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SUMMARY

Reverse bend fatigue and sustained load tests have been carried cut on
three low alloy steel sheet materials, 1% Cr-io, 3% Cr-¥o-V, and 5% Cr-Mo-V,
heat treated to 88, 103 and 121 t.s.i., respectively, and chemically contoured
in acid etching solutions developed by Bristol Aerojet Ltd.

All three steels showed the lowest fatigue properties in the as received
condition, intermediate properties after machining or grinding and the highest
properties after chemical contouring, The high properties after chemical
contouring were sometimes, but not always due to removal of a decarburised
surface layer,

The chemical contouring process caused no failures under sustained load
at high proportions of the notched tensile strength.

Phosphate treatment after chemical contouring caused a slight reduction
of fatigue properties and very slight embrittlement.

INTRODUCTION

A research programme was undertaken to investigate the effect of chemical
contouring on the fatigue and sustained load characteristics of high tensile
steel sheet,

The test programme was carried out by the Saunders—Roe Division of
Westland Aircraft Ltd., in conjunction with Bristol Aerojet Litd. who supplied
the specimens and developed the chemical contouring processes for the steels
testede The development of these processes is covered in S. & T. Memo 23/60
end D.Mat. & S, Report No, 114. The contouring processes used were the
preferred processes summarised in Sections 3.2.3 and 10 of D.Mat. Report 114.

PART I FATIGUE TESTS

1« RANGE OF TESTS

It was required to investigate the effect of chemical contouring on the
fatigue characteristics of three sheet materials, and to compare the results
with the fatigue characteristics of specimens in the 'as received' condition
and specimens which had been reduced in thickness by the more conventionel
methods of grinding and machine milling.

The three steels tested were 1% chromium-molybdenum steel to Bristol
Aerojet Ltd. specification RS.130, 3% chromium-molybdenum-vanadium steel to
Bristol Aeroje t Ltd. specification RS.140, and 5% chromium-molybdenum~—
vanadium steel, H,50, supplied by Jessop-Saville Ltd.

2, DESCRIPTION OF SPECIMENS

2.1 General

18 groups of specimens, of dimensions shown in Fig. 1, were supplied by
Bristol Aerojet Ltd. They had been cut from 13 S.wege rolled sheet with the
exception of groups 1 and 2 which had been cut from 15 s.w.g. material,

After profiling, the specimens had been heat treated as described in parae.
2.3 to give the 'as received! condition. Groups 5 to 8 and 11 to 18 had
then been reduced in thickness by either grinding, machine milling or
chemical contouring, the material being ramoved equally from each surface,
The number of specimens in each group is given in para. 2.4



2.2 Material Composition

RS.130 (S A.E.L130 type)

c Mn. Si. Se P. Ni. cr. Mo. Fe,
% 315 49 23 | L0 O] 17 97 o2 Remainder
RS.140 (En 40c type)
c Mn. Si, S. P. Ni. Cre Moe v.
% 37 .66 25 | 008 | .01 07 3.09 .86 ol
¢ | Mne | Si. | s. P. | M. | Cr. | Ho. V.
% W41 +50 90 | ,012 | 009 | .29 5.08 1435 1411

243 Heat Treatments

RS.130 The specimens had been hardened at 900°C, for 40 minutes, oil
quenched, and tempered at 450°C, for 41 hour.

RS.1

H,50

0 The specimens had been hardened at 940°C. for 4O minutes, oil
quenched, and tempered at 550°C. for 1 hour.

The specimens had been air hardened from 1000°C., and tempered at
580°C, for 60 minutes.

2.4 Test Groups and Specimen Conditions

2kt

RS.130 material

Group 1

Group 2

Group 3

Group 4

Group 5

Group 6

Group 7

15 SeWeg. (04072 4in.) 'as received' condition,
descaled by pickling in 'Ferroclene 100!.

15 8.W.ge 'as received' condition, pickled,
phosphated, baked and stained,

13 SeWege (0,092 in,) 'as received! condition,
descaled by pickling in 'Ferroclene 100°'.

13 seWege 'as received' condition, pickled,
phosphated, baked and stained.

13 S.Wege Rough milled to approximately .064",

13 s.Wege Rough milled to approximately 064",
pickled, phosphated, baked and stained,

15 seWege Chemically Contoured to approximately
«064", phosphated, baked and stained.

This group consisted originally of 20 specimens
but on examination it was found that the edges

of some specimens were badly notched and serrated,
The three worst specimens were rejected and a
further 5 specimens, which had better edges but
which were not phosphated, baked and stained,

were supplied, thus making a total of 17 original
and 5 replacement specimens,

— -

19 off

19 off

20 off

20 off

18 off

19 off

22 off




Group 8

244e2 RSL14LO

Group 9

Group 10

Group 11

Group 12

Group 13

Group 14

Group 15

2eh.3 Ho50

Group 16

Group 17

Group 18

13 sowWege Chemically contoured to approximately

064", Edges of weisted section hand polished.,

Subsequent to the testing of group 7, this group
was introduced to check the effect on endurances
of extra fine edge definition,

”

13 seWege (0,092 in.) 'as received' condition,
descaled by pickling in 'Ferroclene 100!,

13 s.We8e ‘as received' condition, pickled,
phosphated, baked and stained.

13 s.W.ge Machined to .06", pickled, phosphated,
baked and stained.

13 s.W.8e Ground to 06", pickled, phosphated,
baked and stained.

13 SeW.g8e Chemically contoured to 06",

13 SeWeges Chemically contoured to .06",
pickled, phosphated, baked and stained.

13 seWege Chemically contoured to ,06",
edges of waisted section hand polished.

13 saWege (0.092 in.) Ground to .OBL",
phosphated, baked and stained.

13 sS.W.8e Rough milled to 064",
phosphated, baked and stained.

