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INTRODUCTIOH 

RUDDER 

1. Purpose 

The rudder provides yaw control of  the airplane around the  v e r t i c a l  axis. 

2 .  System Description 

A single conventional rudder without tab i s  powered by a main power control 
u n i t  supplied by hydraulic systems A and B. 
supplied by the standby system provides backup power. Any one of the three 
hydraulic systems wi 11 provide effective rudder control. The. pouer control 
u n i t s  a r e  actuated by cables operated from either the captains or f i r s t  
o f f i c e r s  rudder pedals. 
control switch on the a i s l e  stand t h a t  inputs t o  the pouer control u n i t s  via 
an e l e c t r i c  actuator mounted on the feel  and centering mechanism. 

A separate power control un i t  

Rudder trim is accomplished by operating a trim 
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ZOMPONENT FUNCTIONAL DESCRIPTION 

RUDDER PEDAL ASSEMBLY 

1. 

2 .  

3. 

4. 

Purpose 

The capta in  and f i r s t  o f f i c e r  are each provided w i th  a p a i r  of rudder pedals 
used f o r  c o n t r o l l i n g  the a i rp lane about the v e r t i c a l  axis. 

Location 

The rudder pedals are located below the captain's and f i r s t  o f f i c e r ' s  
instrument panels. 
lower nose compartment. 

Physical  Descr ip t ion 

Each pa i r  of pedals consist o f  r i g h t  and l e f t  pedals mounted on a shaft .  The 
pedal shaf t  i s  attached t o  the  upper end o f  the pedal arm assembly. The 
lower end o f  the pedal arm assembly i s  mounted on a support sha f t  attached t o  
s t ruc tu re  below the  f loor .  

Fore and a f t  movement o f  the pedals i s  t ransmit ted by two pushrods t o  a 
jackshaf t  yoke. The ro ta ry  motion of  the yoke i s  passed t o  the forward 
quadrant by means o f  the jackshaft.  
equal ly  because they are bussed together by.means of a pushrod connecting the 
two j a c  kshaf t assemblies. 

Rudder pedal support and quadrant assemblies a r e  i n  the 

Both sets o f  con t ro l  pedals respond 

Cont ro 1 

Each se t  of rudder pedals can be adjusted independently by means of a rudder 
pedal ad just  knob located on the instrument panel, foruard o f  the  con t ro l  
wheel. 

Rotat ion o f  the crank operates a f lexshaf t  t o  d r i v e  a jackscrew which moves 
the yoke f o r e  and a f t .  
are i n s t a l l e d  t o  prevent the rudder pedal adjustment screw from being 
backdriven by heavy foot pressure appl ied simultaneously t o  both rudder 
peda 1s. 

The knob must be p u l l e d  a f t  t o  permit crank ro ta t ion .  

Rudder pedal adjustment crank and crank handle stops 
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AFT 

1. 

2.  

3. 

4. 

COHPONENT FUNCTIONAL DESCRIPTION 

RUDDER CONTROL COMPONENTS 

Purpose 

A f t  rudder cont ro l  components t ransmit  rudder pedal input t o  the hydraul ic  
pouer cont ro l  un i ts .  

Location 

The a f t  rudder cont ro l  components are mounted i n  the v e r t  
foruard of the power contro l  uni ts.  

Physical  Descr ip t ion 

cat stab li zer 

The a f t  con t ro l  components consist o f  a cable quadrant and a torque tube t h a t  
provides a dual load path f o r  rudder contro l  Linkage inputs. These cranks 
are bo l ted  t o  the  tube. 
the a f t  cont ro l  quadrant and t o  the f e e l  and centering mechanism. The center 
crank i s  connected t o  the main  rudder pouer contro l  unit input l inkage. The 
upper crank i s  connected t o  the standby pouer contro l  unit  input l inkage. 

Operation 

Rudder pedal inpu t  through cables actuates the a f t  con t ro l  quadrant uhich 
rotates the torque tube v i a  an input  rod. This resu l ts  i n  a simultaneous 
input  t o  the ma in  pouer contro l  unit, standby pouer cont ro l  uni t ,  and the 
fee l  and center ing unit. Rudder t r i m  i s  inpu t  through the f e e l  an center ing 
unit  which rotates the torque tube. T r i m  inputs t o  both pouer con t ro l  u n i t s  
simultaneous with d r i v i n g  the a f t  cont ro l  quadrant t o  pos i t i on  the rudder 
pedals. 

The lower crank i s  connected t o  the input rod from 
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COMPONENT FUNCTIONAL DESCRIPTION 

M A I N  RUDDER POUER CONTROL UNIT 

1. Purpose 

The main rudder pouer con t ro l  unit moves the rudder r i g h t  o r  l e f t  when 
actuated by rudder pedal input, rudder t r i m  input, o r  yaw damper input and 
provides wind gust snubbing uhen the a i rp lane i s  parked. 

2. Location 

The unit  i s  located i n  the v e r t i c a l  f in. 
and the p i s t o n  head t o  the rudder. 

The body i s  f i x e d  t o  f i n  s t r u c t u r e  

3.  Physical Descr ip t ion 

The main power c o n t r o l  u n i t  i s  a s ing le  tandem actuator with tuo p is tons  on a 
s ing le rod. The unit contains two separate chambers f o r  the tuo hydrau l i c  
systems, two bypass valves, and a dual  con t ro l  valve operated by an i n t e r n a l  
input crank. The in te rna l  crank i s  operated by an external  input crank t h a t  
i s  dr iven by an external  summing lever  connected t o  the i npu t  rod from the 
torque tube. 

