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This invention relates to winding machines for filament 
wound rocket cases and, more particularly, it relates to a 
winding machine with a stationary mandrel used to con 
struct large rocket cases. 
At the present time, glass filament wound rocket motor 

cases are being produced over numerous types of rotating 
mandrels. The axis of rotation of the mandrel has been 
either vertical or horizontal. With the state of the art of 
rocket case design progressing as it is, an increasing 
demand is being felt for larger rocket motor cases. From 
this demand arises the problem of developing a machine 
which can construct large rocket motor cases and in find 
ing a mode of transportation to convey the case from the 
construction site to the launch site. lt is generally felt 
that if the contemplated size of a one-piece rocket case 
ex-ceeds 14 feet in diameter and 50 feet long, the only 
means of transport would be by water. This mode of 
transport provides difficult handling problems and may 
result in damage to the cases. Therefore, it is generally 
recognized that the presently visualized large cases y20 
feet in diameter by 80 feet in length should be constructed 
on the launch site. Therefore, a winding machine to 
construct large cases on the launch site is needed. 

in winding smaller cases the practice has been to have 
a mandrel rotate and the filament feeding apparatus 
remain stationary. In winding large cases, however, the 
mandrel needed will be so large that it is envisioned that 
it will be easier to rotate the filament feeding apparatus 
than to rotate the mandrel. This then establishes the 
need of a stationary mandrel winding machine that will 
efficiently and effectively produce large filament wound 
rocket motor cases. 

ln general, the invention relates to a winding machine 
having a stationary vertical two-piece spindle on which is 
mounted a stationary mandrel. The winding apparatus 
comprises two vertical columns fixed to two swing arms 
which rot-ate about the stationary spindle. A filament 
feeding carriage member is mounted between the two 
column members and has pinion members to engage 
racks on the column members and to traverse the column 
members in the vertical direction. The filament feeding 
carriage also has a ram member which rotates about its 
own axis and which moves longitudinally toward and 
away from the mandrel. Thus, the correct combination 
of the movements specified provides the desired winding 
pattern. 

Therefore, it is an object of this invention to provide a 
winding machine to construct large ñlament wound racket 
motor cases. 

It is a further object of this invention to provide a wind 
ing machine for constructing large filament wound rocket 
motor cases which features the ease of handling afforded 
by a stationary mandrel. 

It is still a further object of this invention to provide a 
winding machine with a stationary mandrel for construct 
ing large rocket motor cases on the launch site. 

Other objects, features and advantages of the invention 
will become apparent upon reference to the succeeding 
detailed description of the invention and to the drawings 
illustrating the preferred embodiment thereof; wherein, 
FIGURE l «is a schematic view of the winding machine 

structure showing a portion of the rack pattern; and 
FIGURE 2 is an enlarged view of the filament feeding 
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apparatus as taken in the direction of lines 2-2 of FIG 
URE l. 
More specifically, FIGURE l shows a winding ma 

chine structure with a cross beam i@ held by two side 
wall members l2. The winding machine structure is set 
on a foundation structure i4, which may be of any suit 
able anchoring material, such as concrete. Set in this 
foundation structure 14 is the lower spindle i6. The 
upper end spindle 18 is anchored to the cross beam 1t) of 
the structure and is a removable steady rest to facilitate 
the withdrawal of any apparatus attached to the spindle. 
Both of the spindle members i6 and i8 are stationary. 
Mounted on both ends of the stationary spindle is the 
stationary mandrel 2i). The structure and the materials 
used in the mandrel 20 will be taken up later in this dis 
cussion. Rotatably mounted on the stationary spindles 
i6 and i3 are the upper and lower swing arms 22 and 24. 
The inner ends of the arms 22 and 24 have suitable bear 
ings 26 to allow rotation about the spindles 16 and 1S. 
Mounted between and fastened to the swing arms 22 and 
2.4i are the two coulmns Z8 and 30, which have vertical 
racks 29 and 3i. The columns 28 and 30 are fixed to the 
swing arms 22 and 24 by slidable means .32. The slidable 
connecting means 32 can be adjusted such that the swing 
arm or radius of the column members 25 and Si) may be 
adjusted. This adjustment will enable the machine to 
make rocket cases of varying diameters. Located between 
the two column members 28 and 30 is the carriage device 
34. The details of the carriage member 34 will be taken 
up when FIGURE 2 is discussed. The swing arms 22 
and 24 are rotated by two 20 horsepower hydraulic rotary 
drive motors 36 and 38. These rotary drive motors 36 
and 38 are synchronized so the upper and lower swing 
arms 22 and 24 move equally. The energy of the rotary 
drive motors 36 and 38 is transferred to the swing arms 
through pinions ‘iti and 42 which eng-age the large drive 
gears 44 and 46, which are fixed to the swing arms 22 
and 24. 
As previously stated, the carriage device 34 (FIGURE 

