i
90 a[a/aoiﬂo 1.0 1840 pek Input af/ao i '
91 af/aofco 1.0 1.0 ir Input T/a (replacing 81) |
t
92 {g 1.0 1.0 |100 100g, |
93 | B/P, 1.0 1.0 |-8M -8 B/P_
94 :
95
96
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WEIGHT =D5000 he . .
C. G. POSITION 29 . PREPARED BY - _Ds J. Foster
1 2 3 4 5 6 i S
Cerd No. 1 e 4 5 & - s a
Function |Followup CLuR G&&%I CloeR | CLyof3 |CD,*Cg™ c GxE G,
A 850C ATED
Mach\2"°"
 No. & X ity
]
0 2.0 10 a0 200907514342 =.00506 =.0035
; 2.54 | .060 773 | 2055 | 009075 o342 |=.00506 F.00345_ |
07 2-73 0168 0773 .135 100925 0225 -00081 "‘000345 :
9 3.05  |.418 | .848 | ,385 | 00940 0320 =,010 =.00293 |
i
|
1,0 3527 ' 12740 2756 | 490 | .01680 |.310  [=.0156 ~.00225
i {
1.05 3.18 847 .670 =490 .0200 2305 «.0116 =~,0020
> 1-10 3-27 0985 0659 0570 90221 -285 f-,0036_ -'000238
I
1515 3.8 1.126 .596 2565 .0226 +280 !-.0016 =,00175
|
1.20 3,16 |1.160 | .476 | .465 |.0230 |.25  [-.0008 F.00172
1.40 2.7 1.082 . 304 «335 .0233 |.380 =,0050 ~.0013
1.70 2,46 11,108 172 220 L0223 1,390 2002 L0016
2.00 2.03 1,025 .138 .195 0231 475 =-,0018 =~.00125
i
2,50 1.37 780 .120 195 0231 «4T5 i-.OOlB -.00125
| |
| |
l !
| i

