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Chapter 1

HYDRAULIC SYSTEMS

I ntroduct i  on

The C-141 hydrau' l ic  system consists of  separate and funct ional ly independent
systems designated as:  systems No. I ,2,3,  and emergency nose landing gear
extension system.

Each system is div ided into a hydraul ic power system and system components to
which pressure is del ivered. MIL-H-83282 type f lu id is usbd. Each of  the
hydraul ic systems has a service center where the hydraul ic reservoirs are
I  ocated.

The hydraul ic systems'controls and indicat ions are located on the lower lef t
corner of  the f l ight  engineer 's upper panel  and pi lotrs overhead control  pane1.

Engine-Driven Pumps. (Figures 4-Z thru 4-4)

Flow capaci t ies for  one engine-dr iven pump, based on 90% volumetr ic ef f ic iency,
are:

Takeoff
Crui  se
Idl  e

23.5 GPM
2T GPM
12.3 GPM

Pump displacement begins to decrease rapidly at  2,800 psi  and cont inues to
decrease unt i l  a system operat ing pressure of  3,000 psi  is  reached. At 3,000
psi ,  the pump displacement is zero.

The heart  of  the pump is a revolv ing cyl inder barrel  containfng nine pistons.
By means of  a hold-down plate and hydrau' l ical ly balanced shoesl  t t , "  p istons are
supported on an incl ined cam (wobble) plate which causes them to reciprocate as
the barrel  revolves.  Varying the angle of  the cam p' late changes the disp]acement
of  the pump. By regulat ing the f low, a predetermined pressure can be maintained.
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The reservoir  is  in the No. 1 service center located on the r ight  wa11 of  the
cargo compartment at  the center wing sect ion.  The f lu id capaci ty is 2.4 US
gal lons and i t  can be serviced in f ' l ight .  A s ight gage on the side of  the
reservoir  is  cal ibrated ful l  and ref i l l  for  zero psi  and 3,000 psi  condi t jons.
The reservoir  is  nonpressur ized and vented to a vent box, and vents through a
f i l ter  to the cargo compartment.  Baff l ing on the inside prevents direct  f low
of f lu id f rom the system return to the out let  port  on the bottom of the reser-
voir .  This prevents foaming by separat ing air  f rom f lu id and aids in cool ing
of the f lu id.

Electr ic-Dr iven Suct ion Boost Pump (Figure 4-5)

The suct ion boost pump located below the reservoir  consists of  a housing, cen-
tr i fugal  fmpel ler  and 115-vo1t,3-phase AC electr ic motor.  The pump is dr iven
at a constant speed and is control led by a 28-vol t  DC switch on the hydraul ic
systems'  control  and indicator panel .  I t  is  normal ly turned on before engine
start  and remains on unt i l  af ter  engine shutdown.

The suct ion boost pump provides a constant f low of  f lu id f rom the reservoir  to
the in let  port  of  the engine-dr iven pumps. The pressure range of  the suct ion
pump is 80-100 psi .  Cool ing and lubr icat ion of  the boost pump are ensured by a
bypass l ine routed from the pump's out let  port  to the reservoir .

Suctfon Boost Pump Low Pressure Warning Swftch

The1ow pressure 28-vol t  DC warning switch is connected to the suctfon l ine
below the suct ion boost pump. The Yel low PRESS L0l^ l  warning l ight  located on the
hydrau' l ic  systems'  control  panel  wi l l  be out when suct ion l ine pressure is wi th in
operat ing range, and wi l l  come on when pressure drops below approximately 25 psi .

Ground Test Connect ions

Two ground test  connect ions (suct ion and pressure) are located in the forward
inboard port ion of  the r ight  gear pod for a hydraul ic ground test  stand.

Pr iming Check Valve

The pr iming check valve downstream of
siphoning when a component is removed.
back to the reservoir  when the system
cat ing f lu id wi l l  be avai lable at  the

the suct ion boost pump prevents f lu id
I t  a lso prevents gravi ty f low of  f lu id

fs turned of f .  This ensures that lubr i -
engine pump for the next start .

Supply Shutof f  Valves (Figures 4-8,  4-9)

The motor-operated gate-type shutoff  valves
l ine controls f lu id f low to each indiv idual

in each engine-dr iven pump supply
eng' ine-dr iven pump.
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The valves,  mounted in the wing leading edge above No. 3 and No. 4 engine pylons,
are control led by the ENG VALVE switch on the f l ight  engineer 's hydraul ic control
panel  and is normal ' ly  open. I t  can be closed by three di f ferent means: (1)
The ENG VALVE switch,  (2)  Fire emergency handle,  or  (3) Manual ly posi t ioning
the power-of f  lever on the s ide of  the valve.  This lever is for  ground mainte-
nance only;  i t  cannot be reached in f l ight .  Circui t  protect ion and power comes
from the Isolated DC bus.

Engine-Driven Pre,ssure Pumps

Two engine-dr iven, var iable-vo1ume, nine-piston, high-pressure pumps are mounted
on the accessory gear box dr ive on engines No. 3 and No. 4.  The pumps are
connected in paral le l  and provide hydraul fc requirements for  system No. 1.

The compensator wi th in the pumps regulates the pressure and volume depending on
system requirements.  Normal pressure is 3,000 t  150 psi ,  wi th a maximum pnessure
3,400 psi  for  each pump. The pumps are lubr icated internal ly by a case drain
return system in the normal mode of  operat ion,  and by a run-around system when
the pumps are isolated. A one way check valve for  the run-around system offsets
at  2 '8 psi .

High Pressure Fi l ters (Figure 4-I2)

High pressure f i l ters are fnstal led downstream of the engine-dr iven pumps on
the r ight  s ide of  the engine fan sect ion,  to prevent contaminants passing
from the pumps into the system.

Should the f i l ter  e lement become obstructed, a pressure drop across the f i l ter
wi l l  occur.  I f  the pressure drop reaches approximately 70 psid,  a red (c logged
f i l ter)  indicator extends from the top of  the f i l ter  body, indicat ing the f i l ter
must be removed and c ' leaned as soon as possible.  There is no bypass rel ief
valve in the high pressure f i l ters.  An ident ical  type f i l ter  is  instal led in
the pressure s ide of  the ground test  connect jon located in the forward inboard
side of  the r ight  gear pod.

Return Fi  I ter

The return l ine f i ' l ter ,  located just  af t  of  the reservoir ,  f f l ters the f ' lu id
before i t  enters the reservoir .  Should the f i ' l ter  e lement become contaminated,
a pressure drop across the f i l ter  occurs.  I f  the pressure drop reaches 70 psid,
a red (c logged f i l ter)  indicator extends from the top of  the f i ' l ter  body. Should
the element become so dir ty that  the pressure drop reaches 100 psid,  an internal
rel ief  or  bypass valve wi l l  open and al low return f ' lu id to enter the reservoir
unf i ' l tered. Any t ime the indicator is extended, the f i ' l ter  e lement must be
removed, and replaced as soon as possible.
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Case Drain Return Fi l ter

The case drain return f i l ter  is  instal led in the case drain return l ine below
the system return f i l ter .  This f i l ter  is  ident ical  to the system return f i l ter ,
wi th the except ion of  the s ize and f low volume. The red (c logged f i l ter)  indi-
caton extends when pressure drop across the f i l ter  reaches 28 psid and the by-
pass opens at  40 psid.

Pump Pressure Shutof f  Valves (Figure 4-9)

The solenoid actuated valves are insta ' l led in each pump pressure l ine in the
wing' leading edge above No. 3 and No. 4 engine pylons. They are spr ing- loaded
open and electr ical ly c losed, and they are control led by the ENG VALVE switches
on the f l ight  engineer 's panel  and can also be CLOSED by pul l ing the emergency
f i re handles.  They are normal ly open. Circui t  protect ion and power comes from
the Isolated DC bus.

Engine Pump Low Pressure Warning Switch

The low pressure warning switch is located above each respect ive engine pod in
the wing leading edge, downstream of the pressure shutof f  valve.  The switch is
set at  1,350 psi  and operates a yel low PRESS LOW l ight  on the f l ' ight  engineer 's
hydrau' l ic  control  pane' | .  The l ight  remains of f  as long as pressure is wi th in
operat ing range, and wi l l  come 0N when pressure drops below 1,350 t  150 psi .

Isolat ion Check Valve

A check valve is located in the leading edge of
low pressure warning switch.  I ts purpose is to
inoperat ive pump and prevent the pressure switch
actuated when the engine is 'not  operat ing.

Pressure Transmit ter

the wing, downstream of the pump
prevent reverse f low through an
on one engine from being

0ne

The pressure t ransmit ter  is  a bourdon-tube type located in the service center.
I t  operates a 26-vol t  AC pressure gage on the f l ight  engineerrs hydraul ic con-
trol  pane1. The pressure gage is cal ibrated in increments of  250 psi  f rom 0 to
4,000 psi .  There is also a direct  reading pressure gage located in the service
center in the cargo compartment.

System Rel ief  Valve

The rel ief  valve is located in the service center to protect  the system from
excessive pressure in the event the engine-dr iven pumps fai ' l  to compensate.
port  of  the valve is connected to system pressure and one to return.  Should
pressure reach 3,560 psi ,  the valve wi l l  open and pump output wi ' l l  f low back
the reservoir .  Once this valve is open, pressure must drop to approximately
3,150 psi  before i t  wi l l  reseat.
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Hydraul ic System No. 1 Pressure Usage

Hydrau' l ic  System No. 1 supp' l ies pressure to:

1.  Ai  I  erons
2. Elevators
3. Rudder

Hydraul ic System No. 2

Reservoi  r

The reservoir  is  in the No. 2 service center located on the lef t  wal l  of  the
cargo compartment near the center wing sect ion,  and can be serviced in f l ight .
The f lu id capaci ty is 4.2 US gal lons wi th landing gear down, and 5.0 US gal lons
with gear up. When the landing gear is in the UP posi t ion,  the f lu id level
wi l l  be above the f i l ler  neck. A s ight gage on the side of  the reservoir  is
cal ' ibrated FULL LG UP, FULL LG DN, REFILL LG UP, and REFILL LG DN.

The reservoir  is  nonpressur ized and vented to a vent box and vents through a
f i l ter  to the cargo compartment.  I t  a lso has a dual  check valve to prevent
overf low of  f lu id in the event the reservoir  overf i l ls  dur ing ground checkout
when No. 2 and No. 3 hydraul ic systems are interconnected. The check valve also
permits fast  escape of  a i r  through the vent when the landing gear is in t ravel
to the UP posi t ion.  The reservoir  has baff l ing on the inside to prevent direct
f low of  f lu id f rom the system return to the out let  port .  This prevents foaming
by separat ing the air  f rom the f lu id and aids in cool ing of  the f lu id.

Electr ic-Dr iven Suct ion Boost Pump (Figure 4-5)

The suctfon boost pump is located below the reservoir .  I t  consists of  a hous-
ing,  centr i fugaf impe' l Ier  and 115-vol t  3-phase AC electr ic motor.  The pump is
dr iven at  a constant speed and control led by a 28-vol t  DC switch on the hydrau-
1ic systems'  control  pane1. I t  is  normal ly turned on before engine start  and
remains on unt i l  af ter  engine shutdown.

The suct ion boost pump provides a constant f low of  f lu id f rom the reservoir  to
the in let  port  of  the engine-dr iven pressure pumps. The supply pressure range
of the suct ion pump is 80-100 psi .  Cool ing and lubr icat ion of  the boost pump
are ensured by a bypass l ine routed from the pump's out let  port  to the reservoir .

Hydraul ic-Dr iven Suct ion Boost Pump (Figures 4-5 thru 4-7)

The hydraul ic motor-dr iven suct ion boost pump is mounted to the bottom of the
reservoir .  The motor consists of  a n ' ine-piston assembly which dr ives a vane-
type suct ion boost pump. There is no 0N-0FF control  switch for  the motor;  f t
wi l l  operate anyt ime the No. 2 system is pressur ized. I t  assists the electr ic-
dr iven suct ion boost pump dur ing peak loads and takes over i f  the electr ic-
dr iven suct ion boost pump fai ls.  There is no indiv idual  indicator l ight  on
the hydraul ic systems'contro ' l  pane' l  for  the hydraul ic-dr iven suct ion boost
pump. I t  uses t l ie same' low pressure warning system as the electr ic-dr iven
suct ion boost pump.
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When the pressure f rom the engine-dr iven pressure pump reaches approximately
500 psi ,  the hydraul ic motor sect ion of  the pump begins to turn the boost
sect ion,  and f low starts toward the in let  s ide of  the engine-dr iven pump. As
f low decreases, pressure increases unt i l  the pressure is approximately 80-100
psi .  As system demand causes a f1ow, the pressure is decreased and the cyc' le
starts again.

Ground Test Connect ions

Two ground test  connect ions (suct ion and pressure) are located on the fuselage
skfn inside the lef t  gear pod for a hydraul ic ground test  stand.

Hydraul ic System No.2 Pressure Usage

Hydraul ic System No. 2 suppl ies pressure to:

1.  Ai  I  erons
2. Elevators
3. Rudder
4. Pi tch t r im
5. Landing gear
6.  Nose wheel steer ing
7. Normal brakes
8. Emergency generator
9. l ' / i  ng f l  aps

10. Wi ng spoi ' lers & spoi  1er cab' le servo
11. Ai  r  refuel  i  ng s1 ipway door
12. Air  refuel ing receptacle latches

Primfng Check Valve

The pr iming check valve downstream of the suct ion boost pump prevents f lu id
sfphoning when a component is removed. I t  a lso prevents gravi ty f low of  f lu id
back to the reservoir  when the system is turned of f .  This ensures that lubr i -
cat ing f lu id wi l l  be avai lable at  the engine pump for the next start .

Suct ion Boost Pump Low Pressure Warning Switch

The low pressure 28-vol t  DC warning switch is connected to the suct jon l ine
below the suct jon boost pump. The ye1low PRESS L0f ' /  warning l ight  located on
the f l ight  engineer 's hydraul ic systems control  panel  wi l l  be out when suct ' ion
l ine pressure is wi th in operat ing range, and wi ' l ' l  come 0N when pressure drops
below 25 psf .

Supply Shutof f  Valves

The motor-operated gate-type shutof f  valves in each engine-dr iven pump supply
l ine contro ' l  f lu id f low to each indiv idual  engine-dr iven pump.
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The valves,  mounted in the wing leading edge above No. 1 & No. 2 engine pylon,
are control led by the ENG VALVES switch on the f l ight  engineerrs hydrau' l ic  con-
trol  panel  and are normal ly open. The valves can be closed by three di f ferent
means: (1) The control  switch,  (2)  f j re emergency handle,  or  (3) manual ly
posi t ioning the power-of f  lever on the s ide of  the valve.  This lever is for
ground maintenance only;  i t  cannot be reached in f l ight .  Cjrcui t  protect ion and
power come from the Isolated DC bus.

Engine-Driven Pressure Pumps

Two engine-dr iven, var iable-volume, nine-piston high-pressure pumps are mounted
on the accessory gear box dr ive of  engines No. 1 and No. 2.  The pumps are con-
nected in para' |1el  and provide hydraul ic requirements for  system No. 2.

The compensator wi th in the pumps regulates pressure and volume depending on
system requirements.  Normal pressure' is 3,000 t  150 psi ,  wi th maximum pressure
3,400 psi  for  each pump.

Pump lubr icat ion for  number 2 system is ident ical  to number 1 system.

Pump Pressure Shutof f  Valves

This is a solenoid actuated valve,  instal led in each pump pressure l ine in the
wing leading edge above No. 1 and No. 2 engine py' lons.  I t  is  spr ing- loaded
open and electr ical ' ly  c losed, and is control led by the ENG VALVES switch on the
hydraul ic systems'  indicator pane1, and can also be CLOSED by pu1' l ing the emer-
gency f i re handles.  Circui t  protect ion and power come from the Isolated DC bus.

Engine Pump Low Pressure Warning Switch

The low pressure warning switch' is located above each respect ive engine pylon
in the wing' leading edge, downstream of the pressure shutof f  valve.  The switch
is set  at  1,350 psi  and operates a pump PRESS LOI 'J ye11ow l ight  on the hydraul ic
systems'control  and indicator pane' | .  The' l ight  remains of f  as long as pressure
is wi th in operat ing range, and wi l l  come 0N when pressure drops below operat ing
range.

