This document was produced
by scanning the original publication.

Ce document est le produit d'une
numeérisation par balayage
de la publication originale.



eburgoyn
Black


Declassified

Déclassifié

Rest

Mines Branch Investigation Report IR 66~32

SECOND REPORT ON MEASUREMENT OF RESIDUAL STRESSES
IN LACING WIRES OF Y-100 EXPERIMENTAL STAGE 8 MAIN
ROTOR DISC FOR R.C.N, DESTROYER ESCORT
VESSELS

by
F, W, Marsh*

SUMMARY OF RESULTS

Stresses induced by fitting and brazing lacing
wire and by fitting and rivetting shrouding, and total
residual stresses, in the lacing wires of four segments of
a Y-100 experimental Stage 8 main rotor disc were
measured, Results indicated that maximum combined
bending and axial stresses, induced by brazing the wire
were approximately 27, 000 psi tension and 35, 000 psi
compression, by fitting the shroud approximately
17, 000 psi tension and 13,000 psi compression, and by
rivetting the shroud approximately 32, 000 psi tension
and 24, 000 psi compression. Maximum total residual
stresses were approximately 30, 000 psi tension and
20, 000 psi compression. There was no conclusive
evidence that varying brazing and rivetting sequences

reduced total residual stresses.

*Senior Scientific Officer, Engineering Physics Section, Phyéical Metal -
lurgy Division, Mines Branch, Department of Mines and Technical Surveys,
Ottawa, Canada.
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INTRODUCTION

The second phase of the investigation of residual stresses in
lacing wires in an experimental Stage 8 rotor disc has been completed,- and

the results are presented in this report,

As noted in the introduction to the fir st report (Mines Branch
Investigation Report IR 65-99, December Zi, 1965), the disc was shipped
to Toronto in Juiy 1965 for brazing of the lacing wire in the remaining
segments. The disc, with the brazing completed on four more segments,
and the shrouding for these segments punched and loosely fitted, was
returned to these Laboratories on November 22, 1965, After strain gauges
had been mounted, a Canadian General Electric Company fitter-, Mr. R,

- Ratsep, fitted and rivetted the shrouding, allowing time for strain measure-
ments to be made after each blade was rivetted, Subsequently, all stresses
in the wires were relieved, completing the measurements to be made at

this time.

METHOD OF TEST

The system of segment and blade numbering followed in the first
report (Mines Branch Investigation Report IR 65-99, December 21, 1965),
has been continued, i,e.: segments are numbered in sequence from the
lock~up position, in a clockwise direction when viewing the disc from the
inlet side. Blades within each segment are numbered in sequence in a
counter-clockwise direction, Details of the numbering system are indicated
in Figure 1. Tests carried out on segments 1, 2, 3A, 3B, 4A and 4B are
reported in Mines Branch Investigation Report IR 65-99, and the present
report deals with tests on segments 6A, 6B, 7A and 7B. Segment 5 was
not tested, When the disc was received from Toronto, lacing wire had been

fitted in segment 5, but was not birazed, and no shrouding had been fitted.



Segments 6A and 6B were labelled ""A" on the disc, and segments 7A and
7B were labelled "B",

In instf\icti.o}ns to:vt}.le' manufacturer, file No; ROTO. 6900-19,
6900—-DDE/ME_—3. 2, dated August 31, 1965, para. (é,) states that in two
adjacént sections of lacing wire covering seven blades each, brazing was
to be in seque’nce.l to 7. Para, (b) states .thatl in two adjacént-_sections of
~lacing wire covering seven blades each brazing was to be in sequence
1, 7, 4, 2, 6, 3, 5, However, in a letter from the Resident Naval
Overseer, Toronto,.to the Chief éf Technical Services, file No. ROTO.
6900-DDE/ME-3, 2, dated November 12, 1965, para. (2) states that ''Two
. additional sections ‘of 16 blades have been brazed and the shrouding loosely

fitted and taped in place. The order of brazing of eaéh 8 blade éegment has
'been marked in black marking pencil on the blade roots." - The bfazing
seqﬁence, as marked on the blade roots, is given in Table l,‘ and it should
be noted that this order does not conform with that given in the or,iginal -

instructions.

Para, 3 of the same letfel' était'es: "It will be noted that the
shrouding on Section "'A'" has been marked in way of two of the blades., These
two blades are not quite in line with their neighbours, resulting in the tenon
clearances being all on one side of thé shrouding tenon holes. The direction .
of the blade misalignment is marked with arrows on the shrouding,..."

