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Summary

A questionnaire survey was conducted to learn
the costs of forced landings and precautionary
landings. The questionnaire elicited cost data in
respect to (1) the effect each mishap had on the
mission assigned the aircraft, (2) man-hours lost
by the crew and passengers, (3) man-hours
required to recover the crew, passengers, and
aircraft, (4) time the mishap aircraft was
unavailable for flight, (5) man-hours required to
make the aircraft flyable, and (6) the components
that malfunctioned to cause these mishaps.
Briefly, the survey revealed the following:

(] The forced landing rate since 1 January 1971
remained essentially unchanged while the precau-
tionary landing rate increased steadily at a rate of
3.64/100,000 flying hours per quarter.

[J Forty-two percent of the forced landings and
39 percent of tie precautionary landings caused
the missions assigned the mishap aircraft to be
cancelled.

[J Twenty-four percent of the missions were
carried out by a “second’’ aircraft.

[J Two percent of the missions were carried
out by another mode of travel.

[J Man-hours lost by personnel aboard the
mishap aircraft tended to vary with the effect the
mishap had on the mission. The aviators’ median
lost time for a mission delayed less than an hour
was 52 minutes. For missions delayed more than
an hour, the lost time increased to more than
4 hours.

[J Maintenance personnel, when required for
recovery of the aircraft, were used an average of
approximately 8 hours per operation.

[J Mishap aircraft were out of service for an
average of 44 hours.

[J Recovery of ““downed’ aircraft was accom-
plished at the expense of scheduled ongoing

operations, i.e., 80 percent of the cases required
the services of unit maintenance personnel.

(1 Recovery of the aircraft was not required for
51 percent of the cases.

(] When recovery was necessary, an average
of 14 hours elapsed before recovery was
complete.

[ Sixty percent of the 159 malfunctioning
components that were identified had a history of
failure greater than 5 years, while 30 percent had a
history of failure of at least 8 years.

[J Sixteen components that were involved in
168 of 206 forced landings were also involved in 27
accidents and 1,085 precautionary landings.

[J Twenty-five percent of these components
cost not more than $45, 56 percent cost not more
than $165, and 75 percent cost notmore than $555.

CONCLUSIONS:

[J The broad and obscure costs revealed by the
survey are sufficient to justify the initiation of a
concerted effort to prevent the causes of these
mishaps.

[J Prevention of the causes of these mishaps
will allow aviation units to operate more effi-
ciently, i.e., allow them to maintain a higher state
of combat readiness during peacetime and a much
higher availability rate during wartime.

RECOMMENDATIONS:

(J That an assertive effort be made to turn back
the long history of failure of a few relatively
low-cost components that were involved in a
disproportionately high number of forced landings,
precautionary landings, incidents, and accidents.

[J That a similar history of failure of a few
components not be allowed to occur in the next
generation of aircraft, i.e., UTTAS, AAH, ASH.
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Survey of Forced and Precautionary

Landing Costs

Introduction

What does it cost when an Army aircraft has a
forced landing? What is the cost of a precau-
tionary landing? The cost of these mishaps
apparently has never been determined —at least a
literature search and queries of knowledgeable
individuals did not reveal a cost. This research did
reveal that the costs associated with these
mishaps are broad-based and obscure. Since
forced and precautionary landings are free of
aircraft damage and personnel injuries, they are
without the convenience of cost determinants.
This does not mean that forced and precautionary
landing costs are unique. Costs must also be
determined for accidents and incidents; however,
aircraft damage and personnel injuries associated
with these mishaps essentially eliminate the need
to uncover obscure cost factors.

The items selected to elicit cost data will show
costs are obscured regarding the effect forced and
precautionary landings have on mission per-
formance. Data were gathered in respect to (1) the
effect these mishaps have on the mission assigned
the aircraft involved, (2) man-hours lost by the
crew and passengers, (3) man-hours required for
the recovery operation, (4) hours the aircraft was
unavailable for flight, (5) man-hours required to
make the aircraft flyable, and (6) the relatively low
cost of components that malfunctioned to cause
many of these mishaps.

No assertive effort was made to determine the
cost of the ripple effect that these mishaps have
on the unit and their headquarters and the unit
requesting support and their headquarters. These
costs are probably more broad based and obscure
and are suspected of being even greater than the
costs of the items just mentioned.