Isolat ion Check Valves

A check va' lve is located in the leading edge of  the wfng, downstream of the
pump 1ow pressure warning switch.  I ts purpose is to prevent reverse f low to
an inoperat ive pump and prevent the pressure switch on one engine from being
actuated when the engine is not operat ing.

Pressure Transmit ter

The pressure t ransmit ter  is  a bourdon-t .ube type located in the service center.
I t  operates a 26-vol t  AC pressure gage on the hydraul ic systemsr control  and
indicator pane' | .  The pressure gage is ca1ibrated in increments of  250 psi  f rom
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0 to 4,000 psi .  There is a direct-read' ing pressure gage located in the service
center in the cargo compartment.

System Rel ief  Valve

The rel ief  valve is located fn the service center to protect  the system from
excessive pressure in the event the engine-dr iven pumps fai l  to compensate.
One port  of  the valve is connected to system pressure and one to return.  Should
pressure reach 3,550 psi ,  the valve is open and pump output wi l l  f low back to the
reservoir .  0nce this valve is open, pressure must drop to approximately 3,150 psi
before i t  wi l l  reseat.

High Pressure Fi l ters

High pressure f i l ters are instal led downstream of the engine-dr iven pumps on
the r ight  s ide of  the engine fan sect ion,  to prevent contaminants f rom pass' ing
from the pumps into the system.

Should the f i l ter  e lement become obstructed, a pressure drop across the f i l ter
wi ' l ' l  occur.  I f  the pressure drop reaches approximately 70 psid,  a red (c logged
f i l ten) indicator extends from the top of  the f i l ter  body, indicat ing the f i l ter
must be remo,ved and replaced as soon as possib ' le.  There is no bypass rel ief
valve.provfded in the high pressure f i l ters.

Return Fi ' l ters

The return l ine f i l ter , ' located forward of  the system reservoir ,  f i l ters the
f lu id before i t  enters the reservoir .  Should the f f l ter  e lement become contami-
nated, a pressure drop across the f i l ter  occurs.  I f  the pressure drop reaches
70 psid,  a red (c logged f i l ter)  indicator extends from the top of  the f i l ter
body. Should the element become so dir ty that  the pressure drop reaches 100
psid,  an internal  re l ief  or  bypass valve wi l l  open and al low return f lu id to
enter the reservoir  unf i l tered. Anyt ime the indicator is extended, the f i l ter
element must be removed and replaced as soon as possible.

Case Drain Return Fi l ter

The case drain return f i l ter  is ' located just  fonward of  the reservoir .  This
f i l ter  fs identfcal  to the system return f i l ters wi th the except ion of  the s ize
and f low volume. The red (c logged f i l ter)  indicator extends when pressure drop
across the f i l ter  reaches 28 psid and the bypass opens at  40 psid.

Hydraul ic System No.3

Reservoi  r

The reservoir  is  in the No. 3 servfce center forward of  system No. 2 reservoir ,
on the lef t  wal l  of  the cargo compartment.  The f lu id capaci ty is 4.8 US gal ' lons
and i t  can be serviced in f l ight .  A s ight gage on the side of  the reservoir  is

4:8



4E- 101

ca' l ibrated 0-PSI FULL, 0-PSI REFILL, 3,000-PSI FULL, 3,000-PSI REFILL. Service
instruct ions are placarded on the reservoir .

The reservoir  is  nonpressur ized and vented to a vent box shared with Hyd Sys
No. 2 and vents through a f i ' l ter  to the cargo compartment.  Baff l ings on the
inside prevents direct  f low of  f lu id f rom the system return to the out let  port ,
the same as No. 1 and No. 2 systems'  reservoirs.

Electr ic Motor-Dr iven Pumps (Figure 4-10)

Two electr ical ly-dr iven, high-pressure,  var iable-volume pumps, including the
impel ler- type suct ion boost pumps in the same housing, connected in para' |1e1,
are located in the lef t  wheel  wel l .  A constant f low of  f lu id through the case
drain return provides lubr icat ion and coo' l ing.  Normal pressure is 3,000 + 150 psi
at  5,000 rpm, and maximum pressure is 3,400 psi  for  each pump. Flow capaci t ies
for one pump is 2,300 psi  at  I  GPM, 2,950 ps' i  at  6 GPM.

Control  s

control  switch for  each pump is located on the hydrau' l ic  systems'  control  and
ndicator pane' | ,  and has ON-OFF-RAMP C0NTROL posi t ions.  When the No. 1 switch
s placed 0N, the pump wi l l  s tar t  instant ' ly .  (There is a two-seco'nd t ime delay
ncorporated in the No. 2 pump circui t .  )

The hydraul ic control  panel  is  decaled "Wait  f ive seconds before start ing second
pump" to prevent over loading the electr ical  system. The RAMP CONTROL posi t ion
of each switch t ransfers control  of  re lated pump to the ramp control  panel
located in the af t  end of  the cargo compartment,  lef t  hand side.

In addi t ion to the norma' l  controls,  system No. 3 pumps turn on automatfcal ly
when any of  the fo l lowing is accompl ished:

1.  When spoi ler  control  handle is moved out of  the CLOSED posi t ion.

2.  Spoi lers move from closed posi t ion.

3.  An ai leron is in TAB OPERABLE (both switches).

4.  Ei ther elevator control  switch is placed to EMER posi t ion.

When the normal pump control  switches are in the OFF posi t ion and the pumps are
energized by any one or al l  of  the automat ic methods, the pumps wi ' |1 stop when
the last  of  the autsmat ic systems is returned to the normal posi t ion.  The two-
second t ime delay of  No. 2 pump is ef fect ive when pumps are actuated automat ical ly.

Two 8O-cubic- inch hydraul ic fuses are located in the No. 3 service center,  down-
stream of each electr ic motor-dr iven pump, and prevent motor over loading dur ing
ini t ia l  pump start ing.  The fuses are spr ing- loaded open and vented to return,
which al lows the motors to come up on speed. The fuses are set  to c ' lose of f  by
f lu id volume. l , /hen they close, system pressure wi l ' l  bu' i1d up. (Figure 4-11)
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Isolat ion Check Valves

An iso1at ion check valve located in the service center,  downstream of each pump,
prevents reverse f low, thus isolat ing pressure f rom an inoperat ive pump.

Pump Low Pressure Warning Switch

The low-pressure warning switch is located af t  of  the No. 3 reservoir  on the
lef t  wal l  of  the cargo compartment.  The switch is set  at  1,350 psf  and operates
a PRESSURE 0N l ight  (green) on the brake pressure and ant i -skid control  and
indicator panel ,  whfch is located on the pi lotsr  center instrument pane1. The
l ight  wi l l  s tay 0N above 1,350 psi .

High Pressure Fi l ter

A high-pressure f i l ter  located af t  of  No. 3 reservoir  prevents contaminants
passing from the pumps into the system. Should the f i l ter  e lement become
obstructed, a pressure drop across the f i l ter  wi l l  occur.  I f  the pressure drop
reaches approximately 70 psid,  a red (c logged f i ' l ter)  fndicator extends from
the top of  the f i l ter  body, indicat ing the f i l ter  must be removed and replaced
as soon as possib ' le.  There is no bypass rel ief  valve provided in the high-
pressure f i  l ter .

Return Fi  l ter

The return- l ine f i l ter  located forward of  the system reservoir  f i l ters return
f lu id before i t  enters the reservoir .  Should the f i l ter  e lement become contam-
inated, a pressure drop across the f i l ter  wi l l  occur.  I f  the pressure drop
reaches 28 psid,  a red (c logged f i l ter)  indicator extends from the top of  the
f i l ter  body. Should the element become so dir ty that  the pressure drop reaches
40 psid,  an internal  re l ief  or  bypass valve wi l l  open and al low return f lu id to
enter the reservoir  unf i l tered. Any t ime the indicator is extended, the f i l ter
element must be removed and replaced as soon as possible.

Case Drain Return Fi l ter

The case drain return f i l ter  is  located just  forward of  the reservoir .  This
f i l ter  js  fdent ical  to the system return f i l ters wi th the except ion of  the s ize
and f low volume. The red (c logged f i l ter)  indicator extends when pressure drop
across the f i l ter  reaches 28 psid and the bypass opens at  40 psid.

Pressure Transmit ter

The pressure t ransmit ter  is  a bourdon-tube type located in the service center.
I t  operates a 25-vol t  AC pressure gage on the hydraul ic systems'  control  and
indicator panel .  The pressure gage is cal ibratLd in incr lments of  250 psi  f rom
0 to 4,000 psi .  There is a direct  reading pressure gage located in the service
center in the cargo compartment.
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Main Accumulators (Fjgure 4-L2)

Two 400-cubic- inch, piston-type accumulators are instal led in the No. 3 service
center,  and are normal ly charged to approximately 3,000 psi  by No. 3 system. A
direct  neading pressure gage is instal led on each accumulator.

These accumulators aid No. 3 pumps dur ing peak loads. They can be used to start
the APU. In addi t ion,  the accumu' lators can be used to furnish emergency brake
pressure,  when norma' l  brake pressure is not avai lable.  Accumulator pressure is
used for the emergency brake system, when electr ica ' l  power is of f  (approximate' ly
10 appl  icat ions).

Accumulator Control  Valve

The accumulator control  valve (bypass valve) is electr ical ly energized open
when pumps are turned on ei ther manual or automat ic,  and deenergized closed when
pumps are shut of f .

Hand 
'Pump

A double-act ion type hand pump, located on the lef t  wal l  of  the cargo compart-
ment immediately below the system No. 3 reservoir ,  provides a means of  pres-
sur iz ing the accumulators,  emergency brakes, ramp, and doors when the high pres-
sure pumps are inoperable. Approximately 450 strokes of the hand pump are
required to pressur ize the accumulators to 3,000 psi .  A check valve is instal led
between the pump out ' let  port  and the system pressure l ine to prevent pressure
bui ld-up against  the pump dur ing normal operat ion.  A direct-reading pressure
gage is located near the No. 3 reservoir  to indicate hand pump pnessure.

System Rel i  e.f Val ve

The rel ief  valve is located in the service center to protect  the system from
excessive pressure in the event the e ' lectr ic motor-dr iven pumps fai l  to regu-
late.  One port  of  the valve is connected to the system pressure and one to
return.  Should pressure reach 3,560 psi ,  the valve wi l l  open and pump output
wi l l  f low back to the reservoir .  Once this valve is open, pressure must drop to
approximately 3,150 psf  before i t  wi ' l l  reseat.

Hydraul ic System No. 3 Pressure Usage

Hydraul ic System No. 3 suppl ies pressure to:

1.  Wing f laps
2. Wing spoi lers & spoi ler  cable servo
3. Ai leron tab lockout
4. Elevator emergency power
5. Ramp and doors
5. Emergency brakes
7. APU starter
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Ground Interconnect Valves

Two interconnect valves are located between system No. 2 and No. 3 reservoirs.
Both valves are control ted by one manua' l1y oplrated control  handle.  Moving the
control  handle to the INTERC0NNECT posi t ion wi l l  posi t ion one valve to connect
the No. 3 system pressure to the No. 2 system manifo ' ld,  and the remaining valve
wi l l  connect the No. 2 and No. 3 system ieservoirs through an interconnect tube.
With the control  handle in the INTERCONNECT posi t fon,  thI  No. 3 system etectr ical
motor-dr iven pumps can be used to provide power for  a l1 subsystems norma' l1y
operat ing on No. 2 system power.

The f lu id level  in the No. 2 and No. 3 system reservoi l "  wi l l  remain constant
because of  the reservoir  interconnect tu6ing. An isolat ion check valve prevents
the f low of  f lu id through the pressure l ine f rom system No. 2 to system No. 3.
This system fs for  GROUND CHECK 0NLY, and the control  handle must be in the
CLOSED posi t fon before f l ight .

APU-Starter

The APU starter is dr iven by a hydraul ic motor powered by pressure f rom the
accumulators.  Controls for  the APU are located on the upper lef t  corner of  the
f l ight  engineer 's pane].  An APU AccUM SEL switch al lows' the select ion of  No. 1,
No. 2,  o? BOTH accumulators,  as desired.

Each accumulator wi l l  last  approximate' ly 10 seconds when used to start  the ApU.

An addi t ional  surge accumulator is instal led in the APU starter in let  l ine.  This
accumulator acts as a shock absorber,  absorbing the fni t ia l  start ing pressure,
and prevents excessive gearbox torque from befng transmit ted to the c lutch.
The Accumulator Control  Valve and the two starter selector valves are located
in the No. 3 service center.  Each valve incorporates a manual overr ide.

The APU, located in the lef t  forward gear pod, suppl ies air  for  engine start ing,
air  for  environmental  systems, and mechanical ly dr ives an AC gener i tor  dur ing
ground operat ion on1y.
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Chapter 2

PRIMARY FLIGHT CONTROLS

The aircraf t  is  contro ' l1ed by hydraul ical ly powered ai leron, rudder,  and
elevator systems. Aerodynamic lateral  control  is  avai lable through a cable-
control led ai leron tab, i f  normal hydraul ic pressure is lost .  Electr ical ly
operated tr im systems are provided for t r imming the aircraf t  about the rol1,
yaw and pi tch axis.  A manual ly operated, hydraul ical ly powered tr im system
and an electr fcal ' ly  operated, hydraul ical ly powered tr im system are also
provided for the pi tch axis.

The pr imary f l ight  control  power control  assembly has ant icavi tat ion valves to
prevent cavi tat ion of  the actuators when they are operat ing wi th hydraul ic power
off ,  whi le the shutof f  and bypass valve js in the norma' l  posi t ion (P01,/ER 0N).

Wind Gust Limitat ions

The aircraf t  was designed to wi thstand 70-knot gusts f rom any direct ion,  the
tai l -on gust being the most severe.  Check valves are instal led in the pressure
l ines of  the power control  assembly to retard reverse f low due to ground gusts
when systems are depowered with shutof f  and bypass valve in the norm (OPEN)
posi t ion.  Above 70 knots,  control  damage may occur i f  the aircraf t  is  not
headed into the wind, s ince design l imi ts can be exceeded. The aircraf t  should
be evacuated to a safe weather area i f  winds in excess of  70 knots are expected;
however,  i f  that  is  impossible,  the aircraf t  wi l l  be moored in accordance with
maintenance T.0. 's.  I f  the aircnaft  has been subjected to wfnd veloci t ies exceed-
ing 70 knots,  thoroughly check the control  surfaces and points of  at tachment
before the next f l ight .

The use of  engines to maneuver the aircraf t  dur ing high wind is not recommended
and should be avoided except under extreme circumstances. Foreign object  damage
(FOD) to the engines is highly probable.

Jammed Fl ight  Controls

The ai leron or elevator control  interconnects between the cable tension regula-
tors have one shear r ivet ,  and the art i f ic ia l  feel  spr ings have one shear r ivet .
The rudder art i f ic ia l  feel  spr ing also has one shear r ivet .  Al l  of  these shear
r fvets are designed to shear at  a pi lot  force above the maximum control  operat ion
forces and below forces that the control  systems were structural ly designed to
withstand. (Refer to Sec. 3 in dash 1,  for  Jammed Fl ight  Controls.)

\OTE

Part ia l  control  can be obtained using the freed system. Since the
controls are also t ied together at  their  respect ive input quadrants,
completely f ree operat ion wi l l  not  be obtained.
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Ai leron Control  System (Figure 4-13)

Each ai ' leron is normal ly actuated by a dual-power contro ' l  assembly which is con-
tro ' l led by the pi lotsr  contro ' l  wheels and is powered by the No. l  and No. 2
hydraul ic systems. The travel  l imi ts of  the ai lerons are 25 degrees up and 15
degrees down from the faired posi t ions.  The ai lerons ane hydraul ical ly powered
down to the t ra i l  posi t fon to provide addi t ional  l i f t  for  the wings. Components
of the ai leron control  system are:  the pi ' lot 's  and copi lotrs control  wheels,
cable systems and l inkages, tension regulators,  an input quadrant,  an autopi lot
servomotor,  power control  assembl ies,  a i leron servotab lockout actuators,  con-
trol  switches, and warning l ights on the pi lots '  overhead pane' l  and on the
annunciator panel .

