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(57) ABSTRACT

A tie rod for extending between a fan shroud and a shaft cap
in a rotative assembly includes a first end with threads; a
second end with threads; and an elongated portion between
the first end and the second end. The tie rod has diameter to
length ratio of about 1 to 40.810 to about 1 to 40.768.
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TIE ROD

BACKGROUND

[0001] The present invention relates to an environmental
control system. In particular, the invention relates to a ram air
fan assembly for an environmental control system for an
aircraft.

[0002] An environmental control system (ECS) aboard an
aircraft provides conditioned air to an aircraft cabin. Condi-
tioned air is air at a temperature, pressure, and humidity
desirable for aircraft passenger comfort and safety. At or near
ground level, the ambient air temperature and/or humidity is
often sufficiently high that the air must be cooled as part of the
conditioning process before being delivered to the aircraft
cabin. At flight altitude, ambient air is often far cooler than
desired, but at such a low pressure that it must be compressed
to an acceptable pressure as part of the conditioning process.
Compressing ambient air at flight altitude heats the resulting
pressurized air sufficiently that it must be cooled, even if the
ambient air temperature is very low. Thus, under most con-
ditions, heat must be removed from air by the ECS before the
air is delivered to the aircraft cabin. As heat is removed from
the air, it is dissipated by the ECS into a separate stream of air
that flows into the ECS, across heat exchangers in the ECS,
and out of the aircraft, carrying the excess heat with it. Under
conditions where the aircraft is moving fast enough, the pres-
sure of air ramming into the aircraft is sufficient to move
enough air through the ECS and over the heat exchangers to
remove the excess heat.

[0003] While ram air works well under normal flight con-
ditions, at lower flight speeds, or when the aircraft is on the
ground, ram air pressure is too low to provide enough air flow
across the heat exchangers for sufficient heat removal from
the ECS. Under these conditions, a fan within the ECS is
employed to provide the necessary airflow across the ECS
heat exchangers. This fan is called a ram air fan.

[0004] As with any system aboard an aircraft, there is great
value in an improved ram air fan that includes innovative
components designed to improve the operational efficiency of
the ram air fan or to reduce its weight.

SUMMARY

[0005] A tie rod for extending between a fan shroud and a
shaft cap in a rotative assembly includes a first end with
threads; a second end with threads; and an elongated portion
between the first end and the second end. The tie rod has
diameter to length ratio of about 1 to 40.810 to about 1 to
40.768.

[0006] A method of installing a tie rod into a ram air fan
rotative assembly includes connecting a motor rotor, thrust
shaft, fan rotor, inlet shroud, bearing shaft and a shaft cap;
placing the tie rod through the shaft cap and through the inlet
shroud; stretching the tie rod; fastening a nut on threads of a
first end of the tie rod; fastening a nut on the threads of the
second end of the tie rod; and releasing the stretch on the tie
rod.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG.1iscross-sectional view of'a ram air fan assem-
bly.
[0008] FIG. 2A shows a perspective view of a rotative

assembly for a ram air fan.
[0009] FIG. 2B shows a cross sectional view of FIG. 2A.
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[0010] FIG. 3 shows a perspective view of a tie rod.
[0011] FIG. 4A shows a perspective view of an end the
rotative assembly.

[0012] FIG. 4B shows a cross sectional view of FIG. 4A.
[0013] FIG. 5A shows a perspective view of an outer side of
a shaft cap for a rotative assembly.

[0014] FIG. 5B shows a perspective view of an inside of the
shaft cap of FIG. 5A.

[0015] FIG. 5C shows a cross-sectional view of the shaft
cap of FIG. 5A.

[0016] FIG. 5D shows a close up view of section D of FIG.
5C.

[0017] FIG. 6 shows a block diagram of a method ofinstall-

ing a tie rod into a rotative assembly of a ram air fan.