This report will show that the aircraft com-
ponents causing many of the forced and
precautionary landings are relatively low cost, tend
to have a malfunction/failure rate higher than
expected, have a history of malfunction/failure,
and have a measurable effect on aircraf* reliability
and availability. The ultimate effect of these

mishaps is degradation of the unit's readiness
posture.

This report must not be used in a manner that
will discourage or even tend to discourage aviators
from making forced or precautionary landings.
Their judgment concerning when to execute either
a forced landing or precautionary landing should
not be adversely modified. The objective of this
report is not to restrict aviators’ use of these
maneuvers but to reduce the need to rely on these
maneuvers by avoiding the causes.

Background

There seems to be no one point in the recent
history of Army aviation to begin this report.
History shows the forced landing rate has
remained essentially unchanged, while the pre-
cautionary landing rate has increased steadily.
During the 11-year period of 1968-78 when Army
aircraft flew more than 34 million hours and had
more than 45,000 mishaps, forced landings
accounted for 7.8 percent of the mishaps and
occurred at a rate of 10.3/100,000 flying hours
(hereafter, 100,000 flying hours will be omitted
when rates are indicated), while precautionary
landings accounted for 67 percent of the mishaps
and occurred at a rate of 88.7. That experience
was likewise reflected in the last year of the
period, 1978, when Army aircraft flew 1.46 million
hours and had 3,325 mishaps. For that year forced
landings accounted for 3.7 percent of the mishaps
and occurred at a rate of 8.3 while precautionary
landings accounted for 94 percent of the mishaps
and occurred at a rate of 213. From the data of
figures 1 and 2, it is evident that these mishaps,
particularly precautionary landings, show no
indication of declining.

For this report, the experience of 1 January
1971 to 31 December 1978 will be used. The start
of this period coincides with the date, generally
agreed upon, that marked full implementation of
the current mishap reporting system outlined in
AR 95-5, Aircraft Accident Prevention, Investiga-
tion and Reporting. Much of the data used in this
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report was derived from that source, i.e., the data
obtained from the survey was combined with data
retrieved from the computerized mishap files
maintained by the Army Safety Center.

Figure 1, which is a combination of fixed wing
and rotary wing experience, reveals a relationship
between forced landings and accidents that has
an effect on the accident rate and also focuses on
the objective of this report. It can be interpreted
from the data that the corrective measures taken
to decrease accidents seemingly have not had a like
effect on the causes of forced landings. Why is
this? Are the causes of forced landings the same
as or different from the causes of accidents? If
their causes are the same, were the corrective
measures taken against accident causes applied to
the causes of forced landings and to what degree?
If the causes of forced landings and accidents are
different, what new and different measures are
needed to prevent forced landings?

From the data in figure 1, it can be reasoned
that the ability of Army aviators to cope with
in-flight emergencies that cause forced landings is
being maintained. Had this ability deteriorated,
the accident rate would increase with each
unsuccessful forced landing. The forced landings
made during survey period 1 March-10 October
1978 were examined to test the reliability of this
observation. No change in the aviators’ ability was
indicated. Of 75 reported in-flight emergencies, 57
(75 percent) of the forced landings were
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successful, i.e., autorotations were made with no
damage to aircraft. Figures 1A and 2A, appendix
A, compare the forced landing and accident rates
for rotary wing and fixed wing aircraft.

Army Safety Center records show that precau-
tionary landings were first recorded officially in
September 1963. Records have since shown the
precautionary landing rate to be many times
greater than the forced landing rate and that the
precautionary landing rate has steadily increased
(see figure 2). At the beginning of CY 1971, the
precautionary landing rate was 72. Precautionary
landings have increased at a rate of 3.64 per
quarter for a three-fold increase to a rate of 205 at
the close of CY 1978. Much of the quarterly
increase, in addition to change in reporting criteria
that began early in 1978, was due to the increase
in the fixed wing precautionary landing rate. The
fixed wing increase was 4.4 per quarter in
comparison to 3.5 for rotary wing aircraft shown
in figures 1B and 2B of appendix A. An
explanation of this finding was not pursued.
However, figure 2B shows that much of the fixed
wing difference may be attributable to an increase
that began early in 1974 and lasted until early
in 1976.

The discussion thus far and the data contained
in the figures reveal the chronic nature of forced
and precautionary landings. These data show that
though the forced landing rate is much lower than
the precautionary landing rate, the potential for an
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accident is obviously much greater with forced
landings. Precautionary landings, however, be-
cause of their much higher rate, make up much of
this difference in accident potential. Therefore,
which of these mishaps have the greatest impact
on mission performance is debatable. However,
for purposes of this report, that question need not
be answered at this time.

