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N Endurance tests on Fiaxible Wire Rope for
[ Airoraft Flving Controls
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L. Test Results

5 Discussion of Results
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6o Conolusions

Tables 1 to 41
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Photographs A and B

Figures 1 to 5

Summary

~—.The programme of endurance tests on flexible wire rope for sircraft

3 . flying controls which wore devised to assess the effects of different pulley

3 - sizes, oyoling spseds, rope tensing and pulley =rep angles has no'/ been
completeds The results of a1l the tests (inoluding those detziled in Ynte¥im
3 Report Ko AID/DBV/93/66) are given in this-report. In addition a -
ki Gesoription is given of a nsw sndurance test machine whioch has-been

! devoloped for rcutine test work.
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2.

Introduction

1¢1 In 1962 a memorandum prepared by British Standard Institutiorn Technical
Coumittee ACE43 (Cables and Wire for Aireraft) indicated that it had been
working o7. the revision of existing British Standards W.9 and W.11 for
flexible wire ropes for aircraft oontrols andi the preparation of a new
standaxrd for future use, on the lines most likely to be acceptable as an
A.B.Co and world (I.8.0.) Standard. The Committee had also decided that
both the revisions and the new standard should include an endurance teat,
since this is a requirement of the equivalent American and Buropean
(A.I+C.Meds) siandards and also because of the higher speeds and longer
live (in terms of flying hours) of modern airoraft.

The rezults of a programme of work done on the endursnce testing cf
wirs ropes by Hawker Siddeley (Havilland Division) Ltd., under conditdons
closely similer to those obtaining in airoraft control cirouits, indicated
that the American and Buropsan (A.I.C.M.A.) endurance test is unrealistic
in the light of modern aireraft installations. B.S.I. Tochniocal Committee
ACE/43, therefore, agreed on the principles of a new endurance test method
and drew up a programms of tests to provide a basis for suitabls test
oconditions whioh would more closely simulate actuel cperating oonditionse.
A.I.D» Laboretories were requested to carry out the necessary develcpment
work to provide a suitable test for inclusion in the relevant British
Standards and for submission to I.S.0., to AcI.C.M.A. and to the United
States for poasible world wide adoption.

1«2 In view of the foregoing, the work covered by this report was undsrtaken
gnd while the primary objective was to provide = new endurence test, the
programs Of teats was zlao designed to provide tho maximup amount of basic
informatioen on the behaviour of fiexible wirve ropes whisch would be useful

to airoraft desigmers and wire rope manufacturers and users.

The oomplete programme of tests govered 27 varying test oonditions,
with at least 6 separate samplas at each test condition. In August 1966
an interim report, number AID/DEV/92/66, covering the results of 6 of the
27 test series was issued:. All the test seiies axe detailed in this
mpm.

1¢3 The Fiexible wire rope used for the whole programme of tests was
speciaslly manufaotured, in a continuous 6,000 feet length, to draft
British Standard Specificstion W,000 (now British Standard W.12). Tnis
length of rops was § inch diamster and was lubricated during manufacture
with Xeroshell GEEASE 14, anti-fret lubricant. (British Specification
D+T.D+900/46094, US speoification MILL-G~25537&, NATO Code No. 6-366).
None of the samples used were pretreated in any way before testing.

Desoription of Apparatus

2.1 The machine used for all the tests is illustrated at Photograph A
and Figure 1 shows the wire rope circuit and pulley arrangements. Full
details of ths maohine were given in Report No. AID/DEV/92/66. A socond
machine was built and used, idsntical with the first, exocept that it was
fitted with a motor and redustion gear suitable for cyoling spesds of

100 oycles per mimate,
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2.2 All the pulleys over which the rope was reciproocated were manufec-
tured from steel heat treated to give a hardness of Hv.700 {Rookwell C.60
and ground to a fine finish of 32 miocro inches C.L.A.; each pulley wae
mounted on standard self aligning bell bearing as used in aircreft control
systems. Pulleys A, B and C were 4.5 inches in diameter and were used
throughout the tests while pulleys D, E, ¥, G and H were either 2,25, 2.5
or 2.75 inches diameter as required by the test programme; these three
diameters are squivalent to 18d, 204 or 224, (where 4 is the nominal
dismeter of the rope under tests. The rope groove in all 8 pulleys was
04067, inoh (%x 14075) redius, ground to an envelope tolarance of + 0.001

inch width,

2.3 Rope tension is monitored throughout eash test by means cf strain
gauge welgh bars, Fig. 2., which are included in the rope circuite The
tension is measured at a central multipoint strain gauge bridge to an
accuraoy of + %.

2¢4 Eaoh machine has duplicate pulley systems so that 2 samples can be
tested under similar test oconditions simultaneouslye.

Methods of Testing

3e1 The full programme of testing is given in Table 1 and thia programme
was arrenged around a series of control valuss of pulley diameter, rope
tonsion and oycling speed.