Dual-Power Control  Assembly

The power contro ' l  assembl ies hydraul ical ly actuate the ai lerons fn response to
input control  movements f rom ei ther pi lot ts control  wheel ,  the autopi lot  servo-
motor,  or  the ai leron electr ic t r im actuator.  In each power control  assembly,
one of  the dual  actuators is powered by the No. t  hydraul ic system, and the other
actuator is powered by the No. 2 hydraul ic system. Dur ing normal operat ion,  each
actuator provides one hal f  of  the force required to operate the at tached ai leron;
however,  e i ther actuator is capable of  providing the ent i re operat ing force i f
the hydraul ic system to the other actuator fa i ls .

The lef t  and r fght  a i leron power control  assembl ies move simultaneously but in
opposi te direct ions.  I f  one ai leron becomes inoperable,  the SYS 1 and SYS 2
control  switches for that  a i ' leron can be placed in the tab operab' le posi t ion.

This isolates hydraul ic pressure f rom the power control  assembly actuat ing
cyl inders of  the inoperable ai leron; the operable ai ' leron wi l l  cont inue to
funct ion normal 1y.

A load l imi t ing rel ief  valve is instal led in each actuat ing cyl inder.  With
hydraul ic power 0N, the valve opens and al lows f lu id to bypass from the retract
s ide to the extend side of  the actuat ing cyl inder,  i f  the ai leron surface load
is great enough to cause a pressure di f ference of  2,900 psi  between the two
sides of  the actuator.  The rel ief  valve for  the extend side of  the actuator
is instal led fn the manifold,  the valve opens at  2,700 psid.

A control led leakage arrangement at  each hydraul ic system sect ion of  the servo
valve permits approximately one gal ' lon per minute f low of  f lu id through the
valve when the va1ve is in the neutral  posi t ion and the hydrau' l ic  systems are
pressur ized. This provfdes a cont inuous supply of  warm f lu id to the actuators,
located in an unheated area of  the aircraf t .  This prevents s lugg' ish operat ion
of the power control  assembly.  A power contro1 assembly is mounted on the af t
s ide of  the rear beam in each wing, forward of  the ai leron.

Pi lot 's  and Copi lot 's  Control  Wheels (Figure 4-13)

The U-shaped control  wheels which control  operat ion of  the ai lerons and servo-
tabs are indiv idua' l ly  connected by concealed cables to a separate tension regu-
ulator input quadrant beneath the f l ight  deck. The pi lot 's  and copi lot 's  input
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quadrants are interconnected by a pushrod and cranks on the quadrants.  This
interconnect ion causes the control  wheels and dual  control  cable systems to
operate in unison. I t  a l lows operat ion of  both control  cable systems with
ei ther of  the contro ' l  whee' ls,  and also permits the pi ' lots to combine their
ef for ts dur ing manual operat ion of  the ai lerons. Ninety degrees of  a i leron
control  wheel  rotat ion is required to obtain fu l l  surface def lect ions.

Ai leron Power Control  Switches

Foun three-posi t ion (NORMAL - OFF -  TAB OPERABLE),  lever- ' lock type ai leron
switches, on the pi lots '  forward overhead pane1, contro ' l  the motor-operated shut-
of f  and bypass va1ves of  the power control  assembl ies and select  tab operat ion.

The NORMAL posi t ion of  each switch causes the related system No. 1 or No. 2
shutof f  and bypass valve of  the corresponding power control  assemb' ly to open
and port  f lu id to the servo f low control  valve.

The OFF posi t ion c loses the valve,  d iscont inuing the supp' ly of  hydraul jc pres-
sure to the servo f low contro ' l  valve.  The OFF posft ion also opens the shutof f
valve bypass to connect the two ends of the actuator to each other and to the
return l ine.  This act ion permits the actuat ing piston to move freely wi th
ai leron surface movement.

The TAB OPERABLE posft ion of  each switch performs the same funct ion as the OFF
posi t ion,  as far  as the povrer control  assemb' l ies are concerned. l ' /hen TAB OPER-
ABLE is selected with ei ther the two1eft  or  the two r ight  a i leron power contro ' l
swi tches, the corresponding ai leron tab becomes operab' le.  Placing ei ther the
two lef t ,  the two r ight ,  or  a1l  four poy'ren control  switches to TAB 0PERABLE,
energizes the pumps of  hydraul ic system No. 3.  This energizes the correspond-
ing solenoid operated tab lock valve,  opening the va' lve to port  system No. 3
pressure to the related tab ' lockout actuator.  Actuator movement changes tab
input l inkage, giv ing mechanical  advantage, wi th the resul t  that  control  wheel
movement can be transmitted to the tab.

Ai leron System Power Off  L ights

Two 28-vol t  DC PO| 'JER OFF' l ights for  the' lef t  a i leron power control  assembly and
two for the r ight  a i leron power control  assembly are' located on the pi lots l
overhead pane1, above the ai leron power control  switches. The l ights i l luminate
i f  the respect ive system pressure drops to approximate' ly 1,500 psi ,  wi thfn the
related power control  assembly.  A pressure switch downstream of each ai leron
system shutof f  valve controls the associated l ight .

Ai leron System 1 Power and Ai leron System 2 Power Lights

An AILERON SYS 1 PWR and an AILER0N SYS 2 PWR l ight  on the annunciator panel
i l luminate i f  the respect ive hydraul ic system pressure drops to approximately
1,500 psi  wi th in at  least  one of  the power control  assembl ies.  The POWER OFF
l ights on the pi lots '  overhead panel  indicate which control  assembly has suffered
a loss of  hydraul ic pressure.  The AILER0N SYS 1 PWR and AILERON SYS 2 Pl t /R l ight
wi l l  remain i l luminated for as long as the system pressure wi th in ei ther power
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control  assembly is below 1,500 psi .  Subsequent power fa i lure of  the system
in the remaining power control  assembly w' i11 be visual ly evidenced only by the
related POWER OFF l ight .  The AILER0N SYS 1 Pt lR and AILERON SYS 2 PWR l ights are
control led by the pressure switches which control  the related P0! ' /ER OFF l ights.

Ai leron Tab 0perable Lights

Two 28-vol t  DC l ights,  d R AiL TAB OPER and a L AIL TAB 0PER l ' ight ,  are provided
on the annunciator panel  to gfve posi t ive indicat ion when the corresponding
ai leron tab l inkage is in the operable conf igurat ion.  A l imi t  switch,  actuated
by movement of  the related tab l ' inkage lockout actuator,  controls the associated
1 ight .

Normal System Operat ion (Figure 4-19)

During normal operat ion,  the LEFT and RIGHT AiLERON SYS 1 and SYS 2 control
switches on the p ' i1ots '  overhead panel  are in the NORMAL posi t ions.  The posi t ion
of the ai lerons is control led by the pi lot 's  or  copi lot 's  control  wheel  or  by
pi lot  or  copi lot  inputs to the ai leron tr im system. Movement of  the control
wheels is t ransmit ted af t  by dual  cable and l inkage systems to a common input
quadrant assembly mounted on the af t  s ide of  the center wing rear beam. The
input quadrant assembly can also receive input mot jons f rom an ai leron electr ic
tr fm actuator and an autopi lot  servomotor.  A spr ing cartr idge at tached to the
input quadrant " feeds back" an art i f ic ia l  " feel"  resist ing force to the control
wheels to s imulate the " feel"  of  the aerodynamic loads that resist  the movement
of  the ai lerons. Without th is " feel ,"  the pi lots have no way to gage the amount
of  control  surface loading dur ing normal powered operat ' ion.  In addi t ion to
prov' id ing " fee1,"  the spr ing acts as a center ing device by returning the ai leron
system to neutral  t r im when the controls are released. Dur ing normal f l ight
operat ion,  the ai leron servotabs are locked so they move and remain fa i red with
the ai  lerons.

Operat ion With One Hydraul ic System

If  e i ther the No. 1 or No. 2 hydraul ic system is inoperable,  the LEFT and RIGHT
AILERON SYS control  switches for the inoperable hydraul ic system are placed in
the TAB OPERABLE posi t ions to actuate the shutof f  and bypass valves in the power
control  assembl ies.  The ai lerons can then be control led in the same manner used
for normal operat ion wi th the system that is st i l l  funct ioning.

In the event both hydraul ic systems are lost ,  the af fected ai leron wi l l  f loat
up to an aerodynamical ly neutral  posi t ion.

Ai leron Tab Lockout Actuator (Figures 4-15

When the LEFT and RIGHT AILERON SYS 1 and 2
overhead pane' l  are in the N0RMAL posi t ions,
the ai lerons dur ing normal operat ion of  the
hydraul ic systems are depressur ized and the
ab1e, the LEFT and RIGHT AILERON SYS 1 and

thru 4-18)

control  switches on the pi lots '
the servotabs remain fa i red with
ai lerons. When the No. I  and No. 2
power control  assembl ies are inoper-

2 control  sw' i tches are placed in the

4-16



4E-101

TAB OPERABLE posi t ions.  This wi l l  s tar t  the No. 3 hydraul ic system punps and
also open a solenoid valve in each wing to admit  No. 3 hydraul ic system pressure
to the ai leron tab lockout actuators.  In tab operable mode, t20" of  a i leron
control  wheel  rotat ion produces ful l  tab def lect ions.

Ai leron Tr im System (Figures 4-I4,  4-15)

The ai leron tr im system a' l lows the pi lot  to correct  for  a wing low or wing h ' igh
condi t ion.  The tr jm system consists of  an actuator assembly,  mounted on the
center wing rear beam, and is mechanical ' ly  connected to the input quadrant assem-
bly.  A posi t jon' indicator js located in the pi lots '  center instrument pane1.
The a' i leron tr im range is 9.5 degrees up and 8 degrees down.

Ai leron Tr im Control  Switches

Two ai leron tr im switches on the control  pedestal  t r im the aircraf t  about the
rol l  axis.  The switches are three-pos' i t ion (LOWER LEFT WiNG - LOtlER RIGHT WING -
0FF) toggle switches. The spr ing- loaded center rr0FFrt  posi t ion is unmarked. The
swjtches must be operated simultaneously to provide both power and ground to the
115-vol t  AC tr im actuator.  Holding the switches in ei ther pos' i t ' ion energizes the
actuator jackscrew. This mechanical ' ly  posi t ions the ai leron quadrant which,  in
turn,  mechanical ly posi t ions the servo f low control  valves of  the power control
assembl ies to actuate the ai leron surfaces hydraul ica'11y.

Ai  leron Tr im Pos' i t ion Indicator

A 28-vol t  DC ai leron tr im posi t ion indicator is on the pi lots '  center instrument
pane1. The dial  of  the indjcator is cal ibrated in graduat ions of  1 degree from
0 to 6 (wi th an unmarked cal ibrat ion represent ing 7) degress for lower lef t  wing
and lower r ight  wing. The ai leron tr im posi t ion t ransmit ter  is  located on the
end of  the actuator assembly.

Rudder Control  System (Figures 4-20 thru 4-22)

The rudder system uses pushrods, levers,  and a dual  cable system to t ransmit
rudder pedal  mot ion to a quadrant in the fuselage tai l  cone area. Dual  push-
rods transmit  quadrant mot ion to levers mounted on the rudder yoke assembly and
l inkage to a servo f low control  valve of  a dual  hydraul ic power control  assemb' ly.

L ' inkage mot ion posi t ions the servo f low control  valve to actuate the rudder sur-
face, hydraul ical ly.  Feedback l inkage automat ical ly reposi t ' ions the servo f low
control  valve to neutral ,  stopping movement of  the rudder surface when movement
of  the rudder pedals stops. Pressure f rom hydraul ic systems No. 1 and No. 2 ts
normal ly suppl ied to the power control  assemb' ly.  The travel  l imi t  of  the rudder
is 35 degrees ei ther s ide of  neutral .

The rudder peda' ls are supported by posi t ionable arms which al low four inches
forward and f ive inches af t  adjustment.  Two handcranks, one located below the
pi lot 's  instrument panel  and one below the copi lot 's  instrument pane1, make
this adjustment.
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Rudder Power Control Switches

Two N0RMAL - POWER OFF switches on the
of f lu id to the power control  assemb' ly.
system is shut of f  or  fa i ls ,  a port ion
lost  at  h igh airspeeds.

pi lots '  overhead panel  control  the supply
In the event ei ther hydrau' l ic  power

of normal rudder surface def lect ion is

Rudder System Power 0ff Lights

Two POWER OFF l ights,  on€ for hydraul ic system No. 1 and one for hydrau' l ic
system No. 2,  are located above the rudder hydraul ic systems'control  switches
on the pi lots '  forward overhead pane' | .  The l ights i l lumfnate i f  the respect ive
system pressure drops to approximately 1,500 psi  wi th in the power control  assembly.
A pressure swftch,  instal ' led downstream of the rudder system shutof f  valve,  con-
trols the associated PO|,JER OFF l ight .

Rudder System 1 Power and Rudder System 2 Power Lights

A RUODER SYS 1 PWR l ight  and a RUDDER SYS 2 Pl ' /R l ight  are instal led on the
annunciator pane1. The ' l ights work in conjunct ion wi th the respect ive system
P0WER OFF l ight  on the pi lots 'overhead panel  to indicate v isual ly 1ow-pressure
condi t ions in the pressure in let  l ines of  the power control  assembly.  The
l ights i l luminate i f  the respect ive system inlet  pressure drops to approximately
1,500 psi .  The l ights are control led by the pressure switches which control  the
POIJER OFF l ights.

Rudder System High Pressure Lights

Two HI PRESS l ights,  one for each hal f  of  the dual-power control  assembly,  on
the pi lots '  forward overhead panel ,  advise that high pressure is avai lable at
the related rudder actuator.  The l ights are control led by the load l fmit ing
rel ief  pressure switch associated with rudder power system No. 1 or No. 2.
The l ights are normal ly i ' l ' luminated when aircraf t  a i rspeed is be' low 160 ( t  10)
knots CAS.

Normal System 0perat ion (Figure 4-23)

The rudder is operated by hydraul ic systems No. 1 and No. 2 which supp' ly pres-
sure to the power control  assembly.  Load l imi t ing rel ief  valves wi th in each
hal f  of  the power control  assembly rel feve normal (3,000 psi)  hydraul fc pressure
to 2,450 psi .  This is the maximum rudder system operat ing pressure at  a i rspeeds
below 150 ( t  10) knots CAS. At aircraf t  a i rspeeds above 160 ( t  10) knots CAS,
control  pressure to the re1ief  valves is released through the act ion of  the
CADC control led,  solenoid-operated pf lot  valves to fur ther rel ieve rudder system
operat ing pressure to 900 psi ,  maximum. Loss of  main DC power deenergizes the
pi lot  valve so1enoids,  which are normal ly energized above 150 ( t  10) knots CAS.

A bypass feature of  the motor-operated shutof f  valve ports return f ' lu id direct ly
from one side to the other s ide of  the piston of  the actuator when the valve is
fn the shutof f  posi t ion.  This permits the piston to move freely wi th rudder
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surface movement.  Pr ior  to the t ime the shutof f  valve is c losed dur ing a hydrau-
1ic system fai lure,  an ant i -cavi tat ion check valve wi thfn each hal f  of  the power
control  assembly prevents cavi tat ion of  the actuator and permits f ree movement
of  the actuat ing piston.

A control led' leakage arrangement at  each hydraul ic system sect ion of  the servo
valve permits approximately one gal lon per minute f low of  f lu id through the
valve when the va' lve is in the neutral  posi t ion and the hydraul ic systems are
pressur ized. The system incorporates an art i f ic ia l  feel  mechanism. The
mechanism operates the same as the ai leron.

Rudder High-Pressure Overr ide Switch

This switch,  located on the pi lots 'overhead panel ,  permits se' lect ion of  rudder
system high-pressure,  i f  required, when operat ing be)ow 160 knots CAS.

Rudder System Overpressure Light

A RUDDER 0VERPRESS' l ight  i l luminated on the annunciator pane' l  advises of  an
overpressure condi t ion wi th in the power control  assembly.  Under normal condi-
t ions the' l ight  f l ' luminates only when aircraf t  a i rspeed is above 160 ( t  10)
knots CAS and high rudder system pressure is being suppl ied to at  least  one of
the rudder actuators.  The l ight  is  control led by the jo int  act ion of  e i ther of
the load l imi t ing rel ief  pressure switches and a CADC control led 28-vol t  DC
rudder pressure l imi t ing relay incorporated in the system.

