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Reverse bend fatigue and sustained load tests have been carried out on 
three low alloy steel sheet materials, 1% Cr-$io, 3% Cr-Mo-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. 

IETRODUCTION 

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 
rnestland Aircraft Ltd., in conjunction with Bristol Aerojet Ltd. who supplied 
the specimens and developed the chemical contouring processes for the steels 
tested. The development of these processes is covered in S. Be T. Memo 23/60 
and D.Mat. 8: 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 conventional 
methods of grindingand 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 Aerojct Ltd. specification RS.140, and 5% chromium-molybdenum- 
vanadium steel, H.50, supplied by Jessop-Saville Ltd. 

2, DESCRIPTION OF SPECIMENS 

2.1 General 

j8 groups of specimens, of dimensions shown in Fig. 1, were supplied by 
Bristol Aeroj et Ltd. They had been cut from 13 s.w.g, 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 para, 
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 ranoved equally from each surface. 
The number of specimens in each group is given in para. 2.4 
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2.2 Msterial Composition 

RS.130 (S.A.E.4130 type) 
c 

C Mn. Si. S. P. Ni. Cr. MO. Fe. 
% .315 .49 23 .01 ,014 .37 .97 2 Remainder 

RS.140 (En 400 type) 

C Mn. Si. S. P. Ni. Cr. No. V. 
$ l 3? .66 25 .008 .Ol .07 3.09 .86 .I4 

H.50 

C Mn. Si. Se p. Ni. Cr. Mae V. 
% .41 .50 .PO ,012 .OOP .29 5.08 1.35 1.11 

I 

2.3 Heat Treatments 

RS.130 The specimens had been hardened at 9OO'C. for 40 minutes, oil 
quenched, and tempered at 45O'C. for 1 hour. 

RS.140 The specimens had been hardened at 94O'C. for 40 minutes, oil 
quenched, and tempered at 550°C. for 1 hour. 

Ha50 The speoimens had been air hardened from 1000°C., and tempered at 
58O'C. for 60 minutes. 

2.4 Test Groups and Specimen Conditions 

2.4.1 RS.130 material 

Group 1 15 s.w.g. (0.072 in.) (as received' condition, 
descald by pickling in 'Ferroclene loot. 

Group 2 15 s*w.g. *as received' condition, pickled, 
phosphated, baked and stained. 

Group 3 13 s.w,g. (0.092 in.) (as received' condition, 
descaled by pickling in 'Ferroclene 100'. 

Group 4 13 s.w.g. (as received' condition, pickled, 
phosphatea, baked and stained. 

Group 5 13 s.w.g. Rough milled to approximately .064". 

Group 6 I3 s.w,g. Rough milled to approximately .064", 
pickled, phosphated, baked and stained. 

Group 7 13 s.w.g. 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 
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Group 8 

2.4.2 RS.140 

Group 9 

Group IO 

Group 11 

Group 12 

Group 13 

Group 14 

Group 15 

2.4.3 H.50 

Group 16 

Group 17 

Group 18 

13 sowogc Chemically contoured to approximately 
.064". Edges of waisted 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 s.w.g. (0.092 in.) *as received' condition, 
descaled by pickling in 'Ferroclene 100'. 

13 9.w.g. 'as received' oondition, pickled, 
phosphated, baked and stained. 

13 s.w.g. Machined to .06", pickled, phosphated, 
baked and stained. 

13 s.w.g. Ground to .06", pickled, phosphated, 
baked and stained. 

13 s.w.g. Chemically contoured to .06". 

13 s.w.g. Chemioally contoured to .06", 
pickled, phosphated, baked and stained. 

13 s*w.g. Chemically contoured to .06", 
edges of waisted se&ion hand polished. 

13 s.w.g. (0.092 in.) Ground to .064", 
phosphated, baked and stained. 

13 s.w.g. Rough milled to .064", 
phosphated, baked and stained. 

13 s.w.g. Chemically contoured to .064", 
phosphated, baked and stained. 

6 off 

20 off 

2O'Off 

20 off 

20 off 

20 off 

20 off 

16 off 

2.4.4 Pickle, Phosphate. Bake and Stain treatments 

Details of pickle, phosphate, bake and stain treatments for the 
RS,130 and X.140 specimens were as follows:- 

1) Pickle for 20 minutes in 'Ferroolene 100' at l10°-1200F. 

