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N51&'-L1/43,'&% J#"% D3ADM4/DO% 39/8;,D% 48<.8/4B>% ',A81% 08451=A1.&1%

'8L.8/4&>%;8./45-;4&3.,D%058/484,%'12,.&<1/;&2%-@A83>%-/48H<&38/4B%;%051593,.&M%

086,<&% CA1;4580&4,.&D>% ',A81% 351'D% :8483.8/4&>% P&58;&H% 6&,0,@8.% 5,=8<&2%

41'015,4-5>% -/48H<&38/4B% ;% 38@61H/43&M% &8.&@&5-ML1:8% &@A-<1.&D(% ',A,D%

<-3/43&41AB.8/4B% ;% A&.1H.9'% 0151:5-@;,'>% =8ABP8H% /58;% /A-E=9% >% 38@'8E.8/4B%

05&'1.1.&D%,348',4&@&583,..8:8%058&@386/43,%05&%&@:8483A1.&&%J#"(

J% 51,AB.92% #J"% 51@8.,485>% ;,;% 05,3&A8>% 0516/4,3AD14% /8=8H% A&=8% /415E1.B%

;8AB7138H%?85'9>%A&=8%48.;8/41..-M%-05-:-M%8=8A8<;-%35,L1.&D, &@:8483A1..91%&@%

0A,3A1.8:8% ;3,57,>% /,0?&5,% &A&% 65-:8:8% ',415&,A,>% &'1ML1:8% ',A9H% ;8C??&7&1.4%

08415B%05&%;8A1=,.&D2(
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N8% 05&.7&0-% 61H/43&D% &% 05&'1.1.&M% 3% 5,@A&<.8:8% 586,% :&58/;80&<1/;&2%

/&/41',2%J#"%0865,@61ADM4/D%.,%J#">%5,=84,ML&1%3%51E&'1%T$R% - 6,4<&;,%-:A838H%

/;858/4&% IJ#"-T$RK>% &%J#">% 5,=84,ML&1% 3% 51E&'1%U"% - &.41:5&5-ML1:8% :&58/;80,%

IJ#"-U"K(% J#"-T$R% 8=A,6,14% .139/8;8H% 48<.8/4BM% I/A-<,H.,D% /8/4,3ADML,D%

/;858/4&%-286,%.,%-583.1%VWX
2
:5,6Y/K(%J#"-U"%&'114%/5,3.&41AB.8%39/8;-M%48<.8/4B%

I/A-<,H.,D% /;858/4B% -286,% '8E14% =94B% 68/4&:.-4,% .,% -583.1% VW
-4
:5,6Y<K(% J#"-U"%

D3AD14/D% 015/01;4&3.9'% <-3/43&41AB.9'% CA1'1.48'% =1/;,56,..92% &.157&,AB.92%

.,3&:,7&8..92%/&/41'%I+U)RK%/,'8A1483%&%;8/'&<1/;&2%A14,41AB.92%,00,5,483(

N15391% 08094;&% /8@6,.&D% J#"-T$R% 84.8/D4/D% ;% VZ[W-'% ::(% R-L1/43-14%

.1/;8AB;8% 3,5&,.483% 08/4581.&D% T$R>% 3% ;,<1/431% <-3/43&41AB.92% CA1'1.483%

I51@8.,48583K% ;848592% &/08AB@-M4% ;8AB78>% 7&A&.65>% 08A-/?15&<1/;-M% 8=8A8<;-(%

R48D<,D%38A.,>%38@=-E61..,D%3%51@8.,4851>%08385,<&3,14/D%.,%-:8A>%0580857&8.,AB.9H%

31A&<&.1% 0581;7&&% 3286.8H% -:A838H% /;858/4&% .,% 8/B% 1:8% /&''145&&(% N5&% C48'%

058D3&4B% /1=D% 3% 08A.8H% '151% C??1;4%G.H.Bryan .1% '8E14>% 4,;% ;,;% 6AD% 086615E,.&D%