7 il
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AIRCRAFT - 4 __Arrow Simulator DATE . = o Fehic sget .
WEIGHT . . +55'°_9°__1_‘3‘_ v ot e
C. G. POSITION - A T 8 o b ) PREPARED BY - _ D J. Foster §
1 2 <o Bt 5 & 7 8 ) H}
| Card No, | 10 11 12 13 14 15 16 17 18"
3 ' f i
F\mi;ion H £11 CM, |CMypq ac-cg/d CMse [CMgefip oM,
™) M.CM_
Mach™&ase. lq !
No. DAL % S ool
. -
!
0 10000345 -2,0 0094 1 0 08191 =,2646 | 0 -1.15
of 0000345 =2.0 0098 _ [=.00083 ,0819) ~,2746 | =,0056 | -1.25
' |
o7 0000375 2.0 20120 |1-,002 .08191 =.3047 |=,0169 | -1,52 |
.9 0000525 -1.93 | .0174 |-.006 |.0970 |.4255 |-.0561 | -2.95
1.0 -0000755 '1079 00248 "'00109 51266 "'110241 -00735 -2025 2
| 1.10__ 0000610 -1.63 030274 !-,0114 1.1595 1=-.3629 | -.0800 | -3,25
I 1,15  L0000627 -1.57 | .0246 [-.0107 |,175  =.3113 |=-.0729 | -2.57 °
1.20 _ L0ONO58 -1.54 | .0219 |-.0107 |79  l-.2769 1-.0651 | -2,30
i L
e g s 0000575 =1.59 L0177 1 =.0115 [.180 = d940 | -.0441 | -0.75
1270 0000475 =2.06 20122 | =,0094 (176 1=.1085 | -.0249 | -0.468
2,00 390, 2,06 L0UB6. w0073 o162 —=a0828..=,0225 =0.675
2on0) L, 0000390 -1.08 0034 [ =-,0036 |.1465 =.0796 I-.OEI%S | =0.670
‘ 1
i
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TECHNICAL DEPT. (AIRFRAME) { o s S A g
AIRCRAFT ___Arrow Simulator _ DATE v Wab Begs g
WEIGHT i fo . 0la SR b VR E RN :
c. G. POSITION ,_____,ZQS,ﬁA, i S PREPARED BY - D. J. Foster g
1 an It 5 6 7 o T J
20 22 2 24, 25 26
gard No, | -7 e 2
Derivativa GH* CIB R CYBHV CYBO(V £20 f21 CYOI‘ Crbr f19
ALsocinTES
M ; M.CM& A
0 ,17 -.3449 | =.220 | 0 0 i 092 0
5 39 l-.3518 | -.245 |0 -,005 | O 092 | ,0092 ,
"".
T +24 -,3736 | =292 .225 -,017 .012 .092 2019 _ﬁ
:
.9 ohh  1-,4085 | -,305 | 225 |-.,0% | 018 | .096 | .03l 2
: | ¥
1 00 . '77 - "'.';10 j ﬂ ’IAOAQ Q -095 1039 __.§
| !
1,05 | 1.25 |-.4246 | -.317 | .075 | -,068 | .027 | 080 | 045 af
: i
1.0 | 1,49 - | =,444) | -,33.6 2751 -.098 | .088 | .079 065
1500 127 | 4206 | =336 | 440 | =109 | 348 83l 079 ;
1,20 |0.92 |-.4401 | -.359 | 750 | -.218 | .201 | .083 ! .070
1,40 1039 |-.4332 | -.325 | 750 | =47 | .16 | .053 | .03
1,70 | 036 | . 2100 | =206 | 473 l=a10 | .222 | .096 .083
| . 2,00 | 046 |-.3759 | ~220 | 440 | =332 | 290 | 086 | los2
2'50 . 0'16 -‘3300 -.180 0238 -0190 Am__,_—‘-ggg .039
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.  AVRO - AIBCRAFT LIATTTEL REPGRT NO. - 70/_81]1./1[‘7, e
. TECHNICAL DE®T, (AIRFRAME, Elyese e b N S
AIRCRAFT Arrow Simulator DATE _D. J. Foster
WEIGHT L S8sD00-Thy L.
C. G, POSITION ___,,,0295.; Y PREPARED BY - e Lree B
1 T 3 4 5 6 7 8 g :
Card No. | 27 28 29 | % 31 32
ﬁrivative CnBR Guﬁ o Cngp Cngpe | 22 Cng R
M §
0 .02584 | -,0657 |-,0002 l.0286 o -.0110 i
=) .02690 -.0657 | -.0413 |.0316 i -,0110
.7 .02798 | -.1410 |-.0419 |.0230 | .26 | -.0110 i
'9 002993 — 01770 B |0416 00295 .zlo ~. 0117
1.0 04099 | -.2173 |-.0404 |.0198 - | .52 [-,0035 i
: 1.05 ‘05524 -.3071 : -00398 -021;»0 961 -00123
1.10 .04822 -.1963 |-.0399 |.0300 .78 -.01173 I
114105 .03366 -.2197 |-.0394 [.0328 1.00 -,0118
" l|20 ] .03954 -02268 -00386 00319 1005 "00122
¢ s
1-40 -03386 "02346 -00332 00230 1-02 -.007‘4
1.70  |.01614 | -.3116 |-.0226 |.0256 | &8 | -.0055
2.00 .01073 -.1156 |-.0178 |.0230 1.25 ~.0050
2.50 |.00516 |-.0636 |-.0173 l.0252 [1.71 |-.0043
t