Thease ocntrol values were:-

Pulley diameter 2.5 inches (20d)
Rope tension 140 1be (7% of the nominal drealking
strength of the rope)
Cyoling speed 25 cycles per minute
The ori programee called for altermative pulley diameters of

2425 inohes (183) and 2475 inoches (223), alternative rope tensions of
12% and 18% of the nominel breaking strength of the rope and alternative
oyoling cpeeds of 18 and 50 oycles per minute. The initiasl tests,
however, indicated that cyleing speed might not materially affsot the
results ani in order that a saving in test time could be made, the first
of the oycling speed alternatives was changsd to 100 ocycles per minute.
It was also ocnsidsred that this change might give a practiocal advantage
when the final test conditions were evaluated.

342 For each type of test carried out, a mirnimum of 6 samples were testsd
and & length of approximately 24 Cfeet was needed for eash of these
individual testse

3¢3 During the period of each individual test the machine was stopped a
nunber of times for inspeotion of the rope-pulley oontact areas. The
extent of wear and the numbers of visible wires broken st each of the 5
pulley position3 was recorded at each of these inspections. Tables 2 to
28 show the progression of wire failures for each test seriess When
more than 42 wire breaks were found at ainy one pulley position the test
was disoontinuede.
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3¢4 At the conolusion of the endurance test programme the breaking strength
of approximately & quarter of the samples was determired. Each sample was
tested at the positions where it had been in contact with pulleys E, F and
G and also at an undamaged section of the rops.

3.5 As detailed in Report No. AID/DEV/92/66, observations were made on the
twisting effect as the ropes passed over the various pulleys and on the
degree of trensverse slipping between the pulley surfuce and the rops.
Records wore alsc kept of angular pulley slip during each period between
inspections.

Test Results

Lot Tables 2 to 28 show the number of visible wires broken during the

ocourse of ecoh individual teat in cach of the test series. These details
are listed separaiely for each of the 7 pulley positions B, F and G The
numbers of wire bresks at pulleys D and H were so few that only the totals
at the end of each test are given. The information listed in these tables
has been plotted graphically, in the form used in report No. AID/DEV/92/66
figures 2 to 19 and 22. It is considered, howesver, that to inolude the
large nunber of graphs nzcessary to cover the whole programme would defeat
the objeot of providing readily compasable values for all the variables
involveds To overcoms this diffioulty a statistioal analysis of all the
results is being prepared with the assistance of the Mathematioal Department,
Royal Airoraft Establishment, and will be presentad in Part 2 of this Report.

Le2 A series of rezidual breaking strengths from damaged seotions of

a number of the rope samples used in the programme, is given in Table 29 and
these values, expressed as a peroentage.of the breaking strength of
undanaged seotions of the same r - s, are shown graphically against numbers
of visible broken wires in Pigure 3.

Le3 As each teat progreased it was found that the rope sample stretched
slightly, this extension was measured and recorded at each inspection. The
values noted for each of {he series tested at 100 oycles per minute and at
the three tension leveis (i.e. test type numbers 1, 10 and 19; 4, 13 and
22; and 7, 16 and 26) are shown in Tables 30 to 38. All these extensions
were collated into a series of intervals of numbers of oycles and are shown
in Tables 39 to 41. The averags extension for each interval was
ocalioculated and plotied against the logarithm of the mean number of oyoles
within each interval, this greph is shcwn at Figure 4.

Lol As was mentioned in report number AID/DEV/92/66 an attempt was made to
evaluate the amount of angular pulley alip which occurred during eash tect.
Readings were taken, at each iuspection, of the angular pulley movement
relative to & datum point in the machine frame: In ordsr to get a more
detailed understanding of tnis movement; a series of time~lapse oins
photographs were taken during the whole period of some of the tests. These
photographs indicated a random movement, both clockwise and anti-clookwise,
and one series even showed a reversal of direstion during the test. The
total amount of movement also varied considerably from a part of one
revolution to several oouplete revolutionse In view of this evidence it
was considered impossible to give accur te values for this slip and the
figures recordsd have been ignored,
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Disoussion of Results

5¢1 Part 2 of this report covers the effects due tc variations of pulley
size, rope tension and oyoling speed as shown by a statistical analysis

of the whole seriess Comparative grephs have been plotted and these have
confirmed that considerable increasss in rcpe life can be obtained by small
inoreases in the rope/pulley diameter ratios and, as might be expeoted,
increased rope tension considerebly reduces the rope lifes An unexpected
inorease in rope life was found to result from an inorease in oyeling
speeds.

52 The earlier report indicated that the most signifiocant factor was the
damaging effect of small wrap angle pulley/rope combinations. The wire
wear and fatigue failure observed throughout the whole series of tests has
confirmed this supposition as this damage has been confined almost
exclusively tc¢ those pulley positions which have an angle of =mrap of 15 .

503 At the conclusion of all the enduranse tests, approximately a quarter
of all the test samples were subject to tensile test to establish:~

(a) the breaking strength of an undamaged portion of the rope sample,
and

(b) the residual breaking strength at each of the three pulley
positions E, F and G.