;8A1=,.&H% 51@8.,485,% 05&'1.D14/D% 08@&7&8..81% 38@=-E61.&1>% <48% 8:5,.&<&3,14% -:8A%

0838584,%/48D<1H%38A.9(

G% /1516&.1% \W-2% ::(% =A,:86,5D% 38@58/P1'-% -583.M% 412.8A8:&&% &% CA1;458.&;&%

08D3&A,/B% 38@'8E.8/4B% /8@6,.&D%J#"-U"(%J% 5,=841%Skott W.B. "Delco makes low-cost

gyro prototype]% 80&/,.% 05&=85% ,'15&;,./;8H%?&5'9%Delco Electronics>% 5,@5,=84<&;,'%

;84858:8% 0-41'% 39=85,% 39/8;868=584.8:8% ',415&,A,% 08A-/?15&<1/;8:8% 51@8.,485,% &%

@,'1.9%08@&7&8..8:8%38@=-E61.&D%0,5,'145&<1/;&'%-6,A8/B%/8@6,4B%&.41:5&5-ML&H%

J#"%IJ#"-U"K(

J% .,P1H% /45,.1% C;/015&'1.4,AB.91% 8=5,@79% 0517&@&8..92% J#"% /8@6,.9% .,%

051605&D4&&% ^_% `NG+% I`,'1./;81% 05&=858/458&41AB.81% ;8./45-;485/;81% =M58K(%

N8'&'8% /8@6,.&D% 8=5,@783% :&58/;8083% 5,@5,=84,.9% &% 3.1651.9% 3% 058&@386/438%

,348',4&@&583,..91% /41.69% .,% =,@1% N*J!% 6AD% &/094,.&H% 51@8.,48583>% &2%

6&.,'&<1/;8H% =,A,./&583;&% /% 08'8LBM% A,@15,>% /41.6% 08A-.,4-5.8:8% '861A&583,.&D%

6AD% 48<.8/4.92% &/094,.&H% J#">% ,% 4,;E1% '1486&;&% 871.;&% 4,;&2% 0,5,'14583>% ;,;%

.186.8586.8/4B% @,@85,% '1E6-% CA1;45868'% &% 51@8.,4858'>% 5,/L10A1.&1% /8=/431..8H%

<,/4849%51@8.,485,>%31A&<&.,%5,@.868=584.8/4&(

R21',% ;8AB7138:8% 43156841AB.8:8% 51@8.,485,% 0516/4,3AD14% /8=8H% 48.;81%

-05-:81%;8AB78>%/3D@,..81%/%8/.83,.&1'%05&%08'8L&%485/&8.83 I5&/(VK(
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`&/( 1. G8AB7138H%43156841AB.9H%38A.838H%:&58/;80

`1@8.,485% V% &@:84,3A&3,14/D% 08% 412.8A8:&&% !*!% /83'1/4.8% /% 485/&8.,'&% a%

-05-:8:8% 08631/,% &% CA1;458..9'% ;8.4-58'% -05,3A1.&D(% G8A1=,.&D% 51@8.,485,%

38@=-E6,M4/D% &% 51:&/45&5-M4/D% /&/41'8H% -05,3ADML&2% b% &% &@'15&41AB.92%

CA1;458683%c(

_/.839%,.,A&4&<1/;8H%4185&&%J#"%&@A8E1.9%3%5,=84,2%d-5,3A13,%J(Q(%J%.&2%

08;,@,.8>% <48% C??1;4% +5,.1.,% /825,.D14/D% 05&% 35,L1.&&% ;8AB7138:8% 51@8.,485,% /%

0151'1..8H% -:A838H% /;858/4BM(% J% '8.8:5,?&&% eVf% &//A1683,.9% '1486% 8/516.1.&D%

-5,3.1.&D% 63&E1.&D% ;8AB7138:8% 51@8.,485,>% 5,@5,=84,.,% 4185&D% ?-.;7&8.&583,.&D%

&61,AB.8:8%:&58/;80,(%

J% 6,..8H% 5,=841% 5,//'8451.% ,A:85&4'% &% .1;848591% 51@-AB4,49% 5,/<g4,%

5,/L10A1.&D% <,/484% ;8AB7138:8% 51@8.,485,% #J">% 39@3,..8:8% .,&=8A11% 3,E.9'% .,%

05,;4&;1% 61?1;48'% – ',A9'&% 84;A8.1.&D'&% :18'145&&% 8/&% 51@8.,485,% 84% &61,AB.8H%

;5-:838H(

U@31/4.,%?85'-A,%6AD%/8=/431..92%<,/484%;8AB7,

p = p! =
!(!"#$)