Yaw damper components incorporated i n  the main power uni t  inc lude a solenoid 
operated shuto f f  valve, a t r a n s f e r  valve, a yaw damper actuat ing piston, and 
a r a t e  sensor. 

4. Power 

Normal operat ion o f  the main pouer con t ro l  u n i t  i s  by both hydraul ic  systems 
A and 8. E i ther  system a c t i n g  alone u i l l  provide f u l l  rudder contro l .  

5. Control 

Hydraul ic power from an operat ing system opens a bypass valve and i s  
de l ivered t o  the con t ro l  valve. 
spring-loaded t o  bypass. 
l ine  from the con t ro l  valve t o  prevent a hydraul ic  lock. 

Yhen a system i s  o f f  the bypass valve i s  
Both sides o f  the p i s t o n  are connected t o  e i t h e r  
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COMPONENT FUNCTIONAL DESCRIPTION 

6. Operation 

Inpu t  from the rudder pedals o r  rudder t r i m  causes the torque .tube t o  d r i ve  
an i npu t  rod t h a t  pos i t i ons  the power unit input crank through the external  
summing lever. The external  crank actuates the  i n t e r n a l  crank t o  pos i t i on  
the  con t ro l  va lve which po r t s  hydraul ic  pressure t o  'one s i d e - o f  t h e  ac tua t i ng  
pistons. The p i s t o n  strokes t o  pos i t i on  the rudder. The ex te rna l  " r i n g  
lever  i s  ca r r i ed  by the p i s ton  t o  re tu rn  the external  crank t o  neu t ra l  and 
stop the  rudder a t  the desired pos i t ion.  

The amount o f  con t ro l  va lve movement i s  a lso  governed by yaw damper input. 
P i  l o t  input and yaw damper input are summed algebraicalCy 'by *he summing 
levers connected t o  the primary and secondacy con t ro l  valves. 
the t rans fe r  valve dr ives  the yau damper actuator t o  p o s i t i o n  the cont ro l  
valve v i a  the summing levers. Yau damper i s  l i m i t e d  t o  3 O  l e f t  or  r i g h t  
rudder.novement. 

Pressure from 
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GOMPONENT FUNCTIONAL DESCRIPTION 

RUDDER FEEL AND CENTERING HECHANISM 

1 .  

2 .  

3. 

4 .  

Purpose 

The rudder f e e l  and centering mechanism provides a r t i f i c i a l  f e e l  t o  the 
rudder pedals, centers the rudder, and transmits t r i m  inputs  t o  the a f t  
cont ro l  components. 

Location 

The fee l  and centering u n i t  i s  located below the rudder power u n i t  i n  the 
v e r t i c a l  f i n .  

Physical Descr ipt ion 

The f e e l  and centering u n i t  consists o f  a support shaft, a f e e l  and centering 
crank, two frames, an arm and ro l l e r ,  a spr ing assembly, and a cam. 
support sha f t  i s  bearing mounted on structure. The f e e l  and centering crank 
i s  f i x e d  t o  the support sha f t  and i s  connected through the t r i m  and f e e l  rod 
t o  the louer crank on the torque tube. 
the support shaft. The a m  and r o l l e r  and the spr ing assembly at tach t o  and 
ro ta te  w i th  the tuo frames. 
shaft. The rudder t r i m  actuator  i s  connected t o  the forward side o f  the two 
frames. 

Operation 

When the rudder pedals are displaced, the torque tube ro ta tes  causing of fset  
of the t r i m  and f e e l  rod and, i n  turn, r o t a t i o n  o f  the f e e l  and centering 
crank, the support shaft, and the cam. 
r o l l e r  are displaced out of the detent pos i t i on  t o  compress the spr ing 
assembly and provide a r t i f i c i a l  fee l .  

Rudder t r i m  inpu t  through the rudder t r i m  actuator ro ta tes  the two frames 
w i t h  the arm and r o l l e r  and spr ing assembly. 
assembly holds the arm and r o l l e r  i n  the cam detent and causes the cam t o  
rotate. 
the f e e \  and centering crank, the t r i m  and f e e l  rod, the louer  crank, and the 
torque tube. This causes input  t o  the rudder power unit t o  pos i t i on  the 
rudder and, a t  the same time, the lower crank causes input t o  the rudder 
cont ro l  system t o  pos i t i on  the rudder pedals. 

The 

The two frames are bearing mounted on 

The cam i s  f i x e d  t o  and ro ta tes  w i th  the support 

As the can rotates, the arm and 

The fo rce  o f  the spr ing 

Rotat ion o f  the cam causes subsequent motion o f  the support shaft, 
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COMPONENT FUNCTIONAL DESCRIPTION 

RUDDER TRIM SYSTEM 

1. Purpose 

The rudder t r i m  system provides a means o f  pos i t i on ing  the rudder f o r  
d i r e c t i o n a l  t r i m  o f  the airplane. 

2. Locat ion 

The rudder t r i m  actuator i s  mounted between v e r t i c a l  f i n  s t ruc tu re  and the 
case of the rudder f e e l  and center ing mechanism. 