Many reasons could be offered as to why forced
landings and particularly precautionary landings
have been allowed to continue essentially un-
abated. One such reason is economics, i.e., dollar
losses are not directly related to these mishaps.
The accident potential of these mishaps appar-
ently has not been great enough to attract needed
attention. Motivation has also been lacking
because, by definition, these mishaps are not
accidents. Their occurrence is not used to
calculate the rates that measure safety per-
formance. Another equally cogent reason is the
attitude that has evolved toward these mishaps. It
is an attitude of approval—and rightly so. The
basis for this attitude appears to be the fact that
when one of these mishaps occurs, especially a
successful forced landing, an accident is pre-
vented, achieving the ultimate goal of safety, i.e.,
conservation of resources.

Method
Data for this report were obtained from a
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questionnaire survey conducted 1 March-10
October 1978 and from the Army Safety Center
computerized aviation mishap file.

A one-page questionnaire (appendix A) was
designed to elicit “‘cost”” data in respect to (1)
effect each mishap had on the mission assigned
the aircraft involved, (2) man-hours lost by the
crew and passengers, (3) man-hours required to
recover the crew, passengers, and aircraft, (4)
time the mishap aircraft was unavailable for flight
(5) man-hours required to make the aircraft
flyable, and (6) the components that malfunc-
tioned to cause these mishaps.

Initially, the survey was to be limited to aviation
units within FORSCOM. FORSCOM HQs had
been briefed on the project, participated in the
development of the questionnaire, and provided
the addresses of their aviation units. Questionnaires
were mailed to the FORSCOM units in late
February 1978.

Because of the interest shown in the project,
participation was then opened to aviation units
Army-wide, and questionnaires were mailed upon
request. Also, a reproducible “tear-out’ copy was
included in FLIGHTFAX. Fort Rucker was
excluded from the survey to avoid the possibility
of difference in ‘‘cost’’ that may exist between
operational units and the highly structured school
environment.

Aviation units were told that completion of the

..... P/L RATE TREND - 3.64

205.1

DN N IR o R s (e B o e s o i o

n 12 3

RIS IET T .g

ety

+ .
15 16 n 18

CALENDAR YEARS
FIGURE 2.-Precautionary Landing Rate

W

A




L3N

questionnaire did not relieve them of the AR
385-40 requirement to report forced landings and
precautionary landings on a Preliminary Report of
Aircraft Mishap (PRAM). The units were also
asked to complete a questionnaire for the forced
and precautionary landings that did not meet
reporting criteria of AR 385-40.

The first questionnaire received was of a
precautionary landing that occurred on 1 March
1978. The last response accepted was of a
precautionary landing that occurred on 10 October
1978.

Of the 520 questionnaires accepted, 26 con-
cerned forced landings and 494 concerned
precautionary landings. The responses were
computerized and then matched with PRAMs of
forced landings and precautionary landings re-
ceived during the survey period. The results of this
process are shown in table 1. Only those types of
aircraft reported by the survey to have had a
forced landing or precautionary landing are
included in the table.

PRAMs for 82 forced landings and 1,636
precautionary landings, less Fort Rucker accur-
rences, were received during the survey period.
The matched responses represent a sample of 32
percent of the 82 forced landings and 30 percent
of the 1,636 precautionary landings. A match was
not obtained for one forced landing and 97
precautionary landings.

The analysis, as well as the discussion that
follows, was based on the 520 responses which
included the 98 unmatched cases.

Discussion and Results
It might appear that the 98 unmatched cases

may be invalid for purposes of this report and that
the precautionary landing rates cited in the figures
should be higher.

The unreported cases were anticipated and
provided for by item F of the questionnaire.
Validity of these cases is established by the fact
that they were found to be not unique and that
their cost factors were in line with the reported
cases.

By regulation, however, not all the 97
precautionary landings had to be reported.
Fifty-six precautionary landings fell into this
category because of a February 1976 revision to
AR 385-40 which stated that illumination of the
chip detector light will be reported only when the
component activating the light is replaced.
Because a variation in interpretation can be
made of the reporting criteria, a clear-cut case
could not be made that all of the remaining 41
precautionary landings should have been re-
ported. Assuming that half of them should have
been, the rates shown would not change
significantly because of the relatively small
number.