2) is mounted between the column members 28 and 30. 
Two 40 horsepower hydraulic vertical drive motors 48 
and E@ are mounted on the carriage member to provideV 
the energy for vertical motion of the carriage member 
on the column members. These vertical drive members 
48 and 5t) transfer their energy to pinions 52 and 54 which 
drive the carriage up and down the racks 29 and 31 of the 
columns 28 and 30. The relationship here is one of a 
simple rack and pinion device. The longitudinal bar or 
ram member 56 of the carriage 34 undergoes both rota 
tion about its own axis and in and out oscillatory motion. 
The rotation about its own axis is provided by a hydraulic 
rotary drive motor 5S which transfers energy to a pinion 
6i) driving a gear 62 fixed to a rotatable sleeve 63 which 
reciprocably mounts the ram 56. The longitudinal oscil 
latory motion of the ram 56 is provided by a longitudinal 
hydraulic ram motor 64 mounted on sleeve 63, which 
drives the ram through a pinion and rack mechanism 65. 
Filament holding spools 68 are mounted on the sleeve 63 
by strut members '72. Two such spools are illustrated 
although more may be provided as desired. Two hydrau 
lic tension motors 76 are provided here to regulate the 
constant roving tension of the filament winding material. 
The filament winding material, which is preferably in 
straps of one foot width is seen to pass around pulleys 80 
before entering the ram structure 56. The iilament ma 
terial then passes through the ram structure and is guided 

‘ onto the winding by the rotating eye member S4. The 

70 

rotating eye member may be a pulley mounted on ram 56 
by a strut 86. Attached to the ram member 56 by a 
flange 88 and adjacent to the roving eye 84 is a battery of 
heat lamps @il which are used to cure the resin binder 
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on the filament winding as the filament is laid. The 
resin binder is an adhesive material which is applied to 
the filament winding to unitize the structure and the 
application of heat to this binder facilitates a rapid hard 
ening of the rocket case as it is Wound. rThis resin binder 
may be applied to the winding as it passes through the 
carriage or it may be on the Winding when it leaves 
the spool. 

Because of the several modes of rotation of the move 
ment involved, a further clarirfication of the interrelation 
ship or" the parts is deemed necessary. The spindle mem 
bers 16 and 18 and the mandrel 26 are stationary. 'l' he 
swing arms 22 and 24 and the column members 2S and 
3i) undergo a uniform rotation about the spindie mem 
bers 18 and 2i). The carriage member 34 as a whole 
moves vertically up and down the racks 29 and 3ft on 
the column members 28 and 30. The spools eti and the 
ram structure 56 rotate uniformly about their own axis, 
and the ram structure 56 including the eye member S14 
undergoes longitudinal osciliation toward and away from 
the winding structure. The purpose of this longitudinal 
motion is to facilitate the deisred polar wind pattern for 
winding the end of the rocket case where the diameter is 
smaller. The rotation of the ram and spool racks about 
their own axis is provided to prevent twisting, of the fila 
ment winding when the filament is applied to the ends of 
the rocket case. From the proceeding, it can be seen 
that the ram structure 56 and the eye member ad undergo 
four types of motion. They rotate with the swing arms 
and column members about the axis of the spindle, they 
travel in a vertical direction with the carriage up and 
down the column members, they rotate about their own 
axis, and they move longitudinally in and out from the 
winding itself. A complex control system will, of course, 
be needed to regulate the motions of the machine. A 
control system of the type disclosed in pending applica 
tion, Serial No. 143,827, now Patent No. 3,133,236, en 
titled “Filament Winding Machine Control,” by Charles 
F. McCauley and assigned to the assignee or” the present 
invention, would be appropriate. 
When the rocket case winding has been completed, it 

can be seen that the upper swing arm 2.2 can easily be 
moved from the upper spindle i8. This then provides 
space for the removal of the mandrel 29. A suggested 
form of the mandrel 20 would be that of block units 
which could be removed by passing them out through 
the hole in the top of the rocket case. The suggested 
blocks could be made of concrete, plaster, or could be 
sheets of metal or wood. The only requirement to their 
size being they would have to pass down through the 
opening at the top of the rocket case. This shows the 
distinct advantages of a stationary vertical mandrel over 
a rotating horizontal one. It can be seen that a block 
structure would not be sound if it were oriented hori 
zontally. Therefore, the stationary vertical mandrel per 
mits the construction of very large mandrels from re 
movable block units. It is further suggested that the 
mandrel consist of the solid fuel propellant itself, there 
by removing any problems involved With the dismantling 
of the mandrel. The major problem here, of course, 
would be the danger in handling the solid fuel before 
combustion is desired. In general, though, it can be seen 
that many forms of mandrel could be adopted to be 
used on the subject invention. 

Additionally, a cutting tool could be substituted for the 
roving eye 84. Thus, the invention could be used as a 
machining tool to finish to precise measurement the 
rocket case structure. This suggestion is entirely feasible 
since the pattern of the winding machine will be a pro 
grammed entity; therefore, the machining tool could fol 
low the same exact path that was followed by the eye 
mechanism. it is also suggested this same machine can 
be adapted to weld seams on a segmented steel case by 
substituting an arc welding head for the roving eye. 

