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WIND LOADS ON DECLINATION DRIVE REEXAMINED

B. . Bracewell

The bhagis of degisn was that stowing would be called for at a wind
gsp2ed of 35 mph but that a 5C mph wind, though expected rarely, should
be guarded ageinst {(Glint 225). Even ithough a 50 mph wind is expectisd
here only once in 7.7 vears, there ig still cone chance in 6 of i€
haypening in any one ysar.

Now that the declination drive system has been installed in Tertio,
it3 resporse under various wind conditions ¢an be exanined. &Samplie

cailculations can alse be recorded.

Calculations are based om H. Hirst and K. E. McKee, ' Wind Forces
on Parabolic Antennas, Microwave Journal, Nov. 18635, vel. 8, pp. 43=47
{erpy in RAX réprint file). These regulits apply to solid parabolic
surfaces without asgeocliated structurs, but the most eritical situation,
2 10orth wind blowing vhen the dish iz fax to the scuth, is one wheve
tha structure would not appear to add to the loai.
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Aliowing 2820 sq. £1. for Zace on aves of 60 ft. dish and a wind
pr2esure of 10 ib. £t :2 ve have 28,200 1b. expected, which agrees with
thy table for a wind blowing straight into the concave gids (& = 0).

But for O = 180 the table ghows a smaller force than would result from

the simple calculation based on pyrojected avea.
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inition of Symbols
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wind moment on dish

axial wind foree

side force through vertex

gead load moment on dish = Eﬁl E.?.m sin{dec m@??}

weight of He. 1 digh = 18,270 1bs {%?2 = 19,370, %ﬁa o2 'ﬁ% = W, =
20,200, Glint 223, p. 2.) _
digtance of CF from der axnis = 7.6 £t (Glint 253)
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4.7 £t.

6 f£t.

enain radius = 6,75 £t.

£ = gprocket radius = 3.845 inches = 0.32 £t.
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HA 4.7 FA = popent of Fﬁ. about degc axis

G E'B = moment of FB about dec sxis

¥ _ ., = total moment about dec axis

&
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L. = power 1083 in sprocket friction = (.42 HP
0.42 HP = 0.046 rpm X 7100 1b X 6.75 £¢/5250
F = load on sprocket tooth = Eﬁt@t/a + 7100 1b.
T = gprocket torque = Fi
Cha'n tensions = 232,800 pmtéﬁmmﬁz i %‘ E.

Cear Box HModel

‘An oil ehurning loss of 0.74 HP is sdopted, regardless of load, in
aceordance with messurements reported in Glint 330, Hors yrecent

indications (of sbout 6 August 1969) are that this loss fell io 0.5 HP

when the o0il level was lowered to recommended level. Some further dron

may possibly be expected fyom the use of a lighter grade of oil.
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Vhen power is flowing backward through the gears the model is

0.74

The oil churning loss iz sssumed to be the same because the gearing spesceds
g2 the same. The efficiency is caleculgsted from (2 = 1}?{2 an 1;’113}
¥here ﬂl = 0.7 and nz = 0.64 are the forward efficiencies of the two
stages (GLint 330, App. 5).

The catalog efficiency of the DWB-1000 is 55% at rated load, no

geparate allowance being required for ne-icad loss.

Smple Calculation for the Vorst Case
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Dish at 37° elevation above South horizon (dec = u-lG@) driving North
into a 30 mph North wind

Axial force FA = 11 kips (from data above)
S8ide force Fo = 7 " " " "
Wind moment M= 110 kip £t " "
MA = 4.7 FA = 92 kRip=£¢%t
MB = 6 Fa = 42 kip-£t
M, = 18,270 X 7.6 X sin 16° = 139 X 0.275 = 38 kip £t
th = 110 + 82 + 42 4+ 38 = 242 kip £t

tm/a = 242/6.75 = 36 kips

Inad on sprocket, F = 36 ¢+ 7.1 = 43 kips

Sprocket torque, T = 43 %X 0.32 = 1%.5 kip £t

T/T, . 4 = 13.5/6.75 = 200 4 (300 % accepTlable)

(Rated torque of Link Bslt DWB 1000 is 81,000 1b in = 6.75 kip~ft at 2.35
input HP. Destruction torgue is 550 to 600% - case breaks)

Chain tensicns 22.5 + % F = 44 and 1
Power to dish, P_ = 0.043 X 242/5250 =

D

Power to sprocket from gearbox, PS =

Power tc gearbox f{rom motor, P@ = 2.4/0.%5 + 0.74 = 6.1 HP (7.5 HP rated)
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in the above calculation rated speed was used, and the calgulated
power drgin on the motor shows that this was about correct.
iypieal Resulis Driving North Toward Stow -
20 mph Noxrth Wind o0 mph South Wind
South 37 Zenith Stow | South 37° Zenith Stow
horiz elev noriz elev
Wind force ¥, (kips) 20 /11 | 0 28| 28 28 ©0 1}
; ¥ " o | 7| 7 0 0 0o 7 7
Win¢ moment M (kip=1t) 0 |110 | 150 <50 .0 . 50 =150 =110
" M, " g4 | 52 | 0 -1321-130 <130 O 82
" M " ¢ 42 42 0 0 0 =42 =42

Gravity moment M, " 110 | 38 | -83 -138 | 120 38 =-83 ~1&s
M. " 204 |242 | 109 -320 | -20 -42 -275 -238
mtmg’s.?s {kips) | 30 | 36 | 16 =47 -3 -3 =41 =35
Sprocket load F 87 | 43 | 238 -40| ~o0 0 -34 -28
Sprocket torque ¥ | 12 | 135 7 13 0 0 =il =9
T/T .., (300% sacceptable) | 170% |200%| 50% -180% O O ~-150% -130%
Chain tensions (kipa) 4354 | 222 223 3&39 S&L36
Power to digh PB (BP) 1 1.7 0 O «2.,8 =2.2
Power to sprocket Py - 2.1 | _, 0.4 0.4-23.1 -1.8
Power to gearbox P, " Lf).é | 6.1 1.6 1.6 0.2 0.2
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In this table a ninus sign mesns that the drive ig being assisted by
the wind as it moves the dish toward the stow position.,
wuen P@ 18 negative it means that power is being fed to the motor.

This would alsgo entsil the current going regative. The motor current is
indicated at the contiol pansl.

iypical Results for No Wind
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Priving North Briving South
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South 37 Zenith Stow [South 3?9 Zenith Stow
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{ horig elev
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CGravity moment % = Ht 110 38 -83 =178 «110 «38 =83 -i3K

o+
| (kip £t)

M, ./6.78 (kips) 16 8 =12 =20 =16 -8 12 20
Sprocket load F 7.1 < utoﬁ/su'zs 23 13 -5 =13 =9 1 12 27
Sprocket torque T (kip~ft) L7 4 -2 el =3 0.3 & 8
/T pred 100% 60%  25% 60% 45% 5% 0% 120%
Chein tensions | 34811 28%16 20&25 16&428 18427 23832 3243 30as
Pover to dish, P, (HP) 1.0 0.3 =0.7 =1.23 =1.0 «0.2 0.7 1..23
Pover to sprocket from /B, P, | 1.4 0.7 =0.3 «0.83 =0.6 0.1 1.1 1.85
Pover to G¢/B from motor, P, | 3.8 2.3 0.6 0.5 0.5 0.9 3.1 4.4
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