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THE USE OF GEARED SPRING TABS FCR ELEVATOR CONTROL

By William H. Phillips
SUMMARY

Equations are presented for the stick force per g - .
in maneuvers obtained with a geared spring tab. A geared
spring tab, as defined herein, differs from an ordinary
spring tab in that, when the elevator is moved with the
stick free at zero airspeed, the tab moves with respect
to the elevator in the same manner as a conventional
geared, or balancing, tab.

The geared spring tab is shown to present the theo-
retical possibility of obtaining a value of force per g
independent of speed regardless of the spring stiffness.
If the geared spring tab is used in conjunction with an
elevator that has zero variation of hinge moment with
angle of attack, the force per g may be made independent
of speed at any center-of-gravity location. A suitably
designed geared spring tab will provide adegquate ground
control, small sensitivity of the control forces to slight
changes in the elevator hinge-moment parameters, and sub-
stantially no variation of stick force per g with speed.
The geared spring tab is shown to be most suitable for
applicaticn to large airplanes.

INTRODUCTION

An analysis of the elsvator control forces obtained
with spring tabs was presented in reference 1. Two types
of spring tab were discussed: the ordinary, or ungeared,
spring tab (fig. 1) and the geared spring tab (fig. 2).
The geared spring tab differs from the ordinary spring
tab in that when the elevator is moved with the stick
free at zero airspeed, the tab moves with respect to the
elevator in the same manner as a conventional geared, or
balancing, tab. Although the calculations and discussion
of reference 1 were concerned mainly with ordinary spring
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tabs, the advantages of geared spring tabs were pointed
out. The geared spring tab presents the theoretical
possibility of obtaining a value of force per g in maneu-
vers that does not vary with speed even though a stiff
spring is used to provide adequate ground control. The
present report briefly outlines the theory of the geared
spring tab, gives formulas for use in design, and indicates
more completely the practical possibilities and limitations
of the device, ‘

DISCUSSION

Difficulties have bheen experienced with conventional
types of elevator balance on largs airplanes, because the
elevator must be very closely balanced and because small
changes in the hinge-moment paramcters cause large changes
in the control forces. The possibility of using a servo-
tab to avoid these difficulties was explained in reference 1,
In tests of a control surface equipped with a servotad,
which is defined as the system shown in figure 1 with the
spring omitted, the pilots considered this arrangement
undesireble because the elevator did not follow smoothly
movements of the stick when the airplane was on the ground,
taxying, or making landings and take-offs., A banging
action of the control was expsrienced because the elevator
did not move until the tab had hit its stops. A spring
tab provides a mechanical connection between the stick and
the elevator that relisves this difficulty. When a spring
tab is used, the force per g varies with speed. This
variation may be reduced to an acceptable amount by using
a tab spring sufficiently flexible to make the control
behave essentially as a servotab at normal flight speeds.
The ground control provided by this flexible spring might
be considered acceptable but a stiffer spring would be
very desirable, especilally on large airplanes that have
elevators with high moments of inertia.

The equations for the stick forces with a spring tab
were presented in reference 1. In the appendix of the
present paper, these equations are extended to allow cal-
culation of the stick forces with a geared spring tab,

The force per g obtained with an ordinary spring tab has
been shown to vary with spesd. As the speed approaches
-zero the force per g approaches that obtained with the tab
fixed and, at very high speeds, approaches the value for

s
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a servotab., With a geared spring tab, as the speed
approaches zero the force per g is shown to approach that
of an equivalent balancing tab and, at very high speeds,
is shown to approach the value for a servotab. The geared
spring tab therefore provides a means of reducing the
force per g at low speeds wnhile leaving the force per g at
high speeds unchanged. The force per g may theoretically
be made to remain constant throughcut the speed range, no
matter what spring stiffn¢ss is used. This arrangement
therefore embodies the advantage provided by either the
conventional balance or the servotab, namely, that the
stick-force gradient does not vary with speed. The unde-
'sirable sensitivity of the conventional balance to small
changes in hinge-moment characteristics and the poor
ground control of the servotab are avoided by the geared
spring tab.

In order to compare the merits of conventional types
of balance, ungeared spring tabs, and geared spring tabs,
the stick-force characteristics have been computed for an
airplane of the medium-bomher class (weight, 50,000 1b)
with the various types of elevator control. The results
of these calculations are shown in figure 3. The charac-
teristics of the airplane and of the tab systems that
were used in the calculations are given in tables I and II,
respectively., (All symbols are defined in appendix A.)