The blades, so marked, were Blade No. 2, segment 7B, misaligned toward
the inlet side, and blade No. 3, segniént 74, misaligned toward the outlet

side (see Figure 1),

Strain gauges, cement, waterproofing, and inétruméntation were
the same as employed in the previous tests, and described in Mines Branéh
‘Investigation Report IR 65-99, Gauges were mounted in pairs, as explained
previously, but only in the radial disc direéction, Pairs of gauges were

installed between blades 1 é,nd 2, 4 and 5, and 7 and 8 in all segmehts

except 6A, Since there was a 1ar‘ge amount of brazing material on the’

N




lacing wire between blades 4 and 5, segment 6A, gauges were mounted
between blades 3 and 4 of this segment, Figure 2 is a photograph of a gauge

pair installation, and Figure 3 shows the complete instrumentation,

When all gauges had been installed and checked for zero drift,
Mr, R. Ratsep of the Canadian General Electric Company removed the

shrouding, Zero readings were then taken, Fiollowing refitting of the

-shrouding, readings were taken on all gauges, compared with a temperature

‘compensator individually, and compared with each other, in pairs. This

method of reading was followed throughout the tests to permit computation
of both axial stresses in the wire direction, and bending stresses in the

6 .
plane of the disc, A value of 30 x 10 psi was assumed for the modulus of

elasticity of the lacing wire material in reducing the gauge readings to

stress values,

When the shrouding had been fitted, and readings obtained,
rivetting was carried out by Mr, R. Ratsep, in the order indicated in
Table 1 and Figure 1, for both segments and blade numbers, After each

blade was rivetted, readings were taken on all gauges,

When rivetting and all readings had been completed, the lacing
wire was cut through with a jewellers' saw, as close as possible to each -
pair of gauges, Cuts were 1ﬁade in sequence from the lower to higher
numbered blades, starting at segment 7B, and readings were taken on all
gauges after each cut was completed. Measurements of the gaps in all
severed wires were made after each cut was made to estimate the movement

of the wire as stresses were relieved,

Since the method of testing provided a measure of stresses
induced in the wire by laying on the shroud, by rivetting, and by relieving
all stresses, the stresses induced by installing and brazing the wires could
be easily obtained, Thus, the total residual stresses could be broken down
into components induced during ea‘Lch stage of assembly of the experimental

disc, for the segments examined,




TEST RESULTS

All results are given below in Tables 1 to 19,

TABLE 1

" Details of Segments, Experin'aental' Disc

Segment | No, of : , . . :
No, Blades Brazing Sequence . - Rivetting Sequence
5 ] 15 Lacing wire not brazed, shrouding not fitted
6A 8 1,8, 4,6,3,5.2, 7| 4,5,3,6,2,7 1, 8
6B 8 1,8,4,6,3,5,2,7| 817, 6,5,4,3,2,1
7TA 8 4, 5,3,6,2,7,1,8| 4,5,3,6,2,7, 1, 8
7B 8 4, 5,3,6,2,7,1,8]| 8,7, 6,5,4,3,2,1
- TABLE 2

Stresses Induced in Segment 6A by I:’;aying on Shroud, in.psi

+ Tensile A - Axial _ ,
(x -~ convex toward shroud

- Compressive B - Bendin |
omp116551ve Bending (y - concave toward shroud

- C - Combinevd,. first value at outer radius

!

v _ ‘Blad’e Numbers
Stress : : : '
1-2 : , 3-4 7-8
A - 600 . + 1500 - 2400
B | x300 v 1200 y 2700
c - 300 :  + 300 - 5100
- 900 + 2700 + 300




TABLE 3
Stresses Induced in Segment 6B by Laying on Shroud, in psi
+ Tensile A - Axial

- Compressive . (x - convex toward shroud
B - Bending
(y - concave toward shroud

C - Combined, first value at outer radius

Blade Numbers
Stress
1-2 4-5 7-8
A -~ 5400 - 3900 - 900
B y 7700 y 600 x 300
c -13100 - 4500 - 600
+ 2300 - 3300 - 1200
TABLE 4

Stresses Induced in Segment 7A by Laying on Shroud, in psi

+ Tensile A - Axial

- Compressive . (x - convex toward shroud
B -~ Bending
(y - concave toward shroud
C - Combined, first value at outer radius

Blade Numbers
Stress
1-2 4-5 7-8
A + 3600 + 600 0
B x 7800 x 5700 x 3500
C + 11400 + 6300 + 3500
- 4200 - 5100 - 3500




TABLE 5 ‘
Stresses Induced in Segment 7B by Laying on Shi‘oud, ‘in psi

+ Tensile - A - Axial

(x - convex toward shroud
_ (y - concave toward shroud
C - Combined, first value at outer radius

- Compressive B - Bending

Blade Numbefs
Stress '

' 1-2 4.5 - 7-8
A + 10500. +. 3500 . -1200
B. - x 6300 ‘ v 6500 ' y 4700
c + 16800 - 3000 - 5900