As will be ssen from Table 29 and Figure 3 there is no obvious relation-
ship between the number of visible broken wires and residual breaking
strengths In view of this a number of the broken samples which had
given 1.7 residual strengths were saxaminede This examination revealed
that those samples which had been tested at the highest cyoling speed
and/or at the highest rope tensions exhibited wear, indentation and, in
some instanves, fatigue failure of the wires forming the ocentral strands
Buring the early tests, which were all carried out at the lower oyoling
spaeds and at the lowest rope tension, e similer examination of the
samplea which were tensile tested, gave no indication of wear or fatigue
in “he certral strand.

Sely The extension of the wire rope used in this serdies of tests would
appear to be dependent on the number of reversals to which it is subjected
and also to its tensions The pulley diameter, within the limits used in
the teats. would zeem to have virtually no effect on this extension.
Extension values from all the tests carried out at 400 cycles per minute
and at each of the three rope tensions were examined and it was found
that this extension largely occurs in the early stages of testing and is
direotly proportional to the logarithm of the number of oycles undergone.
Figure 4 zhows this relationship for each rope tensione The greatest
amount of extension noted was iess than 0.15% of the original leigth of
the rope s:zmple,

Before installation in an aireraft control system, most wire ropes
are pre~stressed to a load equal to approximately 60% of the nominal
breaking loads As none of the test lengths of rope used in this
programme have been subjected to this pre-siressing it cannot be assumed
that the amount of' extension noted will be completely similar to that
whioch takes place during the working life of a contrel rope. The figures
obvained, however, could provide designers and inspectors with a useful
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indication of the percentags extension which might be expected at various
stages of the life of eny oontrol system rope of similar size and
aonstruction to that used in thess tests.

5¢5 Time~lapse cinephotography and observaticn during the course of the
warious tests has established that scme slipping occurs between pulley
znd rope, to v groater or lssser extent at all the pulley positions
irrespective of the wrap angle, although it has not been possible to
obtein reliable values for the amount of th's slipe From the information
vindeh hes begn obteined, however, it would seem probable that this slip
wight sontribuis sowe slight woar to the rope surfaces in contact with the
mulley,

Gonclusions

5.1 As was reported earlier the most significant factor shown by these
tests is the ocnsiderable ancunt of damage sustained by the rope where it
pazses ovsr a pulley with & small wrap angle; furthermore, the only
visible broken wires were those which had been in direct contact with the
pullay and whish showed considerable wear.

As a rope passes over a pulley the Lelical formation of its cuter
strands lamparts to it a twisting action. Fhotographlc evidenos during
the early tests showed that when the angle of wrap betwsen rope and pulley
is 90° or more, this twisting movement is quite smooth with no sign of
supsrimposed movements transverse to the general direction «f twist,
Similar ovidenoce from sections of rope adjacent to the 15° wrup angie
pulleys shows this same twisting movement but, with a seriss of smali
movements superimposed, these are transverse to and in the severse
direction to that of the gemeral twisting riovemesnt. These mevements can
be directly related to the numdber of strauds passing over the pulley. It
would appear that with these small wrap angle conditions the ropo twists
but, at the pointa where each strand vasses over the pulley and when the
friotion between ropc and pulley is at a minimunm, a small amount of the
twist is releaseds The rope thus passes over the puliey in a serica of
twists and partisl releases, these movements are considered to be directiy
responsible for the repid wear of the wires which are in direoct oontact
with the pulley surfsce. The greater contact area of the 90° wrap angle
pulleys no doubt restreains this reverse movement and could account for
the very few wire breaks observed at these pulley positionse It had
been hoped to carry out further work to completely investigate this
mechaniam of wear and subsequent fatigue failure but this has not yet
been possibla.

6e2 Although the early tests had indicated that this method of endurance
testing would tend to confine the wirs failure to the external contact
surfaces of the rope the later tests have shown that this supposition is
not true foxr all the various ocnditicns of test involved by the progremme.

Examination of many more of the endurence test samples will be
necessary to obtain precise information of the conditions of test which
produces fatigue failure of surfaces wire only and of those conditions
which result in both external and internal wire dezmege and failure. The
information so far availabls sugeests that an acceptance criterion should
be based on residual strength, as in the American specificatioms, rather
than on numbers of visible wire breaks.
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643 This programme of testa has completely oconfirmed that both the pulley/
rope diameter ratio and the rope tension have a very oritical effect on

the endurance life of the wire ropes Although no hard and fast minimum
values for all sizes and constructions can be formulated without more
experimentel work it is considered that pulley/rope diameter ratios below
20 and rope tensioning loads greater than 7% of the specified nominal
breaking load should be avoided in oontrol system design.

6.k Bscause of the many combinations of test oonditions whioh had to be
met by the programme, and in order to obtain a useful amount of info wma-
tion in the shortest time, only one size of rope was testeds In view of
this limitation it is not yet possible to speocify finel test oonditions
whioch could be incorporated in the relevant British Standards.