The stick forces of a closely balanced elevator with con-
ventional balance (as, for example, a balancing tab) are
shown in figure 3(a). The critical nature of the balance
is also shown by the large changes in stick-force gradients
caused by changes in 6Che/666 and éche/BaT of -0,001

per degree. Variations of this order of magnitude may
result from slight differences in contours of the elevator,
within production tolerances, on different airplanes of the
same type. The characteristics of an ungeared spring tab
are illustrated in figure 3(b). The spring constant has
been chosen to provide a fair degree of ground control
without excessive variation of force per g with speed at
normal flight speeds. The criterion for the choice of this
spring stiffness was presented in reference 1. For the
airplane under consideration, the spring stiffness is such
as to require a stick force of 100 pounds to deflect the
tab 1 radian at zero airspeed when the elevator 1s held
fixed.

The characteristics of a geared spring tab that was
designed to provide the same control-force characteristics



n NACA RB No., L5413

as the conventional balance are shown in figure %(c). The
method of calculating the values of the hinge-moment
parameters and gear ratic that were used to obtain stick-
force grsdients independent of speed is given in appendix B.
The same characteristics will b2 obtained with any spring
stiffness,

The exact values of hinge-moment parameters required
to give the characteristics shown in figure 3(c) will not
be attained in practice. It 1s therefore desirable to
investigate the effects of changing the hinge-moment
parameters slightly., If the spring in the gesred spring
tab had infinite stiffnees, the system would be identical
with the balancing tab (fig. %(a)) and the stick forces
would be equally sensitive to small changes in hinge-
moment parameters, -‘The spring stiffness must therefore
be limited to a point at which normal changss in 6Che/5ée

3 0 not caus arge changes in the stick-
and éche dam d t e large change the stick

force characteristics.

In order to determine the effects of errors in the
values of éCha/Bée and éche/BaT when a finite value

of spring stiffness is used, the stick forces have been
computed for a geared spring tab that has the same spring
stiffness as the ungeared spring tab of figure 3(b). The
effects of changing bche/éﬁe and éChe/BaT by -0.001

for the geared spring tab are shown in figures li(a)

and li(b), respectively. Some variation of force per g
with speed 1s introduced but the veriation is considerably
smaller than that normally encountered with the ungeared
spring tab (fig. 3(b)). Inasmuch as a greater variation
of force per g with speed probably can be tolerated, an
increase in spring stiffness to imprové the ground control
appears desirable. '

The changes in éche/bée and ,6Che/BaT cause changes

in the order of magnitude of the stick forces as well as
some variation in force per g with speed. These changes
are, however, much smaller than those that occur with the
conventiocnal balance (fig. %{a}). At high speeds, in fact,
they approach the changes that would occur if a servotab
were used.

The effect of changing the gear ratio of the geared
spring teb from its ideal value is shewn in figure L(c).
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The effect of changing the gear ratio is nearly equivalent

to changing the value of écha/aée- An error in providing

the ideal value of 6cha/658 on an actual airplane may

therefore be corrected by suitable adjustment of the gear
ratio.

The geared spring tab used to obtain the character-
istics shown in figure 3(c) had values of the hinge-moment

eters a o dan equal to zero. The
parameters éche/ﬁaT an Cht/’ m q

equations given in appendix B show that this condition
must bhe satisfied if the stick-force gradient is to be
independent of speed at any center-of-gravity location.
The value of 6Ch@/éaT, in practice, may be made equal

to zero by use of elevators with a beveled trailing edge
or with horn balances, The value of écht/baT is nor-

mally very small and may likewise he adjusted by varying
the trailing-edge angle. If the values of 5Cha/50T

and 0dCh édT are not equal to zero, the force per g may

still be made independent of speed by use of a geared
spring tab for one particular center-of-gravity location,
but the force per g will vary somewhat with speed at other
center-of-gravity locations.

The effect of an increase in altitude on the stick-
force gradients obtained with a geared spring tab is to
shift forward the center-of-gravity location for zero
force ver g (the maneuver point) and to leave the slopes
of the curves of force per g against center-of-gravity
location unchanged. In this respect, the geared spring
tab may be shown to follow the seame rules as a conventlonal
elevator. The stick-force variation with speed in straight
flight is related to the force per g in maneuvers in the
same way for a spring-tab elevator as for a conventicnal
elevator.