+ 4200 + 10000 + 3500

—
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TABLE 6

Stresses Induced in Segment 6A during Rivetting of Segment 64, in psi

4+ Tensile

- Compressive

A - Axial

(x - convex toward shroud

B - Bending {y - concave toward shroud

C - Combined, first value at outer radius

Blade No, Blade Numbers
. Rivetted,” | Stress
6A 1-2 3-4 7-8
A + 1300 + 600 - 200
4 B y 1500 y 1800 y 3000
c - 200 - 1200 - 3200
+ 2800 4+ 2400 + 2800
A + 1300 + 600 + 1100
5 B y 1200 y 1800 y 4800
c + 100 - 1200 - 3700
+ 2500 + 2400 + 5900
A + 1500 + 3000 + 1100
3 B x 2100 y 900 y 2700
c 1+ 3600 + 2100 - 1600
- 600 + 3900 + 3800
A + 900 + 1100 + 900
6 B x 1500 y 2100 y 4200
+ 2400 - 1000 - 3300
C .
- 600 + 3200 + 5100
A + 1400 + 5300 + 500
2 B x 600 y 6500 y 7800
C + 2000 - 1200 - 7300
+ 800 + 11800 + 8300
A + 1200 + 3900 + 15300
K B y 300 y 7800 y 1500
C + 900 - 3900 + 13800
) + 1500 + 11700 + 16800
A + 7200 + 5400 + 15300
1 B x 31500 y 11700 y 5400
C + 38700 - 6300 + .9900
-~ 24300 + 17100 + 20700
A + 7200 + 5400 + 17000
8 B x 31500 y 11100 vy 5400
c + 38700 ~ 5700 + 11600
-~ 24300 + 16500 + 22400




TABLE 7

Stresses Induced in Segment 6B during Rivetting of Segment 6A, in psi

+ Tensile A - Axial -

-~ Compressive . (x - convex toward shroud
B - Bending
: (y ~ concave toward shroud
C - Combined, first value at outer radius
Blade No, ’ " Blade Numbers
Rivetted,
GA Stress
1-2 - 4-5 _ . 7-8
A + 500 ° + 500 + 1200
4 B‘ x 3200 x 4100 x- 3000
c + 3700 + 4600 + 4200
- 2700 - 3600 ~ 1800
A + 2100 + 800 + 1200
5 B x 3800 x 3900 x 2800
’ c + 5900 + 4700 -+ 4000
- 1700 - 3100 - 1600
, A + 500 | - 600 + 300
3 B % 1700 x 2100 % 3000
c + 2200 + 1500 + 3300
~ 1200 - 2700 - 2700
A .+ 500 - 0 + 300
6 B T ox 1200 . x 1200 x 2400
c + 1700 ' + 1200 + 2700
' - 700 © = 1200 - 2100
A + 800 + 900 + 900
2 B x 4800 x 5400 x 3900
c + 5600 +- 6300 + 4800
"= 4000 - 4500 -~ 3000
A + 800 + 1100 + 800
1 B x 4500 x 5000 x 3000
c + 5300 + 6100 + 3800
- 3700 - 3900 ~ 2200
A + 600 + 2300 + 1100
1 B x 8100 x 9700 % 4100
C + 8700 + 12000 + 5200
B 7500‘ - 7400 ~ 3000
A + 500 + 2300 + 1200
8 B x 8200 x 10100 x 4800
c + 8700 + 12400 + 6000
~ 7700 - 7800 - 3600




TABLE 8

Stresses Induced in Segment 6A during Rivetting of Segment 6B, in psi

+ Tensile A -~ Axial

- Compressive
P (x ~ convex toward shroud

B - Bending (y - concave toward shroud

C - Combined, first value at outer radius

e

Blade No, Blade Numbers
Rivetted, Stress

6B 1-2 3-4 7-8
A + 5400 + 4500 + 16800
8 B x 30000 y 12000 y 6300
C + 35400 - 7500 + 10500
- 24600 + 16500 + 23100
A + 5600 + 4800 + 17000
7 B x 29600 y 12300 y 6800
c + 35200 - 7500 + 10200
. - 24000 + 17100 + 23800

v

A + 5700 + 4800 + 17000
6 B x 28700 y 13400 y 7700
C + 34400 - 8600 + 9300
- 23000 + 18200 1+ 24700
A + 5700 + 4700 + 17100
5 B x 27900 y 14000 y 8100
c + 33600 - 9300 + 9000
+ 22200 + 18700 + 25200
A + 6000 + 4500 + 17100
4 B x 27500 y 14400 y 8700
c + 33500 - 9900 + 8400
- 21500 + 18900 + 25800
A + 6000 + 4500 + 17100
3 B x 27000 y 15000 y 9000
c + 33000 - 10500 + 8100
- 21000 + 19500 + 26100
A + 6000 + 4500 + 17100
2 B x 26500 y 15500 y 9600
c 1+ 32500 - 11000 + 7500
- 20500 -+ 20000 + 26700
A + 6000 + 4500 + 17300
1 B x 26100 y 15900 y 10100
c + 32100 -~ 11400 + 7200
+ 20100 + 20400 . + 27400
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TABLE 9

Stresses Induced in Segment 6B during Rivetting of Segment 6B, in psi

~ + Tensile . A - Axial

~ Compressive . . (x - convex toward shroud
B - Bending
(y - concave toward shroud