T Y ORI R TR

70/Sim./14

AVRO AFRCRAFLF T LIAFITED RE NO
TECHMICAL DEPT, (AIRFRAME; . S 2.5 E
— - EE—- i
AIRCRAFT _Arrow Simulator DATE Pebruary 1958 |
WEIGHTY Wﬁﬁ‘sQOQ-‘_lb_--..-ﬁ$ — :
C. G. POSITION Sl R PREPARED BY - _D. J. Foater
i 2 3 4 5 6 7 8 =) "
N 13 3 35 36 37 8 29 _40
Ita_fh
eri fg%ve Followup Cng & o £23 Cn, GnD ClBR ClB )
y L
& I T T === e |
_ |
0 0 0425 10 -.107 - L0150 +.550
-5 0,50 | .0412 [,20  r.107 |-.0480 -.0135  +.556 |
07 0070 -0400 .ﬁ "'-107 -.0492 -.0100 ..."561... i
9 0.90 .0570 |.663 +.183 |-.0780 -.0150 +.565 | !
-O lcm .0850 .688 P0233 _,1020 -.0280 "-5_'15 ___‘______i
1.05 1.05 .0810 <792 -,181 .0855 -,0505 =,565
130  [1.10 0785 1,901  =.136  |,0583 -.0515 _ +.765
]
L5 - i as .0810 1,002 [~-.119 .0300 -.0450 *=.730 =
1 .20 l .20 u0930 1 -108 e 11!4- -0083 -00645 Pt765 Ll
J-llio 1040 LO6£I-O 11529 "'-104 -.0160 "00630 “0285
1.70  |1.70 0470 12,368 |-.899 | -.0073 | -.0725 -.115
| |
2'00 2'00 LQ&Q 2‘505 _:#_7 -0062 . -10_575 -1195
2,50 2.50 0460 {3,888 . |-.096 | ,0062 i-isao 350 - &
i
| | i
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AVRO AIRERALT [IMITED o REESRT NG - 70/8im. /14

TECHNICAL DEPT. (AIRFRAME) ' Bricren L S oy ;

AIRCRAFT __hrrow Simulastor DATE ﬁFeb_rgaﬁyl95§ %

WEIGHT L 55000 e - g

C. G. POSITION _-293 Ll FREPARED BY - _ VD_. J. Foster g

1 2 3 & 5 6 > & u_;_y_"_ 9 mj

Card No, 41 42 43 Lhy 45 46 47 48 i

Derivetive| Clgp Clyrf2s Cloa 1 Clpr | Clp.fe| Chg o | Ohge ;

Munction ' | :

YT i

N ~M.C1, FMmen, £ g

= s R

(59 .00748 | .00337 |-.0860 14 o044 =.17 -.012 _[.0050 j=-.0115 4

; |

) ,00808 | .00374 |-,0869 [16.264 |-,17 -.015 1.o0s0  |-,0115 g

7 ,00877 | ,00491 -.,0899 116.204 ~,185 |-,025 [.002 -.0120

. 5

-9 .00955 | .00649 1-.0970 116,476 |-.238 | =.064 |=,002 | -.0200 |
1.0 0100 | .00720 {-,0940 {16,914 !-,345 _!-,120 1-.008 |=.0329
1.05 ,01032 | 00826 |-.0888 (17.355 |-,425 wB6 1006 =,0333
2.10 .01083 | .01040 |-.0825 118.336 |-,495 |-.203 _|.020 -.0326
1-15 -01139 .01287 -00755 17-865 -01.1"5 -9_218 -017 -00315
1.20 ,01127 | ,01330 (-.0688 117.934 |-.400 |-,205 |.032 -,0305
1.40 .00927 | ,01130 |-.0440 129,514 |-.352 -.323 2042 -.0262
1-70 .00735 -00985 "00340 180935 -0350 "02'74 9038 "'.0201
2.00 ,00601 | .00962 |-,02640 | 18,974 |=-.350 | -.320 |.027 -,0153