The application of spring tabs to airplanes of
various sizes was considered in reference 1. The results
of this analysis, in general, wmay be applied to the geared
spring tab. In order to avoid excessive stick-force
variation with speed with an ordinary spring tab, the
spring must be sufficiently flexible to make the control
behave essentially as a servotab in the normal-flight
speed range. The stick-force gradient obtained with a
geared spring tab must also equal that of a servotab if
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force variation with speed is to be avoided. Because the
stick forces obtained with a servotab result from the
aerodynamic hinge moments on the teb, some difficulty may
be encountered in providing sufficiently heavy stick-force
gradients with normal tab designs on airplanes much
smaller than'the 50,000-pound airplane considered in the
present report. The calculations of reference 1 indicated
that sufficiently heavy stick forces may be provided on an
airplane weighing about 16,000 pounds, but a large tab-to-
stick gear ratio and a tab having a rather wide chord are
required. These features increase the difficulty of
preventing flutter.

Because the stick-force gradients obtained with a
spring tab on small airplanes are undesirably low, the
use of a bobweight in conjunction with the spring tab has
been proposed to obtain desirable stick-force gradients
in steady maneuvers, Flight tests showed this arrangement
to be unsatisfactory because cof undue lightness of the
stick forces for sudden or rapid movements of the control
stick. The reason for this undesirable control "feel" is
that the elevator may be . suddenly moved to large deflec-
tions because the aerodynamic hinge wmoments on the tab
are small, After a certain time lag, the acceleration
builds up and causes the bobweight moment to be felt by
the pilot, These effects are discussed more fully in
reference 2. The preceding considerations indicate that
the geared spring tab may prove unsatisfactory on small
airplanes. On large airplanes, for which sufficiently
large stick forces result from the aerodynamic hinge
moments on the tab, the geared spring tab should be
satisfactory.

CONCLUSIONS

An analysis of the characteristics of geared spring
tabs for elevator control has led to the following con-
clusionss

1. By means of a geared spring tab, it is theoreti-
cally possible to provide a value of stick-force gradient
in maneuvers that does not vary with speed, no matter
what spring stiffness is used. If the geared spring tab
is used in conjunction with an elevator that has zero
varlation of hinge moment with angle of attack, the force
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per g may be made independent of speed at any center-of-
gravity location,

2, A geared spring tab may be designed to provide
adequate ground control and small sensitivity of the
control forces to slight changes in the hinge-moment
parameters. The poor ground control associated with a
servotab and the sensitivity of a conventional balance
to small changes in hinge-moment parameters may therefore
be avoided.

3. The geared spring tab appears to be most suitable
for application to large airplanes.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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APPENDIX A

SYMBOLS

welght

span

wing area
chord

tail length

tail area
slope of 1ift curve of wing

downwash angle
dynamic pressure
1ift coefficient

elevator moment of inertia

veriation of 1ift coefficicent of tail with
elevator angle

cLT/ba
elevator effectiveness factor
GCLT/CBCLT

ratio of stick movement to elevator deflection,
tab fixed; normally positive

ratio of stick movement to tab deflection,
elevator fixed; normally negative

ratio of stick force to tab anglie at zero
airspeed, elevator fixed; normally positive
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Q ratio of stick force to elevator angle at zero
+ airspeed; elevator held in deflected position
"bv external means, tab deflection held at
zero oy application of required force at
control stick; positive for balancing tab

H hinge moment : /
° H
Cn hinge-moment coefficient '2
ghc=/
Og .elevator deflection (positive down)
Oy tab deflection from elevator (positive down)
Xg stick deflection (positive forward)
B stick force (pull force positive)
a angle of attack cf wing
Qrp angle of attack of tail
o mass density of ailr
n normal acceleration in g units
: . . -~ 2
g acseleratlon of gravity (9¢.2 ft/sec<
- ’ .0 L)
X distance between center of greovity and stick-~
flxed neutral point in straight flight
(positive when center of gravity is rearward)
) de}
1] l - -é.('i‘
A==+ gRZ
{GC+ 2
da 5
w
W 1
B =3 - 25
.'TJm q e
—_— = 5.1
& T
08, q
(e1¥
hy
—_— variation of slevator hiage-moment coefficient
A with angle of attack of tail, measured with

tf tab free
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dlh
2 variation of elevator hinge-moment coefficient
d% /. ¢ with elevator angle, measured with tab free