%!"&$ ' ()
*+,-   [3] (1)

:61%m. - -61AB.,D% ',//,% ;8AB7,h% R - 5,6&-/h% i- '86-AB% j.:,% ',415&,A,, J-

'8'1.4%&.157&&%080151<.8:8%/1<1.&D%51@8.,485,(
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*4,% ?85'-A,% 805161AD14% <,/4849% /8=/431..92% ;8A1=,.&H% ;8AB7,% 3% /381H%

0A8/;8/4&(%k.,<1.&M%k = V% /884314/43-14%.-A13,D% <,/484,>% 4,;%;,;%05&%k - V%?85'-A9%

80&/93,M4% /'1L1.&1% ;8AB7,% ;,;% E1/4;8:8% 41A,(% Q85'9% 63&E1.&D% 05& k = 1, 2, 3 

08;,@,.9%.,%5&/-.;1%2.

`&/. 2. Q85'9%63&E1.&D%51@8.,485,%05&%5,@A&<.92%k

J%6,..8'%0581;41% 6AD%.,28E61.&D% /8=/431..92%<,/484% ;8AB7138:8% 51@8.,485,%

&/08AB@-14/D% /&/41',% 6&??151.7&,AB.92% -5,3.1.&H 6&.,'&;&% 39.-E61..92%

:,5'8.&<1/;&2%;8A1=,.&H%/415E.D [6, 7]:

/01
/2 = 345 6 U7(s) 6m. 3 q7
/08
/2 = 345 6 U9(s) 6m. 3 q9
/:
/2 = 3Q9(s) 6 cos (l) + Q7(s) 6 sin (l) (2)

/;1
/2 = 3<(=) 6 cos (l)

/;8
/2 = <(=) 6 sin (l)

/>
/2 =

:(2)

()

TAD% .1;5-:A8:8 ;8AB7,% 3'1/48% ;8856&.,4% s :85,@68% -68=.11% 08AD5.,D%

;8856&.,4,%l>%4,;%;,;%:5,.&79%&@'1.1.&D%l%48<.8%&@31/4.9%I%84%0 68%a?)(%TAD%0151286,%

84%;8856&.,4%s ;%;8856&.,41%%l%&/08AB@-14/D%0,5,'145%m,'1O

  ^ = ds/nl, (3)

;84859H%6AD%&61,AB.8:8%;8AB7,%5,31.% 0r .

#1015B%/&/41',%6&??151.7&,AB.92%-5,3.1.&H%05&8=514,14%3&6O
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/01
/@ = (345 6 U7(l) 6m. 3 q7) 6 A.
/08
/@ = B345 6 U9(l) 6m. 3 q9C 6 A.
/:
/@ = B3Q9(l) 6 cos (l) + Q7(l) 6 sin (l)C 6 A.

/;1
/@ = (3<(D) 6 sin (l)) 6 A. (4)

/;8
/@ = (<(D) 6 cos (l)) 6 A.
/>
/@ =

:(@)

() 6 A.
U/08AB@-D%:5,.&<.91%-/A83&D:

EF(0) = EF(2?),EG(0) = EG(2?),H(0) = H(2?), (5)

IF(0) = IF(2?),IG(0) = IG(2?), <(0) = <(2?)

51P,1'%/&/41'-%T$%<&/A1..8%/%08'8LBM%AM=8:8%',41',4&<1/;8:8%0,;14,(

N5&%C48'%3.1P.&1%.,:5-@;&%@,6,M4/D%3%3&61

q7 = qJcos (l) , q9 = qJsin (l), (6)

:61%6AD%.,28E61.&D%]A1:;8H%?85'9%;8A1=,.&H]O

qJ = sin(o3 l), (7)

,%6AD%]4DE1A8H]O

qJ = sin(o3 (l3 o/4)), (8)

p,/484-%.,286&'%<151@ 84.8P1.&D%`1A1DO

45 = 2 6 E/HKL (9)

p=';
M6 (10)

U=N (
:"
5OP)

5Q
. RJK (11)