2.50 . 1.00393 |.0o66a |-.0135 |18.974 |=.350 | =.372 1,016 | =.0107|
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AVRO AIRCRAFT LiAtiTLED i BERONIFNG. - 70/Sim /1L ﬁ
TECHNICAL DEPT, (AIRFRAME) : e SocrL SR ]
: AIRCRAFT _Arrow Simulator i SATE Fab 58 1 o
WEIGHT 2 55,00001b, 0 |
C. G. POSITION -:_296 3 ; PREPARED B8Y - _D. J. Foster
P bl AL,
1 2 3 e AR gwell” T ) e g |
b | '
ACard No, 49 | 50 51 52 53 54 55 56 |
\ i
Derivative Chb(’ o | Gh.’a Chyq Gh,,’(a th’r Chbr M M :
) i
i !
e — - *—.n-——._...._.,__.._:;%
W !
0 -,0028 1,003 |=.0072_ | -.0049 |.0025 | -.0055 | 0 0 ‘ {
-
l5 -QOOZS -.0013 = 00072 = l004-9 .0025 - .QQ E 5 | EO ak 150 i ___‘!
— 3
o -.0031 -,002 |-.0080 |=-.0058 |,0025 | -,0060 | .70 270 k!
29 1-.0028 -.003 |-.0099 |-.0088 00245 |-.0075 | .90 | .90 |
1.0 =.0030 r,012 |-,0178 |-,0151 |.00284 |-.,0088 | 1.00 | 1.00 i E
|
1.05 1-.0120 l,009 . |-.0230 |-.0182 [.00431 | -.0098 | 1.05 | 1.05 ..
1.10  1-,0130 .,024 -.0194 |-.0156 |.00848 | -,0104 | 1.10 1.10 -
1.5 [-.01% 035 |..0194 |-.0215 |.00536 | -.0004 | 1.15 | 1.15 ¢
}
1.20 1-.0128 1,048 -.0185 | -,0207 |,00648 | =.0100 | 1.20 1.20
1.40 1-.0134 1,027 -.0179 | -.0206 |,00572 | -,0104 ' 1.40 1.40
1.70  _i-,0132 |.020 -.0176 | -.0204 |,00152 | =.0160 | 1.70 1.70
| 2.00 |-.0124 1005 [-.0154 | -.0165 | ,00277 | -.0090 | 2.00 | 2.00
2.50 |-.0116 .010 |-.0132 |-.0125 |,00380 | -.0075 | 2.50 | 2.50
i
|
l