C - Combined, first value at outer radius

Blade No, _ : Blade Numbers -

Rivetted, |Stress - — : :
6B 1-2 4-5 _ . 1-8°
A 0 + 1100 ~ 900
8 B x 9600 x 13400 x 1400
c + 9600 |-+ 14500 + 500
- 9600 . - ~ 12300 - 2300
A 0 + 900 + 2100
7 B x 10300 - . x 14400 x 8200
c 410300 | +15300 + 10300
- 10300 - 13500 . | " - 6100
A 0 - 1500 + 4500
6 B x 10300 x 13500 x 6000
' T + 10300 + 12000 + 10500
- 10300 . -~ 15000 - 1500
A 0 + 2900 + 5400
5 B x 12500 x 8100 ©x 4800
c "4+ 12500 + 11000 4+ 10200
- 12500 - 5200 + 600
A - 300 + 6500 "+ 6000
4 B ' x 12900 x 8600 x 4100
’ c + 12600 + 15100 + 10100
- 13200 © L2100 + 1900
A + 500 + 7100 4+ 6200
3 B x 12800 x 7400 x 3500
c + 13300 + 14500 + 9700
- 12300 - 300 + 2700
A + 500 + 8400 4 6300
2 B x 4100 x 6000 x 3000
c + 4600 + 14400 - + 9300
~ 3600 + 2400 + 3300
, A + 2100 + 8400 + 6500
1 B 0 x 5700 x 2600
c + 2100 + 14100 + 9100
, + 2100 -+ 2700 + 3900
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TABLE 10

Stresses Induced in Segment 7A during Rivetlting of Segment 7A, in psi

+ Tensile A - Axial

(x - convex toward shroud

- Compressive .
P B - Bending
(y - concave toward shroud

C -~ Combined, first value at outer radius

Blade No., Blade Numbers
Rivetted, Stress
7TA 1-2 4-5 7-8
A 0 - 1200 0
4 B x 1400 y 6200 0
c + 1400 ~ 7400 0
- 1400 4+ 5000 0
A 0 + 3900 + 300
5 B x 1500 y 7500 y 3300
c + 1500 - 3600 - 3000
- 1500 1+ 11400 + 3600
A + 1500 + 3200 Q
3 : B x 2400 y 10100 y 4500
g G + 3900 - 6900 - 45440
- 940 + 13300 + 4800
A + 1200 + 1500 + 300
6 B x 2300 y 10200 y 4500
c + 3500 » 8700 - 4200
- 1100 + 11700 + 4800
A + 3900 + 800 + 200
2 B x 2300 y 11000 y 5300
c + 6200 ~ 10200 - 5100
+ 1600 + 11800 + 5500
A + 3500 - 600 + 1500
7 B x 2300 y 12300 y 13500
c + 5800 - 12900 - 12000
+ 1200 + 11700 + 15000
A + 9800 + 1200 + 1100
1 B x 16300 y 17200 y 18200
c + 26100 - 16000 - 17100
- 6500 + 18400 + 19300
A + 9800 + 500 + 4500
8 B x 15200 ¥ 18500 y 20000
c + 25000 - 18000 - 15500
« 5400 + 19000 + 24500




12

TABLE 11

Stresses Induced in Segment 7B during Rivetting of Segment 7A, in psi

+ Tensile A -~ Axial

~ Compressive . (x ~ convex toward shroud
- B ~ Bending .
_ (y - concave toward shroud

C - Combined, first value at outer radius

Blade No, ) i Blade Numbers
Rivetted, Stress ' . ;
C7A 1-2 : 4-5 7-8
A - 900 - 800 0
4 B y 1800 - y 500 0
: c - 2700 -~ 1300 0
, + 900 - 300 0
A - 1100 - 800 : + 200
5 B y 1700 | y 500 x 200
c - 2800 .~ 1300 _ + 400
+ 600 - 300 , 0
A ~ 1700 - 900. 0
3 B y 1500 x 1400 x 1700
c - 3200 + 500 © 41700
- 200" ~ 2300 . =~ 1700
A - 1700 - 900 0
6 B 'y 1500 x 1500 x 1700
: c - 3200 © 4+ 600 + 1700
- 200 . = 2400 -.1700
A - 2000 . - 900 + 300
2 B y 1800 x 1500 x 2000
c - 3800 + 600 + 2300
- 200 - 2400 - 1700
A - 2100 - 900 + 200
7 B y 2700 x 1100 x 1400
c - 4800 “+ 200 + 1600
+ 600 - - 2000 - 1200
A - 3900 .- 1100 + 200
1 B y 2300 x 3200 x 1500
c - 6200 .+ 2100 + 1700
- 1600 © - 4300 - 1300
- A - 4200 =900 + 200
8 B y 3500 x 2700 "x 800
c - 7700 "+ 1800 + 1000
- 700 - 3600 - 600
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TABLE 12
Stresses Induced in Segment 7A during Rivetting of Segment 7B, in psi