Rudder Tr im System (Figures 4-2I ,  4-22)

The rudder t r im system al lows the pi lot  to correct  for  minor direct iona' l  devia-
t ions.  The system consists of  an actuator assembly mounted to the af t  fuselage
structure,  mechanical ly connected to the input quadrant assembly,  and a posi t ion
indicaton located on the pi lots '  center instrument pane1. The range of  rudder
tr im is 6 degrees to ei ther s ide of  neutral ;  the rate is 1 degree per second.

Rudder Tr im Posi t ion Indicator

The tnim posi t ion indicat ing system consists of  a DC synchro-type transmit ter
inside the t r im actuator and a synchro-receiver fndicator located on the pi lots '
center instrument panel .  The dial  of  the indicator is cal ibrated in graduat ions
of one degree from zero to seven degrees for nose' lef t  and nose r ight .

Rudder Trim Control Switches

Two rudder t r im control  switches, on the contro ' l  pedestal ,  are three-posi t ion
(N0SE LEFT -  NOSE RIGHT - 0FF) toggle switches, spr ing- loaded to the center
unmarked OFF posi t ion.  The switches must be operated simultaneous' ly to provide
both power and ground to the 115-vol t  AC tr im actuator.  Holding the switches
in ei ther posi t ion energizes the t r im actuator,  extending or retnact ing the
actuator jackscrew to mechanical ly posi t ion the rudder quadrant.  This,  in turn,
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mechanical ly posi t ions the servo f low control  valve of  the power control  assembly
to hydraul fcal ly actuate the rudder surface.

Elevator Control  System (Figures 4-24 thru 4-26)

The elevators are hydraul ical ly actuated by a power control  assembly mounted
between the elevator torque shafts in the bul let .  Dur ing normal operat ion,  the
actuators powered by the No. 1 and No. 2 hydraul ic systems move the elevators.
I f  e i ther of  the hydraul ic systems becomes inoperable,  the elevators could be
control led wi th the remaining system; however,  the No. 3 hydraul ic system and
the emergency actuator can be used, wi th the system st i l l  operat ing,  to provide
dual  hydraul ic system control .  I f  both the No. 1 and No. 2 hydraul ic systems
become inoperable,  the elevators can be control led wi th the No. 3 hydraul ic
system and the emergency actuator.

Elevator Control  Column

During normal system operat ion,  fu l l  control  column travel ,  forward and af t  of
neutral ,  produces ful l  e levator t ravel  of  15 degrees down and 25 degrees up.
A mechanical  stop prevents movement of  the control  columns beyond the distances
ment ioned. The control  columns are equipped with bob-weights which work in
conjunct ion wi th the feel  spr ing to provfde control  column feel  for  increased
"Gs."  A s ingle pushrod and dual  cable system for each contro ' l  column transmits
column mot ions to a quadrant assembly instal led in the empennage.

Elevator Hydraul ic Power Control  Switches

Two three-posi t ion (N0RM - OFF -  EMER), lever-1ock type switches on the pi lots '
forward overhead panel  control  the motor-operated shut-of f  and bypass valves on
the power control  assembly.  The N0RM pos' i t ion of  these switches causes the
re' lated system No. 1 or system No. 2 shutof f  and bypass valve to open and port
f lu ' id to the servo f low control  valve.  The OFF posi t ion c loses the shutof f
valve,  d ' iscont inuing the supply of  hydraul ic pressure to the servo f low control
valve.  The OFF posi t ion also opens the shutof f  valve bypass to connect the two
ends of  the actuator to each other and to the return 1ine, permit t ing the actu-
at ing piston to move freely wi th elevator surface movement.  The EMER posi t ion
performs the same funct ion as the OFF posi t ion as far  as hydraul ic systems No. 1
and No. 2 are concerned. I t  a lso causes the emergency system (hydrau' l ic  system
No. 3) shutof f  and bypass valve to open and port  f lu id to the emergency system
servo f low control  valve.  The emergency system shutof f  and bypass valve is
energized closed when both switches are in any posi t ' ion other than emergency.

Elevator System Power 0f f  L ights

Two POl iER OFF l ights,  one for elevator hydraul ic system No. 1 and one for
elevator hydraul ic system No. 2,  are above the elevator system hydrau' l ic
power control  switches on the pi lots '  forward overhead pane1. The l ights
i l luminate i f  the respect ive system pressure drops to approximately 1,500
psi  wi th in the power control  assembly.
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Elevator System 1 Power and Elevator System 2 Power Lights

An ELEV SYS 1 PWR l ight  and an ELEV SYS 2 PWR l ight  are on the annunciator
pane1. The ' l ights i l luminate i f  the respect ive system pressure drops to
approximately 1,500 psi  wi th in the power control  assembly.  The l ights are
control led by the pressure switches which control  the associated P0WER OFF
l ights on the pi lots '  forward overhead panel .

Elevator Emergency Power 0n Lights

An EMER Pl ' /R 0N l ight  is  provided on the pi lots '  forward overhead panel  to give
a posi t ive indicat ion of  the adequacy (above 1,500 PSI)  of  the elevator emergency
system pressure,  when using the emergency actuator.  A dual  funct ion pressure
switch controls the l ights.

Elevator Emergency Power Liqht

An ELEV EMER Pt ' {R l ight  is  on the annunciator pane' | .  The l ight  i l luminates i f
the pressure wi th in the emergency actuator drops to approximately 1,500 psi
whi le the emergency elevator system is being used. A dual  funct ion pressure
switch controls the l ight .

Normal Operat ion (Figure 4-28)

During normal operat ion,  the ELEVAT0R SYS 1 and SYS 2 control  switches, on the
pi ' lots '  overhead pane1, are in the N0RM posi t ions to connect the 28-vol t  iso-
lated DC bus to the No. 1 and No. 2 hydrau' l ic  system shutof f  and bypass valve
motors on the elevator power control  assembly.  The motors dr ive the valves to
the open posi t ' ions.  A1so, dur ing normal operat ion,  the ELEVAT0R ARTIFICIAL
FEEL switch is in the N0RM posi t ion so the art i f ic ia l  feel  servo mechanism
adjusts the amount of  " feel"  in the system in relat ion to the airspeed detected
by the CADC No. 1.

The control  column movements are t ransmit ted to a common input quadrant assembly
mounted in the vert ical  stabi l izer.  The input quadrant assembly can also
receive input motfons from a cable-connected autopi lot  servomotor.  A spr ing
cartr idge, mechanical ly connected to the input quadrant assembly,  " feeds back"
a resist ing force to the control  columns to provide an art ' i f ic ia l  " feel"  of  the
aerodynamic loads on the elevators.  Moreover,  the at tach point  of  the art i f ic ia l
feel  spr ing rod to the input quadrant assembly is moved and adjusted by an art i f i -
c ia l  feel  servo mechanism. l , / i thout th is " feel"  force,  the p ' i1ots have no means
of gaging the amount of  control  surface loading. Pushrod and bel lcrank l inkages
transmit  mot ion f rom the input quadrant to the power control  assembly in the
bul let  between the torque tube ends of  the elevators.

Dur ing normal operat ion,  the input movements to the power control  assembly d ' is-
place the servo valves to connect the pressure and return l ines of  the No. 1
and No. 2 hydraul ic systems to the opposi te ends of  the actuat ing cyf inders.
The direct ion of  actuat ing piston movement is determined by the direct ion of
servo control  valve displacement f rom the neutral  posi t ion- Extension and
retract ion of  the actuator pistons are t ransmit ted by bel lcranks and pushrods
to the elevator torque tubes to move the elevators.
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The main servo valve has a control led leakage arrangement which permits approxi-
mate' ly one gal lon of  f lu id per minute to f low through the valve when the valve
is at  the valve neutral  posi t ion.  This provides a cont inuous supply of  warm
fluid to the actuators,  located in the unheated empennage, to prevent s luggish
operat ion of  the power control  assembly af ter  per iods of  inact iv i ty.  A piston
and or i f ice arrangement at  one end of  the main servo va' lve provides a hydraul ic
snubbing and damping act ion to protect  the valves and the system from too rapid
actuat i  on.

Pressure re ' l ief  valves wi th in the power control  assembly prevent air ' loads on
the elevators f rom developing excessive pressure in the actuators and excessfve
' l  oad on tai I  secti  ons.

Part ia ' l  ,Emergency and Emergency Operat ion (Figure 4-29)

The elevators can be control1ed with any of  the three hydraul ic systems ener-
giz ing the powen contro ' l  assembly;  however,  usual ly two hydraul ic systems are
used in unison, to provide uninterrupted control  of  the elevators,  i f  one of
the operat ing systems should fa i l .

I f  one of  these systems becomes inoperable,  the corresponding ELEVATOR SYS
contro ' l  swi tch on the pi lots '  overhead panel  is  p laced in the EMER posft ion.
This causes the inoperable hydraul ic system shutof f  and bypass valve to c lose,
the No. 3 hydraul ic system shutof f  and bypass va' lve to open, and the No. 3
hydraul ic system pumps relay to c lose to start  the No. 3 system pumps. Thus,
the emergency actuator,  powered by hydraul ic system No. 3,  becomes operable
to aid whichever system is st i l l  operat ing.

In case hydraul ic system No. 1 or No. 2 pressure is ' lost  to the power control
assembly,  p lace the related elevator power control  switch in the EMER posi t ion.
The aircraf t  can be safely f lown as long as at  least  one of  the elevator hydrau-
l ic  power systems is funct ioning norma11y.

Elevator Art i f ic ia l  Feel  System (Figures 4-26, 4-27)

The art i f jc ia l  feel  system includes a Q (FEEL) spr ing which has an adjustab' le
at tachment point  on the elevator quadrant assembly,  and a motor-operated Q
system actuator,  a lso mounted on the quadrant assembly.  Signals f rom CADC No. 1
energize the motor of  the Q system actuator,  s l id ing the point  of  Q-spr ing
attachment on the quadrant to increase or decrease the feel  produced by the
spr ing in accordance with increases and decreases in aircraf t  a i rspeed. Limit
switches deenergize the Q system actuator motor when the Q spr ing reaches the
minimum Q or maximum Q posi t ion.

Minimum Q and maximum Q posit ions represent approximately 220 KCAS and 380 KCAS
respect i  ve' ly.

The signals f rom No. 1 CADC are modif ied by a
power from the 26-vo1t AC bus through a PITCH
the emergency circui t  breaker pane1.

pi tch rate adapter which obtains
RATE ADAPT EXC circui t  breaker on

4-22



4E-101

A signal  comparator,  which receives s ignals f rom a potent iometer in the Q system
actuator and signa' ls fnom CADC No. 2,  compares the actual  versus the desired
operat ion of  the Q system actuator.  I f  a discrepancy exists,  the comparator
deenergizes the actuator,  causing the Q spr ing to be held in the posi t ion i t
was in at  the t ime the discrepancy was detected. A l ight  on the annunciator
panel  i l luminates when the Q system has been deact ivated by the s ignal  comparator.
A switch on the pi lots '  forward overhead pane' l  moves the feel  spr ing to the LO-Q
posi t ion,  i f  desired, when the l ight  i l luminates.

El  evator Art i  f  i  c ia l  Fee' l  Sel  ector Switch

A three-posi t ion (10-Q -  NORM - RESET),  lever- lock type elevator art i f ic ia l  feel
selector switch is located on the pi lots '  forward overhead panel .  I t  can be
used to obtain the L0-Q feel  va' lue of  the art i f ic ia l  feel  spr ing,  in the event
of  Q system malfunct ion.  P' lacing the switch to L0-Q resul ts in the quadrant
at tachment point  of  the Q spr ing being dr iven to the L0-Q posi t ion.  LO-Q posi-
t ion is approximately 220 KCAS. The NORM posi t ion al lows the motor of  the Q
system actuator to be control led by s ignals f rom the CADC in accordance with
the changes in afrcraf t  a i rspeed. The RESET posi t ion is ef fect ive only when the
aircraf t  is  on the ground, by actuat ion of  touchdown relays.

Elevator Feel  Malfunct ion Light

An ELEV FEEL MALFUNC l ight  on the annunciator panel  indfcates a ma' l funct ioned
art i f ic ia l  feel  system. I l luminat ion of  the l ight  indicates that a discrepancy
between CADC input and fol low-up signals has deenergized the Q system actuator
and the Q spr ing is being held in the last  posi t ion nequired by the CADC pr ior
to system ma' l funct ion.  The l ight  is  contro ' l led by a s igna' l  comparator incorpor-
ated in the system.
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Chapter 3

SECONDARY FLIGHT CONTROLS

Pitch Tr im System (Figure 4-30)

The hor izontal  stabi l izer is the pi tch t r im control  surface. Pi tch t r im is
accompl ished by moving the stabi l izer to change the angle of  at tack.  The pi tch
tr im supplements elevator control  but  is  complete ' ly  independent of  e levator
control  movement.

Maximum tr im l imi ts are 4 degrees, a ' i rcraf t  nose
up with f laps retracted. Maximum tr im l imi ts are
when f laps are out of  up posi t ion.  A mechanical
and 10.0" posi t ion.  The system has two modes of
control  .

down; 8 degrees, aircraf t  nose
9.5 degrees, aircraf t  nose up,

stop is instal led at  the 4.5o
operat ion,  and three modes of

The pi tch t r im system uses a jackscrew and nut arrangement as i ts two modes of
operat ion.  The jackscrew is dr iven by an ELECTRIC M0T0R and produces slow
changes in pi tch t r im. The nut is dr iven by a HYDRAULIC M0T0R, powered by
hydrauf ic system No. 2,  and causes tr im changes about f ive t imes as fast  as the
electr ic mode.

Posi t ion Indicator and Transmit ter

The posi t ion indicator is located on the pi lots 'center instrument pane1, and
is cal ibrated in degrees of  stabi l izer t ravel  for  a i rcraf t  nose up and nose
down. The posi t ion t ransmit ter  is  mounted on the l imi t  switch bracket assembly
and is mechanical ly l inked to the l jmi t  switch cam by a posi t ioning arm and
1 inkage rod.

Contro I  s

There are three pi tch t r im control  modes: electro-hydraul ic,  hydraul ic and
electr ic.  There are electr ic switches on the outboard gr ip of  each ai leron
control  wheel  for  e lectro-hydraul ic control ,  d lever on each side of  the control
console for  hydraul ic control ,  and one set of  e lectr fcal  switches on the control
pedestal  for  e lectr ical  p i tch t r im control .

Electro-Hydraul  ic  Pi tch Tr im Switches

Two electro-hydraul ic pi tch t r im switches, located on the outboard gr ips of  the
ai leron control  wheels,  operate a control  solenoid,  rout ing hydrauf ic pressure
to dr ive the nut on the jackscrew. The switches are recessed to provide a
guard against  inadvertent operat ion of  the switches.

These dual  switches must be operated simulteneously to provide both power and
ground for one solenoid of  an electro-hydraul ic pi tch t r fm control  valve.  This
deenergizes the solenoid-operated shutof f  valve and ports hydraul ic pressure
to the appropr iate s ide of  the pi tch t r im hydraul ic motor by posi t joning the
modulat ing valve.  The circui t ry is designed so that opposing s ' ignals f rom pi lot
and copi lot  cance' l  each other.  (Figure 4-33)
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To in i t iate electro-hydraul ic actuat ion of  p i tch t r im, the dual  switches are
pushed up with the thumb for nose-down tr im and pul led down for nose-up tr im.
The swjtches are spr ing- ' loaded to a center (OFF) posi t ion.

Pi tch t r im rate,  when the system is actuated by these switches, is 0.4 degrees
per second. Switch operat ' ion automat ical ly disengages the autopi lot ,  i f  i t  is
operat ing when the tr im change is made, requir ing the autopi lot  to be reset.
Nose-up tr im is interrupted i f  a stal l  s ignal  is  present in the stal l  prevent ion
system.

Hydraul ic Pi tch Tr im Lever (Figures 4-31, 4-32)

A hydrau' l ' ic  p i tch t r im lever is located on each side of  the control  console
just  below and outboard of  each set of  throt t le levers.  A f low controJ valve
operated by a mechanical  cable system from these control  levers determines tr im
direct ion and provides a maximum tr im rate of  0.4 degrees per second. Hydraul ic
power is avai lable on' ly when the electr ical  switches, incorporated on the tr im
levers,  are depressed.

