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5 7.0 TURBINE AND EXHAUST NOZZLE MECHANICAL DESIGN

- 7.1 LOW PRESSURE TURBINE ROTOR DESIGN

- “’ )

4

»: 7.1.1 Summary

3 This section presents the methods and procedures used in the mechanical
design of the low pressure turbine rotors for Experimental Quiet Engine
Configurations A, B, and C.

i

x

[ - - The Fans A and B low pressure turbine rotor uses the first four stages of

the CF6 five-stage low pressure turbine rotor. The Fans A and B rotor mechanical

o requirements are substantially reduced when compared to the CF6 engine, because
J@ of the lower rotor temperatures and speed. This results in increased design

- margin on all Fan A and B rotor components.

p "-“!y .

3 The Fan C low pressure turbine rotor is a new two-stage design. The

5 design of the rotor blading, discs, and shafts utilizes proven CF6 design

concepts.

A The Fan € rotor is an overhung design, being supported on a single coni-
cal shaft., The blading tip speeds have been maintained at a level which is
lower than that of the CF6. All blades have tip shrouds to insure adequate
mechanical damping for prevention of excessive airfoil vibration.

The materials used in both the A and B rotor and the C rotor are the
same ‘as those used on the CF6-6 to take maximum advantage of CF6-6 experience.

7.1.1.1 Fans A and B Turbine

1

The low pressure turbine (LPT) for éonfigurations A and B consists of
four stages which extract energy from the primary gas stream to drive the
fan. The general arrangement of this turbine is shown in Figure 191.

7.1.1.1.1 Turbine Rotor

The LP turbine rotor for Fans A and B consists of four blade and disc
assemblies, two shafts, four interstage seals, and a heat shield.

Each disc has a large bore and integral spacer arms with mating flanges
on the ends.
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The blades have integral tip shrouds which are interlocked by a "z"
form with their neighbors. This arrangement prevents high vibratory
stress of the blading. The "Z" form is deep to prevent unlatching, and
the mating surfaces are built up in size and hardfaced with chromium
carbide to prevent wear. Each tip shroud also has two labyrinth seal
teeth to oppose the stator shroud to minimize tip leakage.

The blades are retained in the disc by modified "dogbone" retainers
(see Figure 192). The retainers are bent into place during assembly.

The two shafts are conical to provide stiffness. The forward shaft
is attached to the fan shaft by a differential, threaded coupling bolt
and supports the front end of the turbine on the Number 6 bearing in
the turbine midframe. The OD flange of this shaft sandwiches between
the second and third stage disc flanges.,

The aft shaft supports the aft end of the turbine on the Number 7
bearing in the turbine rear frame. The OD flange of this shaft is
attached to the aft disc spacer flange of Stage 4.

The interstage seals are separate parts which also sandwich between
the disc spacer flanges. Each seal, except a three-tooth stage 1,
consists of two slanted labyriath seal teeth which are aluminum oxide
hardfaced for wear resistance. The two-tooth seals are spaced such that
their wear grooves in the stator seal will not overlap and cause high
leakage. The slanted teeth are to reduce leakage.

In addition, the Stage 2 seal extends aft to form a plenur on

- the face of the Stage 2 disc rim. A small amount of coolant, .led

into this plenum, cools the second-stage disc rim and doveta’’, area.

All of the flange bolting is done with close-toleranrs bolts,
which assure rotor alignment and power transmission.

The final part of the LP turbine rotor ii: a heat shield tube, which is

~installed in the center of the rotor for the purpose of channeling sump air

to the turbine rear frame and preventing this air from being heated by the
rotor.

7.1.1.1.2 Turbine Cooling

The turbine cooling paths are shown in Figure 191 and include a small
amount of coolant for both rotor and stator.

The rotor uses ninth-stage bleedflow from the piston balance seal to
cool the first two stages. This coolant is a combination of seal leakage
plus flow through holes in the side of the balance piston seal. There are
two cooling paths:
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1, First-Stage Cooling. The first-stage stator seal opposes
a single seal tooth projection on the first-stage disc.
This is a "leak positive' seal, sized such that it never
closes and flows 0.20 1lb/sec to cool the rim of the first-
stage disc.

2. Second-Stage Cooliqg. The second-stage rotor interstage seal
forms a cavity with the second-stage disc spacer arm and the
face of the disc. Coolant is bled into this cavity through
the dovetail slots, thus cooling the disc rim. The quantity
of coolant is 0.187 1lb/sec.