13 SuWege Chemically contoured to .06L4",
phosphated, baked and stained.

2e4e4 Pickle, Phosphate, Bake and Stain treatments

Details of pickle, phosphate, bake and stain treatments for the

RSe130 and RS.140 specimens were as follows:-—

1) Pickle for 20 minutes in 'Ferroclenec 100' at 110°-120°F,

6

20

20¢

20

20

20

20

16

20

20

19

2) Phosphate to DEF-29, class II, by immersion for 10 minutes in
'Bonderite 65' (L0 point solution) at 140°-145°F,

3) Hot water swill and chromate passivation rinse.

L) Dry.

5) Bake for not less than 1 hour at 150°C. (302°F.).

6) Apply Pyrene P.hic, black spirit lacquer stain.

The treatment of the H,50 specimens differed from the above in two
respects -~ they were not pickled and were de-embrittled as required by
DEF-29 and DTD,934 by baking for 4 hours at 200°C, instead of not less

than 1 hour at 150°C.

off

off

off

off

off

off

off

off

off

off



3. METHOD O TEST

3.1 General

All the specimens were tested on three Avery Reverse Plane Bend Machines

type 7303, Serial Nos., E 47419/11, E 55515/10 and E 61783/2,

342 Calibration of Test Machines

Calibration was carried out by using a loading lever extension arm
and deadweights as shown in Fig. 2.
calibrated because of variation in the widths and thicknesses.

3+3 Fatigue Tests

Each specimen was individually

Each specimen was measured with & micrometer to obtain width and
thickness in order to calculate the bending moment to give the required

stress level,

The variable crank on the test machine was then adjusted

to give the required dial gauge deflection determined from the calibration

curve for the specimen,

3.4 Surface Finish Measurements

Surface finish measurements were made, after the completion of the
fatigue tests, using a Taylor Hobson !'Talysurf' Model 3 instrument, the
readings being taken over a 5/16" long stroke at the mid-length of the

specimens,
4o RESULTS

4ol Patigue Tests

The results are tabulated~in Tables I to III and summary plots are
shown in Figures 3, 4 and 5,

Long endurance specimens were initially sllowed to run for approximately

cycles, but this was later reduced to 15 x 106
One specimen in group 14 was allowed to run 101 x 106

30 x 10

terminating the test,
cycles without failure,

4.2 Surface Finish

cycles before

Surface finish measurements were taken on random selected specimens of
all groups, with the exception of groups 2, 3 and 4 which were in the

same 'as received' condition as group 1.

e CuleAs = Micero Inches
Group Material Condition
Longitudinel Transverse

1 R3.130 20-65 - As received

5 " 90-200+ - Rough milled

6 " 125-200+ - meooom

7 " L45-155 - Chemically contoured
8 " 70-138 - n n

9 RS.140 100~168 40-75 As received
10 " 14,0-200+ 150-188 oo
11 " 20-4.8 35a42 Machined
12 " 12-20 1217 Ground
13 " 82~100 68-95 Chemically contoured
14 " 52~55 88-92 " "

15 u 6263 60-66 " "

16 He50 35-95 - Ground

17 " 20-70 - Rough milled

18 " 50-100 - Chemically contoured




4.3 Control Tests

A1l material control tests were carried out by Bristol Aerojet Ltd.
The results were as follows:~

RS.130
. o1% Proof | .2% Proof | Ultimate .
Material | “gyross, Stress. Stress. Elongation
Gauge 7/in.2 /in.2 /in.2 % on 2 ins.
15 BQW‘g. 7507 76.9 8“'.8 9%
" 80.0 80,5 . 88.9 10
15 SeWeBe 79.0 80.1 89.8 10
" 79.7 8043 89.0 9%
RS.140
Matorial +1% Proof «2% Proof | Ultimate 51 &4
ateria Stress. Stress, Stress. ongation
Gauge T/in.2 7/in.2 T/in.2 % on 2 ins.
1-3 SeWogeo 76.8 82.9 102,0 8’%—
" 7743 8346 102.8 %
" 8145 8.9 103.8 10
" 82.5 87.7 105.0 =
H.50
. 1% Proof 2% Proof | Ultimate .
Material SZ;ess. S%ress. Stress, Elongat?on
Gauge T/in.2 T/in.2 7/ine2 % on 2 ins.
13 sowege | 8246 %3 12141 _%.
" 82,1 94.8 12146 6?
" Bl oy 9641 12145 7z
" 848 9647 12205 1z




Lot Metallurgical Examination

4o4e1 Hardness Tests

Hardness tests were carried out or the surfaces, edges and cores
of specimens from each group, several impressions being made on each

specimen, The results were as follows:-
Vickers Pyramid Nos. %pgrgx1f§;;in 2
Group Meterial b;s;d.on ¢
Surface Edge Core Core Hardness
1 RS4130 315-301 380 380 80
2 " 277 358-329 380 80
3 " 309 391 397 8l
L " 341 348 397 84
5 " 390 346 390 82
6 " 381 343 390 82
7 " 402 398 397 84
8 " 390 390 397 84
9 RS.140 383-409 | 297-330 561 120
10 " 281-294 | 330-336 554 119
" " 548-560 | 542-560 547 117
12 " 579-592 | 450-503 554 119
13 " 579627 | 560-572 568 122
1 " 599-620 | 579~599 571 122
15 " 579585 | 514-572 554 119
16 H.50 542-5L5 | 560-606 | 54,3-557 117-119
17 " 548-582 | 579~585 | 54L0-564 116-121
18 " 575-592 | 572-596 | 564,579 121-125

Lelhe? Decarburisation

Sections were then cut from each of these specimens and examined for

decarburisation in a Vickers Projection microscope.