The rudder t r i m  con t ro l  su i t ch  and rudder t r i m  i nd i ca to r  are i n s t a l l e d  on the 
a f t  sect ion o f  the p i l o t ' s  con t ro l  stand. 

3. Physical  Description/Features 

The rudder t r i m  actuator cons is ts  o f  an acme screw d r i v e r  ram, coupled t o  a 
motor-brake I .  and Pos i t ion  sensor (RVDT) $bcgHgb a agar ~ g r j ~ c t j o a -  sod limit ,,,cCor-p~s~s suq D o z l ~ Z ~ O L '  z6UeoL CLIhD1 mq,sr, 4L,yI g,-4nsFob c o u z ~ z $ z  Ot gu gcm6 ZCLCR q1+= LSW- conbrsq $0 9 
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The rudder t r i m  con t ro l  su i tch  and rudder t r i m  i nd i ca to r  are i n s t a l l e d  on the 
a f t  sect ion o f  the p i l o t ' s  con t ro l  stand. 

3.  Physi ca I Description/Features 

The rudder t r i m  actuator consists o f  an acme screw d r i v e r  ram, coupled to  a 
motor-brake and pos i t i on  sensor (RVDT) through a gear reduction, and l i m i t  
w i t c h e s  enclosed by an aluminum housing. The motor d r i v e  i s  con t ro l l ed  by 
the rudder t r i m  switch o r  by a c t i v a t i o n  o f  an i n t e r n a l  l i m i t  switch. 
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COMPONENT FUNCTIONAL DESCRIPTION 

RUDDER TRIR 

Power 

The rudder t r i m  actuator motor i s  powered by 115 v o l t s  ac from t rans fer  bus 
1. 
bus 1. 

Control 

Operation o f  the rudder t r i m  switch actuates a p a i r  o f  contacts. 
power i s  appl ied through the upper set o f  contacts and the appropriate set  o f  
l i m i t  switches t o  the motor and brake and t o  ground through the lower 
contacts. 
mechanical stops prevent over t ravel  i n  case o f  l i m i t  switch malfunction. 

Ope r a t i o n  

The rudder t r i m  i nd i ca t i ng  system i s  powered by 28 v o l t s  ac from t rans fer  

Control 

The electromagnetic brake prevents actuator overrun and i n t e r n a l  

T r i m  commands from the trim su i tch  cause the actuator t o  extend o r  r e t r a c t  
which ro ta tes  the f e e l  and centering mechanism. This d r ives  the power unit 
input  rods t o  pos i t i on  the rudder t o  a new neut ra l  i f  hydraul ic  power i s  
avai lable. 
t o  rudder pos i t ion.  

Monitor 

The rudder trim ind ica to r  i s  dr iven e l e c t r i c a l l y  by a ro ta ry  var iab le  
d i f f e r e n t i a l  transformer (RVDT) i n  the actuator. 
u n i t s  l e f t  and r i g h t  t o  d isp lay up t o  the 1 6 O  maximum l e f t  and r i g h t  rudder 
movement by the t r i m  system. Loss o f  power t o  the i n d i c a t o r  causes a black 
tape t o  cover the po in te r  and an o f f  f l a g  t o  appear a t  the l e f t  of the d ia l .  

The pedals a r e  posi t ioned t o  a new neut ra l  p o s i t i o n  corresponding 

I t  i s  graduated up t o  17 
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COMPONENT FUNCTIONAL DESCRIPTION 

STANDBY RUDDER ACTUATOR 

1. Purpose 

The standby rudder actuator provides standby hydrau l i c  pressure t o  operate 
the rudder uhen e i t h e r  system A, system 8, o r  both a re  n o t  avai lable. 

2. Location 

The standby rudder actuator i s  located above the main pouer con t ro l  unit i n  
the v e r t i c a l  f in. 

3. Physical Descr ipt ion 

The actuator consists of a bypass valve, con t ro l  valve, and the ac tua t ing  
cyl inder. 
of the actuator housing i s  attached t o  the rudder. 

The p i s ton  rod i s  attached t o  f i n  s t ruc tu re  and the opposite end 

4 .  Pouer 

The standby actuator i s  not no rna l l y  powered. Uhen se lec ted  by the  A or B 
f l i g h t  con t ro l  w i t c h e s  o r  automatic operation, the ac tua tor  i s  powered 
through the standby rudder shutof f  valve. A t  l e a s t  one s ide  of the  main 
power cont ro l  u n i t  i s  not pouered uhen the standby ac tua tor  i s  pouered. 
more than tuo hydraul ic systems can be used t o  operate the  rudder. 

No 

5. Control 

Inputs form the rudder pedals o r  t r i m  actuator a re  simultaneous t o  the  main 
pouer con t ro l  u n i t  and t o  the standby actuator. The bypass valve i s  i n  the 
bypass pos i t i on  uhen standby pressure i s  not avai lable.  This connects bo th  
p i s ton  chambers t o  the same p o r t  o f  the cont ro l  va lve  t o  prevent a hydrau l i c  
lock. 

6. Operation 

When standby rudder operation i s  activated, standby pressure opens the  4ypas 
valve and connects the actuator chambers t o  separate c o n t r o l  valve ports. 
Control inputs, operating the external  crank, p o s i t i o n  the  c o n t r o l  valve t o  
apply pressure i n  one chamber and open the other t o  return.  The actuator 
housing strokes on the p i s ton  t o  p o s i t i o n  the rudder and nu l l  the  control 
valve. 
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COMPONENT FUNCTIONAL OESCRIPTION 

STANDBY RUDDER SHUTOFF VALVE 

1. Purpose 

The standby rudder shutof f  valve contro ls  hydraul ic pressure t o  the standby 
actuator. 

