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@  An  aircraft  landing  gear  trolley  (1)  for  support- 
ing  a  landing  gear  (2)  and  adjusting  the  position 
of  pintle  bearings  (39,  71)  thereof  in  relation  to 
pintle  mountings  on  an  aircraft  is  provided.  The 
trolley  (1)  includes  a  rolling  chassis  (3)  and  a 
number  of  frames  (15,  16,  17,  18,  19)  nested 
therein,  each  arranged  to  provide  a  different 
degree  of  freedom  for  the  landing  gear  (2).  The 
said  degrees  of  freedom  include  movement 
along  horizontal,  longitudinal  and  transverse 
axes,  raising  and  lowering  movement  and  ro- 
tational  movement  about  horizontal  and  sub- 
stantially  upright  axes.  The  rotational  axes  are 
coincident  at  a  point  positioned  centrally  of  one 
of  the  pintle  bearings  (39)  of  landing  gear  (2) 
supported  by  the  trolley. 
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This  invention  relates  to  aircraft  landing  gear  trol- 
leys  for  use  in  transporting  landing  gear  to  and  from 
aircraft  and  fitting  and  removing  same  to  and  from 
the  aircraft  respectively. 

A  known  aircraft  landing  gear  trolley  has  a  rolling 
chassis  with  various  frames  stacked  thereon,  each 
providing  a  separate  degree  of  freedom  for  a  landing 
gear  mounted  on  the  trolley.  Known  degrees  of  free- 
dom  for  the  landing  gear  offered  by  such  a  trolley  in- 
clude  longitudinal  and  transverse  horizontal  move- 
ment,  vertical  raising  and  lowering  movement  and  ro- 
tational  movement  about  horizontal  and  vertical 
axes. 

According  to  the  present  invention  there  is  pro- 
vided  an  aircraft  landing  gear  trolley  for  supporting  a 
landing  gear  and  adjusting  the  position  of  pintle  bear- 
ings  thereof  in  relation  to  pintle  mountings  on  an  air- 
craft,  the  trolley  including  rolling  chassis  and  a  num- 
ber  of  frames  nested  therein  each  arranged  to  pro- 
vide  a  different  degree  of  freedom  for  the  landing 
gear,  said  degrees  of  freedom  including  movement 
along  horizontal  longitudinal  and  transverse  axes, 
raising  and  lowering  movement  and  rotational  move- 
ment  about  horizontal  and  substantially  upright  axes, 
wherein  said  rotational  axes  are  coincident  at  a  point 
positioned  substantially  centrally  of  one  of  the  pintle 
bearings  of  landing  gear  supported  by  the  trolley. 

The  trolley  may  include  a  slewing  frame  for  pro- 
viding  said  rotational  movement  about  a  substantially 
upright  axis  wherein  said  axis  is  tilted  from  the  vert- 
ical  to  extend  substantially  orthogonal  to  the  pintle 
axis  of  the  aircraft  in  which  the  landing  gear  operates. 

The  slewing  frame  may  be  supported  by  bearings 
horizontally  spaced  from  one  another  and  having 
tracking  paths  thereof  occupying  planes  spaced  from 
one  another  in  the  direction  of  the  slewing  axis. 

The  spacing  of  the  planes  is  preferably  arranged 
to  compensate  for  the  angle  of  tilt  of  the  slewing  axis 
whereby  bearing  mountings  for  the  horizontally 
spaced  bearings  may  be  positioned  on  supporting 
frame  members  substantially  level  with  each  other. 

The  overall  effect  of  the  foregoing  is  that  the 
height  of  the  trolley  may  be  kept  to  a  minimum  and 
nesting  of  frames  may  be  accordingly  maximised. 

Conveniently,  frame  members  of  the  slewing 
frame  extending  parallel  with  the  plane  of  tilt  of  the 
slewing  axis  may  have  portions  cranked  with  respect 
to  one  another  which  extend  orthogonal  to  the  slew- 
ing  axis  and  enable  said  tracking  paths  of  the  bear- 
ings  to  extend  parallel  with  said  portions.  Fitting  bear- 
ings  to  the  frame  members  at  composite  angles  is 
thus  avoided  and  manufacture  of  the  cranked  frame 
members  is  a  matter  of  simple  geometry  in  a  single 
plane. 