Since much of this coolant flow (balance seal leakage and CDP recoup)
would be a loss to the cycle, whether or not it is used for cooling, the
cost to the cycle is very small for cooling the low pressure turbine.

7.1.1.1.3 Turbine Rotor Materials

Materials used in the low pressure turbine are all commercially-
available alloys with good records of successful use. Each material
was carefully selected for strength and the st balance of life, weight;
cost, and resistance to environmental deterioration.

Because of the material selection and the relatively mild environmental
conditions, it was not found necessary to protective coat the airfoils
to resist corrosive/erosive effects. The only protective coatings of any
kind used on the turbine are for wear resistance. These are chromium
carbide on the blade tip shroud interlock mating faces and aluminum oxide
on the rotor interstage seal teeth.

The material list that follows (see Table LII) tabulates the
materials used in the LP turbine parts. Each material is designated
by its common name plus the AMS or General Electric Specification
Number which is used to control its use.

7.1.1.1.4 Design Requirements

The design of the low pressure turbines (Fans A/B and C), is based
on the maximum operating conditions as specified for the engines. This
requirement results in two important design limits:

a) For LP turbine for Fans A and B, the maximum stress and tempera-
ture occur at the engine condition of sea level static, hot day,
at which point the turbine conditions are Pg 4 = 52.8 psia,

T5.4 = 1271°F, and Np = 3414 rpm. )

b) For LP turbine for Fan C, the maximum stress and temperature
occur at the engine condition of sea level static, hot day,
at which point the turbine conditions are P5 4 = 54.3 psia,
Ty 4 = 12979F, and Nf = 4843 rpm.
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Table LII. Rctor Material List

_
. Material
Part Qty Name Spec. No.

Discs - All Stages 4 IN 718 CS50TF6
Blades - All Stages ' 546 R77* C50TF15 Cl1 B
Shaft ~ Forward 1 IN 718 C50TF6
Shaft - Aft 1 A-286 C50T41D
Interstage Seals, Stages 2, 3, 4 3 IN 718%% C50TF6 Ci B
Forward Seal, Stage 1 1 IN 718%% C50TF6 Cl1 B
Retainers, Blade 546 IN 718 B50TF14 C1 A |
Heat Shield 1 321 AMS 5510
Flange Bolts 355 IN 718 C50T82
Nuts ' 355 Waspalloy ‘ AMS 5709

Tip shroud interlock contact surface plasma sprayed with chromium

carbide per General Electric Specification P50T30D.

Seal teeth plasma sprayed with aluminum oxide per General Electric

Specification P1 6TF3 Cl1 B with B50TF58 C1 A material.
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The aerodynamic design requirements for both the low pressure turbines
follow;

b a) For LP turbine for Fans A and B, the aerodynamic design requirements
were determined by the power and speed requirements of the fan and

C ' by the need to hold a relatively low tip diameter to obtain an

K ' optimum boat trail angle on the cowl aft of the fan discharge;

X coupled with this, was high efficiency as required by the engine

‘ , thermodynamic cycle. The resuit was a low-tip-speed turbine,

%j : ' utilizing 4 stages for optimum power extraction and efficiency.

é* The turbine is derived by removing the last stage from the
S5-stage CF6 LP turbine. This produces a low stage loading which,

: together with the relatively low tip speed, results in an inherently
z" low-stressed design.

The resulting geometry of the turbine is shown in Table LIII, which
tabulates important design parameters such as number of blades,
chords, etc. The rotor blade temperature profiles are shown in
Figure 193. These blade temperatures were obtained by scaling

A the CF6 blade temperatures with the appropriate interstage
4 data from the two turbines. The temperatures shown are average

stage temperatures and are based on cycle analysis without any
E adders for deterioration, control error, etc.

b) For LP turbine for Fan C, the aerodynamic design requirements were
determined by the power and speed requirement of Fan C and by the
design intention to remove the gooseneck flowpath between the HP
and LP turbines such as found in engines A and B. Coupled with
this was high efficiency as required by the engine thermodynamic

i cycle. The result was a low-tip-speed turbine, utilizing a two-

B stage turbine. This produces a nominal over-all loading on the
turbine with the first stage highly loaded and the second stage
lightly loaded. However, the turbine has airfoil requirements such
that the mechanical design is. inherently low stressed.