2. Locat ion 

The valve i s  mounted i n  the standby module on the a f t  u a l l  o f  the main gear 
uheel well .  

3. Physical  Descript ion 

The valve i s  an e l e c t r i c a l l y  operated spool and sleeve contained i n  a 
ca r t r i dge  that f i t s  i n t o  a cav i ty  i n  the standby module. 
i s  sp l ined t o  a cam uhich converts ro ta ry  motor a c t i o n  i n t o  l i n e a r  spool 
ac t ion  i n  the sleeve. 

The e l e c t r i c  motor 

4 .  Power 

The valve i s  e l e c t r i c a l l y  operated by 28 v o l t s  dc suppl ied by the ba t te ry  
bus. 

5. con t ro l  

Operation o f  the standby rudder shutof f  valve e l e c t r i c a l l y  i s  by e i the r  the 
F l i g h t  Control A o r  B suitches on the overhead panel. 
when both switches ace ON o r  OFF. Hoving e i t h e r  t o  STBY R U D  appl ies pouer t o  
open the  valve and al low standby pressure t o  the standby rudder actuator. 

The va lve can a lso be opened automat ical ly uhenever Lou pressure i s  detected 
a t  e i t h e r  f l i g h t  cont ro l  low pressure suitch, the t r a i l i n g  edge f l a g s  are no t  
up, and the airplane i s  e i ther  in  the a i r  o r  on the ground u i t h  uheetspeed 
above 60 knots. 

The valve i s  closed 

6. %n i to r  

The va lve i s  equipped with a manual overr ide lever  and p o s i t i o n  ind icator .  
The lever  i s  a t  pos i t i on  1 when the valve i s  closed and p o s i t i o n  Z uhen open. 
This lever  can be used to  manualty p o s i t i o n  the va lve uhen e l e c t r i c a l  pouer 
i s  o f f .  
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. .  
20. 

OPERATION 

RUDDER HYDRAULIC SYSTEM 

1. OperationIControl Sequence 

Control inputs  t o  the rudder hydraul ic power u n i t s  are from e i t h e r  p i l o t ' s  
rudder pedals o r  the trim cont ro l  switch. Any input causes r o t a t i o n  of a 
torque tube i n  the v e r t i c a l  f i n  t h a t  resu l ts  i n  simultaneous input  t o  both 
the main and standby hydraul ic power uni ts.  The pressurized power u n i t s  
de f l ec t  the rudder up t o  a maximum of 2 6 O  i n  e i ther  direct ion,  1 6 O  by t r i m .  

2. Normal Sequence 

Normal operat ion o f  the rudder i s  by hydraul ic systems A and B appl ied t o  the 
dual tandem p is ton  i n  the main power u n i t  through shutof f  valves i n  the 
respective f l i g h t  cont ro l  nodules. 
appl icable f l i g h t  cont ro l  (A and 6) suitches on the p i l o t ' s  overhead panel. 
The suitches are normally guarded ON. When posi t ioned OFF the respective 
valve closes, b lock ing system pressure t o  the aileron, elevator, and rudder. . 
One system can move the rudder f u l l  t r a v e l  but  a t  approximately h a l f  the 
normal rate. 

Manually operated i s o l a t i o n  valves can se lec t ive ly  i s o l a t e  the rudder from 
e i t h e r  primary hydraul ic  system f o r  t e s t  purposes. 

These valves are cont ro l led  by the 

3. Backup Sequence 

E i ther  o r  both primary hydraul ic systems can be replaced by the standby pouer 
unit ,  pressur ized by the standby hydraul ic system through the standby rudder 
shutof f  valve. 
switch ( A  o r  6) t o  STBY RUD. 
shutof f  valve so t h a t  no more than tuo systems operate the rudder a t  the same 
time. 

The standby rudder shutoff valve i s  automatical ly opened and the standby pump 
i s  s ta r ted  t o  pressur ize the standby actuator uhenever e i t h e r  primary f l i g h t  
con t ro l  low pressure switch i s  Leu, the t r a i l i n g  edge f l a p s  are not  up, and 
the a i rp lane i s  e i t he r  i n  the a i r  o r  on the ground w i th  wheelspeed above 60 
knots. 

This valve i s  operated by pos i t ion ing  e i the r  f l i g h t  con t ro l  
This closes the respective f t i g h t  con t ro i  
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RUDDER AND RUDDER TRIM CONTROL SYSTEM - DESCRIPTION AND OPERATION 