Of the items included in the questionnaire, none
were more revealing of the impact (cost) these
mishaps have on mission performance than item
H. Data of table 2, arranged in a matrix format,
show the effect of these mishaps in combination.
Most importantly, these data show that forced
landings caused 42 percent of the missions
assigned the mishap aircraft to be cancelled.
Precautionary landings caused 39 percent of the
missions to be cancelled. This was much higher
than expected.

Sixty-two percent of the cancelled missions

TABLE 1. —Comparison of Response to Forced Landing and Precautionary Landing Survey
1 March-10 October 1978

Reported to
Army Safety Center

Forced Precautionary

Aircraft Landing Landing
UH-1 37 516
OH-58 26 190
AH-1 7 122
CH-47 3 95
U-21 2 55
uU-8 0 44
T-42 0 17
c-12 0 13
u-3 ] s 2
75 1,058

Survey Reported
Total Unmatched

Forced Precautionary Forced Precautionary
Landing Landing Landing Landing
257 42

9 0
7 85 0 25
7 76 0 12
0 51 0 15
2 8 0 1
- 6 - 1
1 1 1 0
0 8 - 0
] -4 == - |
26 494 1 97

i N e PSS
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were training, 33 percent were support, and 5
percent were test flights. Indications of the ripple
effect of these mishaps were also revealed. Table
2 shows that of the 203 missions that were
cancelled, 3 had been delayed less than an hour,
15 had been delayed more than an hour, 6 were
assigned to another aircraft, and 7 required
another mode of travel to be used.

TABLE 2. —Simuitaneous Occurrence Matrix of Effect
of Forced Landings and Precautionary Landings
On Mission of the Mishap Aircraft

F/L
Forced landing 26{P/L
Precautionary Landing 0[494
Delayed <1 hour 4[103[107
Delayed >1 hour 51107] 0}112
Cancelled 11]192] 3| 15]203
Used another aircraft 7]1116] 7] 33] 6[123
Used same aircraft
but at later date 11 12 0of 2 0] 0[13
Used other mode of
transportation 2| 10/ 0] 3] 71 0fO 12]

A similar indication of this effect is that for
about 24 percent of the cases the mission of the
mishap aircraft was carried out by another aircraft.
In addition to the interruptions of training and
logistical schedules, delays, personnel turbulence,
etc., common to such situations, in 22 percent
of the cases the mission was delayed more than
an hour and it made little difference whether the
mishap was a forced landing or a precautionary
landing. Twenty-seven percent of the forced
landings and 23 percent of the precautionary
landings required a second aircraft to be readied
fro the mission.

Applying the data of table 2 to the forced
landings and precautionary landings that occurred
since CY 1971 gives the cost of these mishaps
over the 8-year period (table 3). During this time

when more than 21,000 forced and precautionary
landings occurred, more than 8,000 missions were
probably cancelled and an additional 5,000 aircraft
had to be made ready to carry out these missions.
Unless preventive measures are applied to the
causes of these mishaps, the potential losses
shown for the past 8 years can be expected to
increase in the future.

The survey revealed that when a forced or
precautionary landing occurs, the personnel
aboard the aircraft can expect to lose an average
of 2.5 man-hours. Response to item J of the
questionnaire showed that for the 520 cases,
1,292 man-hours were lost. Of this total, aviators
accounted for 81 percent, non-rated crew
accounted for 14.6 percent, and the passengers
aboard the aircraft accounted for the remaining
4.4 percent.

These losses, applied to the data of tabie 3,
show that for the 8-year period, 52,600
man-hours were probably lost. This loss translates
to an annual loss of 6,565 man-hours or 3.2
man-years. The aviator loss was equivalent to the
services of approximately 2.6 aviators per year.

As expected, man-hours that were lost tended
to vary with the effect the mishap had on the
mission. This variance by the personnel aboard
the aircraft is shown in table 4. For example, lost
time of aviators incteases about fivefold when the
mission is delayed more than an hour than when
the delay is less than an hour. An equally costly
loss occurs when it becomes necessary to use
another mode of travel.

Forced landings and precautionary landings also
cause the services of the aircraft to be lost.
Response to item J of the questionnaire revealed
that the aircraft involved were unavailable for
flight for a total of 23,000 hours. The average per
aircraft was 44 +5 hours.