76 =
$
5 
N (EF5 + EG5)
5Q
. S.RdD=HTU /2 (12)

:61%%IVVK%C48%C.15:&D%61?85',7&&%05&%<&/48'%&@:&=1>%,%IVaK 08A83&.,%8=8=L1..8H%

',//9(
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N8:51P.8/4B% 5,/<14,% /8=/431..8H% <,/4849% ;8AB7,% /8/4,3AD14% '1.BP1% W>WWVq>% <48%

8=FD/.D14/D% 48<.9'% ]080,6,.&1']% 3% ?85'9%

;8A1=,.&H%05&%@,6,..92%qn

TAD%5,/<14,%.1&61,AB.8:8%;8AB7, 33161'%

r% - ,'0A&4-6-% 5,6&,AB.8:8% 84;A8.1.&D% 84%

&61,AB.8H%:18'145&&%8/&%;8AB7,>%&%n - 38A.8381%

<&/A8 84;A8.1.&D% ?85'9(% ),% 5&/-.;1% 3

0516/4,3A1.,% ?85',% 8/&% 05&% n=4. ^'0A&4-6-%

5,6&,AB.8:8% 84;A8.1.&D%r%@,6,1'% 3% 68AD2% 84%

5,6&-/,%A..

`&/(%b. Q85',%8/&%51@8.,485,%05&%n= 4. [4]

T,A11%@,6,14/D%38@'-L1.&1%?85'9%;8AB7,>%;8:6,

A = A. + Vcos (n l) (13)

TAD%C48:8%5,@A8E&'% r 08%61;,54839'%;8856&.,4,'% x &% y :

WX = (A. + V cos(n l))cosl

Y = (A. + V cos(n l))sinl
Z (14)

05&<1'%0,5,'145%m,'1%=-614%5,31.%

R = '[/F/@\
5

+ [/G/@\
5
. (15)

N5&%33161.&&%38@'-L1.&D%?85'9%;8AB7,%.18=286&'8%-<&493,4B%&@'1.1.&1%

.,;A8.,%/1<1.&D>%08C48'-%@,0&P1'%0581;7&M%854, ;,/,41AB.8H%;%8/&%/415E.D% t 3%

61;,548392%;8856&.,4,2O%

]F = [/F/@\ /R, ]G = [/G/@\ /R (16)

#8:6,%/&/41',%6&??151.7&,AB.92%-5,3.1.&H%05&.&',14%3&6:

/01
/@ = (345 6 U7(l) 6m. 3 q7) 6 R
/08
/@ = B345 6 U9(l) 6m. 3 q9C 6 R
/:
/@ = B3Q9(l) 6 t7 + Q7(l) 6 t9C 6 R

/;1
/@ = B3<(D) 6 t9C 6 R (17)
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/;8
/@ = (<(D) 6 t7) 6 R
/>
/@ =

:(@)

() 6 ^

"5,.&<.91% -/A83&D% 8/4,M4/D% 4,;&'&% E1% ;,;% &% 6AD% &61,AB.8:8% ;8AB7,(

R8=/431..,D% <,/484,% .,% 8/.831% &415,7&8..8:8% '1486,% >% &@A8E1..8:8% 3% ebf(%

N5&=A&E1..81% @.,<1.&1% <,/4849>% ;848581% /884314/43-14% &61,AB.8'-% ;8AB7->%

-48<.D14/D% <151@% 84.8P1.&1% `1A1D(% N8/A1% C48:8% /&/41',% &.41:5&5-14/D% @,.838% /%

-48<.1..8H%<,/4848H>%&%4,;%68%412%085>%08;,%@.,<1.&1%<,/4849%.1%0151/4,.14%'1.D4B/D%/%

48<.8/4BM%68%s-[%@.,<,L&2%7&?5(

J%5,=841%_(R(%),5,H;&.>%Q(T(%R858;&.>%R(^(%G8@-=.D; [2]5,//'8451.9%,A:85&4'%

&% .1;848591% 51@-AB4,49% 5,/<g4,% 5,/L10A1.&D% <,/484% ;8AB7138:8% 51@8.,485,% #J">%

39@3,..8:8%61?1;48'%- ',A9'&%84;A8.1.&D'&%:18'145&&%8/&%51@8.,485,%84%;8AB7138H(

p*^7 3 p*_J =
`r-
, p. (18)