2) Phosphate to DEF-29, class II, by immersion for IO minutes in 
'Bonderite 65' (40 point solution) at 140'~1453, 

3) Hot water swill and chromate passivation rinse. 

4) Dry. 

5) Bake for not less than 1 hour at 15O'C. (302'F.). 

6) Apply Pyrene P&lc, black spirit lacquer stain. 

20 off 

20 off 

19 off 

The treatment of the H.50 specimens differed from the above in two 
respeots - they were not pickled and were de-embrittled as required by 
DE!?-29 and DTD.934 by baking for 4 hours at 200°C, instead of not less 
than 1 hour at 15O'C. 
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3. NETHOD 02' TEST 

3.1 General 

All the specimens were tested on three Avery Re-Jerse Plane Bend Nachines 
type 7303, Serial Nos. E 47419/U, E 55515/10 and E 61783/2. 

3.2 Calibration of Test Maohines 

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

3.3 Fatigue Tests 

Each speoimen was measured with a 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. 

4. RESULTS 

4.1 Fatigue Tests 

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

Lo 
30 X 10 F 

endurance specimens were initially all0wed to run for approximately 
cycles, but this was later reduced to 15 x IO6 cycles before 

terminating the test. One specimen in group 14 was allowed to run 101 x IO6 
aycles without failure. 

4.2 Surface Finish 

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 I. 

I 

! C.LJ* -Micro Inches . 
Lroup Nateria.1 " Condition 

L0ngituai.m Transverse 

ii 

as.130 20-65 As reoeived 
n 90-200+ - Rough milled 
n 125-200+ lf 11 

7 n 45-155 
8 

Chemically contoured 
I? 70-138 II 19 

9 RS.140 loo-168 40-75 As received 
IO II 140-200+ 150-188 ?? 11 
11 II 20-48 35142 Nachined 
12 n 12-20 12-17 Ground 
A3 II 82-100 68-95 Chemicdly contoured 
q4 11 E; 88-92 I1 If 
15 II 60-66 n 11 

16 H.50 35-95 Ground 
17 n 20-70 Rough milled 
18 II 50-100 Chemicdly contoured 



4.3 Control Tests 

All material control tests were carried out by Bristol Aerojet Ltd. 
The results were as follons:- 

I-a.1 30 
+ 

Material .I% Proof .2% Proof Ultimate 

Gauge 
Stress. Stress. Stress. Elongation 

T/in.2 T/in.:! T/ine2 
% on 2 ins. 

15 sowmgm 76.9 84.8 94 
II 

z207 
. 80.5 88.9 10 

13 s*w.g. 79.0 80.1 89.8 10 
)I 79.7 80.3 89.0 9; 

Its.140 

Material 
.I% lkoof .2$ Proof Ultimate 

Stress. Stress. Stress. Elongation 
Gauge T/in.2 T/in.2 T/in.2 $ on 2 ins. 

i3 s*w,g* 76.8 82.9 102.0 sl- 
11 77.3 83.6 102.8 Y7 
t1 81.5 86.9 103.8 lb 
I1 82.5 87.7 105.0 Y$ 

.I% Proof .2$ Proof Ultimate 
Material 

Gauge 
Stress. Stress. Stress. Elongation 

T/in.2 T/in.2 T/in.2 % on 2 ins. 

13 s.w*g. 82.6 94.3 121.1 
II 82.1 121.6 
11 121.5 
n 12205 

. 
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4.4 Metallurgical Examination 

4.4.1 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:- 

Group Meterial 

RS.130 
n 
n 

11 
It 
11 

11 

19 

9 
IO 
11 
12 
13 
14 
15 

RS.140 
." 
n 

11 

11 

11 

n 

16 
17 
la * 

H.50 
n 
11 

Vickers Pyramid NOS. 