as follows:~

The results were

Depth of Decarburisation
Group | Material Inches Condition
Surface Edge

1 RS.130 005 «003 As received

2 " 005 «002 " " P.P.Be & S. %

3 1" .Ooli- .003 " n

4 " -006 «0025 " " P.P.Bs & S. =

5 " Nil 004 Rough milled

6 " Nil »002 " " P.P.B. & S, %

7 " Nil Nil Chemically contoured P.B. & S.=
8 " Nil Nil " n Edges

polished

9 RS.140 «002 001 As received

10 " 002 +001 " " P.P,B, & S, =
1M " Nil Nil Machined P.P.B. & S. =
12 " Nil Nil Ground P.P,B. & S, =
13 " Nil Nil Chemically contoured
14 " Nil Nil " " PuPBe& S, %
15 " Nil Nil " " Edges

polished

16 H.50 Nil Nil Ground P,B, & S, %

17 " Nil Nil Rough milled P.,B, & S. =

18 " Nil Nil Chemically contoured P,B. & S. =

# Note: P.P.B, & Se
P.B. & S,

Pickled, Phosphated, Baked and Stained,
Phosphated, Baked and Stained.

b




5. DISCUSSION OF RESULTS

51 RS.130 Material

The results summarized in Fig. 3 show that the endurance limits vary from
16 ton/in.2 to over 32 ton/in.2° As might be expected, the relative order
of endurance appears to be related to the degree of decarburisation.
Groups 1~ 4 having both surface and edge decarburisation have the lowest
endurance limits, Groups5 and 6 with only edge decarburisation have higher
limits, and for Group 7, with no decarburisation, the 1limit is 4 ton/in.2
higher still.

The low results of Groups 5 and 6 can also be partly attributed to the
poor machine finish of the surfaces.

Group 7 gave a lower endurance limit than expected due to the very
poor edge finish of these specimens, This is confirmed by the fact that
Group 8, with very good edge finishes, had an endurance limit of 32 ton/in.z.
which was 8 ton/in.® better than Group 7. Chenmical contouring therefore
improved fatigue properties by removing the decarburised surface layers;
it seems unlikely that the improvement was any less than it might have been
because of any concomitant adverse effect from the contouring processe.

52 RS.140 Material

There appears to be some discrepancy between the ultimate strengths
obtained from the control test specimens (para. 4.3) and the ultimate
strength based on the core hardness figures obtained from specimens af'ter
testing (para. Lebel)s This may be accounted for to some extent by the
decarburisation of the eurfaces of Groups 1 and 2 but not for the other
groups in which no decarburisation was detected,

The results summarised in Fig.4 show that the endurance limits vary
from approximately 13 ton/in.2 to 35 ton/in.2., Groups 9 and 410 with some
very slight surface and edge decarburisation had the lowest endurance limits
as expected. ’

All three conditions of chemically contoured material appeared to have
roughly the same fatigue characteristics but the phosphating of Group 14
resulted in a slight reduction in the endurance limit of this group. No
benefit seemed to be gained by polishing the edges of Group 15 as compared
with Group 13, which had unpolished edges, but Group 13 showed more scatter
in results than is usually obtained.

Groups 11 and 12, machined and ground respectively, exhibited equal
endurance limits of approximately 28 ton/in.z, although slightly better
endurances were obtained with the ground specimens at the higher stress
levels.

On this material, chemical contouring led to higher fatigue strengths
than machining or grinding, The as received sheet, which had a slightly
decarburised surface, had low fatigue properties.

503 H.50 Material

The results summarised in Fig.5 show that the endurance limits vary
from approximately 21 ton/in.2 to 36 ton/in.? with the chemical contouring
giving much the better results. No decarburisation was detected in this
naterial,

6. CONCLUSIONS

All three steels showed the lowest fatigue properties in the as received
condition, intermediate properties after machining or grinding, and the highest
properties after chemical contouring, The high properties after chemical
contouring were sometimes, but not always, due to complete removal of a
decarburised surface layer.,

o



The pickling, phosphating, baking and staining treatments, applied after
chemical contouring to the RS.140 materisl caused a slight reduction in
fatigue properties.

PART IT SUSTAINED IOAN TESTS

7. RANGE OF TESTS

The three steels tested were the same as those in Part I,

The results of tests on the RS.130 specimens are contained in
Se & T, Memo. 23/60,

8. DESCRIPTION OF TEST SPECIMENS

8.1 General

A1l the specimens were supplied by Bristol Aerojet Ltd., who also carried
out all the treatments,

A sketch of the specimen used is shown in Fig. 6.

The majority of the tests carried out were on notched specimens, either
edge or face notcheds Initially edge notched specimens were used but these
had the disadvantage that the notch, which was cut before contouring, became
enlarged during the contouring process to a degree dependent on the depth of
contouring. The angle, depth, and root radius of the notches thus varied
from batch to batche Because of this problem face notched specimens wers
also used, These notches were cut on one side of the specimen only before
contouring and material was contoured only from the opposite side, This
type of notch had the disadvantage, however, that where there was any
curvature along the longitudinal axis arising from machining or heat treatment
distortion, bending stresses were applied to the root of the notch on
straightening and gave rise to erratic results, particularly on notched
ultimate tensile control tests,

Details of both types of notch are shown in Fig,. 6.

842 Heat Treatments

The hardening heat treatments for RS.140 were:-

(a) Martempered by austenitising in air for 40 minutes at 94000.,
transferred to an air furnace held at 510°C, and soaked for
60 minutes. They were then o0il quenched and tempered in air
for 60 minutes at 300°C.

(b) Herdened by austenitising in air for 40 minutes at 940°C., o0il
quenched and then tempered in air for 60 minutes at 550°C.