+ Tensile A - Axial

- Compressive . (x -~ convex toward shroud
B - Bending
(y - concave toward shroud

C - Combined, first value at outer radius

Blade No, Blade Numbers
Rivetted, Stress
7B 1-2 4-5 7-8
A + 6900 - 600 + 4100
8 B x 15000 y 19200 y 20800
c + 21900 - 19800 - 16700
~ 8100 + 18600 + 24900
A + 7100 - 800 + 4100
7 B x 14700 y 19500 y 21300
C +:21800 - 20300 - 17200
- 7600 + 18700 + 25400
A + 7100 - 800 + 4100
6 B x 14200 y 19900 y 21800
C + 21300 - 20700 - 17700
~ 7100 + 19100 + 25900
A + 7100 - 600 + 4100
5 B x 14100 y 20200 y 22100
C + 21200 - 20800 - 18000
- 7000 + 19600 + 26200
A + 7200 - 600 + 4100
4 B x 13500 y 20900 y 22500
c + 20700 - 21500 - 18400
- 6300 + 20300 + 26600
A + 7200 - 600 + 3900
3 B x 13200 y 21300 y 24200
c + 20400 - - 21900 - 20300
- 6000 + 20700 + 28100
A + 7200 - 600 + 3900
2 B x 12200 y 22500 y 24200
C + 19400 ~ 23100 -~ 20300
~ 5000 + 21900 1 28100
A + 7500 - 500 + 4100
1 B x 11600 y 23000 y 24600
C + 19100 - 23500 - 20500
- 4100 + 22500 + 28700
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TABLE 13

Stresses Induced in Segment 7B during Rivetting of Segment 7B, in psi

4 Tensile A ~ Axial

(x - convex toward shroud
{(y - concave toward shroud

- Compressive B - Bending

C - Corn»biyne’d, first value at outer radijus

Blade No, : , " Blade Numbers
Rivetted, Stress - - -
7B . 1-2 - 45 - 1-8
: A - 4100° - | 600 + 5100
8 B y 900 x 4800 y 6600 .
¢ ~ 5000 + 4200 - 1500
: - 3200 - 5400 + 11700
A - 4400 | - 1100 + 7800
7 B y 300" % 5600 y 7200
¢ - 4700 + 4500 +. 600
: - 4100 - 6700 + 15000
A - 5100 -~ 2000 + 8100
6 B y 900 x 7500 y 8300
c - 6000 + 5500 - 200
~ 4200 ~ 9500 + 16400
A 6300 © - 4100 + 7700
5 B y 2700 ~ x 6800 y 8100
¢, - 9000 + 2700 - 400
, - 3600 ~ 10900 -+ 15800
A .- 8700 .- 2900 _+ 8000
4 B 4200 . x 6200 y 8700
' c - 12900 + 3300 - 700
- 4500 . - 9100 + 16700
A + 2000 |+ 900 + 9000 -
3 B x 7500 © x 1200, y 9800
' c 4+ 9500 % 2100 -~ 800
- 5500 - 300 + 18800
A + .7400 - + 3000 + 9500
2 B x 10200 0 y 11100
C + 17600 + 3000 - 1600
- 2800 + 3000 + 20600
A + 3800 + 1800 + 9500
1 B x 17700 y 300 y 11700
c + 21500 + 1500 - 2200
- 13900 + 2100 + 21200
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TABLE 14

Stresses Induced in Segments 7B and 7A during Cutting

of Lacing Wire, in psi

+ Tensile A - Axial
-~ Compressive

B - Bendin (x - convex toward shroud
& (y ~ concave toward shroud

C -~ Combined, first value at outer radius

Blade Numbers
: S t 7TA
Seg- | Blade No, Segment 73 , egment 7

ment | for Cut Stress 1-2 4-5 7.8 1-2 45 78
A ~ 9600 - 3000 - 600 0 0 - 100
1-2 B x 5800f x 500 | x 200 0 y 200( y 200
c -~ 3800 - 2500 - 400 0 - 200 - 300
-~ 15400 - 3500 + 800 0 200 + 100

A - 12900 -~ 2600 0 Q

4-5 B y 600 | x 1400 0 y 200{ y 200
c - 13500 - 1200 0 - 200 - 200
7B - 12300 ~ 4000 0 + 200 + 200

A - 5700 + 300 0 Q
7-8 B vy 13200 X 200 x 200 y 200
c - 18900 + 500 + 200 - 200
+ 7500 + 100 - 200) + 200
A - 9500| - 3000| - 600
1-2 B x 9500 x 500 x 100
c 0 - 2500 - 500
- 19000 - 3500 - 700
A - 2600 - 500
4-5 B ; x 3500] x 100
c + 900 -~ 400
' - 6100 =~ 600

A

7 A - 2000
7-8 B x 21300
c + 19300
-~ 23300
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TABLE 15

Stresses Induced in Segments 6B and 6A during Cutting of

+ Tensile

~ Compressive

© Liacing Wire, in psi

A - AXiEL].

