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SUMMARY

The purpose of this program was to employ additional data to update the
original UH-1 aircraft sonic analyzer limits and to determine the advis-
ability of using a common checking engine speed for all models.

The method involved a full engineering analysis of the original 1967 data
plus an approximately equal amount of data obtained on UH-1 helicopters at
Fort Eustis, Virginia, in 1968.

Emphasis was placed on selected transmission and tail rotor components, in-
cluding the primary drive gears.

The work consisted of deleting invalid or questionable data by detailed in-
vestigation of component inspection records, maintenance records, rpm lock-
ing information, playbacks of recorded data, contradictory data, etc., in
an effort to assure that only valid representative data was used for limits
determination.

The need for two test tapes to handle all the various models of the UH-1
helicopter evolved from the analysis. The result i{s sonic analyzer limits
for the UH-1 helicopter which should demand considerable respect as to the
condition of the aircraft components. Any readings that exceed these
limits in the future should not be passed off lightly, but rather should
be seriously considered and investigated thoroughly.
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INTRODUCTION
For brevity, this report will frequently refer to Report 68-28.%

In addition to preliminary limits, Report 68-28 contains complete information
on the design and use of the sonic analyzer, mechanical information for
various models of the UH-1 aircraft, component frequencies, sample calcula-
tions, etc., and hence is referenced in this report to avoid repetition.

The sonic analyzer monitors similar component assemblies (gear trains,
transmissions, etc.) for all mechanical devices. Because of this, criteria
used in earlier programs can be used to estimate preliminary limits for a
particular model aircraft before any (or little) empirical test data are
obtained on this particular aircraft. This procedure was used for the UH-1
helicopter sonic analyzer program. Report 68-28 sets forth these estimated
limits and provides some preliminary modifications based on early (1967)
test data, mainiy on the B model helicopter.

Also, the initial list of components to be checked is made "all engulfing'.
As empirical experience is gained on maintenance and inspection procedures,
habitually troublesome components, component sonic characteristics, general
noise levels, etc., the list is usually rearranged to put only the selected
components on a single list and most of the remainder on separate list(s).
Report 68-28 accomplishes this as set forth in tapes 109, 110 and 111.

Since Report 68-28, considerable additional data have been obtained on both
the UH-1B and UH-1D model helicopters at Fort Eustis, Virginia, during
1968.

It is the purpose of this report to combine the experience and data of Re-
port 68-28 with the Fort Eustis experience and data to derive meaningful
component lists and iimits for the various models of the UH-1 helicopter.

The revised tape lists have been identified by standard Curtiss-Wright
acoustic 5200 series numbers as shown in Table I.

*
Gray, W.B., and Locklin, R. G., CWEA-4 SONIC ANALYZER WITH UH-1 HELICOPTER
CAPABILITY, Curtiss-Wright Corporation; USAAVLABS Technical Report 68-28,
U.S. Army Aviation Materiel Laboratories, Fort Eustis, Virginia, May 1968,
AD674198



TABLE I. UH-1 HELICOPTER SONIC ANALYZER
TAPE IDENTIFICATION NUMBERS

Helicopter
68-28 Model
Tape UH-1A
No. UH-1B
Tape Title (All Models) UH-1C UH-1D
Transmission and Tail Rotor Components 109 5210 5240
Engine Components 110 5220 5250
Other Transmission Bearings 111 5230 5260




DISCUSSION

APPLICABLE DATA

Data Available

Sonic data available on the UH-1 helicopter for use in this report were
taken from the following two sources:

1. USAAVLABS Technical Report 68-28, 1967 data
2. Fort Eustis tests, 1968 data

Table II shows a summary of the number of checks available. for the various
models of the UH-1 helicopter. Note that data for the UH-1lA and UH-1C
models were nil. Because of this and because of the similarity of these
models to the UH-1B, they were carried along with the B model throughout.

The original data of Report 68-28 are not directly comparable with tape
109, 110, and 111 data since listings and some gains were revised for these
updated tapes. However, if detail investigation of a particular component
was required in selecting new limits, the data could be compared in most
cases by means of a cross index list and by taking differences in gain set-
tings into consideration.