,v,mr
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The resulting turbine hot flowpath is shown in Figure 194. Table
LIV tabulates important design parameters such as number of
blades, chords, etc. The rotor blade temperature profiles are
shown in Figure 195. These temperatures were scaled similiarly

to the temperatures for the LP turbine on Fans A and B. The blade
temperatures shown are average stage temperatures and are based

on cycle analysis without any adders for deterioration, control
error, etc.
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Table LIII. LP Turbine Rotor Blade Summary, Fans A and B L B

Stage 1 2 3 4
Section Root Pitch Tip Root Pitch Tip Root Pitch Tip Root Pitch Tip
No. of Blades -— 166 -— — 142 -— -—- 126 -— -— 112 —
Material - R-77 - - R-77 -— -— R-77 -— -— R-77 —
Blade Temp (°F) — 1110 — - 1010 -— ——- 940 -— — 872 —
Chord (in.) 1,218 1.197 1.196 1.326 1.305 1.294 1.441 1.408 1.398 1.559 1.476 1.465
Max. Thick (in.) 0,1205 0.104 0,087 0.1325 0.111 0.088 0.144 0.115 0.086 0.158 0.123 0.087
Rad. to Flowpath (in.) & 19,751 21,840 23.928 18.687 21.302 | 23,916 17.317 20,607 | 23.897 | 15.985 19.929 23.873
Blade Height, Avg. (in.) = 4,177 — -— 5.172 - —_— 6.508 -_— —— 7.795 -—
~ Aspect Ratio -— 3.49 ——— —— 3.96 -— — 4.62 —-— ——te 5.28 ——
Sclidity 1.607 1.385 1.200 1.575 1.305 1.088 1.644 1.284 1.013 1.723 1.252 0.941
ﬁg A/F Weight (Stage) — 24.4 -— — 28.4 ——— -— 34.5 -— — 40.2 -—
> Pretwist Angle, ° (Nom) —— 0.8 — - 0.8 -— -— 1.33 —— - 1.33 — S s Lo
Tip Moment (Mg) -— -12.48 —— — -13.41 - 1 - ~18.57 -— -_— -20.38 — Co e
Tangential Tilt -— 0.0425 -— -— 0.035 - -— 0.023 -— -— 0.012 -— o
Axial Offset -— -0.031 -— — ~0.029 -— -_— -0.025 — -— -0.022 — : _
Centrifugal Stress 9550 7000 2700 .| 10950 7500 2700 12400 9000 2900 13450 10000 3400 o f;-gz e :
LE Resultant Stress 5200 4100 2200 5600 5100 2800 9200 7800 3500 10200 9500 3700 ) L
TE Resultant Stress 3000 3600 2400 2000 4300 3000 5400 6900 3500 6400 8500 3950 L
CX Resultant Stress. 13000 8500 3070 15000 9400 3000 15300 10000 2700 16400 10900 3300 .
Allowable Vib Stress - 33500 -— — 32800 -— — 37500 -— — 38500 -— ) o
D/T Neck Temp (°F) . — | 8e3 | - -— - 881 - -— 858 ——— - 803 — ’ L
Max. D/T Hey. Stress -_— 24000 -— —— 29000 -— -— 28000 —— -— 25000 —
D/T to A/F Vib Stress — 1.08 - — 1.05 — -—- 0.73 —_— -— 0.65 —
Ratio - 1st Flex (Free) | --- - -_— -— -— — -— -— —— — — -—
1st Flex (Free) Freq - 450 -— -—— 325 — -— 220 —— -—— 140 -—
1st Flex (OOP) Freq — 1130 —-— -— 835 - -— -— " 680 -— - 545 -—
Shroud Interlock — 600 -— | - 550 — - 675 —- -— 660 -—
Bearing Stress — - ——— —— -— — -— — ——- 1 - -— —_— N
%
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Bearing Stress