1. General 
A. Yaw control  o f  the airplane i s  provided by a s ingle conventional rudder 

without tab. There are tuo separate hydraul ic systems pouering one main 
power control  unit .  Rudder control backup i s  provided by a standby power 
unit, which i s  driven by a t h i r d  hydraul ic system. Any one of the three 
hydraul ic systems w i l l  provide e f fec t i ve  rudder control. Rudder t r i m  i s  
accomplished by operating a t r i m  control knob which reposit ions the 
rudder centering unit. 
The rudder control system i s  pedal  operated by the captain o r  the f i r s t  
o f f i c e r  (Fig. 1). Pedal movement rotates the forward quadrants, which 
are cable connected t o  the a f t  quadrant. Rotation of  the a f t  quadrant 
moves a control rod connected t o  a torque tube. Rotation of the torque 
tube moves a crank connected t o  the rudder power control unit l inkage 
(Fig. 2). This admits hydraulic f l u i d  t o  the actuating cylinder, which 
moves the rudder. 
Rudder t r i m  i s  i n i t i a t e d  by the rudder t r i m  knob located on the a i s l e  
stand (Fig. 3). The rudder t r i m  knob activates arming and control 
switches which d i rec t  e lec t r i ca l  input t o  the rudder tr in actuator motor. 
Rotating the t r i m  knob arms the trim motor c i r c u i t  and selects e i ther  the 
extend mode f o r  l e f t  rudder t r i m  or the r e t r a c t  mode fo r  r i g h t  t r i m .  
Extension o r  re t ract ion of the t r i m  actuator jackscrew causes the f e e l  
u n i t  frames t o  rotate. 
causing rudder power control u n i t  input. 
Rudder f e e l  i s  provided by a rudder f e e l  unit. 
connected t o  the rudder control torque tube, which connects through 
linkage and cables t o  the rudder pedals (Fig. 4). 
The rudder i s  f u l l y  power operated through the en t i re  travel. The rudder 
power control  un i t  i s  hydraul ical ly operated by hydraulic systems A and B 
simultaneously. 
switches located on the overhead panel. 
can be used t o  act ivate the standby hydraul ic system and supply pressure 
t o  the standby actuator. 
act ivated i n  the event o f  the loss of  the A or B hydraulic system on 
takeoff. 

8. 

C. 

This moves linkages which rotate the torque tube, 

0. The f e e l  unit i s  

E. 

The A and B systems Can be independently act ivated by 
Ei ther o f  the A and E switches 

The standby hydraul ic system i s  automaticaily 

EFFECTIVITY i 
ALL 
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F. To maintain system B hydraul ic pressure t o  the elevator system i n  case o f  
a rudder system hydraulic leak, the system E pressure l i n e  t o  the rudder 
PCU has a fuse (not on a l l  airplanes) located i n  the a f t  s tab i l i zer  
compartment, and the system B re turn l i n e  from the rudder has a check 
valve (not on a l l  airplanes) located i n  the space above the s tab i l izer  
center section. 
System A and system B pressure i s  supplied by enginedr iven hydraulic 
pumps on each engine and e l e c t r i c  motor dr iven hydraul ic pumps (one for 
each system). 
ident ica l  i n  components and operation. Pressurized hudraulic f l u i d  flows 
through the modular unit which consists o f  a spoi ler  shutoff valve, a 
f l i g h t  controls shutoff valve, low pressure warning sui  tch, coapensator, 
and check valve. The f l i g h t  controls shutoff valve controls the flow of 
hydraulic f l u i d  t o  the ailerons, elevator, and rudder. Uhen ei ther the A 
or B f l i g h t  control switch on the overhead panel i s  moved t o  STBY RUD, or  
i f  the automat ic  standby funct ion i s  activated, the standby hydraulic 
system pump w i l l  start.  
l o c a t e d  i n  the standby hydraulic module w i l l  a lso open, por t ing hydraulic 
f l u i d  t o  the standby actuator. 
A rudder i so la t ion  shutoff valve i s  i n s t a l l e d  i n  the system A and the 
system B hydraulic l ines  between the respective system A and system B 
f l i g h t  controls hydraulic modular u n i t s  and the rudder power unit. 
valve i s  par t  o f  the hydraul ic i s o l a t i o n  shutoff valve module, which 
consists o f  s i x  hydraulic i s o l a t i o n  valves. 
operated and provide a means of  i s o l a t i n g  ind iv idual  hydraul ic components 
f o r  ground leakage and f low tests. 

The rudder provides yaw control f o r  the airplane. 
graphite/composite construction. 
epoxy. 
bottom one being a thrust  hinge. 
rudder nose. 
R e p a i r  Manual, Chapter 51, f o r  rudder balancing. 
attached t o  the bottom r i b  o f  the rudder. 
honeycomb nomex core mate r ia l .  
the body. 

3. Rudder Peda ls  
The captain and f i r s t  o f f i c e r  are each provided with a p a i r  of rudder 
pedals used f o r  cont ro l l ing the airplane about the v e r t i c a l  axis 
(Fig. 1). Each p a i r  of pedals consist o f  r i g h t  and l e f t  pedals mounted 
on a shaft. The pedal shaft i s  attached t o  the upper end of the pedal 
a r m  assembly. The lower end of the pedal arm assembly i s  mounted on a 
support shaft attached t o  the structure below the f loor .  
peda ls  a r e  l oca ted  below the captain's and f i r s t  o f f i c e r ' s  instrument 
panet. Rudder pedal support and quadrant assemblies are accessible 
through the lower nose compartment. 

G. 

A and B f l i g h t  control  hydraul ic modular un i ts  are 

The standby rudder actuator shutoff valve 

H. 

The 

The valves are ind iv idual ly  

2. pudder 
A. The rudder i s  of 

There are seven rudder hinges, the 
The sk in  i s  made o f  graphite reinforced 

Balance weights are fastened t o  the 
There i s  no rudder tab. 

The balance weights are made of  tungsten. See Structural 
There i s  a body seal 

The body seal i s  made of 
This seals the gap between the rudder and 

A. 