B - Bending

(x - convex toward shroud
(y = concave toward shroud

C - Combinéd, first value at outer radius

Blade Numbers

‘Segment 6B

I Segment 6A
Seg- Blade No. : : — : =
ment for Cut Stress 1-2- 45 7-8 1-2 3"4, . 7-8
‘ A - 300 ~-1200| . .0 0 + 200 0
1-2 B y 13100 | % 500 | x. 500 0. | x 200| x 200
. - 13400 | = 700 + 500 0 + 400 + 200
+12800| - 1700 | -~ -500 0 0 - 200
4 A - 6900 | - 1500/° 0 |+ 200 0 -
0B 4-5 B- 'y 22800 | x 1200/ x 300 x 500}| x 500
' c ~ 29700 | -~ 300 + 300 + 700| + 500
_ +:15900 | ~ 2700{ -~ 300| - 300 =~ 500
S A - 7200 o | + 200 0
7-8 - B x 2600| .x -300} x 300| x 300
c - 4600| + 300] + 500| + 300
. . - 9800 - 300| -~ .100}| - 300.
A - 6300 - 3000| - 500
1-2 B y 77001 x 600 x 300
o e - 14000{ - 2400| - 200
. + 1400| - 3600 - . 800
A \ - 7400 - 1200
3~4 B " x19800| x = 200
G A ' +12400| - 1000
64 < - 27200 | - 1400
A -~ 6000
7-8 B x 20500
+ 14500
.C .~ 26500
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TABLE 16

Final Stresses in Segments 6A and 6B, in psi

+ Tensile A - Axial

- Compressive . (x - convex toward shroud
B - Bending -
(y - concave toward shroud

C - Combined, first value at outer radius

Stress Induced By

lns'talliug Wire
Seg- | DBlade and Laying on Residual
ment No. | Stress Brazing Shroud Rivetting Stress
A + 900 - 600 + 6000 + 6300
1-2 B y 18700 x 300 x 26100 x 7700
c - 17800 - 300 + 32100 + 14000
+19600 - 900 - 20100 - 1400
A + 1400 + 1500 + 4500 + 7400
3-4 B y 2700 y 1200 y 15900 y 19800
C - 1300 + 300 - 11400 - 12400
+ 4100 + 2700 + 20400 + 27200
6A A - 8900 ~ 2400 + 17300 + 6000
7-8 B 7700 y 2700 y 10100 y 20500
C ~ 16600 - 5100 + 7200 ~ 14500
- 1200 + 300 + 27400 + 26500
A + 3600 - 5400 + 2100 + 300
1-2 B x 20800 y 7700 0 x 13100
C + 24400 =~ 13100 + 2100 + 13400
- 17200 + 2300 + 2100 - 12800
A + 2400 - 3900 + 8400 + 6900
4-5 B x 17700 y 600 x 5700 x 22800
c + 20100 - 4500 + 14100 + 29700
- 15300 - 3300 + 2700 - 15900
6B .
A + 1600 - 900 + 6500 + 7200
7~-8 B y 5500 x 300 x 2600 y 2600
c - 3900 - 600 + 9100 + 4600
+ 7100 - 1200 + 3900 + 9800
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_ TABLE 17

" .Final Stresses in Segmenté 7A and 7B, in psi

+ Tensile ‘ A - Axial’
: ompr 6551ve/ {x » convex toward shroud

B - Bgndlng {(y - concave toward shroud

C - Combined, first value at outer radius

Stress Induced By |

Seg~ Blade| -~ - | Instailing Wire | Laying on Residual
ment No. | Stress and -Brazing Shroud Rivetting ~ Stress
A - 1600 4 3600 + 7500 + 9500