BORITE, ORI T T

70/8im./14

N Tee by T JpT cTio

AVRO AIRCRAFEFT LIVIIFIED HEPCRT NO.
TECHNICAL DEPT. (AIRFRAME) SHEET 7”2.8"7 Il
AIRCRAFT _Arrow Simulator DATE _February 1958
WEIGHT 85000 b L {
C. G. POSITION o prEFARED BY - Do J. Fogter
1 2 3 4 S (5] 7 B < -
e :
Card No. 57 58 59 60 61 62 63 H
Ch cY
prigsFOro/f oo [oota [ G2 [ohes [ Fhun [ O
|
!
M aly !
0 12480 v !05 0 0 G AOD?Z e 0049 -&0172
2
5 11560, | g0 | 04 l.oooowo | -.o072] -.08s9 [-.00072| 2]
o 11671.9 | .25 096  1.000076 | -.0080| -.0058 | -.00229
|
«9  11806.1 | ,20 168 1,000128 | =.0099| -.0088 ' -.00401
1.0 11889.6 | <50 .235  |.000100 | -.0178| =.0151 | -.00688
1.05{1936., | «37 .395 1,000072 | -.0230| -.0182 | -.00516
1.10] 1981.2 | .47 498  1,000072 | -,0194 -,0156 -.00573] %
__.h_______j;_é-5 202[4—4 -36 -548 0000052 --019'{& "-0215 "'OOO‘-'#SB il
1.20] 2068.5 | .24 540 1.000046 | -.0185! =.0207 | -.00458 |
1.40f 2232.6 | .63 1,010 |.000017! -.0179; -.0206! ,00172
1.70| 2360.6 | .19 1.084 | -.000008 -.0176/ ~-,0204 =-00115
2.00] 2455.1 | -.43 1.052 {2 -.0154 =-.0165| =.00229
2050 254@.3 —,15 _.968 0 -.0132 -.0125 -100229
NOTE }—
PER
foscres)
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AVRO AIRCRAFT LiddtTED ; REroRT No. - _T0/8im /14 |
TECHNICAL DEST. (AIRFRAKE L eaeer | - R ey TR g
3 =i |
AIRCRAFT - - . _Arrow Simulator | DATE . . _February 1958 i
WEIGHT y 3 h5LBO0RTE S e | ;
c. G. POSITIGN - 1. -293 Wy L Sy prEFaren py - D- J. Foster ’f
1 g 50 3 4 5 & 7 | 8 q,
Card No. 65 66 67 8 69 | ' 70 71 72 ‘
Ill‘h%t%de g, g3 & g10 g19 €20 €22
CLy CLy, | CM, Cilg Cpy (£p0f21y Criy,,
{armoe ! i g
0 1.000 1.000 | 1.00 | 1.00 1.00 | 1.00 [1.00 |
§
5,000 : .905 907 | .381 856 884 .855_ [.678
10,000 .805 814 | 759 725 786 | 738 1530 4;*
. . E
15,0007 .710 722 | 647 615 697 HLT 462 1
20,000 616 622 | .50k .515 H11 | 575 1.445
25,0%' -535 0546 0458 0425 : 0534 116'99 33_98
: i 0’000' -'!665 '4'_62 l385 -34'7 1_4;52_____,.__429 9316
L}
35,0001 .396 .388 | .319 .281 .388 .351 |.256
40,000° | L322 .325 | .260 .227 .320 298 .223
50,000 .212 .218 | .178 145 214 | 200 1,151
60,000" s 142 | ,118 .083 236 | J3 fa02
70,000! .070 .089 | .072 .035 | - ,070 | .070 l.072
£0,000" 025 046 | ,034 009 025 | .025 LOL9
]




e l
RN AVRO AIR CHRAFT Lit/ TER | mEmoRT No. . T O/—S-i-‘l'-iﬁll. %
TECHNICAL DEPT. (AIRFRAME) i L s e O 2 T e i :
A'RCRAFT - L ___Arrow Simulstor DATE ; - _February 1958 |
WEIGHT : : S 0.8 (e BE D s N A : 1
C. G. POSITION - - B ST IR M D PREPARED BY - _Ds J. Foster f
1 2 3 4 5 6 7 8 g __{
Card No. 73 T4 i) L2 75 Tiii 78 79 80 ;
Funotlon 1€54825 4 826 €y | 831 €32 €33 €34 E
Assot e &
Clgy+Cng C1 G Mi1 M1l Mil A A
Lano | 083 o 0T lp Thrust | Thrust |Thrust ‘]‘hruﬁ Thré‘gt
ALTVTVCE - Ll
: | g |
0 1..00 1,00 1.00 | 12,988,11732.5 12544.3 (|18, 048 i
5,000 B42 .810 871 | .1C,590.1 4080. {3540, 17,730. i=3600,
10,000 raal .G85 .770 | 8,180 [ 6380, 4560, (17,150. (=10,280.
15,000' | .599 | .608 685 | 5,965, | 8617.6 |5593.1 116,848, -19,251. |
20,000! 2205 1 548 £09 1 5320, (6280, 13670. 117,240, -26,809.
25,000! | .419 | 477 Shh | 4675.3 | 4711.3.12009.3 124,024, =53,016.
0,000 o344 | ,4013 JLE2 4000, 1 3050, 1780 32,205, 0.
35,0007 ,286 $352 420" 346,81 1595,3 | -340,1 126,028, |-57,026.
40,000 s3T . 304 .361 | 2300. | 2550. |220, 25,094, =56,346,
50,000 | ,1575 |.222 | 257 | -200 | 3840, 11090. |8172.1 |-15,987.
60,000' | 1015 | .167 275 | =711.1 | 3390.4 | 1114.9 17533.0_|=13078.
[ _70,000% | ,072 |.112 .052 | =440,7 | 2101.1 1690.95 [4318.3 |=7496.8
80,0001 047 . 0'51 0 -25745 1 1228,1 1403.8 2434.9 =4227.3