The statistical analysis detailed in Part 2 of this report (dus for
publication in approximately 6 weeks time), provides information for
tentative recommendations for the test conditions whioh could be expected
to give the most oconsisient epdurance values with a test duration
comparable with existing methods. The oonditions are being included in
the ourrent test programme and it is expected that the additional informa-
tion required for more definite recommendations should be available within
the next 12 monthse.

6.5 Although the werk covered by this report has not yet resulted in
conorete proposals for an endurance test which could be inoluded in the
British Standard Specification for flexible wire ropes for airecraft flying
controls it has provided a new test method which is considered to be more
realistic then existing methods and it has also provided information on

the behaviour, under oonditions similar to those in an airoraft eircuit, of
wire rope whisch should be very useful to airoraft lesigners and wire rope
nanufacturers.

Further Work

7.1 The whole programme of testing detaiied in this report was carried

out on the machines built to the original design deseribed in Report No.
AID/DEV/92/66 and, as was envisaged in tbis report, these machines have
proved very successful for this type of research programmee. Further

work to evaluate test parameters for other rope sizes and construotions and
to determine the effects on rope life of coating pulley surfaces with
ron-matallic materials is contemplated.s However, as this machine design
is not oonsidered to be suitable for production testing, a new machine

has been designed and built and is illustrated at Phctograph B and Figure 5.
This machine, while atill simulating the more severe conditions likely to
oscur in aircraft control systems, is compact and can test 8 comparatively
short rope samples at any of the various conditions of test likely to be
suzgeated for inoclusion in the specifications.

Preliminary tests havec shown that the pettern of wire wear and mods
of failure produced by ths new machine is very similar to that produced by
the original machiness A new programme of testing has boen started with
this new equipment to eatablish that the results obtaired are comparable
with thoae obtcined in the original machines.
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PROGRAMME OF TESTS ON % IN. DIA. CAR2ON STEEL WIRE ROFE

l'l'EST ' ROPE SIZB | PULIEY | STROKE RATE OF ROPE TENSION 1lb.f. |
TYFR DIA. CYCLING | _Percentage of Brealc_igg__{;g%@_
NO. iN. DIA. D, IN. k4 § D. cycle s/min. i% k| 5% 1 8,'0
1 ¥ 2425 1450 100 140 - -
v 2 " " " 25 ] - -
3 " v " 50 " - -
— b " " " 100 - 240 -
1 5 " ® " 25 - " -
6 n " " 53 - [} -
7 " " " 100 - N - }60
8 » " L] 25 - ; - n
9 " " n 50 - : - " i
10 " 2,50 | 1467 100 140 - -
; 11 " 1 " 25 " - -
g i2 " " " 50 ] - -
! 13 " " " 100 - 240 -
1L " " " 25 - | n -
13 " " " 50 - | " -
16 " " " 100 - - 360
47 " " " 25 - - #t
418 ® L f 50 o - L
19 " 2:7% 1483 400 140 - -
20 " " " 25 " - -
21 " ] " 50 " - -
22 " " " (4 - 24,0 -
23 " " " 25 - v -
2, " " " 50 - " 0
25 * " " 170 - - 360
26 " " " +5 - - "
27 " « . 30 - - "

TABLE 1
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PERCENTAGE REDUCTION IN STRENGTH DUE TO WORN AND BROKEN WIRES

Br?zgng Brgiﬁng Percentage
Test Saxple | Pulley | ¥o. of Visible (Undanaged (Worn Reduction
Type No. | No. No., broken Wires Section) |Section) of S:;:;ngth
1bs 1bf
5 2 E 8 1859 1812 2.52
F 16 1702 8.44
G 1 1837 1.1%
4 E 11 1848 1784 3.62
F 13 1747 546
G 8 174C 5.84
5 E 3 1857 1830 1.45
P 14 1635 11.95
G 14 1736 6.52
6 3 E 5 1830 1799 1.69
® 12 1702 6.99
G 1 1714 6.33
5 E 13 1832 1774 3.16
b 8 1698 7431
G 14 1841 0
8 1 B 14 1864 1514 18,77
? 10 1676 10.08
G 17 1561 16.25
2 E 21 1864 1590 14.69
F 10 1707 8.42
G 14 1644 11.80
3 B 10 1823 1658 9.05
r 12 1624 10,91
G 10 1723 5.48
4 E 21 1850 1646 11.02
) ] 8 1714 T35
G 20 1664 10.05
5 E 11 1859 1707 8.17
r 12 1534 17.48
G 10 1707 8.17
6 B 7 1859 1696 8.76
) 4 17 1702 8.44
(¢ 6 1705 | 8.28