Pivotal  movement  about  the  said  horizontal  axis 
may  be  accomplished  by  a  bearing  mechanism  in 
which  rollers  on  one  frame  engage  curved  tracks, 
which  may  be  enclosed  in  order  to  keep  out  dirt,  on 

an  adjacent  frame.  Preferably  the  bearing  mecha- 
nism  incorporates  four  such  pairs  of  rollers  and 
curved  tracks,  two  being  horizontally  spaced  from 
one  another  on  either  side  of  the  said  adjacent 

5  frames.  To  assist  in  assembly  of  the  trolley,  the  rollers 
and/or  the  curved  tracks  may  be  removable  from 
their  respective  frames  in  situ. 

The  trolley  may  include  axle  supports  to  support 
a  bogie  of  the  landing  gear  and  may  in  addition  com- 

10  prise  a  separate  support  means  to  provide  additional 
support  to  the  landing  gear  during  transit  over  longer 
distances. 

The  trolley  may  have  sets  of  wheels  at  either  end 
thereof,  having  castors  at  one  end.  The  castors,  or 

15  other  steering  wheels  may  include  an  Ackerman-type 
linkage  operated  from  a  central  draw  bar  for  the  trol- 
ley. 

Aslew  bearing  acting  between  the  slewing  frame 
and  its  adjacent  frame  may  comprise  a  spherical 

20  bearing  which  obviates  the  need  for  providing  an  an- 
gled  bearing  mounting  on  the  said  frame  adjacent  to 
the  slewing  frame.  In  addition,  the  spherical  bearing 
positioned  on  one  of  said  slewing  and  adjacent 
frames  may  be  slideably  engaged  by  a  shaft  on  the 

25  other  of  said  frames  to  compensate  for  loading  or  un- 
loading  of  the  landing  gear. 

In  order  to  bring  the  centre  of  gravity  of  landing 
gear  carried  by  the  trolley  as  nearly  as  possible  to  the 
centre  of  the  trolley,  and  also  to  centralise  the  slew 

30  axis  on  the  trolley  as  far  as  possible.  The  trolley  may 
be  adapted  to  carry  the  landing  gear  such  that  the 
slew  axis  and  horizontal  pivot  axis  coincide  substan- 
tially  centrally  of  a  pintle  bearing  for  a  main  oleo  strut 
of  the  landing  gear. 

35  The  present  invention  will  now  be  described  by 
way  of  example  with  reference  to  the  accompanying 
drawings  of  which:- 

Figure  1  isaside  view  ofatrolley  according  to  the 
invention  carrying  aircraft  main  landing  gear,  the 

40  trolley  being  in  a  raised  position, 
Figure  2  shows  the  arrangement  of  figure  1  with 
the  trolley  in  a  lowered  position, 
Figure  3  is  a  view  on  arrow  III  of  figure  2, 
Figure  4  is  a  plan  view  of  the  trolley  of  figure  1 

45  minus  landing  gear, 
Figure  5  shows  the  trolley  of  figure  4  having  a 
slewing  frame  in  a  slewed  position  to  fit  a  left 
hand  landing  gear, 
Figure  6  is  a  partly  schematic  view  of  a  trolley 

so  similar  to  that  of  figure  1  shown  from  the  other 
side, 
Figure  7  is  a  plan  view  of  a  steering  arrangement 
for  a  trolley, 
Figure  8  is  a  plan  view  of  a  frame  assembly  adapt- 

55  ed  to  give  horizontal  longitudinal  movement  of 
the  trolley, 
Figure  9  is  a  section  IX  -  IX  on  figure  8, 
Figure  10  is  a  plan  view  of  a  slewing  frame  for  the 
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trolley, 
Figure  11  is  a  section  XI  -  XI  on  figure  10, 
Figure  12  is  a  plan  view  of  a  frame  for  providing 
pivotal  movement  about  a  horizontal  axis  for  the 
landing  gear, 
Figure  13  is  a  section  XIII  -  XIII  on  figure  12,  and 
Figure  14  is  a  plan  view  of  the  pivot  frame  of  fig- 
ure  12  in  conjunction  with  a  landing  gear  mount- 
ing  frame  pivotable  thereon. 
Referring  to  figures  1  to  4,  a  main  landing  gear 