H.50 was austenitised at 1000°C., air cooled, and tempered for 60
mirutes at 580°C,

8.3 Chemical Contouring

211 specimens were chemically contoured in the fully heat treated
condition. Before chemical contouring, specimens were degreased in
trichlorethylene vapour and pickled in Ferroclene 100.



9. METHOD OF TESTING

9,1 Control Tests

These were carried out by Bristol Aerojet Ltd. Notched tensile
control specimens, where required, were processed with each batch.

9.2 Sustained load Tests

A photograph of a test rig is shown in Plate 1. Hach rig consists of a
frame carrying a loading beam with a lever ratio of approximately 4O: 1.
The fulcrum and loading points are knife edges. The upper holder is
attached to the frame while the lower one is attached to the beam. The
specimens were bolted between bushes which are carried in the holders to
provide pin joint ends (see Plate 2). The load pan is attached to the beanm
by an extension link by two pins horizontally in 1line,

With the specimen fitted and the beam adjusted to an approximately
horizontal position by means of the screw on the upper holder the load was
then applied by fitting 2 hand lever into the extension link and raising the
weight pan until the second pin could be inserted in the extension link,

The full weight was then transferred gently to the specimen and the hand
lever removed.

Ln electric clock wired in series with a micro-switch bearing on the
bean was used to record the time of failure,

All specimens were measured up and the loads to be applied specified
by Bristol Aerojet Ltd.

10, RESULTS
Batch A Plain Specimens,

RS.140 chemically contoured from 0.104" to 0.050".

Heat treatment Hardened and tempered Martempered
U,T.S. m/in.z o 105.8 105.3 12142 116.7
0.1% P.Se. T/in. 78.7 78.7 : 84.7 8h.k
Elongation 9. 0% . 9.0% 6.5% T7.0%

Six martempered and six hardened and tempered specimens were tested,
three of each at 110% and three at 125% of 0e1% P.S. All the specimens
were removed unbroken fron the rigs after 28 days.

Batch B Face notched specimens

Martempered RS.140 chemically contoured from 0.104" to 0,064,
Notched U.TeS. 94e2 — 118.0 T/in.2

One specimen was loaded at 80%, one at 90% and two at 95% of 94.2 m/in.z‘
As no failures occurred within 24 days Bristol Aerojet asked for the loads on
the two specimens loaded at 95% of 94.2 T/in.2 to be increased by gentle
eddition of weights to the pan to 90% of 118,0 T/in.2, The first two
specimens were removed from the rigs unbroken after 28 days and the latter
after a further 28 days at the increased loading.

Batch C Edge notched specimens

RS.140 chemically contoured from 0.104" to 0.064".

Heat treatment Hardened and tempered Martempered
UsTeSe T/in,2 11042 1104 121,14 121.9
0.1% RS, T/in.2 77.7 77.8 90,2  91.8
Elongation 7.0% 8.5% 6.5% 6.0%

2

N.U,T.S. T/in. 1161 131,2

-9



Three hardened and tempered, and three martempered specimens were loaded
at 90% N,U.T.S. and a further three of each at 95% N,U.T.S. There were no
failures within 28 days.

Batch D Face notched specimens

RS.140 Chemicelly contoured from 0,104" to 0.064",

Heat treatment Hardened and tempered Martempered
UsTeSe m/in.z 5 108.5 1091 116 11647
0.1% P.Se T/in. 7547 758 88.2  87.4
Elongation 8,0% 545% 7.5% 8.0%
N.U.T.S. T/in, 108.8 = 115.5 =

Three specimens of each heat treatment condition were loaded at 90%
N,U.T.Se and two of each at 80% N,U,TeS. No failures occurred within
28 d&ys-

w The notched tensile strengths quoted above are those covering these
particular specimens but further notched tensile tests on similarly treated
material gave extremely erratic results within the range 80,0-112,0 T/in.
for hardened and tempered specimens, and 70.0-116.0 T/in.2 for martempered ones.

Batch E Edge notched specimens
RS.140 chemically contoured from 0.104" to 0,064", Immediately

after contouring, specimens were phosphated in Bonderite 65, baked for
4 hours at 200°C, and stained with Pyrene finish P41C,

Heat treatment Hardened and tempered Martempered
U.T.S. T/inoz 2 107.9 106.1 12041 120,8
0.1% P.S, T/in, 799 7749 92.5  90.6
Elongation 1045% 9¢5% 5.5%  645%

N.U,T.S, T/in. 125.6 134.42

Three specimens of each heat treatment condition were loaded at 90%
N.U.T.S. and three of each at 95% N.,U.T,S. A martempered specimen loaded
at 95% N,U,T.S., failed between 240 — 305 hours after loading, this was the
only failure within 28 days.

Batch F Edge notched specimens

Ho50 chemically contoured from 04.120" — 0.064",

U.T.S. T/in.2 2 1214 121.6
041% P.Se T/in, 82.0 82.3
Elongation 7.0% 705%
NeUeTeSe T/in.2 117.0

Four specimens were loaded at 80% NoU.T+S., four at 90% N.U.T.S., and
four at 95% N,U.,T.S. There were no failures within 28 days.

11. CONCLUSIONS

These tests have shown that RS.140 and H.50 are not embrittled by the
Bristol Aerojet chemical contouring process,

When chemically contoured RS.140 was phosphated, baked and stained
there was one failure at 95% of the notched U.T«S, but none at 90%. This
failure was probably due to the embrittling action of the phosphating process
rather than that of the chemical contouring.

-10—~



RS.4130 MATERIAL - RESULTS OF TESTS

TABLE I

% These specimens unbroken at these cycles.

