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Actuator Installation 

For the actuator design it is important to know the actuator stroke and the effective lever 
arm as a function of surface deflection. These values can be calculated from data taken from 
installation drawings. A schematic is given in Fig. l with 
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distance between actuator pivot point and control surface pivot point 
distance between actuator attachment points 
nominal distance between actuator attachment points at neutral position 
measured lever arm length 
action angle (angle between moment arm and actuator piston rod) 
action angle with actuator in neutral position 
see Fig. l 
{:J for control surface in neutral position 
control surface deflection 
effective lever arm 
piston rod travel in relation to actuator neutral position 
actuator stroke 

The distance between actuator pivot point and control surface pivot point is a fixed value 
a = a

0 
. With equations as follows actuator stroke and effective lever arm can be calculated. 
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Appendix A lists a FOR TRAN program which uses Equations (I) to ($) for writing and 
plotting values for stroke and effective lever arm. For plotting DISSPLA - subroutines are 
used, available on the Apollo workstation. As example the elevator is taken. 



... 
t S

C J 

w : ; 
-



ELEVATOR ACTUATOR DEFLECTION (Update: 07.10.2026) 

 

SURFACE DEFLECTION [DEG]   STROKE [MM]    ACTION ANGLE [DEG]   MOMENT ARM [MM] 

-------------------------------------------------------------- 

      -18.0              0.0             95.8             75.6 

      -15.0              4.0             92.8             75.9 

      -10.6              9.9             88.3             76.0 

      -10.0             10.6             87.8             75.9 

       -5.0             17.2             82.8             75.4 

        0.0             23.7             78.0             74.3 

        5.0             30.2             73.2             72.8 

       10.0             36.4             68.6             70.7 

       15.0             42.5             63.9             68.3 

       20.0             48.3             59.4             65.4 

       25.0             53.9             54.9             62.1 

       30.0             59.2             50.4             58.6 

       33.0             62.2             47.8             56.3 

 

 

 

 



Note: 

A useful consistency check is the 0° elevator-deflection point: the program returns the 

specified initial action angle 

𝛼 = 78.0∘ 

as expected. 

The internal geometric values are approximately 

𝑎 = 381.5115 mm 

and 

𝛽0 = 90.7638∘. 

 

The original program's two curves are reproduced over −18∘ ≤ 𝛿 ≤ 33∘ . 

 

One potentially important detail: 

Stroke is defined relative to the position at  𝛿 = −18° because the code uses B(I)-B(1) not 

relative to the neutral 0∘ position. Thus at 0∘, the displayed stroke is already 23.7 mm. This 

appears intentional from the original code, but it is worth noting when interpreting the result. 

 



Hinge Moments 

Hinge moments are needed to compute actuator force levels so that the actuators can be 
properly sized. Normally nonlinear effects are encountered so that windtunnel data must be 
applied wherever possible. If for some reason windtunnel data is not available "Datcom" [l] 
or "Roskam: Airplane Design" [2] can be consulted. 

Following [2], quick results can be obtained from a two dimensional approach, if assump­
tions as follows do apply: 

o subsonic aircraft speed
o linear range of control

(surface deflection < 20° ; angle of attack < 12°)
o the air flow over the surf ace is attached
o the airfoil is not cambered.

The hinge moment HM can be calculated from the hinge moment coefficient ch, the dyna­
mic pressure q = ½ p vTAs

2 and the area of the control surface A

HM = C
h •

q • A • C

mean chord of control surface 
aircraft speed 
density of the air from Table l. 

(7) 

The hinge moment coefficient for an uncambered airfoil without tabs is calculated from 

(8) 

$? 
Depending on the application, the following substitutions must be made in Equation (�: 

For a wing with aileron: 
For a horizontal tail with elevator: 
For a vertical tail with rudder: 

; S = S a 

; S = Se 

; S = S
r 

The hinge moment derivative due to angle of attack cha is calculated from 

with •" from Fig. 2 and the various factors from Fig. 3, 4, and 5. 
e-1 

The Reynolds Number Re (call RN in Fig. 3) is 

C 

V 

Re = 

vTAS • c 

V 

chord of wing, horizontal tail, or vertical tail 
kinematic viscosity from Table I. 

(9) 

(10)
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The Mach Number Mis 

M= (11) 

Where a is the speed of sound from Table l .  

The hinge moment derivative due to control surface deflection ch& is calculated from 

with the various additional factors from Fig. 6, 7, and 8. 