DETAILED DESCRIPTION

[0018] FIG. 1 illustrates a ram fan air assembly incorporat-
ing the present invention. Ram air fan assembly 10 includes
fan housing 12, bearing housing 14, inlet housing 16, outer
housing 18, inner housing 20 and fan rotative assembly 21.
Fan housing 12 includes fan struts 22, motor 24 (including
motor rotor 25 and motor stator 26), thrust shaft 28, thrust
plate 30, and thrust bearings 32. Bearing housing 14 includes
journal bearing shaft 34 and shaft cap 36. Fan housing 12 and
bearing housing 14 together include tie rod 38 and journal
bearings 40. Inlet housing 16 contains fan rotor 42 and inlet
shroud 44, in addition to a portion of'tie rod 38. Outer housing
18 includes terminal box 46 and plenum 48. Within outer
housing 18 are diffuser 50, motor bearing cooling tube 52,
and wire transfer tube 54. Rotative assembly 21 includes
motor rotor 25, thrust shaft 28, bearing shatt 34, shaft cap 36,
inlet shroud 44 and tie rod 38. A fan inlet is a source of air to
be moved by ram air fan assembly 10 in the absence of
sufficient ram air pressure. A bypass inlet is a source of air to
that moves through ram air fan assembly 10 when sufficient
ram air pressure is available.

[0019] As illustrated in FIG. 1, inlet housing 16 and outer
housing 18 are attached to fan housing 12 at fan struts 22.
Bearing housing 14 is attached to fan housing 12 and inner
housing 20 connects motor bearing cooling tube 52 and wire
transfer tube 54 to bearing housing 14. Motor bearing cooling
tube 52 connects inner housing 20 to a source of cooling air at
outer housing 18. Wire transfer tube 54 connects inner hous-
ing 20 to outer housing 18 at terminal box 46. Motor stator 26
and thrust plate 30 attach to fan housing 12. Motor rotor 25 is
contained within motor stator 26 and connects journal bear-
ing shaft 34 to thrust shaft 28. Journal bearing shaft 34, motor
rotor 25, and thrust shaft 28 define an axis of rotation for ram
fan assembly 10. Fan rotor 42 is attached to thrust shaft 28
with tie rod 38 extending along the axis of rotation from shaft
cap 36 at the end of journal bearing shaft 34 through motor
rotor 25, thrust shaft 28, and fan rotor 42 to inlet shroud 44.
Nuts (see FIGS. 2A-2B) secure shaft cap 36 to journal bearing
shaft 34 on one end of tie rod 38 and inlet shroud 44 to fan
rotor 42 at opposite end of tie rod 38. Thrust plate 30 and fan
housing 12 contain a flange-like portion of thrust shaft 28,
with thrust bearings 32 positioned between the flange-like
portion of thrust shaft 28 and thrust plate 30; and between the
flange-like portion of thrust shaft 28 and fan housing 12.
Journal bearings 40 are positioned between journal bearing
shaft 24 and bearing housing 14; and between thrust shaft 28
and fan housing 12. Inlet shroud 44, fan rotor 42, and a portion
of fan housing 12 are contained within inlet housing 16.
Diffuser 50 is attached to an inner surface of outer housing 18.
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Plenum 48 is a portion of outer housing 18 that connects ram
air fan assembly 10 to the bypass inlet. Inlet housing 16 is
connected to the fan inlet and outer housing 18 is connected to
the fan outlet.

[0020] In operation, ram air fan assembly 10 is installed
into an environmental control system aboard an aircraft and
connected to the fan inlet, the bypass inlet, and the fan outlet.
When the aircraft does not move fast enough to generate
sufficient ram air pressure to meet the cooling needs of the
ECS, power is supplied to motor stator 26 by wires running
from terminal box 46, through wire transfer tube 54, inner
housing 20, and bearing housing 14.