TABLE 29




FLEGENTAGE REDUGTION IN STRENGIH DUE TO WOEN AND BROKEN WIRES

‘
Breaking | Breaking

Load Zoad Percentage
Test Sample lley | No. of Visible (U a (Wo Reduction
Type No.| Nos No. Broken Wires Soct 5.0183 Bacti:::) of Strengtn
152 1bf bt
9 6 E 7 1855 1848 0.37
F 16 1810 2.42
G 2 1846 0.48
10 2 E 4 1873 1568 16,28
P 12 1801 3.84
G 4 1711 8.64
3 E 8 1837 1814 1.26
F 7 1734 5.60
G 12 1792 2.44
6 B 12 1875 1725 8.0
P 7 1812 3.36
G 9 1752 6.56
13 2 B 11 1864 1738 8.75
) ] 12 1297 30.41
G 5 1725 T.45
3 E 3 1859 1774 4.57
P 13 1785 3.98
G 6 1810 2,63
4 B 9 1866 1819 2.51
F 12 1465 21.48 |
G 1 1749 6.27
5 E 6 1839 1781 3.20
F 7 1684 8.42
G 21 1664 9.51
14 2 B (3 1857 1823 1.83
F 13 1835 1.18
G 9 1850 0.37
3 B ) 1846 1859% 0
? 20 1758 4.76
G 5 1850 0
4 E 14 1857 1642 11.57
F 14 1714 1.7
G 10 1781 4.09
5 B 6 1859 1823 1.93
F 7 1826 1.77
G 17 1756 5¢54
6 E 14 1864 1684 965
F 12 1606 13.84
G 16 1593 14.53

*Rope Broke in Grips

TABLE 29 Contjinued




bt e a otk e R i

T s e S AT

PERCEN?AGE REDUCTION IN STRENGTH JUE TO WORN AND BRUKEN WIRES

Br;:l;;ng Br;:l;ding Percentage
Test Sample | Pulley | No. of Visible (Und a (%orn Reduetion
Typs No. | Xo. No. Broken Wires SQctiogg Section) of Strength
1 | 1or ot
. 15 4 E 5 1846 1855 0
{ F 6 1859 0
{ G 14 1767 4,27
X 16 1 E 6 1864 1814 2.68
; F 15 1711 8.20
; G 16 17563 5.4%
2 E 5 1852 1796 3.02
F 11 1644 11.23
G 13 1779 3.94
3 B 14 1864 1781+ 4.45
F 5 1781# 4.45
G 15 1855 0.48
4 E 18 1868 1781 4.65
F 3 1866 0.10
G 11 1879 0
5 E 11 1861 1702 8.54
» 21 1756 5464
G 12 1770 4.88
§ E B 1864 1781 4.45
P 14 1747 6.27
G 15 1788 4,07
19 1 B 11 1861 1420 23.69
r 2 1539 9.24
G 15 1313 29.44
2 E 17 1841 1734 5.81
F i 1868+ 0
G 14 1749 4.99
3 E 6 1852 1613 12.90
F 2 1510 18.46
G 13 1028 44.49
4 E 16 1852 1590 14.14
P 2 1702 8.09
¢} 8 1615 12.79
5 B 11 1852 1752 539
F 6 1761 4.91
1 G 12 1548 16.41

RN

*Rope Broke in Grips

TABLE 29 Uontinued




FERCENTAGE REDUCTION IN STRENGTH DUE TO WORN AND BROXEN WIRES

Brgoaﬁng Br;z:;ng Percentage
Test Sample | Pulley { No. of Visible (Undamaged (Worn Reduction
Type No.| No. Ko Broken Wires Swtigg) Section) | Of Strength
1ot 1bf bt
24 2 E 12 1859 1653 1112
F 5 1792 3.61
G 6 1846 0,69
5 B 14 1868 1788 4.28
r 2 1875 0
G 5 1841 1.44
25 3 E 10 1857 1794 3.39
F 16 1828 1.45
G 14 1832 ‘o34
26 1 E 8 1850 17432 5078
o 8 17134 6.27
G 15 1711 7+51
2 E 3 1855 1720 ml
i 13 1790 3.50
G 6 1767 4,74
3 E 15 1859 1154 5.64
? 8 1'{'63 5.16
G [ 1799 3.22
4 B i2 1855 1785 3.77
¥ 50 1745 5¢92
e} 16 1662 10.40
5 E 15 ‘w35 1767 4.74
F 7 1743 6.03
¢ 10 1848 0.37
6 B 15 1848 1870 0
F 15 1779 373
G 9 1859+ 0
2% 1 E 15 1868 1783 5.62
P 5 1763 5,62
3 18 1375 15.68
2 E 17 1868 1832 1.92
F 6 1817 2.73
G 15 1114 8.24
3 B 9 1841 1575 14.44
» 3 1770 3.85
G 17 1732 5.92

*kope Broke in Grips

TABLE 29 Continued
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TEST TYPE 1
ROPE TENSION 140 lb PULLEY DIAKETER 2.25 INCHES. SPEED 100 CYCLES/NINUTE