J% 51@-AB4,41% 08A-<,M4% @,3&/&'8/4B% 5,/L10A1.&1% ;5-:838H% <,/4849% 08%

84.8P1.&M%;%<,/4841%.138@'-Lg..8H%/&/41'9(% %TAD%kta%IV\K%@,3&/&'8/4B%08A-<,14/D%

A&.1H.,D(

),%:5,?&;1%3&6.8%<48%1/4B%.1=8ABP81%5,/28E61.&1%/%51@-AB4,4,'&%5,=849%_(R(%

),5,H;&.>% Q(T(% R858;&.>% R(^(% G8@-=.D;>% 284D% A&.1H.,D% @,3&/&'8/4B% /825,.D14/D(%

`,/28E61.&D%&@%-@,%48:8%><48%3%/4,4B1>%39P1-08'D.-492%,348583>%!1486%38@'-L1.&H%&@%

6,14% 48AB;8% 015381% 05&=A&E1.&1>% 08C48'-% &% 6,14% 05D'-M(% ^% 3% 6,..8H% 5,=841%%

08A-<&A,/B%0,5,=8A,>% 8<1.B%0828E,D%.,%05D'-M>% 4,;% ;,;% @,0&/,.9% 48<.91% -5,3.1.&D%

',A92 ;8A1=,.&H ;5&38:8 /415E.D(
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D431;

1. N8A-<1.8% <&/A1..81% 51P1.&1>% 08@38ADML11% 39<&/AD4B% 5,/L10A1.&D%

/8=/431..8H% <,/4849% 51@8.,485,% 08% ?-.;7&&% 5,6&,AB.92% 38@'-L1.&H% :18'145&&%

;8AB7,(

2. U//A1683,.% .,&=8A11% 3,E.9H% 6AD% 05,;4&;&% 61?1;4% ;8AB7138:8% 51@8.,485,%

43156841AB.8:8%38A.838:8%:&58/;80,%– ',A81%84;A8.1.&1%:18'145&&%8/&%51@8.,485,%84%

&61,AB.8H%8;5-E.8/4&(

F-0'16$.0*)+&*=+4

1. d-5,3A13,%J(Q(%GA&'83%T(!(%]J8A.838H%43156841AB.9H%:&58/;80]%M(O%),-;,%VZ\s(

2. ),5,H;&.% _(R(>% R858;&.% Q(T(>% G8@-=.D;% R(^(% ]`,/L10A1.&1% /8=/431..92% <,/484%

;8AB7138:8% 51@8.,485,% 43156841AB.8:8% 38A.838:8% :&58/;80,>% 39@3,..81%

38@'-L1.&1'%?85'9]YYJ1/4.&;%!"#$%&'%)(*(+,-',.,(%-2012.-u[(-R(VS[-185

3. J(m(%+&615',.%]#185&D%'12,.&<1/;&2%;8A1=,.&H]%!(O%J9/P,D%P;8A,>%VZ\W(%-cW\%/(

4. J(^(% !,43113>% J(U(% m&0,4.&;83>% ^(J(% ^A12&.% ]N581;4&583,.&1% 38A.838:8%

43156841AB.8:8%:&58/;80,]%!(O%U@6-38%!"#$%&'(%)(*(%+,-',.,>%VZZ\(-V[\%/(

5. !15;-5B13% U(% J(% ^34851?15,4% ]T&.,'&;,% :&58/;80&<1/;&2% <-3/43&41AB.92%

CA1'1.483% /&/41'% 85&1.4,7&&% &% .,3&:,7&&% ',A92% ;8/'&<1/;&2

,00,5,483]^34851?15,4%6&//(((;,.6(%412.(%.,-;(%-!(O%!*U>%aWW\(-bV/(

6. R314A&7;&H%J(^(%!12,.&;,%/415E.1HO%p(%V(%-!(O%J9/P,D%P;8A,>%VZ\S(%%-baW%/(

7. R314A&7;&H%J(^(%!12,.&;,%/415E.1HO%p(%a(%–!(O%J9/P,D%P;8A,>%VZ\S(%– bWc%/(