Table LIV. Fan C LP Turbine Rotor Blade Summary
Stage 1 2
Section Root Pitch Tip Root Pitch Tip
No. of Blades 118 130
Material R-77 R-77
Blade Temperature (°F) 1106 921
Chord (Inches) 1.324 1.325 1.409 1.405 1.348 1.379
Maximum Thickness (Inch) 0.265 0.215 0.145 0.167 0.132 0.114
Rad to Flowpath (Inches) G, 14.919 17,941 20.963 15.467 . 18.902 22.338
Blade Height Average (Inches) 6.044 6.871
Aspect Ratio 4.55 5.09
Solidity 1.650 1.320 1.085 1.860 1.410 1.10
Airfoil Weight (Stage) 39.6 37.8
Pretwist Angle, (Nominal) 0.45 0.45
Tip Moment (Mg -59.95 -29.93
Tangential Tilt 0.018 0.010
Axial Offset -0.030 -0.014
Centrifugal Stress 17200 12200 5600 19600 13000 3300
LE Resultant Stress 23000 13100 4500 21600 -13400 3100
TE Resultant Stress 14500 104060 6300 18500 12200 3900
CX Resultant Stress 16100 12000 3800 19300 13200 3700
Allowable Vib Stress 16400 34800
Dovetail Neck Temp (°F) 1000 831
{Maximum D/T Heywood Stress 37750 27450
D/T to A/F Vib Stress 2.06 0.95
Ratio - 1lst Flexural (Free)
1st Flexural (Free) Frequency 380 235
1st Flexural (OOP) Frequency 1720 890
Shroud Interlock 2280 1220
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7.1.1.1.5 Design Analysis

This section presents the details of the stress and temperature
analysis of the low pressure turbine components for Fans A and B.
Included in this section are the following:

Blades

Discs

Blade Retainers

Shaft

Seals

Disc-Blade Vibration
Temperature Distribution

The rotor, because of its low tip speed and low temperature environ-
ment is not creep or rupture limited. Another reason for this is that
the airfoils are sized for the low-aerodynamic-loading condition of the turbine
and, as such, are much too large to be highly stressed.

e Blade Design

The LP turbine blades {see Figure 196 for typical blade) have tip
shrouds and two-tang dovetails. The blades also have long shanks to
place the dovetail as remote as possible from the hot gas stream. 1In
addition, all stages have shank ''skirts" to prevent leakage across the
stage and to provide a smooth wheel face for low windage losses.

The tip shroud is of special importance to high-aspect-ratio
(length over chord) blading to prevent high vibratory stress. This is
a "z2" form, with the middle leg of the "Z" being the contact surface
between adjacent blades while the other legs form clearance for thermal
closure during transients. The contact surfaces are enlarged radially
and hardfaced for wear resistance with sprayed chromium carbide. This
interlock is at an angle of 75©9 from the engine axis, which is the
approximate angle of the first flexural mode of vibration, thus assuring
good damping in this important mode.

Finally, there are two labyrinth seal teeth on each tip shroud for
leakage control across the stage. The pitch between these teeth is such
that the wear tracks in the opposing stator shroud will not overlap to
cause excessive leakage.

- Steady State Stress

Turbine blade steady state stresses are determined by a Twisted
Blade Analysis Computer Program. The procedure for calculating stresses
consists of a computer input of the necessary airfoil section properties
such as area, moments of inertia, elastic modulus, torsional stiffness
and blade tip loads, rotational speed, tilt and offset. The computer
then calculates stress at 4 points on a given airfoil section: (1) the
leading edge, (2) the trailing edge, and the concave (3) and convex
(4) maximum thickness points. Steady state stresses are a combination
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of centrifugal, bending, induced tensile, and shear stresses. These stresses
are then combined to give an effective stress at each of the previously
mentioned points.

Of importance to the computer program is the condition of end
restraint. The blade is assumed built in at the neck of the dovetail.
At the tip shroud, twist, and moments and shears (both axially and
tangentially) are set at zero.

The resulting steady-state-stress levels at the leading edge, trailing
edge, and concave and convex maximum thickness points are plotted in Figures
197, 198, 199 and 200. The engine condition in each plot is at a rotor speed
of 3500 rpm.

—- Vibratory Stress and Frequency

Blade natural frequencies and vibratory stress distribution are also
calculated with the Twisted Blade Analysis Computer Program. The program
calculates the resonant frequencies by determining at what frequency the
reciprocal of blade deflection or moment reaches zero.

The calculation of the blade natural frequencies was carried out by the
Twisted Blade Program for two blade-tip boundary conditions. These tip
restraint conditions greatly affect the resonant frequencies of the blade.
The first frequency search was done for the in-phase tip condition, for which
all axial and tangential deflections and rotations are permitted holding
the rotation about a radial line to zero. The in-phase vibration modes are
quite similar to a free~tip cantilever condition yielding the lowest possible
blade frequencies. The second frequency search was done for the out-of-phase
tip condition. Here the blade tip is restricted from movement in the
tangential direction while maintaining no rotation about a radial line. The
out-of -phase vibration modes are best correlated with engine data for
shrouded turbines and are, therefore, considered the prime frequencies.