[0021] Energizing motor stator 26 causes rotor 25 to rotate
about the axis of rotation of ram fan assembly 10, rotating
rotative assembly 21. Motor rotor 25 rotates connected jour-
nal bearing shaft 34 and thrust shaft 28. Fan rotor 42 and inlet
shroud 44 also rotate by way of their connection to thrust shaft
28. Tie rod 38 ensures that rotative assembly 21 rotates uni-
formly together by connecting to inlet shroud 44 and to shaft
cap 36 of rotative assembly 21. Journal bearings 40 and thrust
bearings 32 provide low friction support for the rotating com-
ponents. As fan rotor 42 rotates, it moves air from the fan inlet,
through inlet housing 20, past fan struts 22 and into the space
between fan housing 12 and outer housing 18, increasing the
air pressure in outer housing 18. As the air moves through
outer housing 18, it flows past diffuser 50 and inner housing
20, where the air pressure is reduced due to the shape of
diffuser 50 and the shape of inner housing 20. Once pastinner
housing 20, the air moves out of outer housing 18 at the fan
outlet. Components within bearing housing 14 and fan hous-
ing 12, especially thrust bearings 32, journal bearings 40,
motor stator 26, and motor rotor 24; generate significant heat
and must be cooled. Cooling air is provided by motor bearing
cooling tube 52 which directs a flow of cooling air to inner
housing 20. Inner housing 20 directs flow of cooling air to
bearing housing 14, where it flows past components in bear-
ing housing 14 and fan housing 12, cooling the components.
Once the aircraft moves fast enough to generate sufficient ram
air pressure to meet the cooling needs of the ECS, ram air is
directed into plenum 48 from the bypass inlet. The ram air
passes into outer housing 18 at plenum 48 and moves out of
outer housing 18 at the fan outlet.

[0022] FIG.2A shows a perspective view of rotative assem-
bly 21 for ram air fan 10. FIG. 2B shows a cross sectional view
of FIG. 2A. FIGS. 2A-2B include thrust shaft 28, thrust
bearings 32, journal bearing shaft 34, shaft cap 36, tie rod 38
(with first end 56 and second end 58), fan rotor 42, inlet
shroud 44, first nut 60 and second nut 62.

[0023] Faninlet shroud 44 is connected to tie rod 38 at first
end 56. Nut 60 connects to tie rod 38 adjacent to inlet shroud
44. Inlet shroud connects to fan rotor 42, which connects to
thrust shaft 28 Thrust shaft 28 connects to motor rotor 25,
which connects to journal bearing shaft 34. Journal bearing
shaft 34 connects securely to shaft cap 36, which connects to
second end 58 of tie rod 38. Second nut 62 secures to second
end 58 of tie rod 38 adjacent to shaft cap 36.

[0024] When ram air fan 10 is in operation, thrust shaft 28,
journal bearing shaft 34, shaft cap 36, tie rod 38, fan rotor 42
and inlet shroud 44 all rotate together. Tie rod 38 connects the
ends of rotative assembly 21 (inlet shroud 44 and shaft cap 36)
with a pre-load force to ensure secure connections between
all parts of rotative assembly 21. These secure connections
work to guarantee uniform rotation between parts of rotative
assembly 21. Simultaneous rotation is essential to ensure that
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rotative assembly 21 is functioning properly as well as to
extend the life of parts of rotative assembly 21. Parts are
susceptible to degradation and wear when they are not rotat-
ing as one. The preload force on tie rod 38 can be about 4000
pounds.

[0025] Past systems generally included tie rods that had a
central support connecting tie rod 38 to motor rotor 25 or
shafts (34, 28). Tie rod 38 of the current invention is dimen-
sioned so that no additional supports are needed, saving
weight and cost of adding supports in rotative assembly 21.
Additionally, the lack of need for another support ensures tie
rod 38 does not block cooling flow through rotative assembly
21.