Surface I Edge Core 

315-301 
277 
309 
344 
390 
381 
402 
390 

383-409 
2ab294 
548-560 
579-592 

:;;z 
579385 

380 
358-329 

391 

% 
343 
398 
390 

297-330 
330-336 
542360 
450-503 
560-572 
579-599 
514-572 
560-606 

~;;g~ 

380 
380 
397 
397 
390 
390 
397 
397 
561 
554 
547 

$2 
571 
554 

~ 543-557 117-119 
I 540-564 116121 
1 564-579 121-125 

Approximate 
UeT,S. - T/in,2 
based on 
Core Hardness 

a0 
a0 

ii! 
a2 
84 
84 

120 
119 
117 
119 
122 
122 
119 

4.4.2 Decarburisation 

Sections were then cut from each of these specimens and examined for 
decarburisatiion in a Vickers Projection microscope. The results were 
as follows:- 

Depth of Decarburisation 
Group Material Inches Condition 

1 RS.130 
: 11 11 

4 n 

2 11 11 

7 11 

a 11 

Surfao e 
.005 
.005 .004 

.006 

Nil Nil 
Nil 
Nil 

Edge 
,003 As received 
,003 .002 n 11 n 11 P.P.B. & S. e 

.0025 ' ' P.P.B. & S. z 

,004 .002 Rough 11 milled 11 P.P.B. & S. H 
Nil Chemically contoured P.B.& S.a 
Nil 11 11 Edges 

polished 

9 
IO 
11 
12 
13 
14 
15 

16 
47 
la 

Rs.140 ,002 ,001 As received 
I? .002 .OOl 11 11 P.P.B. & S. se 
11 Nil Nil Machined P.P.B. & S. s 
11 Nil Nil Ground P.P.B. & S. x 
11 Nil Nil Chemically contoured 
11 Nil Nil n 11 P.P.B.BcL3.s 
11 Nil Nil 11 11 Edges 

polished 

I-I.50 Nil Nil Ground P.B. Be S. w 
11 Nil Nil Rough milled P.B. & S. w 
n Nil Nil Chemically contoured P.B. AS.3 

2 Note: P.P.B. Bc S. = Pickled, Phosphated, Baked and Stained. 
P.B. d S. = Phosphated, Baked and Stained. 
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5. DISCUSSION OF RJ?SULTS 

5.1 RS.130 Material 

The results summarised in Fig. 3 show that the endurance limits vary from 
16 ton/in.2 to over 32 t0n/in.*. As might be expected, the relative order 
of enduranoe appears to be related to the degree of decarburisation. 
Groups I- 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 limit 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 
which was 8 ton/in. !? 

od edge finishes, had an endurance limit of 32 ton/in.2 
better than Group 7. Chemical 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 process. 

5.2 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 after 
testing (para. 4.4.1). This may be accounted for to some extent by the 
decarburisation of the surfaces 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/zL2 to 35 ton/in.2. Groups 9 and IO 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.*, although slightly better 
enduranoes were obtained with the ground specimens at the higher stress 
level 9. 

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, 

5.3 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.2 with the chemical contouring 
giving much the better results. No decarburisation was detected in this 
material. 

6. CONCJXJSIONS 

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

PART II SUSTAINED 1LM.N 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 
S. & T. Memo. 23/60. 

8. DESCRIPTION OF TEST SPECl&WJS 

8.1 General 

All 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 notched. 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 batch. Because of this problem face notched specimens were 
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. 

8.2 Heat Treatments 

The hardening heat treatments for RS.140 were:- 

(a) Martempered by austenitising in air for 40 minutes‘at 940°C., 
transferred to an air furnace held at 51O'C. and soaked for 
60 minutes. They yere then oil quenched and tempered in air 
for 60 minutes at 300~~. 

(b) Hardened by austenitising in air for 40 minutes at 940°C., oil 
quenched and then tempered in air for 60 minutes at 55OOC. 

H.50 was sustenitised at 1000°C., 
minutes at 580°C 

air cooled, and tempered for 60 
. 

8.3 Chemical Contouring 

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

-8- 



9. MFZHOD OF TESTING 

9.1 Control Tests 

These were carried out by Bristol Aerojot Lztd. Matched 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. Each rig consists of a 
frame carrying a loading beam with a lever ratio of approximately 40: 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 beam 
by an extension link by two pins horizontally in line. 

With the specimen fitted and the beam adjusted to an approximately 
horizontal position by means of the sorew on the upper holder the load was 
then applied by fitting a. hand lever into the extension link and raising the 
weight pan until the seoond pin could be inserted in the extension link. 
The full weight was then transferred gently to the specimen and the hand 
lever removed. 