TABLE 3. —The Potential Effect of 8 Years of Forced Landings and Precautionary Landings
On Mission Performance

Performed by Rescheduled Used other
Delayed less Delayed more another same aircraft mode of
TOTAL than 1 hour than 1 hour Cancelled aircraft at later date transportation
CY F/L P/L F/L  P/L F/L P/L F/L  P/L F/L  P/L F/L P/L F/L  P/L
78 12 3,120 20 636 24 655 54 1,236 k) 733 5 62 10 65
7 138 2,022 2 412 28 425 61 801 39 475 6 40 1" 42
76 107 1,933 17 394 21 408 47 765 30 454 4 39 9 k)
75 134 2,698 21 550 27 567 59 1,068 38 634 5 54 1" 54
74 133 2,439 21 498 2 512 59 966 37 573 5 49 n 49
73 132 2,038 b3 416 26 428 58 807 37 479 5 4 n 4
72 217 2,084 35 421 43 433 9% 817 61 485 9 a 17 L))
Al 405 3,338 66 681 81 701 178 1,32 113 784 16 67 32 67
1,388 19,662 22 4,008 217 4127 “8IT 7,782 389 4618 54 3 112 B3




This loss is put in perspective in table 5. For that
purpose the forced landing and precautionary
landing experience of aircraft listed in table 1 and
found in table 1.5 of FM 101-20 is used. It should
be mentioned that these aircraft were involved in
88 percent of the mishaps reported Army-wide for
the year. Of the 2,845 mishaps indicated, 96
percent were precautionary landings.

Based on the 44-hour average, the survey found
UH-1s, for example, were unavailable for flight for
more than 66,000 hours. This loss in flight hours
annually allocated is equal to the hours allotted to
more than 200 UH-1s. Had CY 1978 been a
combat period, the allocation would be equivalent
to the hours allotted to 69 UH-1s. These same
kinds of observations can be made for the other
aircraft listed.

The potential cost of the nonavailability of
aircraft because of these mishaps becomes more

apparent when it is realized that the more than
3,200 forced and precautionary landings reported
in 1978 denied the potential availability of more
than 500 aircraft. Had this been a time of combat,
the denial would have been equivalent to
approximately 170 aircraft. The dollar cost of the
aircraft made idle for this reason runs into the
millions.

As large as the 44-hour average loss appears to
be, it is important to mention that 50 percent of
the aircraft were unavailable for flight 3 hours or
less, and 19 percent were unavailable for 1 hour or
less. Countering these times, however, approx-
imately 20 percent were down for more than the
44-hour average. About 2 percent of this 20
percent were down more than 700 hours, or
almost 30 days.

When a forced landing or precautionary landing
occurs, the personnel, facilities, services, etc.,

TABLE 4. —Man-Hours Lost by Personnel Aboard
Per Forced Landing and Precautionary Landing

Median

Effect of Aviators Nonrated Crew Passengers
Mishap on Mission  Hrs. Minutes Hrs. Minutes Hrs. Minutes
Delayed <1 hour 0:52 0:39 0:32
Delayed >1 hour 4:15 0:44 0:40
Cancelled 1:05 0:38 0:33
Used Another
Aircraft 1:58 0:41 0:39
Used Same Aircraft
But at Later Date 1:30 0:41 0:35
Used Other Mode of
Transportation 4:00 1:00 0:59

TABLE 5. —CY 1978 Aircraft Equivalent Losses Attributable
to Forced and Precautionary Landings

No. of Hrs Acft*

Unavailable**
Acft Equivalent

Aircraft F/Ls +P/Ls Unavailable Noncombat Combat
UH-1 1,506 66,264 2209 69.0
OH-58 531 23,364 97.4 325
AH-1 254 11,176 46.6 13.3
CH-47 250 11,000 45.8 15.3
U-21 118 5,192 124 5.8
ov-1 93 4,093 171 5.6
uU-8 59 2,596 7.2 29
T-42 34 1,496 2.5%** 25
2,845 125,120

*No. of forced landings + precautionary landings X 44 hrs
average/mishap.
**Hours aircraft unavailable « flying hour planning factor, table
1.5, FM 101-20.
***indirect support.




required to recover and make the aircraft flyable
are generally provided at the expense of scheduled
ongoing operations. An indication of this expense,
derived from the responses to item K, is seen in
table 6, which shows the requirements for
personnel in combination. Unit maintenance
personnel were required for about 80 percent of
the cases. Field maintenance and other personnel
were required for approximately 10 percent of the
cases.