The result of this calculation is twofold:

1. Campbell diagrams (Figures 201 through 204) are plotted to show
the relationship of natural frequency and rotor speed. Frequency
of resonance varies with speed (centrifugal stiffening) and
temperature (spring affect as determined by Young's modulus)
in the following manner:

Eo

£ = [fo + sz]\/—_g—-—

where:
is frequency

f
B is a configuration constant
w is speed

E is Young's Modulus

Subscript o 1s base or room
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 Steady State Stress, KSI
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Figure 197, Fans A/B Stage 1 Turbine Blade Steady
State Stress
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Steady State Stress, KSI
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% Blade Height

Figure 199. Fans A/B Stage 3 Turbine Blade Steady
State Stress
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The blade frequencies plotted on the Campbell diagram were
obtained from bench test results at O rpm and Twisted Blade
Analysis at 3500 rpm.

The Campbell diagram has ''per rev'" lines illustrating various
possible excitation stimuli which could exist to cause resonant
vibration at the engine speed where the natural frequency
intersects with these lines. The low-order excitation lines
can exist in any engine, while the higher-order lines indicate
passing frequencies of such things as fuel nozzles or vanes.
Such diagrams are used to avoid potentially dangerous inter-
ferences in the initial design and to identify modes of vibra-
tion during engine test.

2. Stress distribution charts are also produced from the computer
analysis. By this means, the maximum stress in the airfoil
can be identified in relation to any other point in the airfoil.
These plots are used during engine stress surveys, where one or
two strain gages are applied to convert the gage reading to
maximum stress.

The stress distribution charts for all four stages are shown in
Figures 205 through 223 for the more important modes of first flexural
in-phase and restrained modes out-of-phase of first flexural, first axial,
first torsional, and second flexural.

- Dovetails

All four stages use two-tang dovetails which are scaled from a
common design. For convenience, the same size dovetail is used for
Stages 1 and 2 and for Stages 3 and 4. The two-tang design was chosen
because of the good experience available with this dovetail on the TF39
and CF6 engines.

The dovetails are analyzed using the R.B. Heywood method, which
involves the use of geometric construction of the plane-of-bending in
the fillet sections and is based on photoelastic studies of plastic
models.

Steady state forces acting on the dovetail include centrifugal
force, shear due to gas load, bending due to gas load, znd blade offset
and tilt (see Figure 224). Tables LV through LVIII tabulate the important
steady state stress levels in each stage. All stress levels are at a
rotor speed of 3500 rpm. As noted in the tables and on the figures,
results are given at six points on the dovetail tangs. These points are
located on the four extreme corners (Points 1 ~ 4) and halfway between
the corners (Points 5 and 6).
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Figure 205. Stress Distribution for the Fans A/B Stage 1 Turbine, 444 CPS, 1lst Flexural, In-Phase
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Figure 206. Stress Distribution for the Fans A/B Stage 1 Turbine, 1067 CPS, 1st Axial, Out-of-Phase
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Table LV. Fan A and B LP Turbine Rotor Stage 1 Blade Dovetail Stress Analysis

(3500 RPM) N
Point % Omx Oy Oneck Otang Ctotal :
Upper Tang | )
1 6503 -2036 112 4579 10750 13025 &
2 6503 -2036 -112 4355 10930 12800 fJ
3 6503 2036 112 8426 19000 23480 ;ﬂ
4 6503 2036 112 8650 18900 23720 Ef
5 6503 0 -112 6391 14950 18140 | ?ﬁ“
6 6503 0 112 6615 14850 18400 g;;j} . jfj;ﬁ;;g
Lower Tang | ¥5  mf' L vl}f
1 5631 -1685 -181 3766 8260 10350 ; :;
2 5631 | ;1685 | 181 4127 8485 10975 -
3 5631 1685 181 7497 14963 19640
4 5631 1685 -181 7136 14738 19020
5 5631 0 - 81 5812 11724 15310
6 5631 0 -181 5451 11500 14685 )
.\ ‘/"'""
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Table LVI. Fan A and B LP Turbine Rotor Stage 2 Blade Dovetail Stress Aﬁalysis
(3500 RPM)
Point Oc Omx Omy Oneck Otang Ototal
Upper Tang
1 8163 ~1806 515 6872 16000 19465
2 8163 -1806 -515 5842 15450 17660
3 8163 1806 =515 9454 23000 27390
4 8163 1806 515 10484 23550 29160
S 8163 0 =515 7648 19250 22540
6 8i63 o 515 8678 19800 24330
Lower Tang
1 7070 -1426 53 5697 11734 15165
‘2 7070 -1426 -53 5590 11636 14960
3 7070 1426 -53 8443 17067 22260
4 7070 1456 53 8550 17166 22470
5 7070 0 -53 7016 14351 18610
6 7070 0 53 7123 14450 18820
N e T o B e T DR reet ) S . (4 .

