


ELKCTitlCAL POWER SUPPLY 

«O SUMtmtY 

Am A.G. power sreneratin.er system utili7,inq: static transformer rectifier 
units to supply D.C„ requirements, similar the the MK I -A/C system 
has been chosen for the CF-105 MK II ' * 

The A.C. generator capacity has been increased to cater for increased 
electrical loading, due to missile requirements, fire control and AFGS. 

For this reason two 40 KVA, 120/20$ volt, three phase, 400 cycle 
alternators have been chosen, each being driven independently by its 
respective A/C engine through a mechanical-hydraulic constant speed 
drive unito 

(27.5 volts) is provided by two 4«5 KW transformer rectifier 
units, each of which is supplied independently from its Respective 
40^ KVA^ alternator. The D.C. output from the two transformer rectifier 
units is parallelled similar to the MK I system. 
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POWER OYJTEM - GLEGTRIG3 CF-IOS 

2<,0 Purpose 

The purpose of this report is to establish a load analysis for the 
CF-105 A/G armed with either Sparrow II or Sparrow III missiles, and 
from the load analysis select a power system consisting of two alter- 
nators and two transformer rectifier units, of minimum weight, but of 
a capacity that will handle the many varied conditions that will be 
examined in the following sections. 

1.0 General 

The Electrical load Analysis has been drawn un on the basis of exist- 
ing information for the MK II A/C and the Astra system with Sparrow 
II and Sparrow III missiles. 

As full information on the PSl-’ engine was not available, the loading 
requirements of the J75 engine plus additional known requirements for 
the F31S, were used in determining the load analysis of the MK II A/C. 

With the incorporation of the Astra system, the Air Conditioning System 
will be altered; however it is not anticipated that the electrical 
load on the overall system will alter, therefore information on the 
existing system has been utilized in determining the load for the 
MK II A/Co 

Graphs #1 - "A.Co load Sparrow II missiles" and #2 - "DoC. load 
Sparrow II missiles" were irawn up from the load analysis charts. 

Graph #4 - "D.C. load Sparrow III missiles" is identical to Sparrow II 
(Graph -J/2) with the addition of 102 amps in the Take Off, Cruise and 
Cruise Combat conditions required for Sparrow III missiles. 

Graph 73 - "A.C. load Sparrow III missiles" caters for revised T.R.U. 
loads due to additional DoC., (sheet 2 of the A.C. load analysis) 
and for the substitution of the Sparrow III Armament Missile loads, 
for the Sparrow II Armament missile loads as shown on sheet 4 of the 
A.C. load analysis. 

4.0 Choice of Power System 

4.1 A.C. Two 40 KVA alternators have been chosen on the basis of 
graphs i'l and 7'3. 

D. wo 4.5 KW transformer rectifier units have been chosen 
on the basis of graphs ^2 and 74. 

From these four graphs it is evident that the two 40 KVA alter- 
nators and two 4.5 KW transformer rectifier units, will handle 
the electrical loads on the A/C under normal conditions with a 
good reserve factor. 
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Loss of one alternator or transformer rectifier unit. 

A switch will be installed in the cockpit to allow the 
intake de-icinp; loads to be shed for the A/C to carry on an 
attack mission. The switch will be a two position switch 
labelled '’Missiles” in one position and "De-Ice" in the 
other. The switch will normally be set in the "Missiles" 
position and a failure of one alternator will automatically 
shed the de-icinp; load. Should de-icinp be required the 
selection of the switch to "De-Ice" position will pick 
up the de-icinp loads and shed missile loads. 

4*3.2 De-Ice Selection. Graph #6 - A.G. load Sparrow II or III 
is the A.G. load on the A/C when the switch is selected to 

"De-Ice" position, and it is evident that the 40 KVA 
alternator will handle this load without overload. 

On selecting "De-Ice" approximately 30 amps are dropped 
from the "Landing" condition, which will bring the load 
within the ratine of one T.H.U. (4.5 KW = lôAamps, see 
graphs y2 and #4). Graph #2 shows no D.G. problem with 
one alternator out. Graph #4 shows no problem with "De- 
Ice" selected as approximately 30 amps dropped from 
"Landing" condition and 115 amps dropped from cruise, 
cruise-combat and 132 amps from "Take Off" condition.! 

4.3.3 "Missiles" selection - With "Missiles" selected on the 
switch and considering one alternator failure (]. alternator 
and 1 T.H.U. ’out.) 

4.^.3.1 Sparrow II Missiles - Graph fiZ shows no problem on 
D.G. for cruise-combat condition. 