The rudder 

EFFECTIVITY 1 
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B. Fore and a f t  movement of  the pedals i s  transmitted by the two pushrods t o  
the jackshaft yoke. The rotary motion of the jackshaft yoke i s  passed t o  
the forward quadrant by means of  the jackshaft. The two sets of rudder 
pedals are bussed together by means of  a bus pushrod connecting the two 
jackshaft assemblies. Toe pressure on the rudder pedals causes pedals t o  
ro ta te  about the shafts and i n i t i a t e  braking action. 

4. Rudder Pedal  Adjustment Crank 
The two pa i rs  of rudder pedals can be adjusted independently t o  s u i t  the 
captain and f i r s t  o f f icer .  
pedal adjust shaft (Fig. 1). 
consists o f  an adjustment crank, adjustment shaft, a jackscrew, and peda l  
adjustaent nut attached t o  the jackshaft assembly. 
The adjustment crank i s  located on the instrument panel forward of  the 
control  wheel. The crank i s  connected t o  a f lexshaf t  routed forward 
under the instruaent panel, then down under the floor, and a f t  t o  the 
universal j o i n t  i n  the rudder control  jackshaft assembly. 
the rudder pedal adjustment crank actuates the jackscrew which causes the 
yoke, containing the pedal adjustment nut, t o  move f o r e  and a f t .  
Rudder pedal adjustment crank and crank handle stops are i n s t a l l e d  t o  
prevent the rudder pedal adjustment screw from being backdriven by heavy 
foo t  pressure simultaneously applied t o  both rudder pedals. The crank 
incorporates a spring-loaded pin wi th in  the knob. 
incorporated i n t o  the crank housing bearing retainer. Rotation of the 
crank handle i s  prevented i n  e i ther  d i rec t ion  beyond the stop blocks, by 
contact o f  the spring-loaded p i n  that  protrudes from the crank handle. 
To permit crank ro ta t ion  f o r  rudder pedal adjustment, the knob must be 
pu l led  a f t  so the p i n  clears the stops. 

The rudder a f t  control quadrant (Fig. 2) transmits the w t i o n  of  the 
rudder control  cables t o  the dual path torque tube. 
consists of a quadrant bol ted t o  a shaft. The shaft  i s  mounted 
hor izonta l ly  i n  the ver t i ca l  stabi l izer.  
Rotation o f  the quadrant pushes or  p u l l s  the quadrant input rod attached 
t o  a crank on the rudder control torque tube. 

The rudder control torque tube provides a dual load path f o r  rudder 
control  l inkage inputs. The torque tube (Fig. 2) consists pr imar i ly  o f  
two aluminum tubes bonded and swaged together. 
forms each end of  the torque tube and i s  double r i ve ted  i n  place. 
torque tube i s  mounted on tu0 bearings retained by two nuts i n s t a l l e d  on 
each dual plug. 
v e r t i c a l  fin. Three cranks are bolted t o  the tube. The lower crank i s  
connected t o  the input rod from the a f t  control  quadrant and t o  the f e e l  
and centering mechanism. 
rudder power control un i t  linkage. 
standby power u n i t  control linkage. The cranks are o f  dual construction 
wi th  the two halves bonded and r iveted together. 

provides input t o  the rudder power unit, the f e e l  and centering unit, and 
the standby actuator. 

A. 
This i s  accomplished by means o f  the rudder 

The rudder pedal adjustment mechanism 

8. 

Rotation of  

C. 

The stops are 

5. Rudder A f t  Control Quadrant 
A. 

The assembly 

B. 

6. Rudder Control Toraue Tube 
A. 

A dual-load-path plug 
The 

The tube i s  mounted i n  a v e r t i c a l  pos i t ion  i n  the 

The center crank i s  connected t o  the main 
The upper crank i s  connected t o  the 

8. Rudder pedal input causes the torque tube and cranks t o  rotate. This 

I EFFECTIVITY 
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7. Rudder T r i m  Control Uechanism 
A. The rudder t r i m  control mechanism provides a means for cont ro l l ing  the 

d i rec t iona l  t r i m  of the airplane and indicates the u n i t s  o f  rudder t r i m  
(Pig. 4). The control mechanism consists o f  a rudder t r i m  knob and 
rudder t r i m  indicator on the a f t  end of  the control  stand. 

B. The t r i m  indicator i s  dr iven e l e c t r i c a l l y  by a transmitter i n  the rudder 
t r i m  actuator on the fee l  and centering mechanism. 
UP t o  17 u n i t s  o f  l e f t  or r i g h t  t r i m .  Each unit represents approximately 
one degree o f  rudder t r i m .  The indicator i s  located on panel P8 next t o  
the rudder t r i m  knob and i s  powered by 115 vo l ts  ac from bus XFR BUS-1. 
The RUDDER T R I M  control c i r c u i t  breaker i s  located on c i r c u i t  breaker 
panel P6. 

C. The rudder t r i m  knob i s  located on center console panel Pa and activates 
arming and control switches which d i rec t  e l e c t r i c a l  input t o  the rudder 
t r i m  actuator motor. The knob i s  spring-loaded t o  re tu rn  t o  neutral. 
The RUDDER TRIM c i r c u i t  breaker i s  located on c i r c u i t  breaker panel P6. 