B e A e T S N




FRETy  rTmEE mmees o
3 [ B ! -

Table LVII. Fan A and B LP Turbine Rotor Stage 3 Blade Dovetail Stress Analysis

€8¢

(3500 RPM)
Point Oc Omx Omy Onock Otang Ototal
Upper Tang
1 10730 -2100 715 9343 12000 19790
2 10730 -2100 -715 7913 11500 17750
3 10730 2100 -715 12110 16550 26390 :
4 10730 2100 715 13540 16900 28300 ;
5 10730 0 -715 10010 14050 22090 ;
6 10730 0 715 11440 14500 24080 %.
Lower Tang ?
1 7575 -1630 360 6305 11338 15700
2 7575 ~1630 -360 5585 11081 14600
3 7575 1630 -360 8845 15483 21710
4 7575 1630 360 9565 15740 22790
5 7575 0 -360 7215 13282 18160
6 7575 0 360 7935 13540 19240
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Table LVIII. Fan A and B LP Turbine Rotor Stage 4 Blade Dovetail Stress Analysis

(3500 RPM)
Point O¢ Omx Omy Oneck Otang Ototal
Upper Tang .\
1 9500 -1570 1145. 9075 11370 19000
2 9500 ~1570 ~1145 6785 10500 15690
3 9500 1570 1145 9925 14200 22100
4 9500 1570 1145 12215 15100 25420
5 9500 0 -1145 8355 12350 18900
§ 6 9500 0 1145 9645 13200 21040
Lower Tang
1 8240 0 750 8990 13120 20210
2 8240 0 -750 7490 12520 18000
3 8240 0 -750. 7490 16690 20750
4 8240 0 750 8990 17300 23130
5 8240 0 -750 7490 14600 19400
6 8240 0 750 8990 15200 21700
. B O B St 2 i
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Vibratory stress distributions in the dovetails are shown on the
blade stress distribution charts of Figures 205 through 223. These are
determined by imposing moments and shear forces taken from the blade
analysis on the dovetail and analyzing the dovetail by the previously
mentioned Heywood analysis. Results of the vibratory analysis on the
dovetail are presented as an alternating stress ratio (relative to a
chosen point on the airfoil surface) which, in this case, was the air-
foil root leading edge.

Vibratory stress results are given for the first flexural in-phase
mode in Figures 225, 226, 227, and 228. The four maximum combinations of
steady state stress and alternating stress ratio for each stage are shown
relative to the airfoil root stress.

It will be noted that, in general, the vibratory stress in the dovetail
is higher than in the airfoil. This is caused by the low force levels
created by the low tip speed and the large airfoils required for aerodynamic
performance. The dovetails, which already have very low stress levels by
aircraft standards, would have to be made abnormally large to reverse this
situation. This would serve no useful purpose, since the vibratory levels
of the shrouded blades are so low that the dovetails are completely safe
with the present design.

The procedure for analysis of the double-tang dovetail using the
Single-Tang Dovetail Computer Program was the following: each component
of stress on each tang (upper and lower) was analyzed separately. The
assumptions made for the loads for each stress component were:

1. The upper blade tang supports the entire load at its neck,
and, therefore, 100 percent of all blade loads are used for the
neck stress calculation. These loads are the centrifugal
(Fc), the bending (My and My), and the shear (V4 and V).