While the subject invention has been illustrated for use 
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in winding filament would rocket motor cases, it can be 
seen that the invention is very wide in scope and may have 
many other applications and that many changes and modi 
îications may be made thereto Without departing from the 
scope of the invention. 

i claim: 
1. A winding machine for constructing filament wound 

rocket cases comprising, in combination, a vertical sta 
tionary spindle, a vertical stationary mandrel mounted on 
and tixed to the spindle, two rigid arm members perpen 
dicular to and rotatable about the spindle member, a pair 
of synchronized hydraulic rotary drive motors actuating 
these said arm members, column members fixed to and 
extending between the arm members so that they rotate 
about the spindle member with the arm members, each 
said column member having a rack portion, and a carriage 
member with a pair of pinions to traverse the racks on the 
column members including two hydraulic vertical drive 
motors to drive the pinion members, filament holding 
spools, a filament feeding tension control mechanism, a 
hydraulic longitudinal ram motor to drive the filament 
feeding tension control mechanism, a rotating eye mem 
ber guiding the filament as it is wound around the man 
drel, and a hydraulic rotary drive motor to rotate the eye 
member. 

2. A winding machine for constructing filament Wound 
rocket cases comprising, in combination, a vertical sta 
tionary spindle, a vertical stationary mandrel mounted on 
and fixed to the spindle, said mandrel comprised of the 
soiid fuel reactant materials such that its removal will not 
be necessary upon completion of the case, two rigid arm 
members perpendicular to and rotatable about the spindle 
member, a pair of synchronized hydraulic rotary drive 
motors to actuate the arm members, column members 
fixed to and extending between the arm members so that 
they rotate about the spindle member with the arm mem 
bers, each said column member having a rack portion, 
and a carriage member with a pair of pinions to traverse 
the racks on the column members including iilament hold 
ing spools, a ñlament feeding tension control mechanism, 
and a rotating eye member guiding the filament as it is 
Wound around the mandrel. 

3. A winding machine for constructing filament wound 
rocket cases comprising, in combination, a vertical station 
ary spindle, a vertical stationary mandrel mounted on and 
ñxed to the spindle, two rigid arm members perpendicular 
to and rotatable about the spindle member, a pair of syn 
chronized hydraulic rotary drive motors to actuate the 
arm members, column members fixed to and extending 
between the arm members so that they rotate about the 
spindle member with the arm members, each said column 
member having a rack portion, and a carriage member 
with a pair of pinions to traverse the racks on the column 
members including two hydraulic vertical drive motors to 
actuate the pinion members, a plurality of ñlament hold 
ing spools, a filament feeding tension control mechanism, 
a longitudinal ram drive motor to actuate the filament 
feedinfy tension control mechanism, and a rotating eye 
member guiding the filament as it is Wound around the 
mandrel, said rotating eye member through its rotation 
and longitudinal movement allowing the winding pattern 
to be enacted in the desired form. 

4. A winding machine for constructing filament wound 
rocket cases comprising, in combination, a vertical sta 
tionary spindle, a vertical stationary mandrel mounted 
on and fixed to the spindle, two rigid arm members per 
pendicular to and rotatable about the spindle member, a 
pair of synchronized hydraulic rotary drive motors to 
actuate the arm members, column members fixed to and 
extending between the arm members so that they rotate 
about the spindle member with the arm members, each 
said column having a rack portion, and a carriage member 
with a pair of pinions to traverse the racks on the column 
members including a pair of hydraulic vertical drive 
motors to actuate the pinion members, a plurality of fila 
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ment holding spools, a íilament feeding tension control 
mechanism, a ram which radially reciprocates with the 
mandrel, a hydraulic longitudinal ram drive motor to 
radially reciprocate the ram member, a rotating eye mem 
ber guidmg the iilament as it is Wound around the man 
drel, a rotary drive member to rotate the eye member, 
said rotating eye member through its rotation allowing 
the Winding pattern to be enacted in the desired form. 

5. A Winding machine for constructing filament Wound 
rocket cases comprising, in combination, a stationary 
mandrel mounted on a vertical axis, a frame rotatable 
about the axis including column means parallel to the 
axis, a carriage member reciprocable on the column, a 
ram mounted on the carriage to reciprocate radially with 
respect to the mandrel and to rotate about an axis per 
pendicular to said Íirst axis, and means on said ram to 
feed the lilament Winding material to the mandrel. 

6. A Winding machine for constructing Íilament Wound 
rocket cases comprising, in combination, a stationary 
mandrel mounted on a vertical axis, a frame rotatable 
about the axis including column means parallel to the 
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6 
axis, a carriage member reciprocable on the column, a 
ram mounted on the carriage to reciprocate radially with 
respect to the mandrel and to rotate about an axis per 
pendicular to said first axis, and means on said ram to 
feed the filament Winding material to the mandrel, said 
means including ?lament holding spools, a filament ten 
sion control mechanism, and a rotating eye member to 
guide the filament material as it covers the mandrel. 
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