P,n electric clock wired in series with a micro-switch bearing on the 
beam 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 

U.T.S. T/in.2 
0.1% P.S. T/in.2 
Elongation 

Hardened and tempered Martempered 

105.8 105.3 121.2 116.7 
78.7 78.7 . 84.7 84.4 

9.M . 9.0% 6.5% 7.% 

Six martempered and six hardened and tempered speoimens were tested, 
three of each at 11% and three at 125% of 0.1% P.S. All the specimens 
were removed unbroken from the rigs after 28 days. 

Batch B Face notched specimens 

Martempered RS.140 chemically contoured from 0,104" to 0.064". 

Wotohed U.T.S. 94.2 - 118.0 T/h2 

One specimen was loaded at 8O$, one at 9% and two at 95% of 94.2 T/~Ix.~' 
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 
Gidition of weights to the pan to 9% 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 inoreased loading. 

Batch C Edge notched specimens 

RS.140 chemically contoured from 0.104" to 0.064". 
Heat treatment Hnrdened and tempered 
U.T.S. T/in.2 

T/in.2 
110.2 110.4 

0.1% P.S. 77.7 77.8 
Elongation 
N,U.T.S. T/d2 

7.% 8.5% 
116.1 

-Y- 

Martenpered 
121.1 121.9 

90.2 91.8 
6.5% 6.0% 

131.2 



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

Batch D Face notched specinens 

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

Heat treatment 

U.T.S. T/i.ne2 
0.1% P.S. T/in.2 
Elongation 
N.U.T.S. T/in,2 

Hardened and tempered 

108.5 109.1 
75.7 75.8 

8,074 5.5% 
108.8 I 

Martempered 

I 16.4 116.7 
80.2 87.4 

Three specimens of each heat treatment condition were loaded at 9% 
N.U.T.S. and two of each at 8% N.U.T.S. No failures occurred within 
28 days. 

a 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 +he range 80.0-112.0 T/i.r~.~ 
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 O.lO&” to 0.064". Immediately 
after contouring, specimens were phosphatea in Bonderite 65, baked for 
4 hours at 2OOOC. and stained with Pyrene finish P41C. 

Heat treatment 

U.T.S. T/in.2 
O.l$P.S. T/in.* 
Zlongation 
N.U.T.S. T/in.2 

Hardened and tempered Martempered 

107.9 106.1 120.1 120.8 
79.9 77.9 92.5 go.6 
10.5% 9.5% 595% 6.5% 

125.6 134.2 

Three specimens of each heat treatment condition were loaded at 9% 
N.U.T.S. and three of each at 95% N.U.T.S. A martempered specimen loaded 
at 45% N.U.T.S. failed between 240 - 305 hours after loading, this was the 
only failure within 28 days. 

Batch F Edge notched specimens 

H.50 chemically contoured from 0.120" - 0.064". 

U.T.S. T/in.2 
0.1% P.S. T/in.2 

121.4 121.6 
82.0 82.3 

Elongation 
N.U.T.S. T/in.2 

7.% 7.5% 
117.0 

Four specimens were loaded at 80$ N.U.T.S., four at 9% 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.149 and H.50 are not embrittled by the 
Bristol Aero,jet 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 9%. This 
failure was probably due to the embrittling aotion of the phosphating process 
rather than that of the chemical contouring. 

-1 o- 



TABLF: I 

RS,? 30 M4TERIAL - RIXXJLTS OF TESTS 

GROUP 1 
Stress Endurance 
T/in.2 cycles 

56 20,000 
34,000 
20,000 

LOGMEAN 23,870 

44 4.8,000 

40 103,000 
90,000 

LOG ME4N 96,270 

36 116,000 
86,000 

LOG MEAN 99,880 

32 153,000 
140.000 

LOG MEAN ~46,350 

28 ~~,399,000 
240,000 

LOG MEAN 579,430 

24 467,000 
505,000 

LOG DAN 485,620 

20 +,p;; 

1:644:000 

LOG MEAN 2,238,200 

18.4 2,792,OOO 

16 d5,227,000 

GROUP 2 

Stress 
T/in.2 

48 

LOG MEAN 32,460 

36 ao,ooo 
66,000 
74,000 
58,000 

LOGMFAN 

24 

LOG MFm 271,830 

20 

LOG MEUV 

I a.4 

LOG MEAN. 

