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1.0 INTRODUCTION

Shock pulse monitoring and ferrography are recent techniques for
detecting wear or damage in machine elements. Shock pulse monitoring
is an on-line technique which can continuously monitor the health of
rolling element bearings in a machine. The shock pulse technique
detects stress waves or "shock pulses'" which are propagated through the
metal housing of a machine when one part of a bearing collides with a
defect in another bearing segment, for example, when a ball or roller
impacts a spall in one of the bearing races. The pulses are detected
by a sharply-filtered, high frequency detector and the severity of the
defect 1s inferred from the amplitude of the pulses. The filtering and
the high frequency of detection combine to make the transducer
insensitive to normal machine vibrations.

Ferrography involves the magnetic separation of wear debris from
machinery oil samples and the micrescopic analysis of the wear particles.
Thus it is a powerful technique for the detection of wear in a wide
range of machine elements where rolling or sliding contact takes place.
Gears and bearings are two prominent examples. Although prototype on-
line ferrography is now in the development stage, current techniques
depend on oil sample analysis done at a specialized laboratory not
connected with the machinery site. An intermediate technique, direct
reading ferrography, utilizes a simplified analysis instrument which
automatically compares the number density of "large" wear particles to
"small" wear particles and produces a '"wear severity index" proportional
to the ratio of the two densities. This is still an "off-line" process
but can be operated closer to the machine site by less-highly-trained
personnel,

It was felt that the two techniques, ferrography and shock pulse
detection, when used in parallel might prove to be very valuable for
helicopter gearbox meonitoring. For example, ferrographic studies have
shown the existence of small spherical wear particles at the onset of
fatigue cracking in bearing races (Ref. 1), while the shock pulse meter
has demonstrated, under laboratory conditions at NRC, that microscopic
spalls are readily detected. Alse, U.S5. Army studies (Ref. 2Z) have
shown that fine gear-wear debris in the transmission oil affected the
readings of shock pulse meters which were being tested on helicopter
gearboxes. Initial enquiries to the U.S. Army indicated their willing-
ness to share thelr experience and data from the use of shock pulse
meters on helicopter transmissions. Consequently, a small-scale,
cooperative test program was proposed to the Department of National
Defence and it was agreed that testing would be carried out on two of
the CH 147 heliogppers stationed with 450 Squadron at CFE Ottawa (South).
NRC was to provide the technical expertise for the shock pulse monitoring
stage while DREP would do the ferrographic analysis of the transmission
oil sampling. Concurrently, AMDU, Trenton, Ontario, was to receive a
direct reading ferrograph and would carry out duplicate oil sample analysis
using that instrument.
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After discussions with DAEM (Ottawa), the forward and aft main
transmissions of CH 147003 and CH 147005 were chosen as the most
convenient and likely candidates for study. This initial choice was
influenced by the fact that onme of the aircraft (CH 147003) was
carrying relatively long-lived transmissions while the other aircraft
transmission utilization times were much shorter. (The aft tramsmission
in CH 147003 was replaced shortly after task initiation, however.)

2.0 SHOCK PULSE MONITOR INSTALLATION

The shock pulse metering system chosen was a (then) standard
commercial instrument manufactured by SPM of Sweden and marketed by SKF
in Canada. Figure 1 illustrates the meter and transducer. The shock
pulse amplitude is indicated on an analog meter on the front panel but
can also be fed to a strip chart recorder. (Current, hand held, SPM
models depend on an audible signal in conjunctionm with an adjustable
indicator wheel and thus are not well suited to helicopter use where
the noise level is extremely high.) Figure 2 illustrates the transducer
position on the aft transmission, in order to monitor the large thrust
bearing. The forward transmission was monitored in the same position;
the two transmissions being essentially the same at that point.

Several problems were encountered during the initial stages of
the testing and these will be mentioned briefly here if only for com-
pleteness of the record.

The on-board d.c. power supply of the CH 147 was found to be
incompatible with the SPM meter because of signal ground problems. Large
external dry-cell battery packs were tried but winter conditions proved
too severe for any reasonable battery life. In the end, the on-board
115V power supply was used, fed into a tramsforming and rectifying
circuit which was added to the meter circuitry. This proved completely
dependable.

In a similar way, initial attempts, using epoxy glues, to affix
transducer mounting bosses to the transmission housing were unsuccessful.
The severe vibratory environment soon destroyed the bond. The problem
was simply one of surface preparation - an adequate procedure was
established, with the help of the Structures Laboratory of NRC's National
Aeronautical Establishment, which led te dependable epoxy bonds.