Measured Extension, Inch

Cycles
Comploted Sauple Muxbers

‘ 1 2 3 4 5 6 1 8
22,000 | 04107 0.096
25,000 0,102 | 0,102 0.122] 0.100) 0,136 0.095
30,000 | 0.115 0,105
35,000 | 0,140 0.127 { 0.127| Oe115} Os151| 0.120 | 0,149} 0,115
45,000 | 0e149] 04141 | 0.139| 0.131] 0.166] 0.120| 0.150} 0,136
55,000 | 0,167 ] 0.150 | 0.143| 0.137 0.142] 0.173] 0.137
60,000 0.139
65,000 0154 | 0.166 0.184] 0.150{ 0.180] 0.157
70,000 | 0.181 0.176
75,000 0.158 | 0,173 0,186 0.191] 0,169
85,000 0.478 | 0,185 0.203) 0,170 C.193! C.180
95,000 0,182 | 0,193 0.207] 0.175 | 0.195] 0.182
105,000 0.19% 2.179 | 0.210
107,000 0.191
115,000 0,230
117,000 0,213 0.212
126,000 0.221
138,000 0.223 0.223
146,000 g 0.190 | 0.242
148,000 J‘ 0.242

Kumbers of Cyc.:2 completed, rounded off to nearest, 1000,

TABLE 30
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TEST TYPE 10
ROPE TENSION 140 1o. PULLEY DIAMETER 2.50 INCH. SPEED 100 CYCLES/MINUTE

Extension, Inch

Cycles
Completed Measured Sample Numbers

i 2 3 4 p) 6

30,000 | 0.100 0,095
40,000 0.105{ 0.123 C.214 | 0.129
45,000 | 0.132 0.129
- 58,000 0.148 0.144
, 65,000 00135 0.144 0.252] 0,169
E BO’OW 00174 00142 00160 00262 00176
4 90,000 00162 00266
3 95,061 04179
! 100,02 0177 | 0e167 0.176] 0.274
L 105,000 00177
; 115,000 0.203
125,600 | 0.207 0.182] 0.188
135,000 0.207
145,000 0.202
148,000 0,203
y 150,000 0.218
; 160,000 0.207
: 170,000 0.214 0,225

Numbers of oycles completed rounded off to nearest 1000,

PR W
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ROPE_TENSION 140 1b.

TEST TIPE 19

PULLEY DIAMETER 2,75 INCHES. SPEED 100 CYCLES/MINUTE

Measured Extension, Inch
Cyclses
Completed Sampls Numbers
1 2 3 4 5 6
100,000 0.117 0.173
150,000 0.185} 0.172 0.200 | 0.165
160,000 0.201 0.217
250,000 0.250
251 ;000 0.248
260,000 0.210} 0,204 G.223] 0.181
320,000 0.265 0.265
400,000 0.2501 0.230 0.259 | 0.222
401,000 | 0,281 0.282
427 ;000 0.257 0.269
438,000 0.232
500,000 0.295% 0.298
550,000 0.255
604,000 0.271
TABLE 32
TEST TYPE 4
ROPE TENSIOK 240 1b. PULLEY DIAMETER 2.25 INCHES. SPEED 100 CYCLES/MINUTE

Measured Extension, Incnes
Cycles
Corpleted Sarpls Kumbers

1 2 3 4 5 6

11,000 0.160
15,000 061371 0e123 0.187{ 0.130| 0.154
20,000 0.143) 0.125 | 0,151 0.159
25,000 0.203| 0,147
30,000 0.169 | 0.173 0.167
31,000 0.179 0.198
34,000 0,232
37,000 0.174
40,000 0.187
41,000 0.233
43,000 3.190 0,202
50,000 0.200

Numbers of cycles compisted rounded

off to nearset 1000

TABLE 33
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TEST TYVZE 13

ROPE TENSION 240 1b. PULLEY DIAMETER 2,50 INCHES. SPEED 900 CYCLES/MINUTE

Measured Extension, Inch
Cycles :
Completed Sample Numbers
1 2 3 4 5 6

15,000 Q.132 C.107

20,000 0.150 0.12%

30,000 0.177 0.188 | 0.142 0.250
40,000 0.194 0.193
45,000 0.218 0.174

46,000 0225 0,280
60,000 0.230 0.225

61,000 0,231 0.259 | 0.196 0.307
76,000 0.243 0.215

81,000 0.258 ! 0.283 0.220| C.284

TABLE
TEST TYFE 22
ROPE TENSION 240 1b. PULLEY DIAMETER 2,75 INCHES. SPEED 100 CYCLES/MINUTE
Neasured Extension, Inch
Cyclen
Completed Sample Numbers
1 2 3 4 5 6

30,000 0.117

40,000 0.253 0.184 | 0.123

45,000 0.168 0,178] 0,198
52,000 0.215

60,000 0.182} 0.215 0,210} 0.225
65,000 0.287 0.235

75 000 0.208 0,250 | 0.229
80,000 0.311 0.239
82,000 0,258

90,000 0.257

95,000 | 0,339

100,000 0.258
110,000 0351

120,000 00287

130,0& 00305

148,000 0.321

Numbers of cycles completed rounded off to nearest 1000
TABLE




TEST TYPE 7
ROFE TENSION 360 1b. PULLEY DIAMETER 2.25 INCHES. SPEED 100 CYCLES/MINUTE

N W

H

) Extension, Inch
cgg;i:‘: od Neasured Sample Numbers

. 1 P 3 4 5 )

.