Endurance 
cycles 

34,000 
31,000 

68,990 

325,000 
271,000 
244,000 
254.000 

a21,ooo 
345,000‘ 
759,000 
489,000 

569,370 

1,275,ooo 
1,233,ooO 

7aL.000 

l,o72,3oo 

16 x?11,193,000 
rr=l5,469,000 

GROUP 3 

Stress Endurance 
T/in.2 cycles 

40 
2 :z 
55:ooc 
7l,OOC 

f . . 
LOG MF?AN 63,21c 

32 150,00c 
153,000 
168,OOC 
198,000 

LOG MEAN 166,230 

24 492,000 
407,000 
439,000 
525,000 

LOGMEAN 463,450 

20 1,455,ooo 
724,000 

"; ,;;A);; 
. . 

LOG bX!XN 1,310,aoo 

18.4 1,590,ooo 
~.932.000 

LOGMJIAN 1,752,6oo 

16 s24,6%,000 
d7,5a7,000 

s These specimens unbroken at these cycles. 

/Machine failed to switch off on failure of specimen. 
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TABLE I (Contd.) 

1 

60,000 
64,000 
62,000 
68.000 LOG MEAN 9,490 LOG hEAN 1 

40 40 

1 LOG MEAN 
LOG hEAN 

32 
32 

10,390 

63,430 

125,000 
73,000 

138,000 
132,000 

74,000 
61,000 
65,000 

66,450 

48,000 
47,000 
58,000 
88,000 

58,250 

5j0,ooo 
49 8,000 
537,000 
621.000 

213,000 
205,000 
353,000 
171,000 

137,000 
92,000 

142,000 
211,000 

226,560 

LOG MEfi.N 554,630 

1 LOG MEAN 
GOGMEAN 

24 
24 

14i.910 
782,000 ~ 
481,000 
598.000 

608,140 

721,000 
1,015,000 

603,000 
764.000 

1,460,000 
3e24,229,000 
=54,670,000 

1 LOG MEAN 

20 LOG MEAN 

20 

LOG MFAN 

18.4 I 

LOG MEAN 

761,920 

1,167,ooo 
1,956, cm 

A21,210,000 
1e22,620,000 a 8,266,ooo 

se21,231,000 
~17,8og,ooo 

871,000 
x8,523,000 

x49,058,000 
x21,234,000 
~33.012,OOn 

5,753,ooo 12,06i,ooo 

18.4 I =24,423,000 

e These specimens unbroken at these cyoles. 

GROUP4 

Stress 
I 

Endurance 
r/in,2 cycles 

Endurance 
cycles 

12,000 
9,000 

Stress 
lJ/in.2 

56 

T/h2 

56 40 + 

LOG bfl3.N 

32 

LOG MEAN 

24 

9,000 
10,000 

LOG MEAN 

-12- 



TABLE I (Con-t&) 

GROUP 7 

Stress Endurance 
T/in.2 cyo le s 

48 
j ;x,": I 

LOG MEAN 35,780 

40’ I og,ooo 
75,000 

141,000 
140.000 

LOG MEAN 112,720 

32 239,000 
272,000 
201,000 

b 478.000 

LOG MEAN 281,120 

30 264,000 
770,~OO 
308,000 
292.000 

LOG bQxN 367,7oc 

28 rel5,74o,ooc 
289, ooc 

3E21,423,ooc 
b 4JG,ooc 

474,ooc 

LOG WT 1,828,lOC 

.24 x 9,442,ooc 
3e14,623,ooc 
b 464.000 

LOG MED 4, cm, 300 

I- 
Stress 
T/in.2 

GRO'(TP 8 

36 

LOG MFAN 

32 

Endurance 1 cycles 

361,000 
188,000 
287.000 

I These specimens unbroken at these oycles. 

b Replacement specimens. 