Depressing the lever switch,  or  a main DC power fa i lure,  deenergizes the
solenoid-operated shutof f  valve and ports hydrauf ic pressure to the f low control
valve,  permit t ing hydraul ic operat ion of  the system by the levers.  When the
autopi lot  p i tch axis is engaged, movement of  the hydraul ic pi tch t r jm lever wi l l
d ' isengage the autopi lot ,  requir ing the autopi lot  to be reset.

Electr ical  Pi tch Tr im Switches

Two electr ical  p i tch t r im sw' i tches are located on the lower center port ion of
the control  pedestal .  The dual  switches must be operated simultaneously to
prov' ide both power and ground to up or down clutches in the t r im power uni t .

For electr ical  actuat ion of  p i tch t r im, both switches are moved up for nose-down
tr im or down for nose-up tr im. This is accompl ished by engaging one of  the two
counter-rotat ion c lutches to dr ive the jackscrew. The switches are spr ing- loaded
to a center (0FF) posi t ion.

Pi tch t r im rate,  when the system is acutated by these switches, is 0.08 degrees
per second. I f  the autopi lot  p i tch axis is engaged, the switches are inopera-
t ive,  and the autopi lot  must be disengaged to operate the electr ical  p i tch t r im
system.

Electr ical  Pi tch Tr im Disconnect Buttons

A TRIM DISC button on the inboard gr ip of  each ai ' leron control  wheel  provides
disconnect,  through relays,  of  e lectr ical  and electro-hydraul ic pi tch t r im in
the event of  a runway tr im condi t ion.

Pressing the button disconnects pwoer f rom the electr ical  p i tch t r im motor and
the magnet ic c ' lutches, and disconnects power f rom the electro-hydrau' l ' ic  p ' i tch
tr im control  valve.
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Hydraul ic pi tch t r im wi l l  s t i l l  be avai lable through use of  the hydraul ic pi tch
tr im levers.

Electr ical  and Electro-Hydnaul ic Pi tch Tr im Reset Switch

A TRIM RESET switch wi l l  restore power to ei ther the electr ica ' l  or  the electro-
hydraul ic pi tch t r im system after the TRIM DISC button has been depressed. The
switch has three posi t ions:  ELEC, ELEC HYD, and an unmarked, spr ing- ' loaded
center OFF posi t ion.

The switch is held momentar i ly  in the ELEC posi t ion to restore electr ic pi tch
tr im af ter  a disconnect of  e lectr ic pi tch t r im. This is accompl ished by
reenergiz ing the electr ic pi tch t r im motor and clutches. The switch is held
momentar i ly  in the ELEC HYD posi t ion to restore electro-hydrau' l ' ic  p i tch t r im
after a disconnect of  the electro-hydraul ic pi tch t r im. This s ignal  reenergizes
the pi tch t r im control  valve.

I f  the pi tch t r im system has been dfsconnected through use of  the TRIM DISC
button, resett ing of  only one mode wi l l  not  restore operat ion of  the other mode.
Both modes, ELEC and ELEC HYD, must be reset to restore both modes of  operat ion.

Wing Flap System (Figure 4 '34)

Wing f laps are used to change the relat ively low-l i f t  wing needed for high speed
f l ight  to a high-1i f t  wing needed for s low landing and takeoff  speeds. This is
accompl ished by changing the camber and area of  the wing. The f laps are double-
s ' lot ted Fowler- type and consist  of  two sect ions on each wing. They are extended
or retracted by jackscrew actuators operat ing f rom a torque tube dr ive which is
connected to a gear box dr iven by two hydraul ic motors powered by No. 2 and
No.3 systems.

Posi t ion Indicator

The wing f lap posi t ion indicator is a 28 vol t  DC Selsyn-type located on the
pi lots '  center instrument pane' | .  The indicator is cal ibrated in percent of
t ravel  in increments of  ten percent.  (100% equals 49 t  1 degrees.)  The trans-
mit ter  is  located on the gearbox output dr ive.  Power for  th is system comes
from the 28 vdc bus.

Wi ng F' lap Lever (Fi  gure 4 '34)

The wing f lap lever,  on the contro ' l  pedestal ,  has three detent lock posi t ions,
placarded: FLAPS UP, TAKE0FF-APPROACH and LANDING. Addi t ional  markings are
provided for the 25 percent (of  fu l ly  extended) and 50 percent posi t ions.  Any
percentage of  fu l ly  extended f laps can be selected with the lever.  A spr ing-
loaded fr ict ion brake locks the lever in posi t ion once a select ion has been
made. The af t  edge of  the lever knob must be t i l ted upward to release the brake.

In conjunct ion wi th the f lap 1ever,  there is a lockout so' lenoid corr t ro l ' led by
the spoi ler  lever.  I t  adds approximately 50 pounds of  force to the f lap hand' le,
anyt ime the spof ler  lever is out of  the c losed posi t ion in f l ight  wi th the f laps
lever in the up posi t ion.
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Flap Drive Gearbox (Fjgure 4-36)

The f lap dr ive gearbox is located on
of the components in the f lap system

Control  Selector Valve

the af t  s ide of  the rear wing beam. Most
are instal led on the gearbox assembly.

The selector valve is a tandem valve which provides a synchronized f low from
each hydraul ic system to the f ' lap dr ive motors.  The valve has an or i f ice-type
damper to contro ' l  the rate of  p i lot  input mot ion,  which prevents excessive surges
in the system.

Hydraul ic Motors (Figure 4-38)

Two ident ical  motors instal led on the gearbox dr ive the f laps up or down in 15
seconds. I f  only one system is used, the f laps wi l ' l  t rave' l  at  hal f  speed or
take 30 seconds for fu l l  t ravel  in ei ther direct ion.  Each motor has a brake
which is released by hydraul ic pressure and appl fed by spr ings.

Manual Shutof f  Valve

Mounted on the gearbox is a manual ly operated shutof f  valve which shuts of f  both
system pressures for  maintenance, servic ing,  or to isolate the system in f l ight .
To operate,  pul l  down on hand' le and rotate 180 degrees to the c losed detent
pos i  t i  on.

Manual Isolat ion Shutof f  Valve

The manual isolat ion shutof f  valve is ' located to the r ight  of  the gearbox in
the No. 3 system pressure l ine and provides a means of  ground test ing the f laps
on No. 2 system through the interconnect va' lve.  I t  may also be used in f l ight
to isolate the No. 3 hydraul ic system.

Flow Control  Regulator (10 GPM)

There is one f low control  regulator in each return' l ine to prevent over ' loading
of ei ther system and overspeeding of  the hydraul ic motors.

Limit  Switch Assemb]y (Figure 4-35)

There are three l imi t  switches contained in a s ingle housing dr iven by the1eft
hand inboard f lap panel .  The Ful l  Up Switch (0% f laps) controls the spoi ler
lockout mechanism. The 20 Degree Switch (45% f laps) increases the autopi ' lot
gain for  nose down tr im to prevent bal looning as f laps are extended. The 34o
Takeoff and Appfoach Switch (75% flaps) is one of the i tems that comptff ie
circui t  to the green TAKE0FF l ight  on the pi lot 's  instrument pane' | .
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Asymmetry System (Figure 4-39)

The asymmetry system compares the movement of  the f ' lap panels symmetr ical ly
(outboard to outboard,  etc.) ,  and stops f lap movement i f  e i ther set  of  pane' ls
get out of  synchronizat ion 3 degrees or more. After an asymmetry condi t ion and
shutof f  has occurred, i t  cannot be reset in f l ight .

Flap Asymmetry Light

A FLAP ASYM l ight  on the annunciator panel  i l luminates i f  the f lap asymmetry
system has caused the f laps to be locked. The l ight  a lso i l luminates i f  a
malfunct ion causes at  least  one of  the solenoid-operated, spr ing- loaded torque
tube brakes to engage, or causes the asymmetry shutof f  valve to c lose. I l lumi-
nat ion of  the l ight  indicates only that  the f laps are locked; they may or may
not be in an asymmetr ic condi t ion.

Asymmetry Detectors

There is one asymmetry detector for  each f lap panel  which is dr iven by a sprocket
and chain f rom the f lap panel  i tsel f .  Each one sends a comparison signa' l  to the
computer ampl i f ier  which compares the s ignals and tr ips the shufof f  valve to the
f lap motors i f  an asymmetr ical  condi t jon exists.  An asymmetry brake on the out-
board end of  each torque tube is also appl ied by the computer ampl i f ier  when an
asymmetr ica' l  condi t ' ion exists,  locking the torque tube. Resett ing of  the brakes
can be accompl ished on the ground on1y. The asymmetry detectors are located at
the inboard t rack of  each f lap sect ' ion.

Broken Cable Detector

The broken cable detector is at  the input quadrant to the f lap dr ive gearbox on
the cable f rom the f lap' lever.  Should the cable break, the detector would
tr igger the solenoid-operated shutof f  valve,  cut t ing the pressure of f  f rom both
the No. 2 and No. 3 systems, stopping the f laps and prevent ing uncontrol lable
f lap operat ion.  In th is case, the asymmetry torque tube brakes should not be
tr i  ggered.

Flap Asymmetry Test Panel  and Lights

In the APU compartment is a test panel whereby the asymmetry system can be
tested for malfunct ions.  I t  is  a lso used when resett ing the system after an
asymmetry condi t ion has ex' isted.

N0TE: 0perat ion of  the TEST switch wi th the DEFEAT switch in the N0RM posj t ion
wf l l  resul t  in t r ipping of  the torque tube brakes and closjng of  the
shutof f  valve,  and wi l l  require manual resett fng of  the f lap asymmetry
system.
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Flap System Fai lure

Flap system malfunct ions can resul t  f rom loss of  e lectr jcal  power,  loss of
hydraul ic power or asymmetr ical  operat ion.

Loss of  e lectr ical  power to the f lap asymmetry detect ion system wi ' l l  be indi-
cated by i l luminat ion of  the FLAP ASYM DET l ight  on the annuncfator pane1. The
f laps wi l l  cont inue to operate af ter  j l luminat ion of  the FLAP ASYM DET l ight ,
but wi thout protect ion against  an asymmetr ica' l  condft ion.

Resett ing Wing F' lap Asymmetry System

NOTE: Placing the povrer select  swftch to OFF pr ior  to shutdown of  the APU wi l l
prevent t r ipping the wing f laps asymmetry system. I f  t r ipping shou' ld
occur,  i t  wi l l  be necessary to reset the system in accordance with the
procedures l is ted below.

I f  t r ipping of  the wing f lap asymmetry system occurs,  reset the system as fol lows:

1.  Close Manual Shutof f  Valve.

2.  Posi t ion the DEFEAT switch ( in the APU compartment)  to DEFEAT.

3. Manual ly reset both f lap dr ive asymmetry brakes in the wings.

4.  Manual ly reset the hydraul ic shutof f  valve at  the dr ive gearbox. Then
reset the computer ampl i f ier  f rom the wing f lap asymmetry test  panel  by
assur ing the TEST switch is ' in N0RM and holding the RESET switch in RESET.

5. The f laps asymmetry detect ion system is restored to normal by releasing
the RESET switch and p' lacing the DEFEAT sw' i tch to NORM.

6. 0pen Manual Shutof f  Valve.
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Wing Spoi ler  System (Figure 4-40)

The spoi lers are used to reduce speed,
rate of  descent.

There are th i r ty-s ix spoi ler  panels on
lower.  There are f ive upper and f ive
of each wing, and four upper and four
of  each wing.

Al l  spoi lers are extended at  the same
dynamic drag and reduce wing l i f t .

shorten landing ground ro11 and increase

the wings; eighteen upper and ejghteen
lower panels on the inboard wing sect ion
lower panels on the outboard wing sectfon

rate and at  the same t ime to produce aero-

Spoi lers are operated by hydrau' l ic  systems No. 2 and No. 3 through a dual-power
control  assembly,  located on the rear wing beam where the t rai l ing edge starts
to sweep back. Each dual-power control  assemb' ly has two actuators connected to
push-pul l  rods for inboard and outboard spoi ler  operat ion.  Each spoi ler  pane' l
is  fndiv idual ly connected to the pushpul l  rods by cable and quadrant assembl ies.
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Control  of  the spoi lers is manua1, wi th an asymmetry system to prevent uneven
operat ion dur ing in i t ia l  extension. Asymmetry protect ' ion is provided for out-
board spoi lers only.

Spoi ler  Deployment Limits

Spoi ' ler  panel  def lect ions are l imi ted in the extreme open and closed posi t ions
by mechanical  stops in both ends of  the inboard and outboard cyl inders.  0n the
ground, the upper panels open to 90 degrees and the lower panels to 86 degrees.
In f l fght ,  the upper panels open to 27 degrees and the lower panels to 59 degrees.

Spoi  ler  Indicators

One indicator wi th dual  pointers and a f lag is instal led on the pi lots '  center
instrument pane1. The pointers are marked L and R, and the dial  face is marked
CL0SED and GRD. The f lag is marked LOCKED and UNLKD. The pointers are for
inboard spoi lers 0NLY.

A 2-SP0ILER INOP and a 3-SP0ILER INOP l ight  on the annunciator panel  indicate
the condi t ion of  the system.

Spoi ler  Control  Lever (Figure 4-40)

The spoi ler  control  lever js located on the control  pedestal  between the f lap
lever and the pi lots ' throt t les.  I t  is  connected to the spoi ler  cable servo by
push rods. The control  lever has three detents:  CL0SED, FLIGHT LIMIT and
GROUND. Spoi ler  RESET posi t ion is forward of  and spr ing- loaded to the CLOSED
pos i  t i  on.

To prevent inadvertent operat ion of  spoi lers whi le f laps are extended, a lock-
out solenoid control led by the f lap-up l imi t  switch adds approx' imately 50 pounds
force to the spoi ler  lever when the f laps are out of  the fu l l  up posi t ion.

Movement of  the spoi ler  control  lever out of  the CL0SED posi t ion automat ical ly
starts hydraul ic system No. 3 pumps, when hydrau' l ic  system No. 3 is not pres-
sur ized and the pumps are not operat ing.

Spoi ler  Cable Servo (Figures 4-40 thru 4-43)

The spoi ler  cable servo is located under the control  pedestal  and is used for
smooth operat ion and to reduce pi lot  ef for t  for  spoi ler  control .  Movement of
the spoi ler  control  lever posi t ions the control  valves,  a l lowing hydrau' l ic
systems No. 2 and No. 3 pressure to dr ive a s ingle-1oop cab' le run, which pos' i -
t ions the selector valves in the dual-power control  assembl ies for  spoi ler
operat i  on.
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Spoi ler  Dual-Power Control  Assembl ies (Figures 4-46, 4-47)

The dual-power control  assembl ies are located on the rear wing beam at the junc-
t ion of  inboard and outboard spoi ler  panels.  Each assemb' ly contains two dual-
tandem actuat ing cyl inders,  main and auxi l iary,  which operate inboard and out-
board push-pu1l  rods.

In f l ight ,  wi th the landing gear control  lever in the GEAR UP posi t ion,  both
hydraul ic systems No. 2 and No. 3 dr ive al1 spoi ler  panels open or c losed.

With the landing gear control  lever in the GEAR DN posi t ion,  hydraul ic system
No. 2 pressure dr ives the inboard spoi ler  panels,  whi le hydraul ic system No. 3
pressure dr ives the outboard spoi ler  panels.

In the event ei ther hydraul ic system fai ls,  both inboard and outboard spoi ler
panels wi l l  automat ' ica11y operate f rom the remaining hydraul ic system at a
reduced rate of  speed.

Blow Down System

Rel ief  valves in the spoi ler  system prevent structural  damage when excessjve
a- i r loads occur on spoi ler  surfaces. Blow-down occurs at  250 KCAS or above.
r , l , - rx imum airspeed operat ion is 350 KCAS or 0.75 Mach.

Spoi I e.r ! : .ymmetry@. (Figure 4-44)

The 2 SPOII-ER INOP and 3 SP0ILER IN0P l ights are located on the annunciator
pane1. The l ights i l luminate when the solenoid-operated asymmetry p ' i1ot  valves
are deenergized by ei ther the asymmetry detectors,  the EMER RETRACT switch,  the
EMER OFF swiLch, or a loss of  e lectr ical  power through the ci rcui t  protect ion.