A. The rudder t r i m  actuator consists o f  an acme screw dr iven ram, coupled t o  
a aotor-brake and pos i t ion sensor (RVDT) through a gear reduction, and 
l i m i t  switches enclosed by an aluminum housing. The motor d r i ve  i s  
control led by the rudder t r i m  knob or by act ivat ion o f  an in te rna l  l i m i t  
suitch. An electromagnetic brake prevents actuator overrun and in te rna l  
mechanical stops prevent overtravel i n  case of  a l i m i t  switch 
malfunction. 
T r i m  commands from the t r i m  knob cause the actuator t o  extend or retract ,  
which rotates the f e e l  and centering mechanism. This provides a new zero 
force pedal pos i t ion corresponding t o  the trimmed rudder posit ion. The 
actuator provides the ground point  f o r  the f e e l  and centering mechanism. 

The ind icator  shows 

8. Budde r T r i m  Actuator 

B. 

I EFFECTIVITY 
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9. puddrr Fee 1 and Centering Nechanism (Fig. 5) 
A. 
. 

The rudder f e e l  and centering mechanism consists o f  the f e e l  and 
centering unit which provides a r t i f i c i a l  f e e l  t o  the p i l o t s '  pedals and 
centers the rudder. 
rudder power u n i t  i n  the ver t i ca l  f i n  (Fig. 41. The fee l  and centering 
unit has a support shaft, a f e e l  and centering crank, two frames, an arm 
and r o l l e r  with a spring assembly, and a cam. 
bearing mounted on structure. The f e e l  and centering crank i s  f i x e d  t o  
the support shaft and i s  connected through the t r i m  and f e e l  rod t o  the 
lower crank on the torque tube. The two frames are bearing mounted on 
the support shaft. The arm and r o l l e r  and the spring assembly attach t o  
and ro ta te  with the two frames. The cam i s  f i x e d  t o  and rotates w i th  the 
support shaft. The rod end o f  the rudder t r i m  actuator i s  supported by a 
f i t t i n g  on the forward end o f  the two frames. When the rudder pedals are 
displaced, the torque tube rotates causing o f fse t  o f  the t r i m  and f e e l  
rod and i n  turn ro ta t ion  of the f e e l  and centering crank, the support 
shaft, and the cam. 
out  o f  the detent posi t ion t o  extend the spring assembly and provide 
a r t i f i c i a l  feel. Rudder t r i m  input through the rudder t r i m  actuator 
ro tates the two frames with the arm and r o l l e r  and spring assembly. 
force of  the spring a s s d l y  holds the arm and r o l l e r  i n  the cam detent 
and causes the cam t o  rotate. Rotation of  the cam causes subsequent 
motion of  the support shaft, the f e e l  and centering crank, the t r i m  and 
f e e l  rod, the lower crank and the torque tube which then causes input t o  
the rudder power unit, reposit ioning the rudder. A t  the same time, the 
Lower crank causes input t o  the rudder control system with movement of  
the p i l o t s '  pedals. 

The rudder power control unit moves the rudder r i g h t  or l e f t  when 
actuated by rudder pedal input and provides w i n d  gust snubbing when the 
airplane i s  parked. The u n i t  i s  Located i n  the v e r t i c a l  f i n  (Fig. 1). 
The body i s  f i x e d  t o  f i n  structure and the power head t o  the rudder. 
cont ro l  u n i t  i s  separately powered by hydraul ic systems A and E. 
system act ing alone w i l l  provide f u l l  rudder control. 
Power control  u n i t  yaw dalPper function i s  t o  minimize dutch r o l l  during 
manually and automatically control led f l i g h t .  The yaw damper provides 
rudder displacement proportional t o  the yaw rate, and opposing the yaw 
d i rec t i on  o f  the airplane. The yaw damper input i s  i n  series wi th  the 
p i l o t s '  input and i s  not f e l t  a t  the rudder pedals. 
P i l o t s '  input by rudder pedals i s  transmitted through cables and linkages 
t o  the power control u n i t  input crank. The input crank rotates and moves 
the contro l  vaive which ports hydraul ic pressure t o  the actuating 
cylinder. 
yaw damper input. 
a lgebra ica l ly  by the summing levers, which connect t o  the the primary and 
secondary control valves. 
attached t o  the rudder.. Extension or re t rac t ion  o f  the rod moves the 
rudder L e f t  or r ight .  
actuating piston provides feedback t o  re tu rn  the control valve t o  neutral 
and t o  stop-the rudder a t  the desired position. 

The fee l  and centering unit i s  located below the 

The suppart shaft  i s  

As the cam rotates, the arm and r o l l e r  are displaced 

The 

10. Rudder Power Control Unit (Fig. 6 )  
A. 

The 
Ei ther 

B. 

C. 

The amount of control valve movement i s  also governed by the 
The p i l o t s '  input and yaw damper input are combined 

The power control  u n i t  p is ton rod end i s  

An external summing lever attached t o  the 

EFFECTIVITY 
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11. V e r  Actuator Shutoff Valve 
A. The standby rudder actuator shutoff valve i s  located on the a f t  bulkhead 

o f  the main wheel w e l l  (Fig. 8). 
system modular unit by four bolts. 
from a 28-volt dc source, and consists o f  a motor spool sleeve and 
cartr idge. 
cav i ty  i n  the modular package. The e l e c t r i c  motor i s  spl ined t o  a cam 
which converts ro ta ry  motor act ion i n t o  l i n e a r  spool t r a v e l  i n  the 
sleeve. 
indicator. 
e l e c t r i c a l  power o f f .  
and o f f  when the lever i s  in  pos i t ion 2. 