L B bl vt ._ |
i : 14
ARG ALBRLRAFT Lildy ,U | REFORT NO .~70/..§i‘;“_-._/_1£_” 1
TECHNICAL DEPT. (AIRFRAME) : sk _'2.11___-___%7 2 g
AIRCRAFT __ArI_Qu...Siﬁmlator .___‘"{_\‘ D.ATl‘E . _February 1958
C WEIGHT S ORO - ThE . L‘,\ :
€. G. POSITION SIS e T N ‘\'~._‘i préparen sy . _De J. Foster -
I g4 By 6. 1 7 8 o
! Card No, | g1 82 g3 84 g5 | 86 87 88
Bunc*ion €135 €36 4 -&EPO a%F'a —5%5'0—
ARKS AB S \
T A,/Bst input p| input q input r
ALT I\ TYDE it
¢} 15,501, | =10,149 1/1,116 1 nh"‘ 3,00 _ {1.00 :
: L |
5,000% {24,400, | =11,290 1/1097 1.8479% ] 8473 [.8473
| G i
| \ i
10,0001 |31,700. | -13,500 1/1077 [ «7222 |%a22 17122 ;
_{- B
.* .
15,000! 138,018, | -14,757 1/1057 L] 5957 | o597 {5957
20,0007 142,069, | -14,631 1/1037 | 24952 | 14952 |.4952 i
25,000 163,761, | -19,853 1/1017 | | .4G81 | .4081 |.408]
30,0007 {72,142, -20,132 1/995 \ 1,333 |.3336  1.3336
‘{' .
5,000 {56,358.] -15,115 1/972 { 2665 | 2665 | .2665
|
40,000°" |53,763. | -14,334 1/972 . L L2134 | .2134 12134
50,000! |18,294.| -5242.1 1/572 |1 232) sz a1l
T
60,0001 |12,040.| -3158 1/972 i .0819 |.081S |.0819
70,0007 |6901.8 '1810.3 1/972 ¥ \ .0505 __ ! .0505 ﬂ‘-i'nfi
“‘) : * \\:{\
¥ f1
80,000% |3891.8 | -1020.8 1/972 2l .0300 | ,0300 _!.0300
J i 1
,! i
|
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RO, AVRO AIRERAT AP ED [ REPOHT NO. 70/Sim./14
TECHNICAL DEPT, (AIRFRAME) ' i BB 2
AIRCRAFT _Arrow Simulator DATE .. February 1958 . g
WEIGHT L555B00 db, . i §
C. G. POSITION S ACRL G P l PREPARED BY - . D. J, Foster _ g
1 2 3 4 5 (53 7 8 —;3%‘—“:;
1Card No, 89 - 90 g1 e oo 93 94 95 9 ?
Function af’/a¢ Da/a/a(fo 3 2 p/po ;
EMARRS Vol MeH tARD i
Aur Ut Input o¢ | Inputap Ko i % .
e
0 1.00 1.60 1.00 1.0
5,000 B473 B473 891 .832
10,000!' | .7122 | .7122 .783 .688 ¢
15,000' | ,5957 | .5957 673 564 3
oy £
20,0000 | .4952 | .4952 STk o460
25,0001 LA081 | JLO81 491 371
O,OOOI l3336 01336 -422 0297
5,0001 | 2665 | .2665 3601, 1 ..235
40,0009, | L2134 | 2134 ,301 .185
. 50,000% | .1324 | .1324 .210 115
60,0007 .| .0819 | .0819 T O .0708
. (3
70,000 0505 .0505 -091. 044
. 80,000° .0300 .0300 .052 .028