TABLE II 

RS.140 MATERD,.L - RESULTS OF TESTS 

GROUP 9 I 
Stress 
!C/in.2 

41.4 35,000 
26,000 
28,000 

b54.000 

Stress 
T/ine2 

31 73,000 
69,000 
71,000 
60.000 

LOG MFJ,N 34,245 LOG MEUV 68,062 

31 62,000 
62,000 
85,000 
60,000 

20.7 198,000 
242,000 
238,000 
221,000 

LOG MEAN 66,542 LOG MEAN 224,080 

20.7 178,000 
202,000 
202,000 
194,000 

18.1 314,000 
350,000 
324,000 
254.000 

LOG MELN 193,730 LOG M-LXN 308,390 

18.1 503,000 
319,000 
281,000 
322.000 

15.6 1,418,OOO 
781,000 
691,000 
735.000 

LOG MEAN 347,140 LOG MEAN 8651960 

15.6 

LOG ME3.N 

Endurance 
cycles 

x29,842,000 
464,000 

&9,779,000 
w 4.337.000 

6,502,800 
1 

GROUP IO 

13.5 *38,551,000 
972,000 

w45,64&,000 
x12.281.000 

LOG MEAN 12,040,000 

Endurance 
cycles 

r GROUP 11 I 
Stress Endurance 
T/in.2 cycles 

A.6 83r000 
74,000 
57,000 

LOG WAN 70,485 

61.4 114,000 
109,000 
130,000 
112,000 

LOG MEAN 115,990 

36.2 116,000 
161,000 
164,000 
170.000 

LOG MEf’,.N 151,040 

3l 200,000 
359,000 
251,000 
51c5.000 

LOG MEAN 314,770 

28.5 ~18,026,000 
Je 5,350,OOO 
sel5,309,000 
~52,933,OOO 

25.9 3Q3,357,000 

% These specimens unbroken at these cycles. 

{M h' ac me failed to switch off on failure of specimen. 
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Stress 
T/in.2 

41.4 

Endurance 
cycle 9 

118,000 
118,000 

,h65,000 
114,000 

50.7 

LOG MELN 

36.2 

127,210 LOG h!?U.N 

293,000 
153,000 
148,000 
198.000 

66.6 

LOG MEAN 

33.6 

190,370 LOG IDXN 

l8o,ooo 
218,000 
250,000 
219.000 

WC 

LOG MEAN 

31 

215,280 LOGMEAN 

380,000 
1~20,875,000 

249,000 
246,000 
312.000 

41.4 . 
LOG MEAN 

LOG MZAN 

28.5 

685,810 

!Kl3,656,000 
~15,513,OOO 

316,000 

L0GMFl.N 4,060,700 36.2 

ug3r;E 12 (C0n-M.) 

LOG MEAN 

l- 
Stress 
r/in.2 

GROUP 14 I 

66.6 87,000 
83,000 
84,000 
97.000 

LOG MWJ 87,579 

41.4 100,000 
159,000 

97,000 
142,000 

LOG MEAN 121,650 

36.2 208,000 
243,000 
217,000 

12.961,oor) 

LOG ME~IN 614,040 

33.6 

LOG MEAN 9,763,200 

n These specimens unbroken at these cycles. 

Endurance 
cycles 

wl5,258,000 
~18,938,ooO 

ie101,122,000 
IE 52,268,ooo 

{Machine failed to switch off on failure of specimen. 
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TABLE Ii (Contd.) 

GROUP 15 

Stress 
T/in.2 

46.6 

Endurance 
cycles 

90,000 
101,000 
183,000 
100.000 

LOG MEAN 143,580 

41.4 253,000 
1 77,000 
i 23,000 
153.000 

LOG blE?iN 470,380 

38.8 ~IO,929,000 

36.2 541,000 
1,015,000 

n~5,079,000 
w14,182.000 

LOG MEW 3,291,500 

'33.6 sl5,013,000 
7,517,000 

el7,381,000 

LOGMEAIN 12,517,OOO 

me These specimens unbroken 
at these cycles. 
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TABLE III 