The 27 checks of the UH-1B for Report 68-28 were combined with the 10 from
the Fort Eustis data for a total of 37 checks for tape 109. The primary
portion of the analysis was based essentially on the following number of
checks:

UH-1B UH-1D
Tape 109 37 33
Tape 110 10 33
Tape 111 10 33

Emphasis for both models was placed on tape 109, which consisted of selected
transmission and tail rotor components, including the primary drive gears.

Condition meter readings available for the various components and models of
the UH-1 helicopters are given in Tables III through IX.

Decisionmaking Aids

Primary decisions required to accomplish this program were:

1. Delete or retain certain data so as to have an edited set of data
of high reliability to work with.



Use or not use a common tape and test rpm for all models of the
UH-1 helicopter.

Revise or not revise the particular component gain setting.

Decide the overall integrity of the finalized tape(s) and its con-
stituent components.

Certain direct aids, singly or in combination, were available or made avail-
able to assist in the decisionmaking process. Further description and ap-
plication discussion of most of these aids appear in this report. The fol-
lowing list is intended only to identify them:

1.

Ratings on locking ability and the locking frequencies as taken
from the Ft. Eustis data tapes (shown in Table X).

Peak probability meter reading printouts of components based on
the data remaining ~fter initial editing (shown in Tables XI
through XVI).

Teardown inspection results versus condition meter readings as
discussed in Report 68-28 (summarized in Table XVII).

Helicopter maintenance records as noted on original data sheets
during period of checking.

Flight crew, mechanic, or analyzer operators' general comments as
noted on original data sheets during period of checking.

In addition to the direct aids listed above, other items which influenced
the decisiommaking process included the following:

1.

2.

Signal- to-noise ratios.

Cross-check of components of similar frequencies, same microphone
and lock signal.

Excessive noise levels.

Single reject readings that are unique among many with no detail
records available.

Selection of limits that would best suit future data procurement
for a questionable component.

Checks which showed normal readings shortly before and after a
reject check on the same helicopter with no known maintenance
having been performed.

Cross-check of harmonics to the fundamental.



8. Creep increment increases on successive checks of the same heli-
copter.

9, Fluctuating meter readings.

10. External noise causing meter to intermittently peg as audible on
tape playback.

11. Inability to confirm original data by tape playback.
12. General mathematical distribution of peak probability data.

The above listings are representative of the types used in the logic proc-
ess of decisionmmaking. Full log records are available for most cases but
are not included in this report because over 1000 component checks are
probably involved, and also because of the ambiguity in presenting many of
them in a comprehensive tabular format. For illustration, several sample
deletion sheets are shown in Tables XVIII and XIX.

DATA ANALYSIS

Initial Data Edit

An initial rough edit was made on the available data before the data were
processed through the digital computer. The purpose was to delete many of
the readings that might adversely influence the selectionof revised limits.
The deleted readings are marked by asterisks on the data sheets in Tables
III through IX.

This edit, as were later more detailed edits, was made with tlie attitude
that it was better to delete questionable data than to have them remain

and adversely influence limit selections. This does not mean, however,

that wild, indiscriminate deletions were made but rather that decisions

were made using the decisionmaking aids previously described, with any

benefit of doubt going to deletions rather than retentions.

The data remaining after this initial edit were then forwarded to our digi-
tal computer for peak probability data printouts.

Peak Probability Data

A system was written and programmed in the IBM digital computer to count
and print out the number of component checks falling within each meter
reading increment unit of one, covering the entire meter range from 1.0 to
10.0. The data were processed for each component item of each tape, and
the printouts are shown in Tables XI through XVI.