TABLE 6. — Simultaneous Occurrence Matrix of
Inspection/Repair of Mishap Aircraft
at Mishap Site

F/LP/L

Crew assigned aircraft 6 [145]151
Unit Maintenance Personnel |19 |392| 98(411
Field Maintenance Personnel 4| 40| 10| 16 |44
Personnel from Other than
Established Support 2| 10| 6] 5| 1]12

Performed by

These data are limited in their ability to show the
more obscure costs produced by the need, which
is generally urgent, to attend to downed aircraft.
These costs are known to reveal themselves in a
variety of forms, of which flight safety is but one.
Delays and interruptions as a result of forced and
precautionary landings cause plans to bechanged,
new plans to be made, and planning to be done
hurriedly, and are frequently cited by accident
investigators.

The requirement for personnel and services at
the expense of ongoing operations continues
through the recovery of the aircraft and crew.
Table 7 shows the means of recovery, personnel
used for the recovery, and the location of the
mishap. Note that the response to item L shown in

parentheses is greater than column data. This was
because the locations of all the previously
mentioned unmatched cases, shown in table 1,
were not reported.

Note that recovery was not required in 51
percent of the cases. A reason for this much
greater than expected percentage is probably
because a majority of the current flying is done
within the confines of a post and most often, as
indicated by table 7, within reach of an airfield. A
more important reason, however, is that 95
percent of these mishaps were precautionary
landings, which means continued flight to a
suitable site was the most prudent action to take.
Costs reflected in table 7, therefore, are not
indicative of the costs likely to be inc¢urred during a
period of combat. Data of CY 1971, the last year
of the Southeast Asia operations, showed that the
number of forced and precautionary landings
occurring off post, off an airfield was much
greater. This should be a matter of concern to the
resource managers and planners. For that year, 62
percent of the forced landings and 45 percent of
the precautionary landings were on post, off an
airfield compared to 41 percent and 27 percent,
respectively, for CY 1978.

These data reveal another equally real need to
prevent the causes of these mishaps. Table 7
indicates accidents tend to be avoided when
suitable landing sites are available. Therefore,
steps taken to prevent the causes of these
mishaps will also help prevent accidents.

The survey found that, on an average, recovery
operations required 14 hours for completion. The
response made to item M indicated that for the
270 mishap aircraft recovered, more than 3,800

TABLE 7. — Aircraft Recovery by Mishap Location

Location of Recovery Flown by
Mishap Not Needed Acft Crew
On Post, on
Airfield m 16
On Post, off
Airfield 36 20
On Airfield, Other
Service 27 4
On Civil Airfield 7 8
Off Post, Off
Airfield 13__ 35
No. 204 83
No. (250) (112)
ResponsetoitemL
% (61.0) (23.0)

Flown by Surface
Maint Crew Airlifted Vehicle
‘8 1 7
30 2 1
2 0 2
14 0 0
3 1 e
9 4 16
(114) (4) (17)
(23.0) (0.8 (3.4)
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hours, or approximately 14 hours per recovery,
were needed. Probably because of the location of
these mishaps, 50 percent of the recoveries were
made in 2 hours or less. Only 25 percent of the
recoveries required 5 or more hours. However, 3
percent of the recoveries required more than 100
hours. The maximum recovery time reported was
720 hours. These findings, applied to the more
than 21,000 forced and precautionary landings of
table 3, reveal that more than 150,000 hours were
spent in recovery of the mishap aircraft.

When required for recovery, maintenance
personnel, indicated in table 6, were used an
average of 8 hours per operation. The response to
item N indicated that more than 2,000 mainte-
nance hours were used. Fifty percent of these
cases required two or less man-hours, which is
reasonable because of the minor nature of the
malfunctions generally associated with these
mishaps. Only 25 percent of the recoveries
required more than 7 man-hours. Also, as an
indication of the minimum amount of
maintenance/repair done at the mishap site, only
1 percent of the operations required more than 100
hours. The maximum number of hours reported
was 256. Again, applying these findings to data of
table 3 reveals that proportionately the services of
more than 9,800 maintenance personnel were
required. Their services amounted to more than
78,000 man-hours, or 38.7 man-years.

Services of operations personnel were required
for 18 percent of the recovery operations. For
these cases, an average of 5 man-hours was used,
while 50 percent needed the use of operations
personnel for only 1% man-hours or less.