GROUP 1 GROUP 2 GROUP 3
Stress Endurance Stress Endurance Stress Endurance
T/in.2 cycles T/in.2 cycles T/in.2 cycles
56 20,000 48 34,000 40 67,000
34,000 34,000 61,000
20,000 — 55,000
—_— 10G MEAN 32,460 71,000
LOG MEAN 23,870 36 80,000 LOG MEAN 63,210
" 48,000 66,000
74,000 32 150,000
40 103,000 58,000 123,000
— 168,000
90,000 10G MEAN 68,990 198:ooo
10G MFAN 96,270 -
2l 255,888 LOG MEAN 166,230
36 116,000 1y
8. 000 2L, 000 24 492,000
_ 254,000 407,000
MEAN 8 439,000
Loe 99,880 LOG MFAN 271,830 525, 000
—_ 345,000
LOG MEAN 146,350 489:000 72,000
#1,990, 000
28 £1,399,000 LOG MEAN 569,370 1,408,000
240,000 18.0 1,275,000 L0G MEAN 1,310,800
1,233,000
LOG MEAN 579,430 1£22y
’ 78L..000 18.4 1,590,000
2l 467,000 LOG MEAN 1,072,300 1:223:999_
205,000 | 16 #11,193,000 | [LOG MEAN | 1,752,600
LOG JEAN 485,620 %15,469,000
16 #24,686,000
20 #5,863,000 17,587, 000
1,163,000
1,642,000
LOG MEAN | 2,238,200
18.4 2,792,000
16 %15,227,000

/4 Machine failed to switch off on failure of spec¢imen.




TABLE I (Contd,)

GROUP 4 GROUP 5 GROUP 6
Stress Endurance} |Stress Endurance Stress Endurance
T/in,2 cycles | |T/in.2 cycles T/in.2 cycles
40 60,000 56 9,000 56 12,000
64,000 10,000 9,000
62,000
68,000{ |LOG MFAN 9,490(| LOG MEAN 10,390
LOG MEAN 63,430 40 74,000 40 48,000
61,000 47,000
32 125,000 65,000 58,000
75,000 ‘ 88,000
138,000| |10G MEAN 66,450
132,000 LOG MEAN 58,250
T 32 213,000
10G MEAN 113,550 205,000 32 137,000
‘ 353,000 92,000
24 530,000 171.000 142,000
498,000 — 241,000
537,000} |LOG MEAN 226,560
621,000 LOG MEAN 141,910
— 24 782,000
LOG MEAN 554,630 481,000 24 721,000
598,000 1,015,000
22 #27,626,000 — 603,000
921,000 |I0G MFAN 608,140 76L.,000
589,000
R 20 1,460,000{]| 1.0G MEAN 761,920
LOG MEAN | 2,465,500 ®2},229,000
54,670,000 20 871,000
20 1,167,000 - ] %8,523,000
1,956,000 | |LOG MEAN | 12,459,000 =4.9,058,000
#21,210,000 =21,23..,000
22,620,000 1844 | 8,266,000 %33.012,000
—] #21,231,000
LOG MEAN 5,753,000 »17,809,000 || LOG MEAN | 12,061,000
18.4 %2k, 423,000

# These specimens unbroken at these cycles.,
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TABIE I  (Contd.)

GROUP 7 GROUP 8

Stress Endurance Stress Endurance
T/in.2 cycles T/in.2 cycles

48 4 140,000 36 361,000
4 32,000 188,000

— 287,000
LOG MEAN 35,780 -]

LOG MFAN 269,080

40 109,000

75,000 32 % 8,167,000
141,000] . #16, 568,000
140,000 = 5,619,000

L0G MEAN 112,720

32 239,000
272,000
201,000

4 478,000

LOG MEAN 281,120

30 261,000
770,000
308,000
292,000

LOG MEAN 367,700

28 ®15, 740,000
289,000
#21,423,000
4 442,000
474,000

10G MEAN | 1,828,100

2y % 9,442,000
#14,623,000
£ L64,000

LOG MEAN 4,001,300

% These specimens unbroken at these oycles.

£ Replacement specimens,

L



TABLE II

RS.140 MATFRIAL -~ RESULTS OF TESTS
GROUP 9 GROUP 10

Stress Endurance | |Stress Endurance

T/in,2 cycles | |T/in.2 cycles
4.4 35,000 bYl 73,000
26,000 69,000

28,000 71,000

£5.,000 60.000

LOG MTAN 34,245 |LOG MEAN 68,062
31 62,000 2047 198,000
62,000 242,000
85,000 238,000
60,000 221,000
LOG MEAN 66,542 | |10G MELN 224,080
2047 178,000 18,1 314,000
202,000 350,000
202,000 324,000
194,000 254,000
10G MELN 193,730 |LOG MEAN 308,390
18.1 503,000 15.6 1,418,000
319,000 781,000
281,000 691,000
322,000 735.000
LOG MEAN 347,140 |LOG MEAN 865,960
15.6 %29,8,2,000| | 13.5 %38,551,000
464,000 972,000
29,779,000 w5, 64,000
% 4,337.000 #12.281.000
LOG MEAN | 6,502,800 |LOG MEAN | 12,040,000

GROUP 11

Stress
T/in,2

Endurance
cycles

L .6

10G MEAN

83,000
745000
57,000

70,485

L.k

LOG MELN

114,000
109,000
130,000
112,000

115,990

3642

LOG MEAN

116,000
161,000
164,000
170.000

151,040

3

LOG MEAN

200,000
359,000
251,000
545,000

314,770

2845

2549

#18,026,000
® 5,350,000
%15, 309,000
%52,933, 000

%23,357,000

# These specimens unbroken at these cycles.

# Machine failed to switch off on failure of specimen,

Al




TABLE IT (Contd.)