Hinge moments have to be calculated for the various flight conditions in order to find the 
maximum value. For these various flight conditions the angles of attack and the required 
control surface deflection rates have to be determined before the hinge moment can be 
calculated from Equation (?).

The maximum elevator hinge moment has to be found among elevator hinge moments 
calculated for various load factors and altitudes at maximum operating speed (V Mo) or 
maximum operating Mach Number (MM0). 

The maximum aileron hinge moment can be calculated for an altitude of O ft, vMo / MMo -
condition, and maximum aileron deflection. 

Rudder hinge moments need to be calculated for various vMo / MMo - conditions and various 
altitudes and maximum rudder deflection. Maximum rudder deflection is a function of 
rudder travel limitation which again depends on aircraft speed and permissible structural 
loads. 

For spoiler hinge moments the approach shown above does !lQ1 work because spoilers are 
attached on the wing instead of forming the trailing edge. Spoiler hinge moments need to be 
calculated for retracted and extended surface. Hinge moments for the retracted position are 
calculated with flaps extended. Hinge moments for extended spoilers are calculated for the 
aircraft at emergency decent speed and atlow altitude. The spoiler hinge moment is 

X 
HM = C • A • q • - • C

N 
C 

(13) 

with 

C 

normal force coefficient, positive downwards, acts normal to reference plane. 
spoiler area 
center of pressure as a fraction of chord of element measured form leading 
edge of element 
chord of the spoiler 

cN has to be obtained from aerodynamic wing data. 
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Actuator and Valve Design 

The actuator stroke s can already be determined from the installation data as shown above. 
The actuator piston area A is 

A = SF • HMmax

reff • Ap

with 

safety factor 

(14) 

maximum hinge moment (all possible flight conditions considered) 
effective lever arm 
pressure difference at actuator piston 

The pressure difference at the actuator piston has to be selected carefully taking into account 
the delivery pressure of the hydraulic pump at realistic flow conditions together with the 
pressure losses in the valve and those in the supply and return lines. 

For an actuator with balanced piston, the diameter of the piston rod d and the diameter of 
the piston D can be calculated from the ratio D/d. For a preliminary design standard values 
for D/d can be selected. The piston rod diameter is 

d = 

4/1t • A

(D/d)2 - 1

The instantaneous hydraulic flow without leakage of the actuator is 

21t 
Q= <..> ·-·r ·A

360 elf 

(15) 

(16) 

where w is the deflection rate of the surface in ° /s . An average hydraulic flow can be calcu­
lated from 

Q = 
(u

amax 

s 
·A (17)



Stall force F .,a11 and stall hinge moment HMa1;a11 are calculated from the pressure difference 
selected for stall conditions 6.Patall : 

The damping hinge moment HMdamp 
is calculated from the damping coefficient cdamp 

HM damp 
= C damp 

• 6)2 

(18) 

(19) 

(20) 

The damping hinge moment from the actuator in damping mode requires a certain pressure 
difference 6.Pdamp in the parallel and active actuator. The pressure drop in the servo valve 
6.pservo of the active actuator is the difference to the nominal operating pressure 
6Pnominal,operating : 

/::,.p - /::,.p - /::,.pdampservo - nominal,operating 

with 

/::,.pdamp = 

C • 6>2 

damp 

r ·A
efJ 

(21) 

(22) 

Pressure drop in the servo valve and flow at maximum deflection rate Qmax of the surface 
(aircraft on ground) are the design values for the opening area of the ports in the servo valve 
Aopening : 

Aopenmg =
(23) 

with 

loss coefficient 
density of hydraulic fluid 

For a preliminary design, the valve spool stroke s and the valve spool diameter d can be 
calculated from standard values d/s, keeping in mind that Aopening == 1r • d • s hence 

s = 

Aopening 

1t • d/s 

(24)



If the pressure difference at the actuator ports D-P+ is higher than required for the present 
hinge moment, the surface will move with a certain deflection rate w. Only the damping 
force of the parallel actuator (requiring a pressure difference h.Pdamp in the active actuator) 
and the pressure drop in the servo valve h.P

aervo 
are considered in Equation {)4). With 

f::.p + = dp damp + 6.p sen,o 
�L �I 

h.Pdamp from Equation (j4) and h.P,ervo determined from Equations 08) 