These printouts were used as the reference criteria for determining those
meter readings that required detail investigation by the decisionmaking
aids and finally as an alignment reference for making limit revisions in
decibels. This will become more obvious later on in the discussion.



s8utaieag UOTISSTWSUBIL a34Y3d0 - 11
sjusuodwo) surduy - QI

sjusuodwo) 1030Y JIEL PUB UOTSSTWSUBIL - 60T ¥

€e 123 te 0 0 0 1 [4 4 1 at-Hi
0 0 0 0 0 0 0 0 0 0 OT1-HA
01 (0} 01 0 0 Lz £l €1 €1 01 41-HA
0 0 0 0 0 0 £ Y/ Vi 0 V1i-Hn
Tttt o1t 601 111 o1t 601 NSRX 1030y s8utaeag saur3uy T°POKH
1TEL a93dooF19H
x'ON ade], x'ON @2de],
ejeq paaepdn ejeq poaepdn ejeq Teuidtao
sTISNg °*3IJd 82-89 3x0day

dT4VIIVAV SADFHD

VIVA YIZXATVNV 40 JF9WON °II HT4VL




UH-1B CONDITION METER READINGS, TAPE 109, XMSN
AND TAIL ROTOR, USAAVLABS REPORT 68-28, 1967

TABLE III.
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UH-1B CONDITION METER READINGS, TAPE 109, XMSN

AND TAIL ROTOR, FT. EUSTIS, VA., 1968
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UH-1D CONDITION METER READ.

TABLE V,

63-9773

1/22

576

2/23  2/29 2/2 2/5 2/6 2/19

2/15

/17

2/14

Tape

Item

1/18 2/12

1/18

5500000050555 5055050503050050555)5

£ ¥ & x & &K

5003350005550505050555555505500550333333330505
. .
677006330666765538"3559653766196630000000

®« & *

0 & n 056676 PN O g AN 0T
© = CTITILSSS

L IR 3 I R t***titﬂ.

-t
L

*

61113331333.}“

5333333355055500333335305
.

ot et et
Q*t* x &

e et
LR IR . &

ot =t ol =
& % x &

500000000900
B ot ot ot R

& & & &x & x x

146700000007098
® vt et -k

+*

x & & & *

OO OO MMmO MmN W

0667“3900000007076

T vt od ol o=t o gl ot - ¥

00000003‘“22 555 005372

& & & *

& e x
*

35033550305555500.)5555555505500550Sso0335550050050000300055

e & &

2111101112136021111

5500555050500000»41 3(00000005050000000000055000.0000050055500

6555855676666223200 362121114163662544072114121222223221161

E* T &t " &
*

sssoooossosssosssosososocoo50055005550055050500505550550505

567 5695 6995 59 [al
FTETEEY Frefdivegggyssey

L R R I

0555550000555305033000300555553330333

L N *tl*t'llt

Sssossoosoosossooooso000000000355505

7468655555465822588636“11116210112146

555035050055555550555050005555005550550005005550

*

*

® &

20007

gy¥22ga5sss
*
[}

. K &

VERQ D DN UNDO
[-N-B-N-N-
P rYNTYNRRRT
ANINIO D AOIOVIC
I“mmwlldl&

---------------

00000505055

33”.“*' ﬂﬂ-ﬂaSSZﬂwmmwmzﬂl.....................................

-----------------

555050005050503oossossoosssos

36366““36236601177221210001002626163

HMNMINONDOAROMNMINONDOD
ot vl ot e el v et et N

- N g N
NNNNN

e
o~

~ AO
NNNO-

~N ™3
el e

-------------------------

567890123“5
LAl B oa T o B JEC 20 JEL R 4 ~

362‘521211132665532222

*Deleted in initial data edit.

*%* UH-1D serial no, and check dates.

11



TAPE 109, XMSN AND TAIL ROTOR, FT. EUSTIS, VA., 1968
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UH-1B CONDITION METER READINGS, TAPE 110,
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UH-1D CONDITION METER READINGS, TAPE 110, T53-L-11

ENGINES, FT. EUSTIS, VA., 1968
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- Continued
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TABLE X. RPM LOCKING SUMMARY,
FT. EUSTIS, VA., 1968