Subscripts:

t tab
€ elevator
T tail

b value for equlvalent balancing tab -
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APPENDIX B

EQJATIONS FOR ELEVATOR FORCES WITHE GEARED SPRING TAB

The tab system considered is shown in figure 2, The
mechanical characteristics of the linkage are completely
determined when four constants are specified. These
constants are defined by the following equations:

X

s = K185 + Knby (1)

F = Kzby + K6 (2)

Equation (2) applies when the airspeed is zero. The
ratio hetween the tab deflcection and the elevator deflec-

tion, stick fixed, equals %;l and the ratio between the
2 \
tab deflection and the elevator deflection at zero air-

-X), K, .
speed, stick free, equals —=. The ratio -——= 1is defined
_ K K3
as the linkage ratio of an equivalent balancing tab. When
the system is in equilibrium, the relations between stick
force, elevator hinge moments, and tab hinge moments are
given in terms of these constants by the expressions

K h
MHe - AV fﬂ
AF = ) 2
Ky - =Kz
K3 L (3)
B AHt Kh_
AF = 75; f K§<§6t + Eg Aéé) J

The changes 1n elevator and tab hinge moments for
any type of maneuver are given by the equations

oCh 9Cp oCh
_ e e e 2 ,
AHe = <}QT - + Aﬁejga; + Abtiﬁi; dpbece (L)

(\,-G.T
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écht . 60}”1; écht 2
A}'t = ACLT‘-:—"" + &ée'éé + 40 5 apbget (5)

camp  Ce o t

In the present report, as in reference 1, the stick force
required in a graduval pull-up is used as a criterion of
the elevator-control characteristics. The stick force
required in a pull-up, or any other maneuver, may be
determined by substituting the anpropriate values for Adp
and Ad, and solving egquations (3), (L), and (5) simul-
taneously. If the tab is assumed to have a negligible
effect on the 1lift of the tail, the values of Aam

and A8g in a gradual pull-up are

: de s}

[‘”( - dq) &t
+

q

— ) as
aa/y
i €50
ABe = - F (n - 1) (7)
éCLt 4
—— qTStL
\COe

For convenience, the solution of these equations for
an ungeared spring tab (Kh = 0), which was derived in

reference 1, is presented first. The force per g is
given by

éCh

K2f3 F"‘] q
+B< > Ly ¢ 2
£

- e“e
‘<1 ccht (\f‘ht o @
qutOt ~ drbgey
OF _ c (8)
On 6Che .
Ko —— bgee”©
> EnK
1 - 9% . 2"
éCht (\')Cht

Ky m—e b0y @ meme Gebyc S
.16% +Ct ééthtt
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where
w(1 - %% o W
A= + g=l
acy, 2
? (9)
Wx "1 o]
B3 = - =g=l
c 52
0 L ar -
86 q- T
~/
dche dche-
The terms 3 and a5 are the values
r/ve e/tr
3Cn, OCh,
of and that would be measured on the ele-
éaT éﬁe

. vator with the tab free and are ziven by the expressions

-~

30y, dCy

e
<dChe> o Che E/ G‘T O 6t
tf

> (10)

<dche> o, E. TE

The force per g for a geared spring tab, obtained
by similtaneous solution of equations (3), (L), and (5),
may be expressed by the same equation as was derived for
an ordinesry spring tab (equation (6)), provided that
certain substitutions are made for some of the parameters.
These substituted values may be interpreted physically
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as the characteristiecs of the equivalent balancing tab
previously defined. The complete equation is

o229 | Ly o) |
( 23\ Tap - +B!<dche> 2"\ %e /p ?—TbeCez
(M) dat /i1 t

PS OP dbe OChn (
é s arpees® | | £ Eg—t- QTthte} 1
i ' (11
bece
Z(C 6t> . K2K3
(Kl)b g‘g;c- arbely

where the quantities with the subscript b are defined
in the following table:

Lo ; . Physical
Quantity . Definition significance
Ratio between
Kj, Ko stick travel and
(x1), (1 - = elevator deflec-
KzKy tion for equiva-

lent balancing tab

3 T Kz 06 b
<e,che> ©C K3 00t K3 006 bece? [value of Cn,/dbe

for equlvalent

- 5C 2 i
. Eﬁ 2 0 hi bicy balancing tab
%3 00t Dbecy?
(j n, K, acht thtZ Value of 0Ch/dan
- for equivalent
éaT oar K} 04T bgce? balancing tab