1-2 B y 28900 x 7800 x'11600 y 9500

‘ c ~ 30500 + 11400 +19100 0

- + 27300 - 4200 '~ 4100 4+ 19000

A + 2500 + 600 [ - 500 + 2600

4-5 B x 13800 - x 5700 y 23000 y 3500

7A c + 16300 + 6300 - 23500 ~ 900
A ‘ N - 11300 - 5100 + 22500 + 6100

A | - 2100 0 +. 4100 + 2000

7-8 B y 200 | x 3500 y 24600 y 21300

C - 2300 + 3500 .- 20500 - - 19300

: - 1900 ~ 3500 + 28700 + 23300 -

A - 4700 410500 |+ 3800 + 9600

1-2 B. vy 29800 x. 6300 x 17700 y 5800

‘G < 34500 -~ + 16800 "+ 21500 + 3800

: + 25100 4+ 4200 - 13900 + 15400

S A + 7600 + 3500 | '+ 1800 + 12900

4-5 B "x 7400 y 6500 y 300 x 600

c + 15000 - 3000 + 1500 + 13500

B e+ 200 + 10000 + 2100 + 12300

A ~ 2600 - - . 1200 4+ 9500 + 5700

7-8 B  x 29600 "~y 4700 y 11700 x 13200

c © 4 27000 ~ 5900 - 2200 + 18900

- 32200 + 3500 + 21200 ~ 7500

2
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TABLE 18

Gap in Wires after Cutting, in in., x 10

Blade Numbers
Seg- | Blade No.
ment | for Cut 1-2| 4-5| 7-8 | 1-2| 4~5 | 7-8} 1-2]| 4~5] 7-8| 1~2| 3-4| 7-8
1-2 +1
7B 4-5 +1 [ +1
7-8 +1 +1 +2
1-2 +1 [ +1 | +2 +3
TA 4-5 +1 | +1 | -2 +3
7-8 +1 +1 +1 +1 -2 Q
1-2 1
6B 4-5 0 +2
7-8 0 +1 +3
1-2 0| +1| +3| +2
6A 3-4 0 +1) +2 +1 +1
7-8 =2 0 0 0 0 0
TABLE 19
Combined Residual Stresses in psi
+ Tensile
-~ Compressive First value at outer radius
Segment Number
Blade No, 6A 6B TA 7B
1
+ 14000 + 13400 0 + 3800
- 1400 - 12800 + 19000 + 15400
2
3
- 12400
+ 27200
4
+ 29700 - 900 + 13500
- 15900 + 6100 + 12300
5
6
7
- 14500 + 4600 -~ 19300 + 18900
+ 26500 + 9800 + 23300 - 7500
8
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DISCUSSION OF RESULTS

Tables 2 to-5 indicate that maximum axial and radial bending
stresses of the order of 10, 000 psi may be induced by laying on the shrouding,
after the wires have been brazed. The highest stressés recorded were
between blades 1 and 2 of segments 6B, 7A and 7B, Because of ‘the mis -~
-aligned blades in segments 7A and 7B, these stresses would be ekpected to
be high, but it WOﬁld appear that normally aligned blades, as in segrﬁent .6B,
may result in equally high induced stresses. The reason for the relatively

low stresses in segment 6.A is not appare'nt.

Tables 6 and 10 suggest that when rivetting is started on a seg~
ment, stresses in excess of about 10, 000 psi are seldom induced until the
last few blades are 1‘ivei:tec1, where the i‘ivetﬁng_order,is from the centre
toward each end, ,Tableé 7 and 11 indicate that stresses induced in the seg~
menf adjacent to the one being rivetted, but connected to it by the shrouding,
are generally very low, although all stations in segment 6B showed a marked
increase in stress (about 2 to 5 times) when blades 2 and 1 (nearest sectiqn

6B) were rivetted,

From Tables 8 and 12, it is seen that st1°es§es in a segment
already rivetted, do not change significantly when the adjacent segment is
riveil:ted. It is interesting to note, howevér, that in both cases, bending
stresses at corresponding stations are in the same direction, and that in
all cages bending'stresses change in a direction to make the wire less
convex toward the sh’roud, while axial stressés remain essentially

unchan ged;

Tables 9 and 13 show that when the last segment covered by a
length of shrouding is rivetted, in sequence from one end to the other, the
bending stresses in corresponding stations are nof in the same direction,
and the direction of chaﬁge is not uniform, Axial stresses show significant

changes in both magnitude and direction,
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Examination of Tables 10 to 13 suggests that misalignment of
blade 3 in segment 7A, and blade 2 in segment 7B, did not significantly

affect the measured stresses induced during the rivetting operation,

From Tables 14 and 15, it is seen that relieving stresses at one

. end of a segment affects stress distribution throughout the segment, and, to
a measurable extent, in the adjoining segment: This effect is comparable
to that observed in segments 2, 3A, 3B, 4A and 4B, (see Tables 3 to 7,
Mines Branch Investigation Report IR 65-99), and the stress magnitudes are
of the same order, Itis noteworthy that both axial and bending stress
directions for all segments tested were, in nearly every case, in the same
direction. When comparing Tables 14 and 15 with results in Mines Branch
Investigation Report IR 65-99, it is important to note that induced stresses
are given in the former, and residual stresses in the latter, so that the

signs for one set of results must be reversed,

Referring to Tables 16 and 17, it is seen that stresses induced by
installing and bragzing the wires are, in general, somewhat higher when the
brazing order is from the centre toward the ends, rather than from the ends
to the centre and toward the ends. Although the highest stresses, both axial
and bending, are, in most ca,sAes, highest at the ends of the segments, .there
appears to be no systematic pattern to stress distribution, However, the
fact that maximum bending and combined stresses in segments 6A and 6B
are about 30% lower than those in segments 7A and 7B would suggest that

brazing sequence is of some significance,

Stresses induced by laying on the shroud are nearly all higher for
segments 7TA and 7B, and in these sections again, the maximum stresses are
20% or more greater than those in sepments 6A and 6B, However, the
difference here could be attributed to variations in punching the shroud, as
well as to the order of brazing, Combined stresses are, with few exceptions,
quite low compared to stresses induced during brazing, | for all segments,

Highest stresses were recorded between blades 1 and 2 for all segments
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except 6A, Stresses between blades 1 and 2 of segments TA and 7B, and
between blades 4 and 5 of segment TA, would be expected to show a marked
increase, if the misaligned'blades were responsible for high stresses.