- REPORT No 7O/Sim9/1~4

AVRO AIRCRAFT LIAMITED
MALTON - ONTARIO ‘ SHEET No 1
TECHNICAL DEPARTMENT
I PREPARED BY * DATE
AIRCRAFT.
Arrow Flight | D. J. Foster Feb. 158
Simulator CHECKED BY DATE
| List of Circuit Diagrams
l
I
! Note:= 2
Since the circuit diagrsms were drawn, there heve been
a number of minor modifications msde, but these do not
invalidate the genersl schemes outlined for the mechanization
of the egquctions.
Shest No, Title
Zime Lift Equation
Ao Drag Bquation
3.3 Sideslip Equation
3.4 Piteh Equetion
25 Roll Eguation
3.6 Yaw Equeation
3.7 Altitude Eguation
3.8 Thrust Computstion
38 Reeves Servo Utilisation
3.10 sz/bo Servo Utilisetion
o R R High inecidence effects on pitching moment
coefficient
Fol2 High incldence effects on sidealip derivatives
3013 Ground Reaction Circuit
314 Ground Effeect on Pitching moment coePficient
315 ' Undercarriusge switching circuits
2.16 Rudder rate limiting circuit (due to hinge
moments )
Ball] Function Generator Utilisation
3.18 Buler angle resolution circuit
3.19 Rete of turn end compass heading
3.20 bircraft diaplay circuit
3.21 Fixed gein pitch damper circuit
3.22 Fixed gein roll damper circuit
3.23 Fixed gair yaw dampar circuit
2424 Variable gain yaw damper circuit
3,25 Ay monitor ecircuit




1~ a VWIRERAFT LIMWITED

REPORT NG ___

AIRCRAFT

__ TECHNICAL DEPARTMENT |

Arrow Simulator |

SHEET No
PREPARED BY DATE
CHEECEKED B8Y DATE

EXFLANZTION OF SYMBOLS USED IN CIRGULT DIAGRAMS

SYMBOL

MEANING

High Gein Amp

lifier.Eo_~107 B

Summing ampli
savsral input
a constant.

Ry

fisr. Adds to together
s and multiplies by

Bo = =Rf By F E + -+£§_

Ry Rn

Same as above
Eo = -(N;Ey +

NaE, + ...... NnEn)

saveral input
w.r. to time

Eoi=slaitf it
c Rl

Inteprsting amplifier. Adds together

s snd iategrutes them

§2+-En .dt
Ro Rn

Szme as above

- Eo = NlEl + N2E2 + NBEB- dt

Potantiomatar

Eo = K.Ei O

{Kk<1

e



__TECHNICAL DEPARTMENT

1/ RCKHALT

AIRCRAFT

L FVELTE

Vi

|
Arrow Simuletor

RECPORT No
1
|
; SHEET No
[
S PREFPARED BY DATE
| CHECKED BY DATE

SYMBOL MELNING !
Tapped potentiometar with wiper
El N Eo drivan off s=rvo shaft,
| TR i Eo = Ei.f(M) '
] N dewotes the function number. '
(5>
{ Maltiplier Eo = Ej.E + K
= | . Eo (sometimes & servo miiltiplier,
sometimes an electronic multiplier
Ez Servo Multiplier
r\\\\r é; Eo = K.E, .Ep
E) Ejﬁg’
| Seacs Facror = K i |E°
| ~ B
& Ea ° |E3y Relay |
3 SN i Elael Ei & O :
1] 1y |
)Lk/k.j EO‘:E3 EI >/ o
! NC NO :
i "—'—"—'_—E —ve CURRENT DiOdB
| ——l i
! PLATE CATHODE, {
E Ve CompeenF 0 i
‘ |
w |
| |
| MYV Resistor
i
E e
1 = Ground
{
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