trolley  1  according  to  the  invention  is  shown  carrying 
a  main  landing  gear  2  of  an  aircraft  in  a  raised  position 
thereon.  Figure  6  shows  the  trolley  viewed  from  the 
opposite  side  with  certain  parts  shown  diagramatical- 
ly  for  clarity.  The  trolley  1  has  a  rolling  chassis  3  sup- 
ported  by  castors  4  at  a  front  end  5  thereof  and  non- 
steerable  wheels  6  at  a  rear  end  7  thereof.  To  distrib- 
ute  the  load  more  evenly  four  castors  are  provided 
and  four  non-steerable  wheels  are  provided.  The  cas- 
tors  4  and  wheels  6  are  not  provided  with  tyres  owing 
to  the  high  centre  of  gravity  of  the  loaded  trolley:  any 
compliance  in  the  wheels  would  tend  to  cause  in- 
stability  during  movement  of  the  trolley.  Referring  to 
figure  7,  an  Ackerman-type  steering  linkage  is  shown 
in  which  the  castors  4  are  turned  about  castor  axes 
by  linkages  8,  9  connected  to  a  pivotable  tow  bar  10. 
The  different  degrees  of  rotation  of  the  wheels  about 
their  castor  axes  are  shown  in  this  figure. 

The  rolling  chassis  3  includes  four  jacks  11,  12, 
1  3,  14  firmly  to  support  the  chassis  3,  and  also  to  lev- 
el  same,  during  assembly  and  removal  of  the  main 
landing  gear  2. 

The  trolley  includes  two  groups  of  nested  frames, 
firstly,  a  "Y"  frame  15  carrying  an  "X"  frame  16  which 
carries  a  "slewing"  frame  17.  Secondly,  a  "pivot" 
frame  18  carries  a  landing  gear  mounting  frame  19 
both  of  which  may  be  raised  and  lowered  with  respect 
to  the  frames  15,  16,  17  by  a  scissor  jack  mechanism 
20  acting  between  the  slewing  frame  1  7  and  the  pivot 
frame  18.  The  scissor  jack  mechanism  20  is  operated 
by  a  pair  of  hydraulic  struts  21  . 

Referring  to  figures  4,  5  and  8,  the  Y  frame  15 
provides  horizontal  movement  relative  to  the  chassis 
3  transversely  of  the  trolley.  Movement  is  provided  by 
rollers  (not  shown)  rotatably  attached  to  end  mem- 
bers  22,  23  of  the  Y  frame  bearing  upon  transversely 
mounted  plates  (not  shown)  on  the  chassis  3.  Actua- 
tion  of  the  Y  movement  is  by  a  pair  of  linked  hand 
wheels  24,  25  giving  coarse  adjustment  and  a  third 
hand  wheel  26  giving  fine  adjustment.  Coarse  and 
fine  adjustment  is  provided  for  this  axis  of  movement 
owing  to  the  necessity  for  the  trolley  1  to  carry  dif- 
ferently  handed  landing  gear  which  requires  a  consid- 
erable  range  of  movement  to  be  covered  when  initially 
positioning  the  gear  on  the  trolley  for  fitting  to  an  air- 
craft. 

Referring  to  figure  8,  the  X  frame  16  is  nested 
within  the  Y  frame  15  and  supported  thereby  on  roll- 

ers  27,  28,  29,  30  bearing  upon  plates  31,  32,  33,  34 
attached  to  the  Yframe  to  provide  relative  movement 
between  X  and  Y  frames  longitudinally  of  the  trolley. 
Actuation  is  by  a  hand  wheel  35  operating  through  a 

5  bevel  gearbox  36  which  has  clearance  to  provide  ad- 
justment  for  loading  of  the  trolley. 