Graph #5 indicates that one 40 KVA alternator will 
handle the load without overload. 

These graphs are drawn to the MIL-Specification 
load analysis and are not truly representative of 
a combat envelope from the CF-10Ç. 

Graph no, 7, corresponding to graph til, was drawn up 
to show the combat mission #1 where the combat 
period is for five minutes maximum. 

Of the 40 KVA shown for the combat condition 5^ 
KVA is for anti-icing of the W/S and canopy which 
has been considered as a continuous load. With a 
speed of M 1,5 for combat the K.H. temperature on 
the outside of the W/S and canopy will be approx. 
110UF 9n a NAGA standard day where the ambient at 
50,000 is -67°F, and as the W/S and canopy are 
thermostatically controlled to 110°F this 5i KVA 
anti-icing load will not in fact be a continuous 
load, and therefore the average A.C. load for this 
condition will be somewhat smaller than shown. 
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^.3.3.2 Sparrow III missiles - Graph #3 shows no Â.G. 
problem with the failure of an alternator. 

The average D.C. load shown on graph #4 for the 
combat condition is approximately 210 amps, 
however 10 amps of this load will be automatically 
shed with one T.R.U. out, thus the D.C. load 
will be 1$0 amps, or 110 $ of rated capacity. The 
combat period is for 3 minutes and after firing 
the missiles the D.C. load drops well below rated 
value of the T.R.U. 

4.4 Graphs #8 and Æ9 were drawn to show the loading on each alternator 
when both alternators and T.R.U.s are operating under normal 
conditions. 

Graph #10 corresponds to granh #9 showing the typical A/C combat 
mission #1. 

4.4.I Loads on each alternator (Sparrow II) 

Average WATTS for Average VARS for 
time intervals on chart time intervals on chart 

Start & 
Warm Up 

Taxi 

Take Off 

Cruise 

Combat 

Land 

Alt.#1 25256 24$6l 24766 3995 3700 3570 

VA 

VA 

VA 

VA 

VA 

VA 

VA 

VA 

VA 

VA 

VA 

Alt.#2 

Alt. #1 

Alt.#2 

Alt. 1 

Alt.2 

Alt. 1 

Alt. 2 

Alt. 1 

Alt.2 

Alt. 1 

Alt.2 

25600 
16540 
18300 
25421 
25300 
14751 
17000 
25361 
26300 
29477 
30700 
7973 
3700 

24602 
25400 
7921 
3640 

30204 
^1650 
26096 
26500 
12426 
15400 

25150 
15362 
17600 
25131 
25400 
14453 
16600 
25546 
25800 
26134 
27100 
7826 
3510 

24433 
252OO 
7771 
8450 

70042 
31500 
25691 
26OOO 
12021 
14350 

2500 
14253 
16420 
25096 
2 5400 
14423 
I057O 
25261 
25600 
25244 
26150 
7771 
8450 

24374 
25050 
7683 
8340 

29947 
31400 
25606 
26000 
11934 
14750 

9019 

4120 

8426 

4550 

3545 

3470 

6l62 

3445 

9644 

4745 

9051 

8610 

3870 

8177 

4280 

7391 

3355 

6040 

3300 

9492 

4425 

3721 

8021 

3865 

8172 

3995 

6731 

3300 

5979^ 

3235 

9421 

4260 

3667 



APPENDIX I 

Determination of Sparrow II Missile Loads: 

Switch selected to "De-Ice" One Alternator (or T.R.U.) out. 

1.1 Sheddable D.G. loads for Takeoff and landing Conditions. 

Land & Taxi Lts. 
Land & Taxi Relays 
Fire Control Coupler 
Weapons Control 
Antenna Servo 
Optical Siyht 
AN/APX26 Interrogator 
Computer-dallistics 
Infra Red 

17.S 
» U 

3.1 
3.0 
1.1 
.1 

1.9 
2.4 
1.0 

Total- TÔT! AMPS 

1.2 Sheddable D.G. loads for Cruise Condition 
As per 1.1 less Land & Taxi Lts. & relays 

Sheddable load 30.S - Id.2 = 12.6 AMPS. 