3,0 RESULTS AND DISCUSSION

Shock pulse meter readings were taken by the Flight Engineers at
random intervals during most flights. An example of the on-board data
collection sheet is appended. The shock pulse data was then correlated
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with transmission utilization times supplied by the squadron records
office. The results are plotted in Figures 3 to 6 for each of the fore
and aft transmissions in the two aircraft. The abscissa parameter in
each case is the total accumulated utilization time of the transmission.
Thus, these total flight times in some cases, include flying hours
accumulated in other aircraft, 003 AFT for example.

As seen in the appended flight record sheet, several parameters
were recorded by the Flight Engineers coincident with the shock pulse
values (SPV). The estimated gross weight of the aircraft was taken as
a measure of the load on the rotor drive system, and thus on the main
transmissions. Different symbols were used in Figures 3 to 6 to indicate
load (in thousands of pounds). The key to these symbols is given as
Appendix II. There appeared to be no discernible trend of shock pulse
value with aireraft load despite the fact that the ratio of maximum to
minimum weight reached 1.5. Even when the shock pulse value was plotted
as a function of gross weight, Figure 7, there was no trend evident.

An examination of Figures 3 to 6 requires some comment. Figures
3 and 4, for aircraft CH 147003, are typical in that they illustrate
two points, viz, the normal scatter in the amplitude of the 5PV readings
and the absence of any trend of the SPV to increase with time. The
scatter arises from the nature of the shock pulses themselves and the
detection method used. A continuous recording of the 5FV would show a
broad band output with time since the maximum shock value changes
continuously. Sampling the SPV at random, as was done by the Flight
Engineers, results in the scatter shown in the results. Thus, Figures
3 and 4 represent normal results for a bearing in an undegraded state.

Figures 5 and 6 show similar results for aircraft CH 147005.
These results were not quite as straightforward as those for CH 147003.
Note first that in Figure 6, for the forward transmission, results were
not plotted prior to the installation of the final version of the trans-
ducer mounting boss due to considerable difficulty with prior epoxy
bonds. Thereafter SPV readings remained relatively steady at an
average level only slightly higher than in 003 FWD, Figure 4. Between
830 hours amé~900 houra, a rising trend- appeared to be develeping,
however, the mean level then stabilized for the remainder of the test
period.

The SPV results for the AFT transmission in CH 147005 were the
most intriguing, see Figure 5. Initially, the amplitudes were of the
same order as those recorded for the other three transmissions just
discussed, After reinstallation of the transducer mount, however, the
amplitudes increased by an order of magnitude. Such an increase could
not be attributed to a poor attachment, just the opposite effect would
be expected. The increase remains unexplained, except that perhaps the
prior attachment was faulty and the poor interface severely attenuated
the shock pulse amplitudes,.
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At B12 hours, some very high readings were taken while the aircraft
was descending. Thils maneouver was not repeated however, to confirm the
possible effect of turbulence in the ambient air mass. From 820 to 860
hours, the SPV trend was increasing but thereafter the results leveled
off. Thus, these results show no definite indication of change taking
place in the bearing condition. The oil analysis results, discussed
elsewhere, show the same, unchanging result. Consequently, the data
collection was terminated at the request of DAS ENG, Department of
National Defence, Ottawa.

4.0  CONCLUSION

It may be concluded that the Shock Pulse Meter detected no
incipient faults in the bearings monitored. The absence of any significant
damage was confirmed by the o0il analysis results. In the sense that no
defect oegurred, the test objective, which was to evaluate in an
operational situation, the shock pulse method in conjunction with
ferrographic oil analysis, was nullified. Valuable experience in the
problems of obtaining reliable, in service, readings of shock pulse
values was gained and if a more troublesome machine element could be
identified, it would seem sensible to utilize the shock pulse meters for
further investigation rather than have them sit idlé. The experience
with 450 Squadron was that the Flight Engineers took a particular
interest in the project and did not find that recording the 5PV readings
hampered their other duties.

In relation to any consideration of an operational SPM installation,
it should be noted that the occurrence of a bearing defect would manifest
itself, almost immediately, in an increase in SPV by a factor of 2 or 3,
rising rapidly as the damage spreads. Thus, a warning light can be
incorporated into the meter and can be set to operate at a significant
level, obviating the problem posed for the Flight Engineer by the scatter
on the "normal" amplitude readings.
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FIGURE 1 Shock Pulse Meter and Transducer
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APPENDIX II

PLOTTING SYMBOLS FOR FIGURES 3 to 6

Gross Weight of
SYMBOL AIRCRAFT (kilopounds)
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