Referring  to  figures  1,  2,  4,  5,  6,  8,  10  and  11,  the 
slewing  frame  17  is  nested  within  theXframe  16  and 
mounted  for  rotational  movement  with  respect  there- 

10  to.  The  rotational  movement  takes  place  about  a  slew 
axis  37  centred  on  a  spherical  bearing  38,  extending 
approximately  four  and  a  half  degrees  from  the  vert- 
ical  and  passing  through  the  centre  of  a  pintle  bearing 
39  ("B")  for  the  landing  gear  2.  The  slew  axis  is  ortho- 

15  gonal  to  a  pintle  axis  40  for  the  landing  gear  2.  This 
slewing  arrangement  ensures  that  rotational  move- 
ment  of  the  slewing  frame  does  not  move  the  pintle 
bearing  39  which  can  be  sighted  in  relation  to  a  pintle 
mounting  (not  shown)  of  the  aircraft  and  used  as  a 

20  reference  point  for  further  adjustment  of  the  landing 
gear  2  prior  to  fitting. 

Whereas  the  spherical  bearing  38  guides  the 
slewing  rotation  of  the  slewing  frame  17,  the  weight 
of  the  slewing  frame  and  equipment  carried  thereby 

25  is  borne  by  four  bearings  each  comprising  a  roller  (not 
shown)  housed  within  corner  housings  41  ,  42,  43,  44 
of  the  slewing  frame  17  for  rolling  across  angled  bear- 
ing  plates  45,  46,  47,  48  (see  in  particular  figures  8, 
9  and  10).  Referring  to  figure  9,  it  can  be  seen  that 

30  the  angled  bearing  plates  45,  46  lie  in  planes  ortho- 
gonal  to  the  slew  axis  37,  said  planes  being  spaced 
from  one  another  in  the  direction  of  the  slewing  axis. 

The  slewing  frame  1  7  has  cranked  side  members 
49,  50  (see  in  particular  figures  1,  2,  6,  10  and  11).  It 

35  can  be  seen  (in  figure  11)  that  cranking  portions  51 
and  52  with  respect  to  one  another  enables  the  fitting 
of  bearing  rollers  within  the  corner  housings  41  ,  42  to 
be  straightforward  with  no  compound  angles  in- 
volved.  Similarly,  a  shaft  guide  53  in  portion  51  is 

40  mounted  orthogonal  to  this  member.  Referring  back 
to  figure  9,  it  will  be  observed  that  the  spacing  of  the 
planes  of  the  angled  bearing  plates  45,  46  in  the  di- 
rection  of  the  slewing  axis  37,  compensates  forthe  tilt 
of  the  slewing  axis  with  respect  to  the  vertical  such 

45  that  the  bearing  plates  45,  46  are  mounted  to  the  X 
frame  16  substantially  level  with  each  other.  It  will 
also  be  observed,  that  as  the  cranked  portions  51  ,  52 
of  the  side  member  49  are  adapted  to  lie  with  their 
neutral  axes  substantially  parallel  with  angled  bear- 

so  ing  plates  45,  46,  tracking  paths  of  the  rollers  in  the 
corner  housings  41,  42  across  the  angled  bearing 
plates  45,  46  extend  parallel  with  said  cranked  por- 
tions  51,  52. 

Referring  in  particular  to  figures  6,  12,  13  and  14, 
55  the  connection  between  the  landing  gear  mounting 

frame  19  and  the  pivot  frame  18  can  be  seen.  The 
mounting  frame  19  is  pivotable  about  a  horizontal 
axis  which  passes  through  the  centre  of  the  pintle 
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bearing  39.  This  pivotal  movement  being  controlled 
by  four  roller  bearings  54,  55,  56,  57  which  follow  cir- 
cular  paths  on  enclosed  tracks  58,  59,  60,  61  set  in 
slotted  housings  62,  63,  64,  65.  The  roller  bearings 
54,  55,  56,  57  and  housings  62,  63,  64,  65  may  be  re-  5 
moved  in  situ  to  facilitate  assembly  and  disassembly 
of  the  trolley. 

Pivoting  movement  of  the  mounting  frame  with 
respect  to  the  pivotframe  is  achieved  by  turning  hand 
wheel  66.  10 

Axle  clamps  67,  68,  69,  70  for  holding  the  landing 
gear  2  are  positioned  so  that  diagonal  interchanging 
of  the  clamps  will  enable  oppositely  handed  landing 
gear  to  be  accommodated. 