1.3 Take Off Loads 
From D.C. load chart - Take off loads 
Less Sheddable loads (1.1) 

A.C. input to 1 T.R.U. required 

.5 min. 
216.2 
30.8 

1^5.4 
7850 VA 

2 min. 
193.2 
30.8 

162.4 
7000 VA 

15 min. 
172.8 
30.8 

142.0 
6300 

1.4 Cruise Loads 
From D.C. load chart - Cruise load: 
Less Sheddable loads (1.2) 

A.C. input to 1 T.R.U. reouired 

.5 min. 
131.0 
12.6 

II8.4 
5400 VA 

2 min 
119.9 
12.6 

107.3 
5000 VA 

30 min. 
115.9 
12.6 

103.3 
4850 VA 

1.5 Landing Loads 
From D.C. load chart - Landing loads 
Less Sheddable loads (1.1) 

1.6 

input to T.R.U. required 

.5 min. 
23'* .4 
^0.8 

202.6 
8450 VA 

2 min. 
203.9 
30.8 

173.1 
7400 VA 

5 min. 
197.8 
2 0.8 

16^.0 
7200 VA 

Sheddable Electronic A.C. loads :- 
Displays, RX-TX, Compressor, Signal Data Converter, Liquid Cool 
ing. 
Gyro heaters, Antenna Servo, A.M.T.I., Synch., Optical Sight. 
Computer, Nadar II, APX/26, Fire Control Coupler, Infra-red 
and cooling,AN/ARD 501, Missile Anxiliaries, Missile Heaters 
and Missile loads. 

Calculations to obtain revised A.C. load of Sht. 2 of load charts 
for switch in "De-Ice" position:- 

Watts obtained by multiplying amps by 27.5 volts. 
Vans obtained from watts and V.A. for the T.R.U. 



TAKÜ OFF 

A.Ci Total 3ht.2 (chart) 
Normal T.R.U. loads 3ht. 2 
Difference 
T.R.U. load (1.3) 
.0. loads 3ht.2 

Wa 11 s 
p min. 
71Ô7 
5930 
123? 
5100 
V\vj 

5 min. 
6539 
5220 
1219 

56èl 

15 min. 
5964 
1750 
12l£ 
•^905 
5119 

1/12 
873$ 
8160 
-JT* 
52Â1 
6543 

Yars 
min*, 5 min. 

3183 
7620 
5tïï 

5290 
5°58 

15 min 
7615 
7050 
565 

4940 
5505 

CRUISE 

A.G. Totals Sht.2 (chart) 
Normal T.R.U. load Sht.2 
Difference 
T.R.U. load (1.4) 
A.C. load 3ht.2 

iè mm. 
4339 
2605 
1224 
2255 
44§9 

5 min. 
4522 
2 200 
1222 
2950 
4173 

2 0 min 
4404 
2190 
1214 
2840 
4054 

1/12 min 
6578 
6000 
573 

4200 
4873 

5 min 
6241 
.1220 
571 

4020 
4601 

20 min 
6225 
5660 
565 

3930 
4495 

LAND 

A.C. Totals Sht.2 (chart) 
Normal T.R.U. load Sht.2 
Difference 
T.R.U. load (1.5) 

(g mm. 
7636 
6420 
I2I6 

2225 
6791 

2 min 
6326 
5610 
1216 
4760 
5976 

.8 Calculations for graph ^6 
Totalling A.C. loads; Shts. 1,2,' 
as necessary. 

5 min. 
6654 
2M0 
1214 
4590 
5804 

l/l2 min 
9114 
3150 
564 

6350 
6914 

2 min 
8474 
7910 
564 

16_6£ 
6224 

5 min 
8345 
7780 
565 

5545 
6110 

& 4 of A.C. charts - Shts. revised 

TAKE OFF 

Chart 
3ht. 1 
Sht.2 
Sht.2 
Sht.4 

V. A. 

ii mm. 
22500 
6227 
776 

1500 
22112 
23250 

5 min. 
22 500 
5684 
776 

1500 
0 1460 
22450 

15 min, 
22500 
5119 
776 

1500 
20895 
71^50 

Revised(1.7) 
Revised(1.6) 
Revised(1.6) 

,5 mm, 
1014 
6542 
481 
758 

3796 

5 rain. 
1014 
5958 
481 
758 

ÏÏ21Ï 

15 min. 
1014 
5505 
481 
758 

7758 

CRUISE 

/5 mm. 
Sht. 1 6790 
Sht. 2 
Sht. 3 
Sht. 4 

V. A. 

4439 
776 

1500 
13555 
15300 

5 min, 
6790 
4177 
776 

1500 
17239 
14900 

20 min. 
6790 
4054 
776 

1500 
17120 
14750 

Revised(1.7) 
Revised(1.6) 
Revised(1.6) 