Value of éChQ/éﬁt
for equivalent
balancing tab,

N ' mezasured with tab
Chg One ) Eg-écht bot? link connected.
o8¢ b 08¢ K3 3¢ beCeE Physical signifi-

cance may be visu-
alized as effect
of deflecting tab
.as a trim tab by
changing length

of tab link
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The stick-force characteristics of an ordinary spring
tab were discussed in reference 1, At very high speeds,
the stick force per g normal acceleration was shown to
_ aporoach the value obtained with a servotab and, at low
speeds, the force per g was shown to approach thc value
obtained with the tab fixed. By similar reasoning, the
stick-force gradient with a geared spring tab may be shown
to approach thaet of a servotab at high speeds and to
approach that obtained with the ejuivalent balancing tab
at low speeds. By varying the gear ratio, the force per g
at low speeds may be adjusted to any desired value without
affecting the force per g at high speeds. In particular,
the force per g at low speeds may be adjusted to the value
obtained at high speeds. The stick-force gradient, in this
case, 1s found to be independent of the speed.

The conditions that must bs satisfied in order to
provide a force gradient independent of speed may be found
from equation (11). The assumption is made that the
ratio qT/q is independent of speed - a condition approxi-
mately true at maneuvering speeds. The force per g will
be independent of speed if the ratio of the. terms in the
numerator that contain A to the terms in the denomi-
nator that contain qp 1s the same as the ratio of the

remaining terms in the numerator to the remaining terms
in the denominator. Tor one particular center-of-gravity
location, this condition may always be satisfied by
sultable choice of the gear ratio., If it is desired to
provide a force gradient independent of speed at any
center-of-gravity locatlion, the fellowing relations must
be satisfied: ’

/dChe\

¢ n |
\da‘I‘ tf :/ e) (12)
Y<5Ch \ Sar /.
2 Dece
/b

0hy
K b+C
(¥1)y, 35, 6o

1l -
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= <650§e> | (13)
7y ‘ _

/ A N\

-&e)
C\)Ch

K2 —— bece2
) oC

. hg 2
(r{1>b éét Dtct

In practice, egquation (12) can be satisfied only by
making &Cp./dar and OCp,/dap very close to zero.
Equation (13) may then be used to determine the gear
ratio Kﬁ/KB that must be employed to provide a value of
force per g which does not vary with speed.

An example of the application of equation (13) to
the airplane with the characteristics given in table I is

oCp dCh
presented. If the values for <K1>b’ (éﬁ e> , and (c‘)ée>

given in the preceding table are substituted in formula (1%),
the following relation is obtained: -

df‘h
e
<d58>tf éChe K}-L bche KLL (\JCht btct2
) /éche K 0%y byey? o 2 08¢ K3 0By Kz 08¢ b 2
ATey Ky 06 5 )eve
) by 3 08t boce?y
) ( Kth\échtb 5
- _____..; tc
K-31‘-1/6 t
2 oC 2
. Ay Py 60" (14)
K} ést bece2

All of the quantities are assumed tc be known except the
gear ratio K| /XKz. It will be noted that, because the
quantities KM and K5 always occur as a ratio and Ku
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and Kz are both increased in the same ratio when the

spring stiffness is increased, no limitation is placed
on the spring stiffness.

If an attempt is made to solve ejuation (1l) explic-
itly for the gear ratio X)/Kz, a fifth-degree equation
is obtained. This complication may be avoided, however,
by solving equation (1) by a method of successive
approximations. This process 1is applicable because a
change in the value of K] /Kz has a marked effect on
the value of the right-hand side of equation (14) and a
relatively small effect on the value of the left-hand
side. As a first approximation, the value of X /K3 1is
assumed to be zero where it occurs in the left-hand side
of equation (1) and the equation (now a quadratic) is
solved for. Kh/K;. This approximate value is substituted
in the left-hand side of the equation, and the equation
is azain solved for KA/K5. The process converges very
rapidly and this second approximation generally will be
sufficiently accurate.