[0026] FIG. 3 shows a view of tie rod 38 with dimensions.
Tierod 38 includes a first end 56 with threads 57, a second end
58 with threads 59, an elongated central portion 64, portion 66
for inlet shroud 44 connection and portion 68 for shaft cap 36
connection. Tie rod 38 is circular with a diameter D and can be
made of titanium. Dimensions of tie rod 38 include: full
length L, length of threads L, length of unthreaded portion
L, and length L of elongated portion extending between
connection 68 to shaft cap 36 and connection 66 to inlet
shroud 44.

[0027] On first end 56 of tie rod 38, threads 57 extend a
length of threads L, of about 0.97 inches (24.638 mm) to
about 1.03 inches (26.162 mm) from first end 56. Portion 66
for fan inlet shroud 44 connection can be about 0.5 inches
(12.7 mm) axially and go from about 2.0 inches (50.8 mm) to
about 2.5 inches (63.5 mm) from first end 56. Total length L.
of tie rod 38 from first end 56 to second end 58 can be about
15.06 inches (382.524 mm) to about 15.12 inches (384.048
mm). Diameter D of tie rod can be about 0.3695 inches (9.385
mm) to about 0.3705 inches (9.411 mm). On second end 58 of
tie rod 38 threads 59 extend axially about 0.97 inches (24.638
mm) to about 1.03 inches (26.162 mm) from end 58. Portion
68 for shaft cap 36 connection can be about 0.5 inches (12.7
mm) axially and go from about 2.0 inches (50.8 mm) to about
2.5 inches (63.5 mm) from second end 58. Length L, of
elongated portion between portion 66 and portion 68 can be
about 10.06 inches (255.524 mm) to about 10.12 inches (257.
048 mm). Unthreaded length L., of tie rod 38 can be about
13.06 inches (331.724 mm) to about 13.12 inches (333.248
mm). The diameter to length ratio of tie rod 38 can be about
1:40.810 to about 1:40.768.

[0028] As mentioned above, tie rod 38 is dimensioned with
a specific length L, unthreaded length L., length . between
portions (66, 68) to shaft cap 36 and inlet shroud 44 and
diameter D so that no additional supports are needed for tie
rod 38. Specific dimensions, including a unique length L to
diameter D ratio, are also carefully selected to prevent tie rod
38 from having resonant modes within system operating
ranges. Rotating machinery, such as ram air fans, have spe-
cific operating ranges, for example 20,000 RPM. If the fre-
quency at which rotative assembly 21 is spinning is the same
frequency as a system operating mode, tie rod 38 will reso-
nate and vibrate. This vibration introduces unbalance into
rotative assembly 21, placing high loads onto rotative assem-
bly 21 parts and bearings 32, 40. These high loads can cause
degredation of parts and possible part failures.

[0029] FIG. 4A shows a perspective view of an end of
rotative assembly 21 for ram air fan 10. FIG. 4B shows a cross
sectional view of FIG. 4A. FIGS. 4A-4B include journal
bearing shaft 34, shaft cap 36 (with circular portion 70, coni-
cal portion 72 and pilot 74), tie rod 38 and nut 62.
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[0030] Shaft cap 36 connects securely to shaft 34 at pilot 74
through an interference fit (the outer diameter of pilot 74 is
larger than the inner diameter of shaft 34). Shaft cap 36
connects to tie rod 38 at circular portion 70. Nut 62 threads on
tie rod 38 to securely hold shaft cap 36 on tie rod 38. When
ram air fan 10 is in operation, tie rod 38, shaft cap 36 and shaft
34 rotate together. This simultaneous rotation is essential to
ensure the rotative assembly 21 is functioning properly as
well as to extend the life of parts of rotative assembly 21. Parts
are susceptible to degradation and wear when they are off
balance and do not rotate together.

[0031] Making shaft cap 36 separately from shaft 34 allows
for a less expensive and easier manufacturing process. Past
systems manufactured shaft 34 and shaft cap 36 as one part.
Dueto the complex geometry, machining shaft with holes and
cap section with a conical portion and central hole fora tierod
was very difficult and costly. Machining shaft cap 36 and
shaft 34 separately and using an interference fit to secure them
together results in parts that are easier and less expensive to
make while still having a strong connection to rotate together
under system operating conditions.