min. 
1014 
4378 
481 
758 

7131 

5 min. 
1014 
4601 
431 

6854 

30 min. 
1014 
4495 
481 

6748 



LANDING 
Watts 

rain/ 2 min. 
2^ 500 22 500 
6791 5976 

776 776 
1500 1200 

32567 31752 
33^00 32350 

5 rain. || rain. 
23500 1014 

5304 Revised(1.7) 6914 
776 Revised(1.6) 431 

1500 Revised(1.6) 753 
31530 9167 
32650 

Vans 
2 rain. 
1014 
6224 

431 
_ZiÜ 
3477 

5 min. 
1014 
6110 

431 
753 

33b3 



APPENDIX II 

Calculations for Sparrow III Missiles 

,0 D.C. loads - as per Sparrow II load charts with the addition of 102 
amps in the Take Off, Cruise, and Cruise-Combat conditions. 

Sparrow II D.C. loads(ampsÎ 
Additional for Sparrow III 
Sparrow III D„C. loads 
A.C. input to T.R.U.S.(V.A. 

START & WARM UP 

172.1 
Same a£ 

mm. 
US. 7 

0 
US . 7 
Sparrow 

15 min. 
1?6.7 

0 

isôü 
ii 

TAXI 

2 mm. 
1U.0 

0 
.0 

2 min. 
163.1 

0 
iSTTi 

1A min 
l60. 5 

0 

160.5 
Same as Sparrow II 

TAKE OFF / LIMB CRUISE 

I 

Sparrow II D.C. loads(amps) 
Additional for Sparrow III 
Sparrow III D.C. loads(amps) 
A.C. input to T.R.U’s (V.A.) 

min. 2 min, 
193.2 
102 
295.2 

216.2 
102 
SI'!. 2 
13Ô00 13000 

OnUIoD COMBAT 

15 min. 
172. S 
102 
2747? 
12200 

5 mm. 
131.0 
102 
2SS.0 
10700 

2 min. 

119.9 
102 
221.9 
10300 

30min, 

115.9 
102 
217.9 
10200 

LAUDING 

Sparrow II D.C. loads (amps) 
Additional for Sparrow III 
^parrow III D.C. loads (amp's) 
P-.C. input to T.R.U’s (V.A.) 

2.0 A.C. Loads. 

2 min. 
i26.S 
102 
2237? 
10500 

2 min. 

115.9 
102 
217.9 
10200 

30 min, 
109.6 
102 
211.6 
9900 

233.4 

2 min. 

20?. 9 
0 

203-9 
Same as Sparrow II 

5min. 

197.? 
0 

197.? 

2.1 Calculations for Sparrow III A.C. loads Sht.2 of A.C. load charts. 
Start & Warm Up, Taxi and Landing identical to Sparrow II» 

TAKE OFF 

Watts. Vars, 

Sparrow II load Sht.2 
Less Sparrow II T.R.U. load 

if mm. 
7U7 

5950 
12S? 

Plus Sparrow III TRU load(1.0)3750 
Sparrow III load Sht.2 9937 

5 min. 
6si9 
53 20 
1219 
Flip 

9329 

CRUISE 

15 min. 
5964 
4750 
1214 
7560 
c'774 

if mm. 
S73 F 
?160 
57F 

10650 
1122? 

5 min, 
?!?? 
7620 
56? 

10150 
1071? 

15min. 
7615 
7030 
565 

9370 
1013 5 

Watts Vars 

Sparrow II load 3ht.2 
Less Sparrow II T.R.U. load 

^lus Sparrow III load (1.0) 
Sparrow III load Sht.2 

it mm. 
4?39 
3605 
1234 
6A00 

7634 

5 min. 
4523 
3300 
1223 
6100 
7323 

30 min. 
4404 
3190 
1214 
59?0 
7194 

it mm. 
657? 
O0UÜ 
57? 

?570 

914? 

5 min. 
6341 
iZZO 
571 

?300 
??71 

30min. 
6225 
5660 

565 
?2 50 

3? 15 



CiiUId}!i COMBAT 

^parrow II load 3ht,, 2 
rLess Sparrow II ToR.U. 

g rain. 

4724 
!oad ^490 

1214 
Plus Sparrow III TRU load(1.0)6290 
Sparrow III load Sht.2 7524 

5 rain < 
4411 
1190 
1221 
12i5 

30 rainc 
4229 
1015 
1214 ' 
3,315 
7029 

,5 ram. 
6523 
5950 

57^ 
3410 
3933 

5 rain. 
6211 
5660 

571 
3250 
ÏÏ321 

30 min. 