I l luminat ion of  only one l ight  indicates that an electr ical  ma1funct ion has
occurred in the hydraul ic system asymmetry control  c i rcui t .  The spoi lers wi l l
remain fu l ly  operat ional  wi th one l ight  i l luminated.

Both l ights i l luminated indicate that  an asymmetr ic condi t ion has occurred, and
hydraul ic pressure has been routed to c lose the spoi lers.  Placing the spoi ler
lever to RESET ext inguishes the l ight  i f  they have i l luminated as a resul t  of
an asymmetr ic condi t ion.  Z/2" oi t  7t- /  / i -  ' t i  \ / , i  - ,  ' . ' ,  ;  i  ,  /  L 3. , , - t 's tN 7-F cFa-,r ." 'E : : " ; .

Emergency Retract, Emergency Off Switch

A three-posi t ion EMER RETRACT, N0RM, EMER OFF switch on the control  pedestal  can
be used to retract  the spoi ' lers i f  they cannot be retracted with the spoi ' ler
I  ever.

The EMER RETRACT is a spr ing- loaded momentary posi t ion and simu' lates an asymme-
tr ical  condi t ion which deenergizes the solenoid-operated asymmetry pi lot  valves
on the No. 2 and No. 3 hydraul ic systems to retract  the spoi lers.  The SPOILER
IN0P l ights wi l l  i l luminate and al l  modes of  operat ion wi l l  be inoperat ive
untf l  the spoi ler  ' lever is moved to the RESET posi t ion.
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The EMER OFF posi t ion is a lever- locked posi t ion,  and with the spoi lers c losed,
wi l l  prevent dep' loyment of  the spoi lers,  e i ther manual ly or automat ical ly.
Hydraul ic systems No. 2 and No. 3 are shut of f  at  the spoi ' ler  actuators through
the in let  shutof f  and bypass valves.  The 2 SP0ILER INOP and 3 SPOILER IN0P
l ights also i l luminate.  I f  the spoi lers are deployed when the switch is placed
in th is posi t ion,  only No. 2 hydraul ic system power is shut of f  at  the spoi ler
actuators.  No. 3 hydrau' l ' ic  system remains 0N to c lose the spoi lers.  f r lhen the
spoi lers c lose, the No. 3 system is automat ical ' ly  shut of f .  I f  the spoi lers
move from the closed posi t ion,  No. 3 system is again automat ical ly energized to
close them. I f  the system No. 3 control  switches are in the OFF posi t ion,  the
pumps wi l l  s top when the spoi lers return to the CL0SED AND LOCKED posi t ion.

In the NORM posi t ion,  normal spoi ler  c i rcui t ry is restored, and the spoi ' lers
may be operated af ter  resett ing.

Asymmetry Test Panel

This panel  on the copi ' lot 's  s ide console is
without t r igger ing the asymmetry system.

used to test  the c i rcui t  and l ights

Under Spoi ler  Speed Light

A spoi ler  UNDER SPLR SPEED warning l ight  on the annunciator pane' l  wi l l  i l lumi-
nate,  and an intermit tent  warning note wi l l  sound on the under spoi ler  speed
audible warning system through the headsets,  under the fo l lowing condi t ions:

(1) Arming or removing the spoi ler  lever out of  CLOSED posi t ion.
(2) A stal l  s ignal  present in the stal l  prevent ion system circui ts.

Loss of  Electr ical  Power

Spoi lers are inoperat ive wi th loss of  main DC electr ical  power-

4=32



4E-101

Chapter 4

LANDING GEAR

Landing Gear Selector Valves (Figures 4-48 thru 4-50)

The three-posi t ion four-way selector valves are 28-vol t  DC solenofd control led
and hydraul ical ' ly  posi t joned. Manual overr ide buttons provide manual control  in
the event 28-vol t  DC power is lost .  The door 1ock, gear downlock,  and the MLG
selector valves are al l  located in the No. 2 hydraul ic service center.  The NLG
selector valve is located in the lef t  underdeck area under the autopi lot  "J"  box.

Landing Gear Control  Panel

The landing gear control  panel  is  located on the r ight  s ide of  the pi lots 'center
instrument pane1. The two-posi t ion (UP-D0WN) landing gear control  handle is
electr ical ' ly  connected to al l  of  the gear solenoid-operated selector valves.

A 28-vol t  DC, solenoid-operated locking mechanism prevents movement of  the land-
ing gear lever f rom the D0l ' lN posi t ion unt i l  the main landing gear struts are
fu1ly extended af ten takeoff .  The circui ts control led by the landing gear lever
receive 28-vol t  DC power f rom the Isolated DC Bus through a LANDING GEAR CONT
circui t  breaker on the f ' l ight  engineer 's No. 3 c i rcui t  breaker pane1. A manual
release, adjacent to the landing gear lever,  can be used to release the locking
mechanism in case of  e lectr ical  malfunct ion.

Landing Gear Warning Lights

Two red warning l ights in the landing gear control  handle wi l l  i l luminate when
the landing gear control  handle is placed to D0WN, and wi l l  remain i l luminated
unt i l  a l l  landing gear are down and locked. The l ight  w' i11 also i l luminate
when the landing gear control  handle is placed to UP, and wi l l  remain i l lumi-
nated unt i l  a l l  landing gear are up and locked. The warning l ight  wi l l  i l lumi-
nate i f  a throt t le is retarded to approx' imately one inch forward of  IDLE START
posi t ion and al l  landing gear are not down and locked. The l ight  wi l l  a lso
i l luminate i f  one or both MLG door uplocks are not locked, or i f  there is a bad
MLG door uplock micro-switch.

Landing Gear Warning Horn

A warning horn,  located in the f l ight  stat ion,  wi l l  a lso soundi f  a throt t le is
retarded to approximately one inch forwarcl  of  IDLE START posi t ion and al l  land-
ing gears are not down and locked. Pressing the H0RN SILENCE button on the
landing gear control  panel  wi l l  cause the horn to s i lence, but the l ight  in the
handle wi l l  remain i l luminated unt i l  the throt t le is advanced or al1 gear are
down and locked.

The warning horn wi l l  sound i f  the f lap
posi t ion and al l  gear are not down and
not s i lence the horn i f  i t  sounds under

control  handle is p. laced to the LANDING
locked. The horn s i lence button wi l l
th is condft ion.
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Landing Gear Warning Horn Cut-Out Switch and OnlOff  L ight

A two-posi t ion ("N0RMAL'| ,  "OFF") gear-up warning horn cut-out toggle switch is
located on the copi lot 's  paradrop and ADS pane1. When the switch is in the
"NORMAL" posi t ion,  the horn wi ' l l  operate in i ts normal manner.  When moved to
the "OFF" posi t ion,  the horn wi l l  not  sound except when the wing f lap lever is
moved to the "Landing" posi t ion when the landing gear is not down and locked.
The 0N,/0FF 1ight,  ' located just  below the switch,  i l luminates when the toggle
switch is moved to the rr0FF'r  posi t ion,  and the l ight  is  out when the togg' le
swi tch i  s f  n the ' |NORMAL" pos i  t i  on.

Landing Gear Posi t ion Indicators

Three 28-vol t  DC f lag-type posi t ion indicators,  located above the landing gear
lever,  show the posi t ion of  each landing gear.  A min. iature wheel  and t i re f lag
indicates gear down and locked, an UP f ' lag indicates gear up and locked, and a
black and yel low str iped f lag ind' icates the gear is nei ther up and locked nor
down and locked. Limit  switches, actuated by movement of  the landing gear to
the down-and- locked or up-and- locked posi t ions,  control  the posi t ion indicators.
Power for  operat ion of  the indicator is suppl ied f rom the Isolated DC Bus
through a LANDING GEAR POS IND circui t  breaker on the No. 3 c i rcui t  breaker panel

Warning Light and Horn Test Switch

The warnfng l ight  and horn test  switch is located on the landing gear control
panel  and is used to test  the landing gear warn' ing l ight  and horn system.

Axle (Bogie) Beam Posi t ion Indicator

A 28-vol t  DC f lag-type bogie pos' i t ion indicator for  each of  the main gear bogies
is located on the pi lots '  center instrument pane1. A miniature wheel  and t i re
f lag indicates the associated bogie is jn the posi t fon required for )anding.
(Within 50 perpendicular to the main gear shock strut . )  A black and ye11ow
str iped f lag indicates the bogie is ei ther in t ransi t  or  is  up. Limit  sw' i tches,
actuated by movement of  the bogies,  control  the posi t ion indicators.  Power for
operat ion of  the indicators is suppl ied f rom the Isolated DC Bus through a B0GEY
POS IND circui t  breaker on the f ' l ight  engineer 's No. 3 c i rcui t  breaker pane1.

Nose Landing Gear (Figure 4-53)

The nose landing gear assembly retracts forward into the nose sect ion.  The
assembly consists of  an air-oj l  shock strut ,  an axle,  torque arms, a drag l ink
and up-down lock assembly,  an actuat ing cyl inder,  the wheels and t i res.  The
shock strut  cy ' l inder has a t runnion by which the nose gear is mounted to struc-
tural  p i l1ow blocks on each side of  the wheel wel l .  The nose gear is locked in
ei ther the up or down posi t ' ion by an up-down lock incorporated in the drag 1ink.
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Nose Landing Gear Doors

The nose landing gear doors enc' lose the nose wheel wel l  when the gear is in the
retracted posi t ion.  The doors open and close by the operat ion of  the nose
landing gear through a system of adjustable pushrods and bel lcranks. The doors
consist  of  two clam-shel l  doors cover ing the forward sect ion and one single door
on the af t  sect ion.  When the gear is in the up posi t ion,  a1l  doors are c losed.
Door c losure is maintafned by preset tension adjustments through the gear door
l inkage. The clam-shel l  doors move downward and outboard as the gear extends,
and then back to the c losed posi t ion when the gear is down. The af t  door moves
down and back under the fuselage, and remains in th is posi t ion unt i l  the gear
is retracted. Bumpers on the af t  door contact  the fuselage to provide addi-
t ional  support  for  the door.

Nose Landing Gear Up-Down Lock (Figure 4-54)

The nose landing gear up-down lock mechanism is incorporated in the drag l ink
assembly,  and the actuat ing cyl inder is mounted on the nose gear shock strut .
The cy' l inder is connected to the mechanism through be' l lcranks and a pushrod.
The gear is locked in ei ther the up or down posi t ion by two cranks forced into
an over-center posi t ' ion.  The cranks are forced into the over-center posi t ion
by a combinat ion of  a spr ing and hydraul ic pressure to the actuat ing cyl inder,
and are maintained in the locked posi t ion by the spr ing assembly.  Hydraul ic
pressure to the unlock s ide of  the actuat ing cyl inder unlocks the up-down lock
mechani sm.

Nose Landing Gear (Ground) Safety Pin

The ground safety pin is inserted jn the nose landing gear (NLG) drag brace as
a safety precaut ion when the aircraf t  is  on the ground. This pin wi l l  be
instal led f rom r ight  to lef t .

Nose Landing Gear Emergency Extension System (Figure 4-57)

Reservoi  r

The hydraul ic f lu id reservofr  is  located under the f l ight  deck in the r ight-hand
underdeck area. The f lu id capaci ty is 0.9 ga11on and can be serviced in f l ight
through the f i l ' ler  neck.  A placard is provided for servicfng. A sight gage
is mounted on the reservoir ,  and the reservoir  is  vented to a vent box in the
underdeck area. Hydraul ic f lu id f lows by gravi ty to the hand pump and check
val  ve.

Hand Pump

A doub' le-act ion type hand pump is ' located in the r ight  underdeck area. When
the hand' le is not in use, i t  is  secured to the structure near the pump. A
direct-reading pressupe gage is on the f ront bulkhead, in the r ight  underdeck
area, to indicate hand pump pressure.

4-35



4E-101

The hand pump i  s operated to
approx' imately 1,200 psi ,  by a
the reservoir .

bui ld up system pressure,  which
rel ief  valve connected to the

is  l imi ted to
pressure l ine and to

Manual Selector Valve

A manual ly operated selector va1ve is located
r ight  underdeck area below the pressure gage.
N0RMAL and EMERGENCY pos i  t ' ions.

on
A

the front bulkhead,
two-pos' i t ion va1ve,

in
i t

the
has

Nose Land Gear Emergency Extension Systems

Nose Land Gear Emergency Extensfon. is used to extend and lock the nose landing
gear in the down posi t ion,  i f  the No. 2 hydrauf ic system is inoperat ive.

Normal 0perat ions (Figures 4-69, 4-70)

Retract i  on

Movement of  the landing gear control  handle to the UP detent rotates a cam to
actuate a l imi t  switch.  The l imi t  switch c loses to complete the c i rcui t  f rom
the Isolated DC Bus to the up solenoid of  the landing gear selector valves.
The up solenoid is energized and opens the selector valves to permit  hydraul ic
system No. 2 pressure to be appl ied s imultaneously to the downlock and gear
actuat ing cyl inders of  the lef t  mafn and r ight  main landing gears.  Hydraul ic
system No. 2 pressure is also appl ied s imultaneously to the up-down lock and
gear-actuat ing cyl inder of  the nose landing gear.  This permits the actuat ing
cyl inder of  each MLG to retract  and raise the gear.  As each main landing gear
reaches the ful l  up posi t ion,  a rol ler  on each landing gear door mechanism
torque tube arm str ikes the uplock hook. The up-down lock cyl inder of  the
nose landing gear retracts to unlock the over-center lockjng mechanism and
thus permit  the actuat ing cyl inder to retract  and raise the nose landing
gear.  The NLG is locked in the raised posi t ion by the over-center locking
mechanism l inkage.

Switches, which are actuated closed by movement of  the landing gear to the up-
and- locked posi t ion,  complete c i rcui ts to the landing gear posi t ' ion indicators
on the landing gear control  panel  to provide gear-up indicat ions.  Wjth the
gears up and locked, the hydraul ic pressure is of f .  As the gears move to the
up and locked posi t ion,  sequence switches complete the c i rcui t  through a relay
to the main' landing gear door lock selector valve opening the valve to port
hydraul ic system No. 2 pressure to the MLG door lock actuat ing cyl inders to
engage the door uplock latches. As the door locks are locked, the landing gear
warning l ights are ext inguished and the door lock selector valve is deenergized.

Hydrau' l ic  system return pressure is automat ical ' ly  appl jed to the brakes dur ing
gear retract ion to stop the rotat ion of  the main wheels.  Nose gear wheel  spin
is stopped dur ing f inal  retract ion by contact  wi th f r ic t ion pads (or spin brakes)
instal led in the wheel wel l .
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Extens i  on

Movement of  the landing gear control  handle to the D0WN detent actuates l imi t
switches. One l imi t  switch,  which c losed to complete the c i rcui t  f ronr the Iso-
lated DC Bus to the down solenoid,  becomes energized and opens the MLG selector
valve to permit  hydraul ic system No. 2 pressure to be appl ied s imultaneously to
the uplock,  gear-actuat ing cyf inders of  the lef t  and r ight  main landing gears,
and to the door uplock actuators.

Hydrau' l ' ic  system No. 2 pressure is also s imultaneously appl ied through the NLG
selector valve to the up-down lock and the gear actuat ing cyl inder of  the NLG.
The uplock cyl inders of  the main landing gear extend to release the uplock hooks
through mechanical  l inkage, and the up-down lock cyl inder of  the NLG extends to
unlock the over-center l inkage. The actuat ing cyl jnders of  the lef t  main,  r ight
main,  and nose landing gears then extend to assist  gravi ty in lowering the land-
ing gear.  When each main landing gear reaches the fu1ly extended posi t ion,
l imi t  switches energize the downlock actuator solenoid valve,  af ter  the drag
braces have reached the ful l  down posi t ion.  The downlock latch then sl ides into
the recess tolock each ma' in landing gear in the extended posi t ion.  The nose
gear is locked in the extended posi t ion by the over-center locking l inkage.

Limit  switches, which are actuated closed by movement of  the landing gear to
the down-and- locked posi t ion,  complete c i rcui ts to the landing gear posi t ion
indicators on the landing gear control  panel  to provide a landing gear down
indicat ion,  and to the bogie posi t ion' indicator pane' l  to indicate bogies in
pos i  t i  on.