[0032] Machining shaft cap 36 separately also allows for
the machining of'a more angled conical section (than could be
made if cap 36 and shaft 34 were machined as one part). As
mentioned in relation to FIG. 1, there is a cooling airflow
through the rotative assembly 21 for cooling of motor 24 and
bearings 32, 40. This cooling airflow can sometimes carry
debris with it. A more angled conical section 72 of shaft cap
36 can deflect debris from entering slots in shaft 34, which
could lead to build-up that may affect performance and life of
shaft 34.

[0033] FIG.5A shows a perspective view of an outer side of
shaft cap 36 for rotative assembly 21. FIG. 5B shows a per-
spective view of an inside of shaft cap 36. FIG. 5C shows a
cross-sectional view of shaft cap 36. FIG. 5D shows a close up
view of section 5D of FIG. 5C.

[0034] FIGS. 5A-5D include shaft cap 36 with circular
portion 70, conical portion 72 and pilot 74. Pilot 74 includes
outer lip 76, undercut portion 78 and inner portion 80 (with
slanted edge 79). Shaft cap 36 can be machined from one
piece of metal, for example stainless steel. Dimensions shown
are: radial distance D, between center axis of shaft cap 36 and
edge of inner portion 80; radial distance D, between center
axis of shaft cap 36 and edge of outer lip 76 (or conical section
72); angle A of conical section; angle A, between outer lip
76 and undercut portion 78 of pilot 74; Depth D, of undercut
portion 78; Radius R, of undercut portion 78; axial distance
D, between outer lip 76 and end of inner portion 80; distance
axially of slanted edge D,; and angle A, of slanted edge at
inner portion 80 of pilot 74.

[0035] Radial distance D, between center axis of shaft cap
36 and edge of inner portion 80 can be about 1.5655 inches
(39.764 mm) to about 1.5665 inches (39.789 mm). Radial
distance D, between center axis of shaft cap 36 and edge of
outer lip 76 (or conical section 72) can be about 1.759 inches
(44.679 mm) to about 1.761 inches (44.729 mm). Radial
distance D, between center axis of shaft cap 36 and edge of
outer lip 76 (or conical section 72) can be about 1.759 inches
(44.679 mm)to about 1.761 inches (44.729 mm). Angle A - of
conical section can be about 48 degrees to about 52 degrees.
Angle A, between outer lip 76 and undercut portion 78 of
pilot 74 can be about 43 degrees to about 47 degrees. Radius
R, of undercut portion 78 can be about 0.035 inches (0.889
mm) to about 0.045 inches (1.143 mm). Depth D, ,of undercut
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portion 78 can be about 0.042 inches (1.067 mm) to about
0.052 inches (1.321 mm). Axial distance D,, between outer lip
76 and end of inner portion 80 can be about 0.265 inches
(6.731 mm) to about 0.275 inches (6.985 mm). Axial distance
of slanted edge D,; can be about 0.030 inches (0.762 mm).
Angle A, of slanted edge at inner portion 80 of pilot 74 can be
about 28 degrees to about 32 degrees.

[0036] Dimensions of pilot 74 are key to providing an inter-
ference connection between shaft cap 36 and shaft 34 under
all operating conditions. Dimensions must be precise, as sys-
tem operating conditions can range from temperatures of
about negative 65 degrees F. up to about 200 degrees F. These
extreme temperature changes can cause shaft cap 36 to
expand or contract slightly, but must not affect the connection
between shaft 34 and shaft cap 36. Undercut portion 78 is a
semi-circular recess around the pilot 74, and acts as a stress
relief in the connection between shaft 34 and shaft cap 36.
Undercut 78 ensures that the interference fit does not cause
pilot 74 to crack when shaft cap 36 may expand under high
operating temperatures.