6095 
5530 
565 

3010 

3575 

2.2 Calculations for Sparrow III A.C. loads 3ht.4 of load charts. 
Sparrow III loads Sht.4 - Low volt power supply - same as Sparrow II 

Oxygen Capacitance - Same As Sparrow II 
Power Failure Detector - Same As Sparrow II 
Missile Auxiliaries - 553 watts 343 vars 
CW Transmitter - 325 watts 520 vars 
Weapons Control - 170 watts 105 vars 

Start & Warm up - 
Taxi 
Take off & Climb- 
Cruise 
Cruise Combat 
Landing; 

All lo°ds except Weapons Control 
All loads except Weapons Control 
All loads except Weapons Control 
All loads except Weapons Control 
All loads. 
Low Voltave power supply, Oxyaen 
Power Failure Detector. 

,ap. 

2.3 Calculations for Sparrow III A.C. load total - Graph #3, 

START & WARM UP 

Chart 
Sht „ 1 
Sht.2 
Sht. 3 
Sht. 4 

V. A. 

it min 
24427 
5974 
5375 
2373 

39154 
41300 

Watts 
> 5 min. 

24427 
5163 
5103 
2373 

17531 
39550 

15 min, 
23721 

4974 
4902 
2373 

16477 
13150 

Revised(2.2) 

,5 mm. 
1533 
7623 
2403 
1626 

13250, 

Vars 

5 min. 
1533 
7023 
2304 
1626 

12546 

15 min. 
1142 
6765 
2234 
1626 

11317 

TAXI 

Sht. 1 
Sht.2 
Sht. 3 

Sht.4 

V. A. 

23500 
6236 
4366 
2373 

17510 
19650 

21500 
5701 
4366 
2373 

16947 
13900 

22500 
5623 
4366 
2373 

2 6377 
13300 

Revised(2.2) 

1014 
7364 
2273 
1626 

12732 

1014 
7365 
2273 
1626 

12237 

1014 
7355 
2273 
1626 

12273 



O
J
 
C/

j 
ü'
j 

C/
j 

ht. 1 
ht. 2 
ht. 3 
ht. 4 

V. A. 

3ht. 1 
Sht.2 
Sht. ^ 

3ht. 4 

V. A. 

Sht. 1 
3ht. 2 
Sht. 3 

Sht. 4 

V. A. 

3ht. 1 
Sht. 2 
Sht. 3 
Sht. 4 

V. A. 

, TAK3 UFF & CLII/IB 

J min. 5 min. 30 min. 

23 500 22 500 23 500 
9Q37 9329 ' S774 Revised(2.1) 
11311 llèll 11311 
2373 2373 2373 Revised(2.2) 

43176 47513 46963 
49300 49050 43400 

ÜRUI3E 

Vans 

5 min.- 

1014 
10713 

-1097 
1626 

12251' 

3Gk,;n}in. 

1014 
10135 
-1097 
1626 

11673 

1)5 min. 5 min. 30 min. 
6790 6790 6790 
7634 7323 7194 Revised(2.1) 
11311 11311 11311 
2373 2373 2373 Revised(2.2) 

29112 2^302 23673 
^1000 206OO 20500 

min. 

1014 
9143 
-1097 
1626 

IÔ69Ï 

5 min < 
1014 
3371 
-1097 
1626 
10414 

20 min. 
1014 
3315 
-1097 
1626 
10253 

CRUISE COMBAT 

min. 
6790 

7524 
11311 
3043 

29173 
31000 

Watts 
5 min. '30 min. 
6790 6790 
7203 7029 Revised(2.1) 

11311 11311 
3043 3043 Revised(2.2) 
23357 23673 
30700 30450 

(k min. 
1014 
3933 

-1097 
im 
10635 

Vans. 

5 min. 
1014 
3321 
-1097 

im 
10469 

30 min. 

1014 
3575 

-1097 

im 
1U223 

LANQING 

^ min. 
23500 
7636 
4366 
1500 

37502 
39300 

2 min. 
23500 
6326 
4366 
1500 

35592 
33300 

5 min. 
23 500 

6654 
4366 

1500 
36520 
3 3600 

Revised(2.2) 

min. 2 min. 5 min. 

1014 1014 1014 
9114 3474 3345 
2273 2273 2273 

JIM -15Â _213 
13164 12524 12395 
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ll 

VARS V 
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21 TOTAL 

"SB- S' 

3 ‘7 ■ A 

f iT A 

0 ) 
VARS 

/2L" 

2 

/A, 7 

0 g 0 3" I^TOTAL 
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