2. Assuming that 50 percent of the F,, M, and M, loads are taken
out by the upper tang of the disc and that the My moment is
distributed between upper and lower tangs according to the
following relations: |

= 2 2 2
Mg upper =My total  (t“ypper)/(t“ypper *+ t“1ower)

and
My lower = M ‘ (tz )/ (t2u ér)
y -~ 7y upper lower pp )

the tang-bending stress calculation of the upper tang of both
blade and disc can be made. The effect on moments My, and My,
due to shear loads V. and Vy, are neglected. '

3. The lower blade neck stress calculation is made by using the
remainder of the loads transmitted to the lower blade tang,
which is 50 percent of FD’Mx and Mz, with M computed in

Step 2 Yy lower
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Figure 226. Fans A/B, LP Turbine Rotor, Dovetail Stress Analysis,
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Figure 227. Fans A/B, LP Turbine Rotor, Dovetail Stress Analysis,

Stage 3
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Figure 228. Fans A/B, LP Turbine Rotor, Dovetail Stress Analysis,
Stage 4
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4. The lower blade tahg stress calculation used the same load as
the neck stress in Step 3, since the lower blade tang is
identical to a single-tang dovetail.

5. The upper disc neck stress is calculated using the same, loads
as used for the upper disc tang stress, since it is also
identical to a single-tang dovetail. :

6. The lower'disc neck stress takes on the entire blade load
plus an increment of Fc from the dovetail weight itself.

7. The lower disc tang stress calculation used the loads obtained
" in Step 3.

A modification to the tang-bending stress calculations was required
on the upper blade tang and lower disc tang because of the geometry of
these particular tangs. The tang functions, which are generated by the
computer program and are used directly to obtain tang stress, are
calculated based on a vertical plane through the Heywood point typical
of single-tang dovetails. The error is introduced in the value of (j),
the moment arm of the tang load.

The corrected tang functions were ratioed to the computer values
and the adjusted tang stresses were 2.27 times higher for the upper
blade tang and 1.47 times higher for the lower disc tang.

Neck stress and tang stress components on corresponding tangs were
combined by the Heywood method which is:

O total = O neck + O tang
where,
T = e
T 1 + 5.,1162 O neck

O tang

Vibratory stress calculations were handled in the same manner
except stress concentration factors for the upper and lower tangs
were:

Upper Lower
Blade 1.69 1.63
Disc 1.52 1.61
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e Discs

The LP turbine discs feature integral spacer arms and high bore
diameters. By placing the bolted flanges at the extremities of the spacer
arms, the stress concentration effects of holes are removed from the disc.
The high bore diameter is used to maintain a high rim tangential stress,

to offset the thermal stress created by the rim being at a higher tempera-

ture _than the bore. Both effects are especially desirable to improve the
disc low cycle fatigue capability.

All the LP turbine discs are made of IN718, theAstrongest available
alloy in the intermediate temperature range. oo

- Stress Analysis

The discs are designed to survive overspeed to a desig: speed of
3830 rpm. To analyze for this condition, the elastic disc analysis
computer program was used. No allowance is made in the program for the
disc spacer arms, although these tend to retard disc growth and con-
sequently lower the dis¢ stresses. The program output is stresses in
the radial and tangential directions plus effective stress, which is
the stresses combined by the method known as the Hencky-Von Mises
Theory of Failure. A detajled stress analysis on the spacer arms is
covered later in this report. ’ 4 : :

The resulting stresses for two operating conditions are shown. The
first condition is at 3236 rpm. The disc stresses are shown in Figures
229, 231, 233 and 235. This represents the typical operating conditions
that the discs will encounter. Figures 230, 232, 234 and 236 show the
stresses that the discs would encounter at overspeed to 3830 rpm. The
analysis established that the rotor is safe at these operating conditions.
The low pressure steady state disc temperature is shown in Figure 237.
The resulting stress levels are judged against the criteria strength
listed below:

i Stages :
Stress 1 2 3 4
Bore Stress
Calculated 85,525 86, 050 71,520 81,690
120% x 0.2% yield 157,000 | 156,000 | 156,000 | 156,000
% Margin 83.7 81.3 118 91
Average Tangential Stress
Calculated 72,100 71,270 60,150 70,690
0.2% yield 111,0001{ 110,000 110,500 | 111,000
% Margin 54. 54.3 83.5 57
Maximum Rim Stress
Calculated 53,450 38,150 28,150 44,050
0.02% yield 110,000 | 109,000 109,500 { 110,000
% Margin 229 186 290 150
391
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