15 
OPERATION 

1.  Use  plumb  line  from  aircraft  jacking  point. 
2.  From  plumbed  position  mark  "box"  on  ground 
to  receive  trolley.  20 
3.  Slew  slewing  frame  17  of  trolley  appropriately 
for  left  or  right  hand  landing  gear. 
4.  Traverse  Yframe  to  fully  inboard  position  in  re- 
lation  to  aircraft. 
5.  Raise  landing  gear  to  approximate  height  of  25 
aircraft  pintle  axis. 
6.  Slew  to  correlate  pintle  axes  of  aircraft  and 
landing  gear. 
7.  Adjust  pivotframe  to  approximately  align  pintle 
axis  in  vertical  plane.  30 
8.  Adjust  X  frame  to  align  pintle  axes. 
9.  Traverse  landing  gear  in  Y  direction  to  line  up 
pintle  axes. 
10.  Fine  adjustX,  Yand  lift  positions  to  adjust  the 
central  point  of  pintle  bearing  39.  35 
11.  Adjust  pivot  and  slew  to  position  pintle  bear- 
ing  71  ("bearing  A")  in  relation  to  aircraft. 
12.  Check  bearing  alignments  with  suitable  tools. 
13.  Insert  pintle  pin  in  pintle  bearing  71. 
14.  Insert  pintle  pin  in  bearing  39.  40 
15.  Secure  bearings. 
16.  Remove  trolley. 

axes,  wherein  said  rotational  axes  are  coincident 
at  a  point  positioned  substantially  centrally  of  one 
of  the  pintle  bearings  (39)  of  landing  gear  (2)  sup- 
ported  by  the  trolley. 

An  aircraft  landing  gear  trolley  as  in  claim  1  in- 
cluding  a  slewing  frame  (1  7)  for  providing  said  ro- 
tational  movement  about  a  substantially  upright 
axis  (37)  wherein  said  axis  is  tilted  from  the  vert- 
ical  whereby  to  extend  substantially  orthogonal 
to  the  pintle  axis  (40)  of  the  aircraft  in  which  the 
landing  gear  is  to  operate. 

An  aircraft  landing  gear  trolley  as  in  claim  2  in 
which  the  slewing  frame  (17)  is  supported  by 
bearings  (41  ,  42,  43,  44)  horizontally  spaced  from 
one  another  and  having  angular  tracking  paths 
(45,  46,  47,  48)  thereof  occupying  planes  spaced 
from  one  another  in  the  direction  of  the  slewing 
axis  (37). 

An  aircraft  landing  gear  trolley  as  in  claim  3  in 
which  said  plane  spacing  is  arranged  to  compen- 
sate  for  the  angle  of  tilt  whereby  bearing  mount- 
ings  (45,  46,  47,  48)  for  said  horizontally  spaced 
bearings  (41,  42,  43,  44)  may  be  positioned  on 
supporting  frame  (16)  members  substantially 
level  with  each  other. 

An  aircraft  landing  gear  trolley  as  in  claim  4  in 
which  frame  members  (49,  50)  of  the  slewing 
frame  (17)  extending  parallel  with  the  plane  of  tilt 
angle  of  the  slewing  axis  (37)  have  portions  (51, 
52)  cranked  with  respect  to  one  another  which 
extend  orthogonal  to  the  slewing  axis  and  enable 
said  tracking  paths  of  the  bearings  (41,  42,  43, 
44)  to  extend  parallel  with  said  portions  (51,  52). 

Claims 45 

An  aircraft  landing  gear  trolley  (1)  for  supporting 
a  landing  gear  (2)  and  adjusting  the  position  of 
pintle  bearings  (39,  71)  thereof  in  relation  to  pin- 
tle  mountings  on  an  aircraft,  the  trolley  including 
rolling  chassis  (3)  and  a  number  of  frames  (15, 
16,  17,  18,  19)  nested  therein  each  arranged  to 
provide  a  different  degree  of  freedom  for  the 
landing  gear  (2),  said  degrees  of  freedom  being 
characterised  by  including  movement  along  hori- 
zontal  longitudinal  and  transverse  axes,  raising 
and  lowering  movement  and  rotational  move- 
ment  about  horizontal  and  substantially  upright 

50 
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*  column  2,  line  38  -  line  46  * 
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