If the values for the airplane and elevator charac-
teristics given in table I are substituted in egquation (ﬂﬂ
and the values of KM/K3 on the left-hand side are

assumed to equal zero, the following equation is obtained:

~0.00 = -0.003 - f{—h(-o.oom
, - (-0.15)(-0.003) (34.0) (2.2)° &5

(1.80)(-0.905)(7.35)(0.8)%

K (7.35) (0.8)
(0)
B2 (3L.0) (2.2)2

K\ 2
+({1{>(_0.005)(7335)<0-8)
\s (3L.0) (2.2)°

This quadratic equation has the solutions:
K,
X3
K,

1

0.868

I

20.2
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Of these two solutions, only the smaller value is of
practical interest. The larger value would result in
excessive tab deflections that would cause the 1ift incre-
ment due to the tab, which has been neglected in the
present analysis, to reverse the direction of 1ift on the

X) )
surface. If the value —F = 0.868 1is substituted in the

K;
left-hand side of equation (lb) and' the equation 1is again
solved for KM/KB’ the second approximation for the gear

¥
ratio is obtained as E& = 0.85. TPurther approximations
- do not change this value appreciably.

The following criterion for determining approximately
the minimum value of the spring stiffness required for
satisfactory ground control was gilven in reference. l:

1 OHg 5
= 5 = 200 foot-pounds per foot per slug-foot

I O0xg4

For a gearéd spring tab, the variation of elevator hinge

moment with stick deflection when the elevator is held
fixed is given by the formula

b bCht 5
C S
“(%1)%3 | éét rete  (M)ya, oot
L t (15) -
E‘ks K2 4 K22

If it is desired to satisfy the criterion at zero airspeed,
the terms containing qm may be neglected and the fol-

lowing relation is obtained:

oH
1 e _
I 5o = 200
_ ()53
KoI

This expression may be used to solve for K3, which

determines the spring stiffness, For the example under
consideration,
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K. = Ko(200)T
E -(%1)p

. (-0.45)(200)(1.5)

_1,80[1 _ (0.85)(-0.45 )J
- 1.80

95.0 pounds per radian

A value of K; of 100 pounds per radian has been used
in the examples of this paper. ¥rom the value of K /X
determined previously, the valus of Kh may be readily
obtained.
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TABLE I
ATRPLANE CHARACTERISTICS

‘N, lb . . . . . . . . . [ . . . . . . 3 . . . . 3 SO’OOO
S, Sq ft . . . . . . . . . . . ) . . . . . . . . l’ooo
C’ ft . . . . . . . . . . . . . . . . ) . . . . . 11.18

) 7/, ft . . . . . . . . . . . . . . . . . . . . . . . . 55

ST, Sq ft . . . ‘s . . . 3 LA . . . . . . . . . . ) 200

L3 -2 11

e

Ce, ft . . . . . . . . . . . . . . . . . . . . . . 2.2

bt, ft 'A.n . . . . . . . ¢ e . . . . . . . . . . . 7'55
Ct, ft . . . . . « o . . . « . ° . . . . . . . . . O.8

3 .
_EL sPer 1adian . v v 4 e v e e e e e e e e e e h.5
da/y

l - E‘ . . . . . . . . -c . . . . . . . . . . . . . 0-55

da

T . . . . . . e . . . . .. . . . . . . . . . . . . . 005

00y
. —, Per radian . . . ¢ ¢« 4« e e e e e e e 0 0 . 1.7
aX)

e

Ay
q .
.2
I, Slug-ft . . . . . . . . . . . . . . . . . . e 1.5

NATTIOMAL ADVISORY
COMMITTEE FOR ALRONAUTICS
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TABLE

IT

CONTRCL-SYSTEM CHARACTERISTICS

22

Conventional Ungeared Geared
ktalance spring tab | spring tab-
(fig. 3(a)) (fig. 3(0)) | (fig. 3(c))
Ky, ft per radian 2.18 - 1.80 1.80
Kz, £t per radian| ----c--==-on- -0.145 -0.45
KB’ lo per radian| -=--=--=----- 100 100
K),, 1b per radian| -----cecweeoe| cmcmenaoooo 85
bChe
, per deg o] 0 0]
éaT
S, per deg -0.00058 -0.003% -0.003
d0, _
oCh . A
——2, per deg [ emmmmemmm=o- -0.003 -0.003
08¢
(\)Cht
» per deg | --m--e-mmmm- 0 0
S
éCh
s per deg | -m---mm---o-- 0 0
[e1e )N
OCh
~, per deg | --=m=m------ -0.005 -0.005
08+
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Figure 1l.- Mechanlism for ordinary spring tab.
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Figure 2.- Mechanism for geared spring tab.
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