H.50 MATERIAL -RESULTS OF TESTS 

r GROUP 16 GR3UP 17 I GROUP 18 1 
Endurance Stress Endurance Stress Endurance 

cycles T/in.* cycles T/in,* cycles 

45,000 
65,000 
32,000 

42.3 

39.3 

82,000 54.5 

71,000 

36.3 94,000 
1,006,ooo 
I ,076,ooo 

109,000 

LOG MEAN 45,404 

45.3 

LOG MEW 324,490 

52,000 
116,000 

6,358,OOO 
50.000 

33.3 163,000 LOG MEAN 209,250 

30.2 236,000 
746,000 
316,000 

42.3 107,000 
138,000 

93,000 
82.000 

LOG MF2'J 

27.2 

381,780 
LOG MEXN 103,010 

3,310,OOO 
609,000 39.3 

LOG MELN 

24.2 

1,419&O 

112,000 
131,000 
136,000 

99.000 
~13,314,000 
48[14,610,000 

*,39l,OOO 
5.*78,000 

LOG MEAN 118,550 

36.3 

LOG ME/N 7,o38,800 

253,000 
209,000 

14,753,ooo 
14.808.000 

b10,624,000 
2,909,000 

h1,101,000 
44 2.110.000 

5,l&9OO 

LOG M?AN v343,800 

LOG MEXN 

58,OOC 
71,ooc 
62,ooc 

IL145,ooc 

Stress 
r/in.* 

b-2.3 

LOG MEAN 78,OOC 

128,00C 
115,00c 

98,oOc 
1oo,ooc 

109,6oc 

36.3 

LOG ILCEXN 

33.3 801,000 
109,000 

1.o53.000 

;OGMFSLN 

30.2 

451,340 

165,000 
8,481,OOO 
1,006,000 

622,000 
162.000 

LOG MEVN 676,710 

Z7.2 kl5,*23,000 
d6,594,000 
k 6,959,Ooo 
+l5.062.000 

JOG MEPJV 1*,753,000 

* These specimens unbroken at these cycles. 
/ Machine failed to switch off on failure of specimen. 
Pp These specimens failed under the clamp due to 

fretting action of the clamping plates. 

D 37g35/$it.6? 1c.4 5'65 n & CL -17- 





4 HOLES %:Dh 

ICROUP 1 , , 1 - iCROUP , 1 m- 1 -&Jo. w 7. -iy w. -IT f 
0 I3S.WG /I I 1 .75 1 15 s.w.q IO 1 -5 

2 -75 I5 s.w.c II *75 .06n 

3 -50 I3 S.W.C. I2 *75 .& 

4 a50 I3 s.w.c I3 -75 -0 6” 

I I 6 
I c ! I I I I I 

-50 I5 I -75 I -06’ 

7 .75 .75 -064” 

8 .75 l 75 I- .&” 

9 .06 4” *50 

- 064 

a,4 16 

-064” 17 

13 S.W.C. 18 *75 

w50 MA7ERIR 

TEST SPEC f MENS 
I  FIG. 

I 



‘I -,- _ 
II 

-- 
I 

I I 
b\\\\\\\\\h\\\\\\\\ 



SUMfviARY OF RESULTS- RS. 130 MATERIAL FIG. 3 

-- 





SUMMARY OF RESULTS - RS 140 MATERIAL 
- _ 

FIG. 4 





SUMMARY OF RESULTS -HSO MATERIAL FIG. S 





DE-7-AILS OF LoAD SEE-C/NEIL! 
FIG. 
6 





- 

PLATE I. SUSTAINED LOAD TEST RIG 

3 

PLATE 2. SPECIMEN UNDER TEST 





A.R.C. C.P. No. 812 
play, 1964 
Westland Aircraft Ltd., Saunders-Roe Division 

INFIJJENCE OF CHMI CAL CONTOURING ON THE FATIGUE AND 
SUSTAINED LOAD PROPERTIES OF HIGH TENSILE STEEL SHEET 

Reverse bend fatigue and sustained load tests have been 
csrried out on three low alloy steel sheet materials, 1% Q-MO, 
s CrMo-V, and 5% Cr+o-V, heat treated to 88, 103 and 121 t.s.Io 
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 causedno 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 CON’KXJRING ON THE FATIGUE AND 
SUSTAINED LOAD PROPERTIES OF HIGH TENSILESl’EEL SHEET 

Reverse bend fatigue and sustained load tests have been 
carried out on three low alloy steel sheet materials, 1% C-o, 
5 CrIlo-V, and 5% Cr-Ho-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 athigh proportions of the notched ultimate stress. 

A.bC. C.P. No. 812 
May, 1964 
Westland Aircraft Ltd., Saunders-Roe Division 

INFlJJENCE OF CHEXICAL CJNTCURING 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 lofl alloy steel sheet materials, 1% CrHo, 
3% CrMo-V, and 5% Crtlo-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 wntouring 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. 
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