RPM Lock Rating Locking Frequency
N N N N

Tape Aircraft Check Aircraft

No. S/N Date Model 1 2 1 2
8-9 62-2101 19 Feb UH-1B Exc Good 7006 2190
10 62-2101 23 Feb UH-1B Exe Exc 7006 2193
11 61-0778 8 Mar UH-1B Good  Good 7029 2168
14 61-0778 28 Mar UH-1B Exc Exc 7180 2205
16 63-0778 8 Apr UH-1B Exc Fair 7016 2140
19 61-0713 17 Apr UH-1B Exc Poor 7020 2144
20 61-0713 22 Apr UH-1B Exc Good 7119 2159
20 61-0778 23 Apr UH-1B Exc Good 7140 2157
22 61-0713 14 May UH-1B Exc Good 7179 2120
4 65-9770 2 Feb UH-1D Exc N.G. 7112 -
5 65-9770 5 Feb UH-1D Poor  Good 7448 2177
6 65-9770 6 Feb UH-1D Fair Fair 7287 2127
7 60-6032 14 Feb UH-1D Exc Poor 7205 2143
7 65-9773 15 Feb UH-1D - Good 7349 2136
8-9 65-9770 19 Feb UH-1D Exc Poor 7263 2134
10 65-9773 23 Feb UH 1D Exc Good 6895 2129
10 65-9959 28 Feb UH-1D Fair Fair 7274 2152
11 65-9771 11 Mar UH-1D Good  Good 7252 2089
12 65-9771 15 Mar UH-1D Poor Fair 7317 2146
12 65-9771 15 Mar UH-1D Fair Good 7320 2145
13 65-9771 19 Mar UH-1D Fair Good 7406 2163
13 63-12992 19 Mar UH-1D Fair Good 7325 2182
14 65-9771 22 Mar UH-1D Exc Fair 7214 2076
14 65-9770 25 Mar UH-1D Good Fair 7210 2094
15 65-9959 2 Apr UH-1D Fair Fair 7335 2108
15 63-12992 4 Apr UH-1D Good  Good 7329 2130
16 65-9740 8 Apr UH-1D Fair Fair 7355 2159
16 65-9739 8 Apr UH-1D Fair Fair 7264 2127
17 65-9772 9 Apr UH-1D Good Poor 7264 2082
17 65-9739 10 Apr UH-1D Poor Good 7445 2175
17 66-1012 15 Apr UH-1D Fair Poor 7297 2123
18 65-9739 15 Apr UH-1D Poor P-N.G. 7489 2225
20 66-1012 19 Apr UH-1D Poor P-G 7400 2170
21 65-9959 2 May UH-1D G-Exc Good 7237 2084
21 65-9772 2 May UH-1D F-G Fair 7244 2098
22 60-6032 6 May UH-1D Exc P-N.G. 7149 2104
22 65-9771 21 May UH-1D Poor N.G. 7306 =
23 65-9773 23 May UH-1D Good Exc 7403 2155
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1B PEAK PROBABILITY DATA,TAPE 109, XMSN AND TAIL ROTOR,

FT. EUSTIS, VA., AND REPORT 68-28

UH

TABLE XI.

Condition Meter Reading Units

Tape
Item
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TABLE XI - Continued

Condition Meter Reading Units

Tape
Ttem
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UH-1D PEAK PROBABILITY DATA, TAPE 109, XMSN AND TAIL ROTOR,
FT. EUSTIS, VA., 1968

TABLE XII.

Condition Meter Reading Units
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TABLE XII - Continced

Condition Meter Reading Units

Tape
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UH-1B PEAK PROBABILITY DATA, TAPE 110,

TABLE XIII.

T53-L-11 ENGINES, FT. EUSTIS, VA., 1968

Condition Meter Reading Units

Tape
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UH-1D PEAK PROBABILITY DATA, TAPE 110,

TABLE XIV.

T53-L-11 ENGINES, FT. EUSTIS, VA., 1968

Condition Meter Reading Units
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TABLE XV. UH-1B PEAK PROBABILITY DATA, TAPE 111, OTHER

XMSN BEARINGS, FT. EUSTIS, VA., 1968

Condition Meter Reading Units
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1968
6-7 7-8 8-9 9-10 10

5-6

Condition Meter Reading Units
4=5

UH-1D PEAK PROBABILITY DATA, TAPE 111, OTHER

XMSN BEARINGS, FT. EUSTIS, VA.,

2-3

TABLE XVI.
1-2

Tape
Item
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TABLE XVII. UH-1B TEARDOWN INSPECTION VS CONDITION “'ETER READINGS
(BASED ON PRELIMINARY LIMITS)