GROUP 12 GROUP 13 GROUP 14
Stress Endurance Stress Endurance|| Stress Endurance
T/in.2 cycles T/in,2 cycles |} 7/in,2 cycles
L1k 118,000{ |50.7 64.,000{ | 46.6 87,000

118,000 62,000 83,000
#165,000 65,000 84,000
114,000 72.000 97,000
i ———] e ——— PR
LOG MELN 127,210 LOG MFAN 62,820]|10G MELN 87,579
36.2 293,000 [46.6 166,000 | 41 oL 100,000
153,000 94, 000 159,000
148,000 91,000 97,000
198,000 83,000 142,000
LOG MELN 190,370 |LOG MEAN 104,180|{ LOG MEAN 121,650
3346 180,000 |4k 114,000] | 3642 208,000
218,000 125,000 243,000
250,000 85, 000 217,000
219,000 113,000 12,961,000
10G MELN 215,280{ |LOG MEAN 108,170 | LOG MEAN 614,040
31 380,000 .y ®15,424,000] 13346 =13,710,000
%20, 875,000 245,000 2,905,000
249,000 %15,241,000 A1k, 845,000
246,000 160,000 %15,360,000
312,000 —_— —eet
——1 |10G MEX 1,742,200]|10G MEAN 9,763,200
10G MBAN 685,810

38.8 #13,675,000( |3 %15,258,000
28.5 %13,656,000 198,000 »18, 938,000
»15,513,000 —] ¥101,122,000
316,000| |LOG MEAN 1,645,900 # 52,268,000

LOG MEAN 4,060,700 36.2 206,000

%15,830,000

LOG MEAN 1,805,900

¥ These specimens unbroken at these cycles.

A Machine failed to switch off on failure of specimen,

~15m=




TABLE IT (Contd.)

GROUP 15

Stress Endurance

T/in.2 cycles
4646 90,000
101,000
183,000
100.000

10G MEAN 113,580
RN 253,000
177,000
123,000
153,000
LOG MEAN 170,380
38.8 %10, 929,000
1,015,000
15,079,000
%14,182,000
10G MEAN | 3,291,500
33.6 #15,013,000
7,517,000

»17,%81,000

106 MEN | 12,517,000

w These specimens unbroken
at these cycles.
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TABLE III

H,50 MATERIAL ~ RESULTS OF TESTS

GROUP 16 GROUP 17 GROUP 18
Stress Endurance Stress Endurance Stress Endurance
T/in.2 cycles T/in,2 cycles T/in,2 cycles
42,3 58,000{ | 42.3 82,000f | 5445 45,000

71,000 65,000
62,000! | 39.3 71,000 32,000
A145,000 —_—
3643 94,000| | LOG MEAN L5,40L
LOG MEAN 78,000 1,006,000
1,076,000] |45.3 52,000
36.3 128,000 109,000 116,000
115,000 e 6,358,000
98,000} | LOG MEAN 324,490 50.000
100,000
— | 33.3 163,000| |LOG MEAN 209,250
LOG MEAN 109,600
30,2 236,000 4243 107,000
33.3 801,000 746,000 138,000
109,000 316,000 93,000
1,053,000 82.000
 s—e{ | LOG MEAN 381,780 -
LOG MEAN 451,340 LOG MEAN 103,010
27.2 3,310,000
30,2 165,000 609,000 |39.3 112,000
8,481,000 - 131,000
1,006,000 | | LOG MEAN 1,419, 800 136,000
622,000 99.000
162,000 | | 2442 A813,314,000 -
| /B14,610,000 LOG MEAN 118,550
LOG MEMN 676,710 2,391,000
5,278,000 36.3 253,000
27.2 #15,223,000 —_— 209,000
%16,594,000 | |LOG ME/N 7,038, 800 14,753,000
# 6,959,000 ). 808,000
£15.062,000 | |21.2 /810,624,000
— 2,909,000 LOG MWAN | 4,8,3,800
LOG MEAN | 12,753,000 481,101,000
AR 2,110,000
LOG MEAN 5,186,900

These specimens unbroken at these cycles.

Machine failed to switch off on failure of specimen.
These specimens failed under the clamp due to
fretting action of the clamping plates.

= I N

D 37985/4/T4.64 K4 5/65R & CL -17~






e
E

4 HOLES '%4DIA.

f ™\
1 n w i
1% |Ye W
/——\ @
b | 2% v
T |
f |
i ! -
GROUP CROUP
NO. W T NO. W. T
| 75 |15 SWG| 10 50 | BSWG.
2 75 |15 sSWG| 11 75 06"
3 .50 |[I3SWC.| 12 .75 .06
RS. IO
MATERIAL
4 .50 (13swal 13 75 06 —
RS. {130 <
MaTeraL . 5 .50 064 4 75 .06
6 50 | -004 IS .75 .06
7 .75 064" 16 75 ot
8 75 | oed” | 17 75 | -oud” SO Marerel
€s Ho 9 50 |I3SWC| 18 .75 064"
MATERIAL

TEST SPECIMENS

FIG.



OGS FdAL ANIHN|N AN3g

ANV TSI WANIAY

33437 INWGVOT /

NIWI3ds

I‘|H.|||||V

NoOllVIS8ITW ) BO4 WIY nNoleN3LXg

ol

"

o~

/MT/‘
N

3S10dYBLNAO)

PBAIAT JalvysiaN ﬂ

AN SMBIG

4
\
313N ] TB0og l“
V7
/
/
ya
/
_ L/
QW ¢ S380V9 WIQ
SNILLOINNCD “
ﬂ )/
L/ SNIXNG
4 BNYsG e
! \ \ , =
(LLLLALL L2 L LS 2 i
/ 1
] —_
° = T
W- 777 \E\ | )
R TG =