Q = Aopening • Cd 
•

Q = u)

s 

2

p 

allows the calculation of the deflection rate 

u) =
t::.p + 

s 

l�

cdamp 

r elf • A actuator 

(Aactuator 
+ A opening • O max

l )2 
• Cd • p 

(25) 

(26) 

(27) 

A good understanding of the pressure in a servo valve at various over- and underlap condi­
.ti2.ns. can be obtained by plotting the pressure versus valve spool stroke. Summing the pres­
sure in actuator chamber A and actuator chamber B shows overlap or underlap conditions as 
presented in Fig. 9. It is assumed that there is no flow into or out of the actuator chambers. 
With nomenclature form Fig. 9, the pressure in the actuator chambers A and B can be 
calculated as shown in the following derivation. 

(28) 

(29) 

(30) 

(31)





s1 = Yo1E + Y 

PA = Po • 

PB = Po 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

A FORTRAN program for plotting the pressure diagrams is given in Appendix B. For 
plotting this program uses DISSPLA - subroutines available on the Apollo workstation. 
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Appendix A 



C ************ 
C * ELEVATOR * 
C ************ 

REAL a,b,c,b0,al,be,dl,al0,be0 
REAL xdl,yb,ystroke,yarm 
INTEGER i,m 
DIMENSION b(20),al(20),be(20),dl(20) 
DIMENSION xdl(l01),yb(l01),ystroke(101),yarm(l01) 

c,b0 /76.0,390.0/ DATA 
DATA 

1 

dl /-18.0,-15.0,-10.55,-10.0,-5.0,0.0,5.0,10.0,15.0,20.0, 
25.0,30.0,33.0,7*0.0/ 

DATA al0 
m = 13 

/78.0/ 

DO 10 i = 1,m 
dl(i) = RAD(dl(i)) 

10 CONTINUE 
al0 RAD(al0) 

a = SQRT(b0**2 + c**2 - 2.0*b0*c*COS(al0)) 
be0 = ACOS((b0**2 - c**2 - a**2)/(-2.0*a*c)) 

WRITE(6,100) 
100 FORMAT(// /lH 

1 lH 
2 lH 

, 'ELEVATOR'/ 
,'========'// 
,'SURFACE 

'ACTION ANGLE 3 
4 
5 
6 

lH ,'DEFLECTION [DEG] 
' [DEG] 

1H ,64(1h-)) 

DO 20 i 1,m 
be(i) be0 + dl(i) 

','STROKE 
' , 'MOMENT ARM 
, , , 

[MM]
, , , 

[MM]

b (i) SQRT (c**2 + a**2 - 2*a*c*COS (be (i))) 

, 

'/ 

, 

, I 

al(i) ACOS((a**2 - b(i)**2 - c**2)/(-2.0*b(i)*c)) 
WRITE(6,200) DEG(dl(i)), b(i)-b(l), DEG(al(i)), c*SIN(al(i)) 

200 FORMAT(lH ,F10.1,3F17.1) 
20 CONTINUE 

WRITE(6,300) 
300 FORMAT(///) 

xorig = -50.0 
:xmax = 50.0 
xstep = (xmax - xorig)/100.0 
xdlorig -18.0 
xdlmax 33.0 
xdlstep = (xdlmax - xdlorig)/100.0 
yorig = 0.0 
ymax = 100.0 
ystep = (ymax - yorig)/100.0 

DO 30 i 
xdl (i) 
ybe 
yb (i) 
ystroke (i) 
yarm(i) 

30 CONTINUE 

1,101 
= xdlorig + xdlstep*(i - 1)

be0 + RAD(xdl(i)) 
SQRT(c**2 + a**2 - 2*a*c*COS(ybe)) 
yb(i) - yb(l) 

= c*SIN(ACOS((a**2 - yb(i)**2 - c**2)/(-2.0*yb(i)*c))) 

CALL YNAME('stroke, momentarm [mm]',22) 
CALL XNAME('surface deflection [deg]' ,24) 

400 CALL GRAF(xorig,xstep,:xmax,yorig,ystep,ymax) 
CALL MARKER ( ' S' ) 
CALL CURVE(xdl,ystroke,101,+10) 
CALL MARKER ( ' A' ) 
CALL CURVE(xdl,yarm,101,+10) 
CALL MESSAG('ELEVATOR',8,-40.0,70.0) 
CALL MESSAG('S = stroke [mm]',15,-40.0,60.0) 
CALL MESSAG('A = moment arm [mm]',19,-40.0,50.0) 
CALL KEY STROKE(IFLAG) 
IF(IFLAG-.EQ. 1) GOTO 400 
CALL PLTEND(IERROR) 

END 

FUNCTION rad(al) 



pi = 3.14159265 
rad = al/180.0*pi 
RETURN 
END 

FUNCTION deg (al) 
pi = 3.14159265 
deg = al*l80.0/pi 
RETURN 
END 



 

Updated version (07.10.2026) of the FORTRAN program by AI 

 

The following version reproduces the numerical results as given in the 

table in the main text. The new version does not depend on the obsolete 

graphics library. 