Nose Gear Steer ing System

I ntroduct i  on

Hydraul ic pressure for  the nose gear steer ing system is suppl ied by Hydraul ic
System No. 2 f rom the nose gear downl ine.  A steer ing whee1, located on the
pi lot 's  s ide console,  provides the control  for  steer ing the nose wheels.  The
nose gear wheels can be steered 60 degrees lef t  or  r ight  of  center wi th the
steer i  ng wheel .

Nose gear steer ing by movement of  the rudder pedals is also incorporated. A
maximum of eight degrees steer ing lef t  or  r ight  of  center is avai lable.  The
steer ing whee' l  t racks th is movement.

Turning the steer ing wheel mechanical ly posi t ions a control  valve which ports
pressur ized f lu id to the lef t  or  r ight  nose gear steer ing cyl inders to actuate
the rack-and-pinion type steer i 'ng mechanism. A cable-type mechanical  feedback
mechanism automat ical ly reposi t ions the control  valve to neutral  when the
selected degree of  turn is achieved.

A center ing mechanism automat ical ly holds the control  valve in neutral  when the
nose wheels are not bejng turned, which al lows interf low between the actuat ing
cyl inder cavi t ies by way of  the return passages, thus al lowing the nose gear
wheels to rotate ' in response to caster ing 1oads. The interf low or bypass a ' lso
prov' ides shimmy dampeni ng.
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Center ing cams within the strut  automat ical ' ly  posi t ion the nose wheels in the
l ine of  f l ight  when the nose landing gear strut  is  fu l ly  extended af ter  takeoff .

Control  Whee]-  Steer ing (Figures 4-58 thru 4-62)

The nose gear steer ing system is control led by a nose gear steer ing whee1,
located on the pi lot 's  s ide console.  A nose wheel posi t ion scale,  wi th the
placarded direct ions of  "Left"  and "Right"  arranged to ei ther s ide of  a whi te
center-posi t ion index mark,  is  instal led immediately beneath the wheel.  Two
and three-f i f ths revolut ions of  the steer ing wheel are required to turn the
nose wheel f rom center,  through a fu l l  60 degrees lef t  or  r ight  of  the nose
wheel centered posi t ion.  The steer ing wheel is disengaged and locked when the
gear is not in the down and locked posi t ion.

Rudder Pedal  Steer ing

The rudder pedal  steer ing system provides the pi lot  and copi lot  wi th the capa-
bi l f ty of  maintaining steer ing control  of  the aircraf t  dur ing takeoff  and landing
whi le retaining ai leron control .  Rudder pedal  steer ing is 8 degrees ei ther s ide
of center.  Rudder pedal  steer ing is avai lable when ma' in gear touchdown switches
are act ivated or forward main wheel  spinup of  34-60 kts occurs.  The rudder
pedal  steer ing system design is such that the steer ing wheel rotates wi th pedal
movement and the rudder peda' ls move somewhat wi th steer ing wheel rotat ion unless
restrained. The system also provides the capabi l i ty  of  fu l l  rudder in one
direct ion and ful l  wheel  rotat ion in the other direct ion steer ing.

Main.  Landing Gear System (Figure 4-63)

The landing gear is a fu l ly  retractable t r icycle-type, consist ing of  a steer-
able dual-wheel  nose gear and two " four-whee1 bogie" main gears.  Al l  gears
retract  forward and up. The doors are actuated by gear movement through
mechanical  l inkage. A door- lockjng mechanism prevents inadvertent opening of
the main landing gear doors in f l ight .  The landing gear system is electr ical ly-
contnol  led and hydraul  ical  1y-actuated.

Normal ly the landing gear should retract ' in approximately 10 seconds and extend
in approx' imately 15 seconds. The maximum airspeed for landing gear operat ion
is 200 KCAS or 0.48 Mach. A maximum airspeed wjth landing gear extended is 235
KCAS or 0.55 Mach.

Main Landing Gear

Each main landing gear assemb' ly consists of  an oleo-pneumatjc shock strut ,  an
axle beam and axle assembly,  torque arms, wheel  and t i res,  drag braces, drag
l inks and down' lock,  up 1ock, ' leve' ler  rod, axle (bogie) beam posi t ioner system,
actuat ing cyl inder,  whee' l  brake assembly,  and brake compensat ing rods.
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Main Landing Doors

The main landing gear (MLG) doors are actuated by mechanical  l inkage and gear
movement.  Three doors are instal led on each main landing gear pod; one upper
door on top of  each pod above the MLG strut ,  and two lower doors.  Al l  three
doors open simultaneously,  and the strut  extends thru the upper door opening
whi le the landing gear is extended. Al l  doors remain c losed when the landing
gear is up and locked.

Main Landing Gear Door Uplock (Figure 4-64)

When the aircraf t  is  on the ground, the landing gear doors are open, and the
door lock hydraul ic actuator is pressur ized to the unlocked posi t ion.  The door
lock hydraul jc actuator is sequenced to the locked condi t ion when the landing
gear goes into the uplock posi t ion.  The door lock system is designed to hold
the MLG doors c losed and prevent gapping whi le the MLG is up and locked in
f l ight .  In case of  No. 2 hydraul ic system fai lure,  each door uplock latch
assembly may be manual ' ly  unlatched by using the red T-handle (Step No. 1) to
al low the door to open.

Main Landing Gear Shock Struts

The stroke of  the shock strut  meets specia ' l  requirements of  C-141 aircraf t .
To reduce fuselage bending loads (stresses),  the main' landing gear has been
placed as c lose to the center of  gravi ty as possible.  The overhang of  the
fuselage af t  of  the main landing gear,  together wi th smal l  ground clearance,
l imi ts the taf l -down angle dur ing landing or takeoff .  To compensate for  th is,
a two-step act ion of  the shock strut  is  provided. By sett ing the piston stroke
at approximate' ly 28 inches, the wheels are placed suff ic ient ' ly  below the fuse' lage
to permit  an approxfmate l1-degree tai l -down ang' le at  impact.  Dur ing the f i rst
17 inches of  shock strut  compression, the enengy is absorbed at  a normal rate
by the act ion of  the hydraul jc f lu id.  The shock strut  then compresses at  a
reduced rate,  control led by two f ixed or i f ices in the strut ,  unt i l  the ta i l
c learance is amp1e.

Leveler Rod Assembly

The leveler rod is a mechanical  l inkage which posi t ions and holds the MLG axle
(bogie) beam paral le]  to the retracted posi t ion.  This provides clearance of  the
main landing gear doors dur ing the last  port ion of  retract ion and the f i rst
port ion of  extension.

Axle (Bogie) Beam Posi t ioner (Figure 4-66)

The pneumatic-hydraul ic axle beam posi t foning cy ' l inder maintains the axle beam
approximately perpendicular to the longi tudina' l  axis of  the shock strut  assemb' ly,
whi le the gear is in the extended posi t ion for  landing. I t  a lso provides a
degree of  snubbing act ion to prevent osci l ' lat ions of  the axle beam dur ing land-
ing,  taxi ing and takeoff .
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Main Landing Gear Downlock (Figure 4-67)

The main landing gear downlock assembly ' is  a combinat ion of  hydraul ic act ion
and mechanical  l inkage. l ,Jhen the landing gear is extended, the downlock latch
assembly r ides on the forward drag l ink and, as the drag l ink becomes straight,
the latch r ides over the mechnical  stop and locks' into p1ace. Any af t  movement
of  the latch is resisted by spr ing act ion inside the downlock cyl inder.  This
spr ing act ion is overcome hydraul ical ' ly  when the gear is to be retracted, which
forces the latch away from the stop. I f  the No. 2 hydraul ic system fai ls,  and
the majn landing gear doesn' t  lock in the down posi t ion,  operat ing a red emer-
gency downlock engage handle (Step No. 3) wi l l  mechanical ly move the associated
gear to the downlock posi t ion.

Main Landing Gear (Ground) Safety Pin

The MLG ground safety pins are inserted through the drag brace af t  of  the down-
lock latch.  The ground safety pins must be inserted from the inboard to out-
board sfde of  the strut .  In the event an unsafe condi t ion is indicated af ter
a landing gear extension, the ground safety pins can be instal led in f l ight
through the gear inspect ion windows.

Main Landing Gear Uplock (Figure 4-68)

The MLG is locked in the up posi t ion by an uplock assembly mounted on the fuse-
lage in each wheel wel l .  The uplock hook receives a rol ler  on the torque tube
bel lcrank forward of  the door actuat ing mechanism. The rol ler  forces the hook
down into the locked posi t ion.  The hook is held in the locked posi t ion by three
l inks,  a bel lcrank and a stop. The l inks are forced into an over-center posi-
t ion by a stop on one l ink which rests against  the up' lock bel lcrank. Actuat ion
of the hydraul ic uplock actuat ing cyl inder wi l l  cause rotat ion of  the bel lcrank
and pul l  the l inks out of  the over-center posi t ion.  A spr ing at tached to the
hook then forces the hook out of  the locked posi t ion.

In case hydraul ic system No. 2 fa i1s,  the MLG uplock may be released manual ly
by pul l ing a red T-handle (Step No. 2).

Brake Limitat ions

The brakes are l imi ted in the amount of  work they can perform and st i l l  funct ion
proper ly.  A measure of  the amount of  heat absorbed by the brakes is the amount
of  work performed by the brakes. The amount of  work done is the k inet ic energy
expended, measured in mi l l ions of  foot-pounds per brake. The amount of  heat
added to the brakes for each braking ef for t  is  cumulat ive and is determined by
the speed of  the aircraf t  and the gross weight of  the t ime the brakes are appl ied.

xSee Sect ion 5 of  T0 1C-141B-1 for detai led informat ion and charts.
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Chapter 5

BRAKE SYSTEMS

The normal brake system is act ivated by No. 2 hydraul ic system pressure,  which
is control ' led by one side of  each of  the two dual  p i ' lot  meter ing valves,  and by
the four dual  ant i -skid control  valves.  The p' i1ot  meter ing valves are located
under the f l ight  stat ion f loor.  The dual  p i lot  meter ing valves apply control
pressure to the ant i -skid valves located on the lef t  and r ight  brake panels in
the cargo compartment.  Appl icat ion pressure is then routed to the brake assem-
bl ies.  Control  pressure for  brake operat ion is taken from the nose landing gear
down l ine.  Appl icat ion pressure is taken from the main landing gear down l ine.

Brake Selector Valves

The brake selector valves,  which are solenoid-operated, are deenergized open,
and are control led through the brake selector switch.  The valves are wired
electr fca' l1y through the brake selector switch so that,  in the NORM posi t ion,
the normal brake selector valve is deenergized open, and the emergency selector
valve is energized closed. In the EMER posi t ion,  the emergency brake selector
valve is deenergized open, and the normal brake selector valve is energized
closed. I f  there is a D.C. power fa i lure,  both valves wi l l  d i rect  pressure to
the pi lot  brake meter ing valves.

Pi lot  Brake Meter jng Valves (Figure 4-74)

There are two of  these meter ing valves:  One valve is for  the r ight  wheel  brakes,
and the othen is fon the lef t  wheel  brakes. One valve of  each dual  valve assembly
is connected to emergency pressure and return.  Each dual  valve assembly consists
of  two ident ical  p iston and sleeve meter jng assembl ies,  which are f i t ted into the
dual-bore housing. Both pistons are actuated at  the same t ime by a bel lcrank
assembly;  however,  brake pressure is ef fect ive only through one va1ve, depending
on the posi t ion of  the brake selector valve.  The valve is mechanical ly actuated
through f  inkage from the brake pedals.

Ant i -skid Valves

The eight ant ' i -skid valves are solenoid control  led.  When the ant i -skid system
detects a skid or locked wheel condi t ion,  the valve is energized and ports
brake pressure to return.  As soon as the wheel starts to speed up again,  the
valve is deenergized and braking act ion is reappl ied.  Metered f lu id f rom the
pi lot  brake meter ing va' lve enters the ant i -skid valve.  The f lu id is directed to
the top of  the control  p iston. As pressure bui lds up on the top of  the control
piston, the piston' is forced downward to overcome the control  spr ing.  This
movement unseats the meter ing poppet,  which ports hydraul ic pressure to the brake.

The amount of  poppet opening depends on the pressure f rom the pi lot  brake meter-
ing va' lve.  When a rapid decelerat ion is detected by the skid detector and
amp' l i f ied' in the ant i -skid control  box,  a s ignal  is  sent to the modulat ing
solenoid on the valve.  When this so' lenoid is energized, metered f lu id to the
control  cy ' l inder is b ' locked and exist ing pressure wj th in the control  cyl inder
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is  re l ieved to return.  Braking act ion to the af fected wheel stops and free
wheel rotat ion should occur.  I f  f ree wheel rotat ion does not occur,  the modu-
lat ing and dump valves are energized and al l  control  pressure is ported to
return- The wheel is then free to turn unt i l  the detector s ignal  deenergizes
the solenoids- The valves are located on the wheel brake controls just  i t t  ot
the No. 2 and the No. t  hydraul ic system servfce center.

Hydraul ic Fuses (20 C1)

There are eight hydraul ic fuses in the brake system; both normal and emergency
systems use these fuses. Without such protect ion,  the fa i lure of  a hydr"r t i . -
l ine or component downstream from the valve could cause complete loss of  f lu id
in the systems.

Shutt le Valve

The shutt le valve consists of  a piston which is f ree to move from one side of
the valve to the other;  thus,  i f  hydraul ic pressure is greater on the normal
brake pressure end, the piston moves to the emergency brake pressure end and
seats- This prevents normal pressure f rom enter ing lne emergency l ines.  I f
emergency brake pressure is greater than normal brake p"essuie,  the piston wi l l
move to the normal in let  and seat,  c losing of f  the normal l ines.  pressure then
cannot enter the normal brake pressure l ines.

Emergency Brake System

In the event the normal brake system fai ls,  the brake selector switch on the
brake and ant i -skid panel  can be moved to EMER to engage the emergency brake
system.

Hydraul ic pressure for  the emergency wheel brake system is suppl- ied by the elec-
tr fcal ly-dr iven pumps of  hydraul ic system No. 3 and is independent of  the posi-
t ions of  the landing gear selector valves.  The pressur ized f lu id appl ied io
the brakes is routed through a main meter ing va1ve. The main meter ing valve is
instal led in the cargo compartment af t  of  the No. 2 hydraul ic system service
center-  The control  pressure for  meter ing the pressure appl ied to the brakes is
routed to the main meter ing valve through the pi lot  brake meter ing valves.

The ant i -skid brake control  system is fnoperat ive when the emergency brake system
is being used.

Two accumulators in hydraul ic system No. 3 provide a standby emergency wheel
brake system when the electr ical ly-dr iven pumps of  hydraul iL system No. 3 are
inoperable.  Approximately ten brake appt icat i 'ons can be made with both accum-
ulators fu11y charged.

N0TE: In case of  DC electr ical  power fa i lure,  the deenergized valves admit  both
system No. 2 and system No. 3 hydraut ic pressures to the brake system.
The shutt le valve is posi t ioned by the system supply ing the greater
pres s ure.
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Parki  ng Brake

The parking brake is set  by depressing the brake pedals,  and pul l ing the T-handle
on the pi lot 's  instrument pane1. The T-handle is connected by a f lexible shaft
to mechanical  l inkage. When the pedals are depressed, the brake' l inkage app' l ies
pressure to the dual  p i lot  meter ing valves and, at  the same t ime, a1lows the
parking brake to lock the pedals in the depressed pos' i t ion.  This act ion keeps
hydraul ic pressure appl ied to the brake meter ing valves.  The parking brakes
may be set by using No. 2 or No. 3 hyd. system. The parking brakes can be
released by depressing the brake pedals.

Ant i -skid System

A fai l -safe ant j -skid brake control  system provides maximum braking ef f ic iency
and prevents locking of  the wheels in the event excess brake pressure is metered
by the pi lot  durfng any phase of  ground operat ion above 15 knots.  The system
is energized by a switch on the brake and ant i -skid control  panel  located on the
pi lots '  center instrument pane1.

The 0N posi t ion of  the switch is ef fect ive on' ly i f  the brake pressure switch is
in the NORM posi t ion.  When this condi t ion is sat isf ied,  the 0N posi t ion arms
the 28-vol t  DC ant i -skid c i rcui ts;  and when both main gear struts are depressed,
the ci rcui ts are comp' leted through the touchdown circui t  to provide ant i -skid
braking. The GND TEST switch posi t ion is a momentary posi t ion and provides a
means of  test ing the ant i -skid system for fa i l -safe operat ion.  Holding the switch
in the GND TEST posi t ion whi le apply ing brakes wi l l  resul t  in the fo l lowing
sequence of  events:  brakes re ' lease, the DET OUT and ANTI-SKID OFF l ights come
of, ,  and braking act ion gradual ' ly  returns.