FIG.
2

METHOD OF CALIBRATION AND TEST




) i 1| | T3 _W, T T T 1 T . 1
° Tt T P h | RN O ] 1 9
7 1 1 g .I " IFaY h YT T
8 1 T it T 1L ‘N s
7 - - = = e SR S R 5
" — e # T —t = — —r—
n : e SaAsr SRR =
] } |t T | = SRty T 6
2 £ — = = - et - 4 T
, T T T £ T — III(MM.MV + mﬂEf.%]H -
7 i = o ; T
5 1 0" .N L b — LAl 5
- ) - T i~ o o Cal o= Ry 3 (o1 B :
SEEs! : : B == EIRA IRy % ,
2 7 L 0 11 T < sl Rt R ¢ s
= T s - == —— - oo B T
= = = ST S :
T 2 2, B e :
= i = ST -
3 $ f T 1 T e 3
1
—t T T 1 r#ﬂ‘ j =
= e O ol s e 11 o=
; “ i =P 1B,
1 1 -k 1 0 - .if ]
r i " I al o i >
2 P e . ] Y I it .
7 i f RO | [/
t t ﬁ 1 AN ! i1
H n { ; i § i
T I U \? | i} N I
] L A i I Y
! I P ™ 1 2
T " T m
1 A q -
\ — ) 1 ] 1
| 1 ! 3 k] 1
a L 1 I 1 1 1 i I
- 1 1 ! B : Bjun T 1 9
- ] ) i i
a . + t
= %] S=E= = : = E: s 5 £ - ®
7 e 53 = =< == —] e ] 7
b2 T T ' T T i it o bl oSt I —1 3 4
e — 3 gl L L 1 “ I 3 1 -, T
6 T o - ~ T T y g o - 6
- i T i t Qv o T !
5 o e ) e @ A ® Sa @ e o t = 1 T —f F t
i ™ : f— HH—H 1 1 s
I i —r— = _— -t 1 i T !
a O Y & o W] ] - "
g e I - — ~ = = ¥ 3 4
M - b o — o o LJ lh
¥ B 3 f Ff
=ELECRECESETESEG i e f
3 ; — |22 t = } 1 R
T + — I t n T T =4 1 y " t
; * ’ 1 : T - fr—f
} : o o = ;
I T i gy | y L
2 ! . 1 n 7 1 I e 4 /
T 1 1 T 4 L 7 Vi r 2
] i 7 T : g L4
N 1 A I /!
1 I ! i 4
! ! / RN ] 7 Fi
1 H I 7 /] 7
| ] i { '
: !
W ) { it L
: ; I ) [ N AW RYAW,
l 1 ! 1 ] ! it
! 1 T 1 1 7 T 17 '
s — ] 7 . I \rx r 4 9
T Iy a
5 : — et A= - 8
i ? = 7,
? = ; ——— e 7
= A=y \«» = S
= T —= § 2 et =
6 T 1 r 51 as y = (R e uap: = 6
) b Y 4 Vo o A 13 1 L 1
I 1 .\ bd T W .\7 I s
’ " " A r
1 + i 1 A s Y
1 L4 . Joo © 4 1
T f Z, - 1 0
A | \wrd T - .\ s ot &
, Z Y ecreea =
7 = - —r - ¥
7
7 = N
i = - = r
3 i & 7 - T — —t 3
: g — 1 1 T
! ; Qﬁ ; 1
1 ¥ 1 —
= T w4 T t
1 i~ I e |
A T ] N
L ! i 1 : t
2 T T . 2
] : 7 i
i ]
H 2
i e
a
L
Y
' i IR i Ay 1 )
! 1 T | T
i i {
9 T | T 9
! [ T T
8 3 s £ = 8
== ; = i == = —
7 —=— = T 7
T il I = [ 1
T + I. o — oy —
6 oy : g T T - )T e ' t 6
——t—} s : - 3 . + ] 1
— I .wlli 1 1 g T T +—
s - —— + N —_ T T i § @ ¥ o r 5
T b s g E + A T T
i 2 t T : ! =
Ll i
A " ! o Tt T T 1
o e et R F o 2 s — == S 35S o - 4
— e ey = = A = A =
T A | : = : ==
— = S = m wori- gy L 1 = R T T T vy T
3 = ; BeSE=CoERa s —= : e 3
— — =i o o — - R ~W1T. - 1
1B t T 1 T f o : 1 7 1801 "
o A A o - i ; b e
. e A == ; . ] : = 2= i e
ol T T 1 T : T - ? 2
= “ EEE=EEEs mvimessE= S :
n : !
s : + T | N }
T L ! T I i | N _ B !
.I\M. R " i i — ! " ] R t { 1
-3 ) T -+ T N
L L4 I I I i HI! : i . ]
] T B T [ ) f _ 1 [ i T i _r i {
— e = 1 b — i ! — T N . ~
w.-i.l.IL AT T IO S ’ NN ; A ] _
D TN T A L o I _ _ . AS.