’ 8,000 0.173 0.158
9,000 0.155 0.176
10,000 0,149 0.172
12,000 0.193
13,000 0.162| 0,172 0.175 { 0,178
17,000 C.185 | 0.213 0.232
18,000 0.245 | 0,210 C.221
26,000 0.256 0.233
31,000 0.295 0.268

TABLE 36

TEST TYPZ 16
ROPE TENSION 360 1b, PULLEY DIAMETER 2.50 INCHES. SPEED 100 GYCLES_/MINUTE

Measured Extension, fmch
Cyciss
Completed Sample Numbers

1 2 3 4 5 é

10,000 ciT2 | 04188 | 0,191 | 0.166| 0.189 | 0.194
15,000 0.180 | 0,221 ] 0,226 { 0.196| 0,222 | 0,22¢
20,000 0,207 0.237{ 0.217 0.234
21,000 Ce260 0.266
25,000 0.249 0.276 0.273
26 ,000 04265 0.267
30,000 0.256 0.288
31,000 0.305 0.306
35,000 0.270 0. 300
37,000 06314

TABLE 37

fiowi pag =8

" /255 i




TEST TYFE 25

ROPE TENSION 360 lb. PULLEY DIAMETER 2,75 INCHES. SPEED 100 CYCLES

Measured Extension, Inca
Cycles -
Completed Sample Humbera
1 2 3 4 5 6
18,000 04216 0.253
20,000 0.240 0.269 | 0.226 0.225
24,000 06240 0.284
26,000 0.276 0.272 | 0,284 0,232
31,000 0.301 C.336
32,000 0.340 0.308 Ca.267
33,000 0.313
37,000 0.314 Ce353
40 ',000 0.332
43,000 0.339 |
44,000 06323 0.369
4¢,000 04331 ] 0.368 0,380

Number of cycles completed rownded off {o nearest 1000




TEST TYPES 1, 10 and 19

ROPE TENSION 140 1b, SPEED 100 CYCLES/MINUTE

i Number of Cycles F&:guency of Extension Values Recorded
easured Inch
Comploted Extension Values
’ M¥inimum | Maximum | Average
0 to 22,500 2 0.096 0,107 0,101
22,500 to 27,500 5 0.095 0,136 00107
27,500 to 32,500 4 0.095 0.115 04104
37,500 to 42,500 4 0,105 0,214 0.143
42,500 to 47,500 9 0.120 0.166 0.138
47,500 to 523500 Y
524500 to 57,500 7 0.437 0.173 0.150
57,5060 to 62,5CC 4 0.139 0.167 0.148
62,500 to 67,500 10 0.135 0.252 0.169
67,500 to 72,500 2 0,176 0.181 0.178
724500 to 77,500 5 0.158 0.186 0.175%
77,500 to 85,000 5 0.142 0.262 0,183
85,000 te 95,000 9 0.162 0,266 0,190
95,000 to 105,000 19 0.173 0.274 0.190
105,000 to 137,500 i3 0.181 0.230 0,199
137,500 to 162,520 15 0.165 0.242 0.205
162,500 to 187,500 2 0.214 0.225 C.219
225,000 to 275,000 5 0,222 0.283 0.254
275,000 to 325,000 2 0,265 0.265 04265
325,00C to 375,000 0
375,000 to 425,000 é 0,222 0.283 0,254
425,000 to 475,000 3 0.232 0.269 Ce253
475,000 to 525,000 3 0.256 0,298 0,283

TABLE 39




TEST TYPBS 4, 13 AND 22
ROPE TENSION 240 1be SPEED 100 CYCIES/MINUTE

an FREQUENCY | EXTENSION VALUES RECORDED
m g oo | TmG, [

BXTENSION VAIUES | MININUK | NAXIKUM | AVERAGE

0 to 12,500
12,500 to 17,500
~ 17,500 to 22,560
; 22,500 to 27,500
; 27,500 to 32,500 1
3 32,500 to 37,500

r 37,500 to 42,500
42,500 to 47,500
ul-?gBoo to 52’500
‘ 152,500 to 57,500
‘ 57,500 te 62,500 1
3 62,500 to 67,500

; 67,500 to 72,500
72,500 to 77,500
77,500 to 82,500
82,500 to 87,500

00160
0,107 | 04187 | 0.139
0125 | 04159 | 0e142
0447 | 04203 | 04175
0.442 04250 | 04182
0e17h | 04232 | 06203
0984 | 04253 | 0,205
0.168 | 0.280 | 0.204
0200 | 06215 | 06208

0.182 0.307 0,228
C.235 0,287 0.261

0.208 06250 | 04229
0,239 Oe311 04265

W N= 2O~V OMNMOONVINOIONDOAN-2

: 87,500 to 92,500 0,257
| 92,500 to 97,500 0.339
; 112,500 te
137,500 0.287 0370 0.322
1 137,500 te
: 162,500 1 00324
TABIE 40
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4 domen® 7 g INRAE

