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The error inherent in the present CDU design has been determined to have a 
maximum range of !'ram 443 025 sec to =66. 75 sec o This i s an error vith a mean 
of =llo 75 sec and a standard deviation of ±24 o2 sec o 

gpu Error Aua;I..ysis 

The error inherent i n the CI.iU can be divided into tvo categories,; the digitati on 
error, and t he lineariza.tion error o 

'!be digit ation error is defined by the CDU read counter deaa . .., zone., the sl'llttllest 
read counter bit size, and t he wei ght o:f the output pulses ·to the computer o in 
the case of an IMU CDU the sm9.llest read counter bit is equivalent to 20 seconds 
of arc of a lX shaft , t he CDU dead=zone is equivalent t o 1 1/2 bit s or 30 iic, 
and the output pulses are weighted at 4-o sec (lX shat't). The combinati on of these 
errors to produce the di gitation error will be derived in the following graphs . 

Figure 1 is a pl ot of error voltage (expressed a.a an equivalent angle ) at t he 
output of the main summing amplifier vs gimbal angle • This f i gure also shows the 
11/2 bit dead=zone and the generation of each i ncrementing pul se to the CDU read 
cotmter (PI pulses )o . 
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As can be seen in Figure 1 the maximum error in the read counter angle i s ±30 
sec o This is dependent only on the s i ze of t he dead.,,,zone in this casti since 
the quantization (smallest read counter bit size ) i s sma.ller than the dea.d ... zone, 
Figure 1 shows only t he case for either+ or = rot ation of the gimbal starting 
f.ran zero o I.f the gimbal were to change direction of rotation e.t a poi nt at.her 
t han zero the same error curve (±30 1ie'c) vould result. 

0 
Tbe output of the CDU to the cooiputer i s t he ou:tput of the 2 read count-..er s t age 

(l:2°) o Figure 2 sbmrs the COO output for tbe s ame angular rotation as shciw-.n i n 
Figure 1 a Figure 2 also shOW's the computer angle (indica ted angle) vs actual 
~ and the error curve vs act ual angle a It is important, t o notice t he e qua.tiou 
used to defi ne error is : 

Error = Indicated Angle = Actual. Angle " 

In order t o understand more fully the r eason :far the ""10 '$ec bi as in the dig:!. tat ion 
error, some discuss ion on the nature of the r ead counter i s necessary " The CJ.JU 
read counter 1s a 16 stage binary counter with the output t o the ccmputer being 

0 1 an output of the 2 bit,9 t herefore, a. change 1n t he 2 bit .. Now-., conside1• t he 
first 3 stages of the binary read counter vith a stor age of zero as shown belCNo 

Va.lue~ 0 0 0 

Now consider incremnting the counter one bit a.t a time • 

0 0 1 

Count er state after receiving 
the f irst + pul.se 

l 
For the f irst pu.1se t here is no chaDge in the 2 bit so no output t o t he computer'. 

0 0 

After recei ving the second 
+ pulse 

Upon the receipt of t he second + pulse the 21 s~ changes state and» theref'o:re j 
one t:6i pulse i s generated o 
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Now consi der the BE.IZl!2 counter with a negative input (count doon) a-tarting at 
zero o 

22 21 

0 0 

l. 1 

1 l 

1 0 

20 

0 

l 

0 

1 

Start at zero 

Count down l pulse 

Count down 1 pulse again 

Count down again 

It can be seen :from this chart that i f the NJ output i s a change in the 21 stage 
a M pulse 1s produced on the 1st, 3rd., 5th., etc 0 count down pulses o This 1s 
the result shown in Figure 2 0 

Fran the last curve of Figure 2 it is seen that the maximum error, starting at 
zero gimhA-1. angle ., is +30 or - 50 sec depending on vhich direction the gimbe.l 
angle turns o Far a realistic value of error it DU1St be assumed that the g1mbal 
angle i s randan and that we mB3 chanse direct ion at a.cy- gimba..l angle o Figure 3 
sh<Ml the locus of error vs g.imbal angle for both posi t i ve and negative angular 
rotation o 

EflflOR 

.fie. 

+30 

Figure 3 
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Fran Figure 3 it can be seen that at each value of gimbal. a.ngJ..e the:re are ·tvo 
possible values of' error except at the points where t:JiJ pulses a.re ~rated 
where there are three possible values of error o From Figure 3 the COO digitation 
error i s -10 sec ±40 sec u It should be recogDized t hat there are tvo additicma.l 
errors associated vith the digitation error o !l!lese are the uncertainit"Y of the 
dead=zone and the scale factor unc.-ertainity o The uncertainity of the d6ed ... zone 
is the tolerance of the Sclmd.dt trigger firing level which is used to produce 
the dead-zone . ~s error is :U~ of the nomi nal value (30 sec) ar ±3 sec o ~ 
scale factor uncertaiDity is a result of the errar amplifier gain variation. 
The enor AMP J!;!:}-u is 7 "5 V /V ±1~. ~s 1()% variation will correspond t o an 
a.deli tional ±3 sec of error • 

The linearization error is a result of approximating a porticm. of a sine :function 
vith a straight line. In the mechanization of tbe read counter (Ref. AP=M ~50 
end AP-M 1/4927) the foll.awing equation is solved: 

O = Sin ( Q = 'f ) - ¢ Cos ( Q .. 'f ) + ~ Sin ll .25 • + ~ Bias 

In this equat:f.on 'f is restricted to steps of 11 .25 degrees and ¢ is restricted 
to steps of .. c:£\8 degrees (16X shaft )o 1S? and~ are either 1 or O depending on 

the va1ue of GO Fut- 0 < Q < ll .,25 G then ~ = 1 and ~ ::i: o, if ll Q25 1<\c::: Q < 22 o5 ~­

then~ = O and ~ .,. lo Since the error is peri odic on 22 ,, 5° (16X aha.ft ) int.erve.1.B.l' 

an..cy- the first interval i s coosidered • The error curve show. in Figure 4 wan 
computed on the digital. canputer using a. pTogr.am der ived fram the ac tua.1 rr->sL: ➔ ;o _~ 

values used in the COO a ~ discontimrl.t°'J a.t 11 .25 ° i s caused iJy the removal of 
the =ll25@ bit and the insertion of the bias bit" For more detail on the 
swi.tching system see AP-M /fo850 8lld fl..P=M :/14';127 . 

Table 1 is a list of the CIJU errors previoos]y developed al.Ollg with theil• means 
a.nd s t andard deviations • 

Table 1 

Error 
T Assumed I M!an 

I Error I 1 er _Distribution I 
Digitation Error Uniform =10 - ±4o sec ±2303 -see sec 

Dead-ZoODe Uocerta.ini ty Normal 0 ± 3 sec ± 1 -sec 
Scale Fact or· Uncertaini ty Normal 0 ± 3 sec ± 1 sic 
:t..imarization Error Sinusodia.l - ± 9 sec ± 6.36 sec co 1.75 sec 

Total Normal =ll o72. sec :t24o2 -sec 

j 
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'llle 1 ,r values have been added using a root of the ,;um of the squares method 
to determine the 1 rr value of the CDU Error o 'fue vorst, ca.se C'DU error 1.s 
a66 o 75 sec +4-3 .25 sec o This ar~sis bas assumed an ideal input to the COO 
and.a therefore, in any system e.pplication the error of tbe input mu.st be 
included 1n the overall error of the CDU indicated angle (Ref' o XDE 34-S=ll 
for the IND-CW combined error) o 
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