FIG. 3

SUMMARY OF RESULTS ~ RS. 130 MATERIAL







L w > [ - I ~ w > oo u @ o - ~ w & [ I - - ~ w ES e N v
[ | 1
{
- 4
IHOUP9/lZ :
| 1
IT i EN : 8|
i GIROUe '
~ oup
L Ll 2 e a
SROUPIIB S R T A T
Inay |
UL - Lj:
|
" ! 2N B » 4 PeyE
i 4 (1Ll L
ry
tid ![.. - |- —
N | EERNBRRN —_
I I b N i i
XiPr - puatta g e
\ ||
N
H \ 3
Fa))
AT [N
\
Y
-4 \ - [
3 L4 — w_oun 13 N
!s A » —
i 11 \ A o [ 1] = HEEEE S ERE 1l
] C ? -] H
NEIAY
\ N N ABjEnn
|4+ IS g Il
{ \ N My N
L) St Ly i 4
T E . T i
. ARIERALE N LT e - ERNSNEER 4 L
\ ] [T i i L ! b | |
X Sy Ity s L] " ey ST _M“ : 8 N R N Y
. \ T N —i iy \ i Enfa
\[ [] N i I 1 ) - T ;A!III angs _E;%
IR | [Geabe tu Khesd sy [Hamirel be e 5 | FAr el
N
N
L o L LT 4 SRR Lt
i it : TR [
| PPy B
I | i uag Banas SRS
i ] \ = e e
1 A L L AR g’s {s4 1000 P
BMEP TTTMIAR MTRIE DL @ ALY T
A\ &g §
| T A
i \
1 AY !
I \
RASHIMRL C 1]
Al i H \ | i RARL
" . - \ 1
\Tnl *-’ " E- ‘Q \ 11
FERENARTII “IJ’E} A\,
I} N
il ' ] i
' ] [}
N
N
1T
444 M
T i
™ ety
il ik R T
i = i 2 BbUe [ | /S ¢ VIS
1 .y I
[
RRaas il
L 11 RARN AREERgN 4 ROME S e D
8| wl @] ~ A 8 wa A RRRY ;) "~ Pt | gy 4 =t 7
IRANCER CYOLE shiin
- fn | |
I | |
~ ®» O - N ~ D £ - ~ w & w o ~ @ » - ~ w > ~ o o -

"SUMMARY OF RESULTS ~ RS 140 MATERIAL







w b LA - ~ w o (L A N w b L . - ~ w L w o N ® v -

. !
Lid g .y
| GROUR I3 = TR L
{1 |11 ~
] ‘ )“j T
1 + H
LY | LSS0 FARE
1 - I
AL 1
i b A -
N
NI \
I Ln
N/ TN
H-H NG ARsASL 1]
N N\ | ol g | |1 LU
il N\ \ NG 1]
NN
_Lr' N =
N 1 |
N i o i T
L
N
_ 1] N\, HIl AARand o8
B M X T S [RE Ve IR TTO R MR AU [Conmpls @an [0[RIk
J ! 1
| N
N
T ~ l’En o Y H
NI™N >
Uit KOS |
N
I T Wh
\: i I
1T SHE! AT T
| N h
-
i ] i ;ln il N
H N
3 Sy i T
SEsu 8 [ i
L] N 3 HRNNRARaaRE A oo Vo || BRAUMNO] ~ 2
i LT N [ i
N illl
, i | LA
asnghuand it
L1 N TRy
H LHH » 2 ™
L A ARAARsE
.l Lt
" HEEARLN angls
e 1] R H G e
L i) ]
> Yliye PRV 6 S
AR L)
HI
y.
{44 +
e » ! \wem .
I -lh‘ P —- - i\ bt ok Gl Mg
[ % i K3 v
™ ~ ® W0 - » ~ @ v - ~ w b w o ~ ® 0 - ~ w » (7] <@ ~N 0w -

SUMMARY OF RESULTS ~ HSO MATERIAL FIG.S







ns’
8 0"crs.
{ 60'[£Xrﬂv'r ac £reswmne]

7" s
LENGTH

1
=
b -
R .0
0628 . / P : -
¥ 9 'V £ DMERNSION PRIOL
% d) TIo TCHING.
- ¥ E [+
Wl s,
RAD.
,~ mi‘

—
0079’
t -oot”

40" EDGE NOTCH

]
oI5
+-00("

FACE NOQTCH

DETAILS OF LOAD SPECIMEN FIG.




e



PECIMEN UNDER TEST

PLATE 2. S






A.R.CC C.PO NQ. 812
May, 1964
Westland Alrcraft Lid., Saunders-Roe Division

INFLUENCE OF CHEMICAL CONTOURING ON THE FATIGUE AND
SUSTAINED LOAD PROPERTIES OF HIGH TENSILE STEEL SHEET

Reverse bend fatigue and sustained load tests have been
carried out on three low alloy steel sheet materials, 1% Cr-o,
3% Cr-tMo-V, and 5% Cr-to-V, heat treated to 88, 103 and 121 t.s.l,
respectively, and chemically contoured in acid etching solutions
developed by Bristol Aerojet Ltd.

The fatigue properties after chemical contouring were higher
than those after machining or grinding.

The chemical contouring process caused no failures under
sustained load at high proportions of the notched ultimate stress,

A.R.C, C,P, No, 812
May, 1964
Westland Aircraft Ltd., Saunders=Roe Division

INFLUENCE OF CHEMICAL CONTOURING ON THE FATIGUE AND
SUSTAINED LOAD PROPERTIES OF HIGH TENSILE STEEL SHEET

Reverse bend fatigue and sustained load tests have been
carried out on three low alloy steel sheet materials, 1% Cr-to,
3% Cr-lMo-V, and 5% Cr—¥o-V, heat treated to 88, 103 and 121 t.S.i.
respectively, and chemically contoured in acid etching solutions
developed by Bristol Aerojet Ltd.

The fatigue properties after chemical contouring Wwere higher
than those after machining or grinding,.

The chemical contouring process caused no failures under
sustained load at high proportions of the notched ultimate stress.

A.R,C, C,P, No, 812
May, 1964
Westland Alrcraft Ltd., Saunders-Roe Division

INFLUENCE OF CHEMICAL CONTOURING ON THE FATIGUE AND
SUSTAINED LOAD PROPERTIES OF HIGH TENSILE STEEL SHEET

Reverse bend fatigue and sustained load tests have been
carried out on three low alloy steel sheet materials, 1% Cr—Mo,
3% Cr-to-V, and 5% Cr—to=V, heat treated to 88, 103 and 121 t.s.i.
respectively, and chemically contoured in acid etching solutions
developed by Bristol Aerojet Ltd.

The fatigue properties, after chemical contouring were higher
than those after machining or grinding.

The chemical contouring process caused no failures under
sustained load at high propartions of the notched ultimate stress,
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