The standby rudder actuator (Fig. 7 )  posi t ions the rudder when hydraul ic 
system A and B are not available. 
valve, con t ro l  valve, and the actuating cyl inder. 
power f o r  the standby actuator i s  contro l led by system A and B switches 
on the overhead f l i g h t  controls panel or  by ac t iva t ion  o f  the autocnatic 
standby function. 
Hydraulic pressure supplied frm the standby system operates the 
actuator. 
port  f l u i d  t o  the actuating cylinder. 

The rudder cont ro l  system i s  operated by two sets of  pedals, one f o r  each 
p i l o t .  Pedal movement i s  transmitted t o  forward quadrants and jackshafts 
by rods. 
Cables transmit forward quadrant nation t o  the a f t  quadrant located i n  
the v e r t i c a l  f in. 
of  the rudder cont ro l  torque tube. 
The rudder cont ro l  torque tube, when rotated, provides simultaneous input 
t o  the rudder power contro l  unit, the standby rudder actuator, and t o  the 
rudder f e e l  and centering mechanism. I n  normal operation, the pouer 
contro l  unit i s  powered by hydraulic systems A and B (Fig. 9 ) .  Control 
input t o  the power u n i t  occurs when a torque tube-mounted crank rotates. 
The crank i s  connected by a rod t o  the input l inkage o f  the power uni t .  
As the input l inkage moves, the control  valve opens and ports hydraulic 
f l u i d  t o  the actuator cylinder. 
causes rudder deflect ion. 
d i  r e t  t ions . 
I f  hydraul ic systems A and B are not avai lable t o  power the rudder, 
standby power may be turned on, and the rudder operated wi th  the standby 
actuator. Rudder pedal input posit ions a servovalve i n  the actuator 
which por ts  f l u i d  t o  the actuating piston. 
o f f  the por ts  when desired rudder t r a v e l  i s  reached. The rudder w i l l  
a lso operate automatical ly on standby power when a l l  o f  these conditions 
occur: system A or B hydraulic pressure drops below 1200 psi, the f laps.  
a r e  extended, and the wheel speed i s  greater than 60 knots or  the 
airplane i s  i n  the a i r .  

The unit i s  mounted on the standby 
The valve i s  e l e c t r i c a l l y  operated 

The cartr idge containing the spool and sleeve f i t s  i n t o  a 

The valve i s  equipped with a manual override Lever and pos i t ion 
The manual override allows the vaLve t o  be posit ioned wi th  

The valve i s  on when the lever is i n  pos i t ion 1, 

12. StandbvRuddcrw 
A. 

The actuator consists o f  a bypass 
Standby hydraulic 

8. 
Rotation o f  the input crank w i l l  pos i t ion  the contro l  valve t o  

13. Qperatipn 
A. 

The two forward quadrants are interconnected by a bus rod. 

Rotation of  the a f t  quadrant i n  turn causes ro ta t ion  

B. 

The actuat ing p is ton  then moves and 
Nominal rudder t r a v e l  i s  26 degrees i n  both 

C. 

Hovement o f  the p is ton closes 
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STANDBY ACTUATOR /// 

INPUT CRANK SHAFT 

CONTROL VALVE 

F I N  
ATTACH 
POINT 

RUDDER 
ATTACH 

Rudder Standby Actuator 
Figure 7 
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D. I n  addi t ion t o  operating the rudder power unit and the standby actuator, 
the torque tube moves the centering cam i n  the f e e l  and Centering 
mechanism. When the cam shaft i s  rotated, the spring-loaded cam fol lower 
i s  displaced. 
I f  rudder t r i m  i s  adjusted w i th  the power contro l  unit depressurized, the 
drag of  the unpowered rudder system w i l l  a l low the system t o  remain out 
o f  center. This w i l l  force the rudder f e e l  and centering mechanism cam 
fol lower out o f  the cam detent. Then when hydraul ic power i s  applied, 
the rudder t r i m  con t ro l  knob and rudder w i l l  rap id ly  move t o  the newly 
trimmed posi t ion.  

E. 

LEADING EDGE 

STANDBY RUDDER 
ACTUATOR 
SHUTOFF VALVE 

STANDBY SYSTEM 
NODULAR UNIT 

AFT BULKHEAD MAIN 
'YHEEL YELL 

Standby Rudder Actuator Shutoff Valve 
Figure 8 
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PILOTS' OVERHEAD PANEL 

STANDBY 
kDULAR 

RUDDER PACK,A6E STANDBY 
POWER 
U N I T  
n 

RUDDER STANDBY SYSTEH SCHEMATIC 

TO - :;E:: 1 
HYDRAULIC FUSE 

AIRPLANES) 

"8" SYSTEM 
PRESSURE 

HYDRAULIC ISOLATION 
SHUTOFF VALVES 

RETURN UNIT "A" U N I T  "E" TO "E" 
SYSTEn 

RUDDER HYDRAULIC SYSTEM A AND B SCHEMATIC RETURN 

Rudder Hydraulic System Schematic 
Figure 9 

I EFFECTIVITY 

ALL 
27-2 1-00 

802.1 Page 17 
Mar 15/90 