 

! ============================================================== 

! ELEVATOR 

! Elevator linkage geometry 

! Reconstructed from the original FORTRAN program. 

! c   = lever length [mm] 

! b0  = linkage length at alpha0 [mm] 

! al0 = initial action angle [deg] 

! Stroke is measured relative to delta = -18 deg. 

! ============================================================== 

program elevator 

    implicit none 

    integer, parameter :: m = 13 

    integer :: i 

    real :: a, c, b0 

    real :: al0, be0 

    real :: be 

    real, dimension(m) :: b, al, dl 

    real, parameter :: pi = 3.14159265358979323846 

    ! ---------------------------------------------------------- 

    ! Input data 

    ! ---------------------------------------------------------- 

    c   = 76.0 

    b0  = 390.0 

    al0 = 78.0 

    dl = (/ -18.0, -15.0, -10.55, -10.0, -5.0,  0.0,  & 

             5.0,  10.0,  15.0,  20.0, 25.0, 30.0, 33.0 /) 

     

    ! ---------------------------------------------------------- 

    ! Convert initial angle to radians 

    ! ---------------------------------------------------------- 

    al0 = rad(al0) 

    ! ---------------------------------------------------------- 

    ! Fixed geometry 

    ! ---------------------------------------------------------- 

    a = sqrt(b0**2 + c**2 - 2.0*b0*c*cos(al0)) 

    be0 = acos((b0**2 - c**2 - a**2) / (-2.0*a*c)) 

    ! ---------------------------------------------------------- 

    ! Calculate linkage geometry for each elevator deflection 

    ! ---------------------------------------------------------- 

    do i = 1, m 

        be = be0 + rad(dl(i)) 

        b(i) = sqrt(c**2 + a**2 - 2.0*a*c*cos(be)) 

        al(i) = acos((a**2 - b(i)**2 - c**2) /  & 

                     (-2.0*b(i)*c)) 

    end do 



    ! ---------------------------------------------------------- 

    ! Output 

    ! ---------------------------------------------------------- 

    write(*,*) 

    write(*,'(A)') 'ELEVATOR' 

    write(*,'(A)') '========' 

    write(*,*) 

    write(*,'(A)')  & 

      ' Surface deflection     Stroke       Action angle     Moment arm' 

    write(*,'(A)')  & 

      '       [deg]             [mm]            [deg]           [mm]' 

    write(*,'(A)')  & 

      ' ----------------------------------------------------------------' 

    do i = 1, m 

        write(*,'(F10.2,3F17.1)')  & 

            dl(i),                 & 

            b(i) - b(1),           & 

            deg(al(i)),            & 

            c*sin(al(i)) 

    end do 

    write(*,*) 

    write(*,'(A,F12.4,A)') 'a    = ', a,        ' mm' 

    write(*,'(A,F12.4,A)') 'beta0 = ', deg(be0), ' deg' 

contains 

    real function rad(angle_deg) 

        implicit none 

        real, intent(in) :: angle_deg 

        rad = angle_deg * pi / 180.0 

    end function rad 

    real function deg(angle_rad) 

        implicit none 

        real, intent(in) :: angle_rad 

        deg = angle_rad * 180.0 / pi 

    end function deg 

end program elevator 
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Updated version (07.10.2026) of the FORTRAN program by AI

! ==============================================================

! SERVO VALVE

! Pressure ratios at the outlets of a symmetric servo valve.