Helicopter Serial Number

61-0745 61-0730 61-0724 62-1964
Component CMR TI CMR TI CMR I CMR TI
Transmission
Gear NG OK NG NG - - NG M
Bearing NG RNG F OK - - NG NG
90° Gearbox
Gear NG NG M-NG M NG NG - -
Bearing OK OK OK OK NG 0K = -
42° Gearbox
Gear NG OK NG OK - = - -
Bearing OK OK NG OK - - - -

Legend:

CMR - Condition Meter Reading
TI -~ Teardown Inspection

NG - Reject

RNG - Related Component Reject
M - Marginal

F - Fluctuating Reading

OK - Satisfactory
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TABLE XVIII. SAMPLE OF DATA EDIT DELETIONS,
UH-1B HELICOPTERS, TAPE 109

Tape Alrcraf+
Item No. Reason
1 None
2 None
3 None
4 0730 (! Teardown inspection results.

2101 (2/19) New quill installed; checked OK 2/23.

5 0730 (2) Teardown inspectionm.
0713 (5/1i4) Only one of ten exceed, and reading had been changed
from 7.5 on data sheet.

6 None
7 0730 (2) Teardown inspection results.

1888 (1) Suspect bad reading since third harmonic (Item 8)
reads a very normal 4.0. Also, no TSO or teardown
records.

8 0730 (2) Teardown inspection results.

0730 (3) Teardown inspection results.

9 3562 (1) Only one of 37 checks which is more than 7.5.
Also, same engine shows normal on two later checks.

12 0778 (4/23) Creep increment increase on five successive checks
from 4.5 on 2/23/68 to 8.5 on 4/23/68 implies a
failing component. No teardown inspection avail-

able.

11 None

12 0713 (4/23) One check before and one after this check read
normal.

13 0713 (4/23) Same as 12 above.

0730 (3) Teardown inspection results.
14 - Record only for sideband check reference.
15 0724 (1) Teardown inspection results.

0745 (1) Fundamental too low (1.5) for dependable reference.
1954 (1) Fundamental too low (3.0) for dependable reference.
0745 (3) Fundamental too low (0.5) for dependable reference.
3562 (3) Fundamental too low (1.5) for dependable reference.
0741 (1) Fundamental too low (1.0) for dependable reference.
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TABLE XIX. SAMPLE OF DATA EDIT DELETIONS,

UH-1D HELICOPTERS, TAPE 109

Tape
Item

Aircraft
No.

Reason

All
All

68
525354

All

All that
exceed
limits

9773 (1/17)
9773 (1/22)

12992 (3/19)

9771 (5/21)

9771 (3/11)
9771 (3/15)
9771 (3/19)

After these runs, which showed considerably high
readings (especially in bearing areas), the trans-
mission mounts were retorqued, the collector was
adjusted, the input quilll and short shaft were
replaced, etc. Checks on 2/15, 2/23, and 2/29
following above work show normal readings. Check
of tapes shows good to excellent locks on the
2/15 and 2/23 runs. Tape playback of the 2/23
run correlates the initial live readings except
for item 39, which reads 10.0 instead of 4.5, but
item 39 exceeds limit in 27 out of 33 other air-
craft checks and requires detailed investigation.

Playback reveals most of items have outside static
interference (can hear on tape) which pegs indica-
tor. When static is not present, readings are
normal. Remainder of items were playback read-
ings. N1 and N2 locks are fair to good.

Check of tape shows no lock on N9 and poor lock on
N1. Relatively high noise levels (3.5 and 5.0).
Detuned for N,. Spot check items 1, 14, and 12,
which were pegged in original data, show 3.0, 3.5
and 6.0 respectively.

This aircraft was suspected acoustically from
initial check on 3/11/68. The 3/15 check contin-
ued to show same results. After the 3/19 check
showed same high indications, the helicopter was
assigned to ARB for a complete check of gear train
system. Found:

1. Loose transmission mount bolts

2. Engine-transmission misaligned 1/16 inch

3. Engine to short shaft adapter mounting bolt
f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>