EST TYPES 7, 16 AND 25
"ROPR TENSION 360 1b. SPRED 100 CYCIES/MINUTE

5 o AL

CQUPLBTED EXTENSION VALURS |WININUM | MAXDMUM | AVERAGE |

j 0 o 12,500 13 0e149 | 04194 | 04175
: 12,500 to 17,500 12 0ei62 | 0.226 | 0.200
17,500 to 22,500 16 0e185 | 04269 | 0.232

22,500 to 27,500 12 00232 | 0.284 | 0.266

27,500 to 32,500 9 04256 | 00310 | 04293
32,500 to 37,500 7 0,267 0.353 0.304
37,500 to 42,500 1 0e332
2,500 to 47,500 g 06323 04369 Oe 344

47,500 to 52,500 0e331 0,380 04360

TABIE I
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A STRAIN GAUGES
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ACTIVE G AUGES
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COMPENSATING GAUGES
WIRING  DIAGRAM

t, s

CROSS SECTION AREA AT A VARIES TO GIVE MAX. LOAD
RANGES OF 200, 500 & /[(000/pF

GAUGES SECURED WITH EPOXY RESIN ADHESIVE AND
WATERPROOFED WITH AN EPOXY RESIN COATING.

EBACH GCAUGE HAS 110 OHNils NOMINAL RESISTANCE.

FIG. 2
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&< w v/ 00 53‘; THIRD ANGLE PROJE:
TURNBUCKLE CONNECTING 8-ROPES RECIPROCATING DRIVE WHEEL WITH VARIABLE
WEIGHBAR TO GRIPS \ UNDER TEST PULLEY CARRIAGES STROKE SETTINGS.

| BACH cARRVING LENGTH Zéauoo\/e oA
| 4 SETS OF. PULLEYS OF
H STROKE

—————

ANCHOR SCREW
COARSE TENSIONING
OF CABLE 1

STRAIN GAUGE WEI:HBARA
MONITORING ROPE
TENSION DURING TESY

MoYoR srszea\g‘E

MOTOR SFEED CONTROL—|
CYCUING SPEeDS .. _.

VARIABLE BETWEEN
25 AND 10O CYCLES /M ;’Ié

CARRIAGE WAYS —

o =

20PE TeNsioN = 77.12%. 18% N \conaza ROPE ANGLE
OF SPECIFIED MINIMUM ENSURED 8Y GAUGING DIM® 0
TENSILE BREAKING LO\D. \WHICH VAQIEE AS THE
) , ROPE DlA.
LOCATING SLOTS TO

ACCONMODATE VARIOUS
PULLEY DIAMETERS.

o 0 RO CHS,

o 3 o 9 12 INS
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' ANGLE PROJECTIOR,
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Fm.m ANGLE
S BY GAUGING DIMP a

136 AS THE

 sLoTs o
JOATE  VARIOUS
- DIAMETERS.

\gopz HELD BY SPLIT-

COLLET GRIPS.

ADJUSTABLE FOR DIFFERENT
ROPE  SIZES

1

M/C GUARDS FOR RECIPROCATING PARTS (NOT SHOWN)

502 TEM| RAD. [GroovelouTsioE[ROPEPULLEY,
— i | NO | 'R DIA. G [ DIA'O | DIA
-500 i |-0672]2-25 |2.58 |/a | I8
I 2 |-Os7212'5 |2:83 /s | 20
. 3 [0672]2.75 |3-08 li/g | 22
] -GS RAD: 4 |wco7]3-375 |3-875 e | 18
5 |-1007{3-75 14-25 Ve, 20
o 6 'I00714-125 (4-625 |3 22
1. g 7 |'134414.5 |18 |/a | 18
0|9 4 8 |1344 150|565 (74| 20
= F glz 9 [134415.5 |6-15 (74| @@
o § - 32
& g | 7 ALL OVER. -002 DIA.
3_28 % TOL. IONE 202 WISE DIA.'G'&Ogié.‘B' DATUM. CONC. L.
%001 DIA. '8 INTERFERENCE FIT WITH
( ) 0009 BEARING.
{ R & . BEARINS PULLEY /ROPE RATIO = R————g’:éc’m
2 NESSVICKERS 700 ROPE DId., |.¢ '
TOOL STL. HARDEN & TEMPER HARD- ROCAWELL C &0 R = 2 x 1075
| )
BR O i3 IR )
O ‘l“‘ :'l o
1 m o
|
[
TT—CARRIAGE MAY BE
DISENGAGED FOR
ROPE INSPECTION
DI*FERENTIAL SCREW f_
TO GIVE FINE TENSIONING |
| TURN = 0-008in. TRAVEL
o .',"‘{l\ . '.‘ :“ O
Fﬂ o) ‘_: K T \_."- o)

ke A

St