! Reconstructed from Appendix B of:

! TN-EV52-360_91

! Y = servo-valve displacement [mm] 

! S1-S4  = effective valve openings [mm] 

! PA = pA / p0 

! PB = pB / p0 

! PS = (pA + pB) / p0 

! ==============================================================

program servo_valve 

implicit none 

integer, parameter :: npts = 1001 

integer :: i 

real, parameter :: ymin  = -0.7 

real, parameter :: ymax  =  0.7 

real, parameter :: y01a  =  0.23240 

real, parameter :: y01e  =  0.23240 

real, parameter :: y02e  =  0.23240 

real, parameter :: y02a  =  0.23240 

real, parameter :: spalt =  0.002 

real :: ystep 

real, dimension(npts) :: y 

real, dimension(npts) :: s1h, s2h, s3h, s4h 

real, dimension(npts) :: s1,  s2,  s3,  s4 

real, dimension(npts) :: pa, pb, ps 

! ----------------------------------------------------------

! Displacement increment

! ----------------------------------------------------------

ystep = (ymax - ymin) / real(npts - 1) 

! ----------------------------------------------------------

! Calculate valve openings and pressure ratios

! ----------------------------------------------------------

do i = 1, npts 

y(i) = ymin + ystep * real(i - 1) 

! Ideal opening functions:

! max(x,0) written in the same mathematical form

! as in the original program.

s1h(i) = 0.5 * (y01e + y(i) + abs(y01e + y(i))) 

s2h(i) = 0.5 * (y02e - y(i) + abs(y02e - y(i))) 

s3h(i) = 0.5 * (y01a - y(i) + abs(y01a - y(i))) 

s4h(i) = 0.5 * (y02a + y(i) + abs(y02a + y(i))) 

! Small leakage gap



        s1(i) = sqrt(s1h(i)**2 + spalt**2) 

        s2(i) = sqrt(s2h(i)**2 + spalt**2) 

        s3(i) = sqrt(s3h(i)**2 + spalt**2) 

        s4(i) = sqrt(s4h(i)**2 + spalt**2) 

 

        ! Pressure ratios 

        pa(i) = 1.0 / (1.0 + (s3(i)/s1(i))**2) 

        pb(i) = 1.0 / (1.0 + (s4(i)/s2(i))**2) 

        ps(i) = pa(i) + pb(i) 

    end do 

 

    ! ---------------------------------------------------------- 

    ! Header 

    ! ---------------------------------------------------------- 

    write(*,*) 

    write(*,'(A)') 'SERVO VALVE' 

    write(*,'(A)') '===========' 

    write(*,*) 

    write(*,'(A)') & 

      '       Y [mm]          pA/p0          pB/p0      (pA+pB)/p0' 

    write(*,'(A)') & 

 

    ' ----------------------------------------------------------' 

    ! ---------------------------------------------------------- 

    ! Print selected values 

    ! ---------------------------------------------------------- 

    do i = 1, npts, 100 

        write(*,'(F12.5,3F15.6)') y(i), pa(i), pb(i), ps(i) 

    end do 

 

    ! ---------------------------------------------------------- 

    ! Original program explicitly inspected point I = 667 

    ! ---------------------------------------------------------- 

    i = 667 

    write(*,*) 

    write(*,'(A)') 'Value at original program index I = 667:' 

    write(*,'(A,F12.5,A)') 'Y  = ', y(i),  ' mm' 

    write(*,'(A,F12.6)')   'PA = ', pa(i) 

    write(*,'(A,F12.6)')   'PB = ', pb(i) 

    write(*,'(A,F12.6)')   'PS = ', ps(i) 

 

end program servo_valve 

 



 

 Y [mm]  p_A/p_0  p_B/p_0 p_A + p_B)/p_0 

-------------------------------------------------- 

-0.7000 0.000005 0.999995       1.000000 

-0.6000 0.000006 0.999994       1.000000 

-0.5000 0.000007 0.999993       1.000000 

-0.4000 0.000010 0.999990       1.000000 

-0.3000 0.000014 0.999986       1.000000 

-0.2324 0.000019 0.999981       1.000000 

-0.2000 0.005604 0.994396       1.000000 

-0.1000 0.136953 0.863047       1.000000 

 0.0000 0.500000 0.500000       1.000000 

+0.1000 0.863047 0.136953       1.000000 

+0.2000 0.994396 0.005604       1.000000 

+0.2324 0.999981 0.000019       1.000000 

+0.3000 0.999986 0.000014       1.000000 

+0.4000 0.999990 0.000010       1.000000 

+0.5000 0.999993 0.000007       1.000000 

+0.6000 0.999994 0.000006       1.000000 

+0.7000 0.999995 0.000005       1.000000 
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