[0037] FIG. 6 shows a block diagram of method 82 of
assembling rotative assembly 21 of a ram air fan 10. Method
82 includes steps of: connecting shaft cap 36 to shaft 34 with
an interference fit (step 83); connecting motor rotor 25, thrust
shaft 28, fan rotor 42, inlet shroud 44, bearing shaft 34 and
shaft cap 36 (step 84), placing tie rod 38 through shaft cap 36
and through the inlet shroud 44 (step 86); stretching tie rod 38
(step 88); fastening nut 60 on threads on first end 56 of the tie
rod 38 (step 90); fastening nut 62 on the threads on second end
58 of tie rod 38 (step 92); releasing the stretch on tie rod 38
(step 94); stretching tie rod 38 a second time (step 96); tight-
ening nuts 60, 62 on the first and second ends 56, 58 of tie rod
38 (step 98); and releasing the stretch on tie rod 38 (step 100).

[0038] Connecting the shaft cap to the shaft with an inter-
ference fit (step 83) can be done by first shrinking shaft cap,
for example by immersing shaft cap 36 in liquid nitrogen,
causing shaft cap 36 to freeze and contract or by utilizing a
hydraulic press. Then shaft cap 36 is placed in an end of shaft
34 so that inner portion 80 and undercut portion 78 of pilot 74
are inside shaft 34. Slanted edge 79 can assist in easing shaft
cap 36 into shaft 34. Shaft cap 36 is then allowed to expand
and return to its normal state to form a secure connection with
shaft 34. Step 83 forms a secure connection between shaft cap
36 and shaft 34 due to the outer diameter of inner portion 80
of shaft cap 36 being larger than the inner diameter of shaft
34. Thus, shaft cap 36 connects securely to shaft and rotates
with shaft 34 when ram air fan 10 is in operation.

[0039] Connecting motor rotor 25, thrust shaft 28, fan rotor
42, inlet shroud 44, bearing shaft 34 with shaft cap 36 (step
84) can be done with various connections such as interference
fit connections, bolts or other methods. Connections must be
secure so that all parts rotate together.

[0040] Next, tie rod 38 is placed through shaft cap 36 and
through inlet shroud 44 (step 86) before stretching the tie rod
(step 88). Tie rod 38 can be stretched using a machine that
pulls on first end 56 and second end 58.

[0041] Fastening nut 60, 62 on threads on first end 56 of the
tierod 38 (step 90) and on second end 58 of the tie rod 38 (step
92) and releasing the stretch on the tie rod (step 94) secures
the pre-load on tie rod 38. The pre-load on tie rod 38 clamps
together parts of rotative assembly 21 to ensure secure con-
nections and promote uniform rotation of rotative assembly
21.
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[0042] The steps of stretching tie rod 38 (step 96); tighten-
ing nuts 60, 62 on the first and second ends of the tie rod 38
(step 98); and releasing the stretch on tie rod 38 (step 100) can
be performed a second time to add more preload to tie rod 38.
[0043] In summary, tie rod 38 is includes specific dimen-
sions to be able to extend the length of rotative assembly 21
without needing additional support. Tie rod 38 dimensions,
including a unique length L. to diameter D ratio, also work to
prevent tie rod resonant modes in ram air fans’ operating
range, ensuring efficient operation of rotative assembly 21
and a good working life of parts of rotative assembly 21.
[0044] While the invention has been described with refer-
ence to exemplary embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. For example, dimensions
can be modified depending on system requirements. There-
fore, it is intended that the invention not be limited to the
particular embodiment(s) disclosed, but that the invention
will include all embodiments falling within the scope of the
appended claims.

1. A tie rod for extending between a fan shroud and a shaft
cap in a rotative assembly, the tie rod comprising:

a first end with threads;

a second end with threads; and

an elongated portion between the first end and the second

end, wherein the tie rod has a diameter to length ratio of
about 1 to 40.810 to about 1 to 40.768.