However, there appears to be little evidence of this,

Rivetting stresses were -generally quite high,' and were of the same
order of maghitudg as the brazing stresses, i\/laximxzm stresses for
segments 7A and 7B were between 6% and 40% lower than those for éegm‘ents
6A and 6B, which ténds to offset the advantag’é'gained in the bfazing sequence'
used in segments 6A and 6B, The fact that riveftiﬁg stresses are generally
somewhat_lo.wer for segments 6B and 7B, compared respectively with those
for segments 6AI and 74, would suggést that a rivetting sequeﬁce from one
end to the oth¢1~'n1ay ha;je some advantage over a sequence from the centre
toward each end, It should be noted that se'gmen.ts 6A and 7A were com-
plefely rivetted before segments 6B and 7B were started, which fnay have

had some effect on stress distribution.

Residual stresses, which are simply the stresses induced by
cutting the lacing wire, but with reversed signs, represent the total stresses
- induced by installing and brazing the wire, laying on the shroud, “and rivefting.
Maximum residual axial stresses in segments 6A and 6B are about 40% lower
than those in segments TA and 7B, but maximum bending and combined
stresses in segments 7A and 7B are lower, by 6% and 20%, réspe'ctively.,
than those in segments 6A and 6B." Comparing residual stresses in 6A and
TA with those f1h 6B and 7B, it is seen that all maximum stresses in the A
segm‘ents are between 6% and 25% lower than those >ivn the B segments, Thus,
it would appear‘that advantages apparently gained by one brazing or rivetting

sequence, over another, are lost when the entire assembly is completed.,

The measured gaps in the severed wires, as given in Table 18,
are qualitatively what would be expecited from the stress measurements, and
are similar to, ‘though in some cases smaller t'han, ‘gaps measured in ‘the

first segments tested,
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Examination of combined residual stresses, as given in Table 19,
reveals that maximum stress in segment 7B is about 20% lower than in the
other segments, and that the highest stress in segments 7A and 7B is about
14% lower than that in segments 6A and 6B, This would suggest that the
bragzing order used for segments 7A and 7B would be preferred, even though
this order produced the highest brazing stresses, However, since stresses
induced by fitting and rivetting the shroud are not e:?:clusively in a direction
that tend to reduce the total residual stresses, this preference cannot be
stated conclusively, particularly since it is on the basis of only one test,
Comparing these results with those for segments 2 ‘.:o 4B inclusive, given
in the first i'eport (Table 14), it is seen that combined residual stresses are

of the same order,

CONCLUSION

Measurement of stresses in the axial dircction of the 1aciné’ wire,
induced by fitting and brazing the lacing wire, and Ly fitting and rivetting
the svhroudlng, indicates that somewhat lower streidses are induced by brawing
frorn the ends to the centre, then toward the ends, rather than from the
centre towards the ends, and that rivetting stresse s are slightly lower for a
sequence from one end to the other, rathcr than 1‘1 om the centre toward the
ends, However, there is 11tt1e ev1dence that these stresses will invariably
combine in such a manner that the lowest possible total residual stress will

result. There was no conclusive evidence that twc misaligned blades produced

high residual stresses,



oo
o~
-

\ | eeregemedoseza I
\. </
. \. s 4 3 2 !
: (2N A
\8
6& 1
LR BN NS 2] / 2
3
4
AN L]
~, 3
~. 7
N .
)
1 4.8 I ,
2 \, e . -8
\ e I in seouEnce
0T-0-8-40320 3 > b4 " S0
. AN
s AJ
3 ~. \ ! 1
6 N
~ ROTATION .
7 e - /‘\\ /
- 4:' -
B L o
i 68
2 \'\- .
~—— .
M
18
-8
4 :.. 6A
5 27 )
40 a-2-T0 " -
[ et ~.
? 3A
L) w oo
o KN
Pl SRAZING A
- onotn / \ ~
/ 4B ] 4 \. -
; "-e
/ I \ ar
. 49 47 N &8
- -
2 [
RYETTING ORDEA
1
.. ,/v T < 7\
. /7 ‘507”,23.‘5
1/ H
/ !
/ tenreat ] R N
]

"
e SEQUENCE

15
14
13
12
Ui
9-10-8:01-7 -
0 IR NN NI
A (BeB-18:24
k:]
8
7
6
]
5
4
3
S 2
T
S . .
\.\-
[ ~—
5
4
3
2 48-38-2-77)
]
AY
8™
\c
7 ~
-] ‘\
N
""‘;'7'.‘."

Figure 1. Numbering:system for segments-and ]:g'lades, brazing and
rivetting sequences, and indication of‘misaligned blades.
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