Brakes Released Light (Figure 4-7L)

A green, BRAKES REL l ight  is  provided on the brake and ant i -skid control  panel
on the pi lots '  center instrument panel .  I l luminat ion of  th is l ight  wi th the
landing gear handle in the down posi t ion and the ant i -skid switch 0N, advises
the pi lots that  the antf-skid locked wheel c i rcui t  wi l ' l  prevent brakes being
app' l ied unt i l  wheel  spin-up af ter  touchdown. I f  the l ight  does not i l luminate,
locked whee' l  protect ion is not avai lable at  touchdown and there is a possibi l i ty
of  b lown t i res i f  the pi lot  appl ies any amount of  brakes pr ior  to,  or  immediately
after touchdown.

The BRAKES REL l fght  receives power f rom Main DC Bus No. 1,  through the ANTI-SKID
circui t  breaker.  Ground test  of  the l ight  c i rcuf t  is  made by placing the ant i -
skid control  switch to 0N, select ing normal brakes, and placing the annunciator
l ight  test  switch to TEST, at  which t ime the l ight  should i l luminate.

Anti -skid Operat ion

The ant i -skid system is pr imari ly based on
stage. Braked wheel speed is converted to
to the wheel accelerat ion and decelerat ion.
spin-up control  box on the lef t  s ide of  the

control l ing the skid in i ts beginning
an AC signal  which is proport ional

The signal  is  suppl ied to a wheel
cargo compartment. The control box
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detects,  f rom the AC input s ignal  f rom the detector,  both excessive wheel decel-
erat ion and nonrotat ion.  The control  s ignals are t ransmit ted to the ant i -skid
control  meter ing va1ve, where brake hydraul ic pressure is reduced by meter ing
act ion unt i l  wheel  speed is restored. The valve then begins to increase brake
hydrau' l ic  pressure at  a gradual  predetermined rate unt i l  e i ther skid control
act ion is repeated or the pressure demanded by the pi lot  is  reached.

I f  the pi lot  demands suff ic ient  braking act ion to cause skidd' ing,  the skfd con-
trol  system wi l l  apply and release the brake pressure,  as necessary,  to obtain
a near ly constant braking act ion wi thout skidding. The resul tant  braking act ' ion
gives maximum stopp' ing act ion.  Locked wheel control  provides skid protect ion
for any wheel which may be of f  the runway.

Ant i -skid Fai  l -Safe

Fai l -safe act ion prevents prolonged brake release in the event of  the malfunct ion
of the ant i -skid system. l , /arning l ights inform the pi lot  that  the skid control
system has malfunct ioned or that  the system is of f .  ANTI-SKID OFF l ights,  one on
the pi lot 's  instrument panel  and one on the copi lot 's  instrument panel ,  indicate
two or more wheels have lost  braking act ion due to ant i -skid malfunct ion.  When
this happens, the skid control  system turns i tsel f  of f ,  and the brakes are under
manual contro ' | .  The pi lot  may also obtain th is condi t ion by turning the ANTI-SKID
switch to 0FF. The DET OUT l ights,  located on the pi lot 's  and copi lot 's  instru-
ment panels,  indicate that  there' is a cont inuous brake release act ion on one wheel
on1y. Skid control  is  provided over a speed range cover ing the maximum landing
speed to a minimum taxi  speed of  approximately 15 knots.  Below 15 knots the ant i -
skid is inoperat ive.

Skid Detector

The skid detector is a smal l  a l ternator which supp' l ies an AC signal  to the con-
trol  box.  The output of  th is al ternator is low, s ince only s ignal  vol tage is
suppl ied to the control  box for ampf i f icat ion.  The detector is located in the
landing gear axle and fastens to the axle nut.  The detector spl ined shaft
(coupl ing) s l ips into a spl ined receptacle on the wheel dust cap. The rotor of
the detector,  therefore,  turns wi th the wheel.  Any accelerat ion or decelerat ion
of the wheel is t ransferred direct ly to the al ternator.  Any change of  rotor
speed causes a change in s igna' l  to the control  box which may, in turn,  cause a
change in the operat ion of  the ant i -skid valve.

Brake System Fai  I  ure

I f  the NORM BRAKE PRESSURE indicator shows a loss of
the No. 3 HYD SYSTEM PRESS 0N l ight  is  i l ' luminated.
selector switch to the EMER posi t ion.

This wi l l  supply pressure to the brakes from the No.
the brakes caut iously because the ant i -skid system is
is suppl ied by the No. 3 hydraul ic system.

system pressure,  check that
Place the brake pressure

3 hydraul  ic  system. Use
inoperat ive when pressure
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Ant i -skid System Fai  lure

I f  any one skid detector fa i ls ,  the DET OUT l ights wi l l  i l luminate,  and ant i -
skid protect ion wi l l  be avai ' lable only on the remaining seven wheels.  I f  two
or more skid detectors fa i l ,  the ANTI-SKID OFF l ights wi l l  i l luminate,  and skid
protect ion wi l l  be lost  on al l  wheels.
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Chapter 6

CARGO DOOR AND RAMP SYSTEM

General  (Figures 4-75 thru 4-79)

The cargo door and ramp system is used for ground loading and aer ia l  de' l ivery.
The system consists of  an internal  pressure door,  ramp, petal  doors and oper-
at ing control .  The system is operated by No. 3 hydnau' l ic  system. In f l ight ,
the system is operated from the pi lot 's  and copi lot 's  paradrop and ADS panels.
Ground operat ion is control led f rom the cargo door and ramp control  panel  af ter
the system is armed from the pi lotrs control  pane' l  and door select ion is made
at the door and ramp control  panel .  The pressure door may be indiv idual ly con-
trol led f rom the forward crew door interphone and PA panel  ( inf l ight  only) ,  or
the cargo door and ramp control  pane1.

Pi lotrs Controls and Indicators

The pi lot 's  controls and indicators are located on the pi lot 's  paradrop and A0S
control  panel .  The petal  door opening is 65 degrees. The D00R ARMING switch is
a two-posi t ion OFF -  ARM toggle lock switch that is set  to ARM to energize the
system. The ALL D00RS switch is a three-posi t ion OPEN - OFF -  CL0SE switch that
in i t iates system operat ion.  Four indicator l ights on the panel  (EXTERNAL CL,
INTRANSIT, PRESS 0PEN, PETAL 0PEN) i l luminate to indicate door status.

Copi  I  ot '  s  Control  s and Indicators

The copi lot 's  controls and indicators are located on the copi lot 's  paradrop and
ADS panel .  The controls and indicators consist  of  an ALL D00RS switch and four
indicator l ights which are ident ical  to those on the pi lot 's  pane1. However,
the pi lot 's  ALL D00RS swjtch has pr ior i ty over the copi lot 's  switch and can
overr ide any door movement in i t iated by the copi lot .

Navigatorrs Indicator

A cargo doors 0PEN l ight  on the navigator 's ADS and jump l ight  panel  i l luminates
when the cargo doors are open to the posi t ion selected on the pi lot 's  control
pane1.

Cargo Compartment Controls and Indicators

Controls and indicators for  the system are located on the forward crew door and
interphone panel  and on the cargo door and ramp control  pane' | .  The PRESS D00R
ONLY switch on the crew door interphone and PA pane' l  is  a three-posi t ion 0PEN -
OFF -  CL0SE guarded switch.  This pressure door switch wi l l  control  the opening
funct ion on1y, i t  WILL NOT close the pressure door.  Arming of  the system wi l l
be indicated when the D00RS ARMED indicator on the pane' l  i l luminates.  The
pi lot 's  and copi ' lot 's  ALL D00RS switches wf l l  overr ide any operat ion in i t iated
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by this switch.  The INTRANSIT and ALL OPEN l ights on the panel  f l luminate
dur ing system operat ion to indicate door status.

The cargo door and ramp control switches located on the D00R AND RAMP CONTR0L
panel are:  an ALL D00R switch,  RAMP switch,  PETAL D00R switch,  and PRESSURE
D00R switch.

The ALL D00R switch has 0PEN,OFF, and CLOSE POSITI0NS to al low for sequent ia l
operat ion of  a l l  doors.  The RAMP switch has a L0WER, RAISE, and OFF posi t ion
to regulate ramp operat ion.  The PETAL D00RS switch has posi t ions for  select ion
of the amount of  petal  door opening on the ground. The three-posi t ion (0PEN,
0FF, CLOSE) PRESSURE D00R swjtch permits independent operat ion of  the pressure
door whenever the system is armed, the ramp is up and the petal  doors are c losed.

Universa' l  Aer ia l  Refuel ing Sl ipaway Instal lat ion (UARRSI)

The UARRSI is a sel f -contained uni t  that  includes a housing, a combinat ion
door and sl ipaway, a refuel ing receptacle,  a door actuat ing cyl inder,  a boom
latch cyl inder,  a solenoid-operated hydraul ic control  valve and a manual ly-
operated hydraul ic control  valve.

The UARRSI hydraul ic system receives hydraul ic power f rom the No. 2 hydraul ic
system. A 20 cubic inch -  Type 1 (automat ic reset)  hydraul ic fuse is instal led in
supp' ly l ine for  protect ion against  excessive f lu id loss in the event of  leakage
or damage to the UARRSI hydraul ic system. A check valve prevents aircraf t
: i ls tem return pressure surges from enter ing the UARRSI hydraul ic system. I f
hydraul ic power is lost  to the UARRSI,  the s l ipaway door can be opened manual ly
but cannot be closed.
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ENGINE DRIVEN PUMP
( FULL FLOW)

Figure 4-2
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ENGINE DRIVEN PUMP
(ZERO FLOW )

Figure 4-3
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ELECTRIC SUCTION BOOSTER PUMP AND MOTOR

In let  booster pump
subassembly

2. Nut
3.  Washer

HYDRAULIC SUCTION BOOSTER

Figure 4-5
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4. Gasket
5. Hydraulic motor

PUMP AND MOTOR
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l .  Cover
2.  Screw
3. Washer
4. Shim
5. Nut
6. Lock washer
?.  Impel ler
8. Key
9. Impeller spring

t6

I

10. Retaining ring
l l .  Shaft
12. Screw
13. Lock washer
14. Front pressure plate
15. Rotor
16. Vane
l?.  Rotor r ing
18. Rear pressure plate

HYDRAULIC SUCTION BOOSTER PUMP

Figure 4-7
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19. Retaining r ing
20. Ball bearing
2I.  Needle bear ins
22. Name plate
23. Screw
24. Stud
25. Lockr ing
26. Insert
2?. Housing
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Figure 4-9
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Figure 4-11
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LEFT AILERON POWER CONTROL ASSEMELY
SHOWN; RIGHT AILERON CONTROL ASSEniIBLv
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Figure 4-16
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E

FUS STA 741.7

CABLE DEsCRIPTION FUNCTION FOR
TENSION IN CABLE

RLA RUDDER
LEFT SIDE TURNSRUDDER LEFI

RLB RUDDER
LEFT SIDE TURNSRUDDER RIGHT

RRA RUDDER
RIGHI SIDE TURNS RUDDER LEFT

RRB RUDDER
RIGHT SIDE TURNSRUDDER RIGHT

I.  RUDDER
2. RUDDER POWER CONTROL ASSEMELY
3. YAW DAMPER SERVO
4. SERVOVATVE INPUT LEVER
5. SERVOVALVE INPUT AND FEEDBACK LINKAGE
6. ACTUATING CYLINDER
7. INPUT PUSHRODS
8. lNPUT QUADRANI
9. TRIM ACTUATOR

IO. FEEL SPRING
II .  RUDDER TORqJE TUEE
I2. SUPPORT BAR
I3. GUIDE PULLEYS
I4. CABTFCONNECTORS
I5. TENSION REGULATOR
t6. CAELE
I7. INTERCONNECTING PUSHROD
I8. PEDAL ADJUSTMENT CRANK
I9. RUDDER PEDAT
20. PEDAL PIVOT SHAFT
2I. ADJUSNNG SCREW
22. CHAIN SPROCKET
23. CHAIN
24. SERVO VALVE END CAP UPPER

DRATN PLUG (2 PLACES)
25. DAMPER BLEED PIUGS

Ruddu 6nld Syilom Conpoaont locollont

Figure 4-20
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i lsvAc I  c

t_J
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l r  I
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BRAKE
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PITOT
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I
I
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J
-ruo-o-rn 

lirr"r-l

I r4*'"'^1
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luddcr:lrirnlSy5|.cn

Figure 4-21
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Figure 4-22
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CAELE
CODE DESCRIPTION FUNCTION FOR

TENSION IN CABLE

ELA ELEVATOR
LEFT SIDE

MOVES ELEVATOR
UP

ELB ELEVATOR
LEFT SIOE

MOVES ELEVATOR
DOWN

ERA
ELEVATOh
RIGHT SIDE

MOVES ELEVATOR
UP

ERB ELEVATOR
RIGHT SIDE ^,tOVES 

ELEVATOR
oowN

Figure 4-24
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I .  CONIROL COLUMN
2. TENSION REGUI-AIOR

A. CONTROL COLUMN SHAKER
(REFER TO STALL PREVENTION SYSTEM).

3. ELTVATOR CABLES
34. DAMPER

4. ELEVATq POWER CONIROL ASSEMELY
5. ELEVATOR TORQUE TUBE
6. ELEVATOR
7. IDLER BELTCRANKS
8. AUTOPILOT SERVO MOTOR PIJLLEY

8A. ARIIFICIAL FEEL SERVOMECIlANISM
CONIROLLER

9. ARTIFICIAL FEEL SPRING CARIRIDGE
9A. CENTERING SPRING MECI'ANIsM
I O. INPUT QUADRANT ASSEMBLY
I I . ARIIFICIAL FEEL SERVOMECHANISM
I2. CENTERING CAM
I3. CENTERING SPRING LEVER
I4. SERVO VALVE ENO CAP

HYDRAULIC PLUG
I5. SERVO OAMPER CHAMBER

HYDRAULIC PLUGS
I6. PITCH RATE ADAPTER
I7. CEILING OF ELECNONICS TQUIP.

MENT COMPARTMENI

tlovclct Ccnld Sytlom Ccnponcnl locellont

Figure 4-25
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I  .  SPRING CYLINDER SUPPORT ATTACH BOLT
2. ELEVATOR CABLES
3. QI 'JADRANT-TO.BELLCRANK PUSHRODS
4. AUTOPILOT SERVOMOTOR CABLES
5. INPUT QUADMNT ASSEMBLY SUPPORT
6. ARTIFICIAL FEEL SPRING
7 . LTFI QUADRANT SHAFT
8. SHAFT SPACER
9. LOCKING SCREW

IO. ARTIFICIAL FEEL SPRING ROD
II .LOCKINGSCREW
I2. INPUT QUADRANT ASSEMBLY
I3. UPPER JAM NUT
I4. EYE BOLT
I 5.  LEVER ASSEMBLY

Elavotor lnput Quo'dront Assembly

Figure 4-26
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F' igure 4-30
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5. AFI SPAR
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POStTtoN-
TRAIISM I  TT ER
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Figure 4-31
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Figure 4-32
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Figure 4-33
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Figure 4-36
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Figure 4-38
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cocKEO txD tcAToR

soL ENO I  O

SOLENOID ACTUATEO PLUNGER

TORQUE TUEE COUPLING

I . BRAKE ASSEMBLY
2. LOCK MECI-IANISM
3. SPRING RETAINER
4. CONNECTOR
5. CONTACT
6. EXTERNAL BRAKE DISC
7. SPLINED SHAFT
8. INTERNAL BRAKE DISC
9. LOCK NUT

IO. LOCK WASHER
II  .  LOCK WASHER BEARING

TOROUE TUEI
LOCKNUT BTARING
BALL BEARING
HOUSING
SPLINE LINER
SLEEVE
SPRING RETA INER
MICRO-SWITCH
SPRING
ERAKE HOUSING
INSPECTION WINDOW

FTJAP ASYlf,lffRY BRAKE

Figure 4-39
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Figure 4_42
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CONTROL VALVE
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Figure 4-43
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Figure 4-45
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