2. The tie rod of claim 1, wherein the tie rod has a diameter
of about 0.3695 inches (9.385 mm) to about 0.3705 inches
(9.411 mm) and a length of about 15.06 inches (382.524 mm)
to about 15.12 inches (384.048 mm).

3. The tie rod of claim 1, wherein the tie rod extends
between the shaft cap and the fan shroud without an addi-
tional support.

4. The tie rod of claim 1, wherein the tie rod has an
unthreaded length of about 13.06 inches (331.724 mm) to
about 13.12 inches (333.248 mm).

5. The tie rod of claim 1, wherein the tie rod extends about
10.06 inches (255.524 mm) to about 10.12 inches (257.048
mm) between the shaft cap and the inlet shroud.

6. The tie rod of claim 1, wherein the tie rod is to be placed
in a rotative assembly for a ram air fan.

7. The tie rod of claim 6, wherein the tie rod has specific
dimensions to ensure that it does not have a resonant mode in
the operating range of the ram air fan.

8. The tie rod of claim 1, wherein the inlet shroud connects
to the tie rod about 2 inches (50.8 mm) from the first end.

9. The tie rod of claim 1, wherein the shaft cap connects to
the tie rod about 2 inches (50.8 mm) from the second end.

10. A motor-driven rotative assembly for a ram air fan, the
rotative assembly comprising:

a motor rotor to be rotated by the motor;

a thrust shaft connected to the motor rotor to rotate with the

motor rotor;
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a fan rotor connected to the thrust shaft to rotate with the

thrust shaft;

an inlet shroud connected to the fan rotor;

a bearing shaft connected to the motor rotor to rotate with

the motor rotor;

a shaft cap connected to the bearing shaft; and

atie rod extending between the inlet shroud and to the shaft

cap to ensure motor rotor, thrust shaft, fan rotor, bearing
shaft and shaft cap all rotate together, wherein the tie rod
extends between the inlet shroud and the shaft cap with-
out any support.

11. The rotative assembly of claim 10, wherein the tie rod
has a diameter to length ratio of about 1 to 40.810 to about 1
to 40.768.

12. The rotative assembly of claim 10, wherein the tie rod
has an unthreaded length of about 13.06 inches (331.724 mm)
to about 13.12 inches (333.248 mm).

13. The rotative assembly of claim 10, wherein the tie rod
is to be placed in a rotative assembly for a ram air fan for an
engine.

14. The rotative assembly of claim 10, wherein the tie has
a diameter of about 0.3695 inches (9.385 mm) to about
0.3705 inches (9.411 mm).

15. The rotative assembly of claim 10, wherein the tie rod
has a length of about 15.06 inches (382.524 mm) to about
15.12 inches (384.048 mm).

16. The rotative assembly of claim 10, wherein the inlet
shroud connects to the tie rod about 2 inches (50.8 mm) from
the first end.

17. The rotative assembly of claim 10, wherein the shaft
cap connects to the tie rod about 2 inches (50.8 mm) from the
second end.

18. The rotative assembly of claim 10, wherein the tie rod
extends about 10.06 inches (255.524 mm) to about 10.12
inches (257.048 mm) between the shaft cap and the inlet
shroud.

19. A method of installing a tie rod into a ram air fan
rotative assembly with a motor rotor, a thrust shaft, a fan rotor,
an inlet shroud, a bearing shaft and a shaft cap; the method
comprising:

connecting the motor rotor, the thrust shaft, the fan rotor,

the inlet shroud, the bearing shaft and the shaft cap;
placing the tie rod through the shaft cap and through the
inlet shroud;

stretching the tie rod;

fastening a nut on threads on a first end of the tie rod;

fastening a nut on the threads on the second end of the tie

rod; and

releasing the stretch on the tie rod.

20. The method of claim 19, and further comprising:

stretching the tie rod a second time; and

tightening the nuts on the first and second ends of the tie

rod.

21. The method of claim 19, wherein the tie rod is stretched
to give it a pre-load to hold all parts of the rotative assembly
securely together when it is released.
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