Services of security personnel were required in
less than 4 percent of the cases. This small
percentage can be viewed as another reflection of
the fact that these mishaps occur near needed
facilities and services. For these few cases,
however, an average of 35 man-hours was
required, while 50 percent of the cases required 20
man-hours or less.

Services of medical personnel were required for
only 1 percent of the recovery operations.

Thirty-two percent of the recovery operations
involved the use of aircraft to transport personnel
to and from the mishap site and for air transport of
four aircraft indicated in table 7. Response to item
0 indicated that for these cases 280 flight hours
were used for an average of 1 hour and 40
minutes. Fifty percent of these cases involved 52

minutes or less of flight time. Twenty-five percent
of these recoveries required 2 hours or more. Less
than 3 percent of these cases required more than 9
hours. The maximum number of flight hours used
was 20.

The minimal amount of time surface vehicles
were used during recovery operations also reflects
the near ideal locations of these mishaps. Surface
vehicles were reported to be used for 11 percent of
the recoveries (57 cases), averaging about 2 hours
per recovery. In half of the recoveries, the vehicle
was used 56 minutes or less. Twenty-five percent
of the recoveries required about 2 hours of vehicle
use.

It was previously mentioned in this report that
the components that cause forced and precaution-
ary landings have a history of malfunction/failure
and are relatively low-value items, and many have
the capacity to cause mishaps more severe than
forced landings and precautionary landings. These
earlier observations were confirmed by the survey.

Of the 423 survey cases that were also reported
in compliance with AR 385-40, 245 (58 percent)
cited materiel malfunction as the cause.

Of the 245 cases, 159 different components that
malfunctioned were identified. Maintenance, to
indicate its role in these mishaps, was cited as a
factor in 3 forced landings and 39 precautionary
landings, or 16 percent of the cases in which
materiel was a factor.

To obtain the date of the first time each
component was reported in a mishap, the number
of times each component was reported, and the
class of mishap that resulted from each malfunc-
tion, the 245 cases were matched against the
mishaps on file that had been reported during the
period 1 January 1971 - 31 December 1978. The
results of that process are shown in figure 3 and
table 8 of the discussion and table 8A, Appendix A.

The malfunction/failure history is confirmed by
the data in figure 3, which shows that 30 percent
of the components identifiad by the survey were
first reported in CY 1971 and that 62 percent of the
components were reported for the first time
during the first 4 years of the period. Considering
that these components are from aircraft that
became operational in the early and mid-1960s,
the malfunction history of these components
probably dates back further than indicated by
figure 3.

Note in figure 3 that a surge of malfunctions
reported for the first time occurred in CY 1978, the
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last year shown. This surge, which occurred
following a 6-year decline of first-time occur-
rences, involved 25 percent of the components.
Examination of available data did not provide an
acceptable explanation for the surge. All of the
components are listed in table 8A, appendix A. A
review will show that these components by
general nomenclature are not unlike many of the
listed components that have a longer history of
failure. To prevent these components from
accruing a long history of failure, this finding
suggests that the components, their mode of
failure, and the servicing and maintenance they
require should be investigated further.

The capacity of these components to cause
more severe mishaps was revealed by 16
components that caused 168 of the 204 forced
landings. These components were also involved in
27 accidents and 1,085 precautionary landings for
this period, as shown in table 8A.

Involvement of this magnitude by relatively few

components suggests that improvements made to
these components could do much toward
preventing the causes of a significant number of
forced and precautionary landings, as well as
many accidents.

The relatively low cost of these components, as
shown in *‘~hle 8A, was likewise confirmed.
Twenty-five ;. .cent of the listed components that
contributed annually for the past 8 years to more
than 500 mishaps cost not more than $45, 50
percent were components that cost $165 or less,
and 75 percent were components that cost not
more than $555. The relatively low cost of these
components is perhaps an indication that cost of
improvements should not be excessive. It is
reasonable, for example, to assume that the cost
to improve the pressure switch, which costs
$34.16 and was named in 305 mishaps, should not
be inordinately high. The fix in this case might be
nothing more than ruggedizing the pressure
switch to withstand the vibrations peculiar to

25%

3.8% 3% 3.8%

B

Zo-
o |
= 30J
2 13%
* 9,  9.4%
[V
o
<
=
n 7 13

74 15 16 mn 18

CALENDAR YEARS
FIGURE 3.-Year Component Failure First Reported Since 1 January 1971

TABLE 8.—Mishap History and Cost of 169 Components Reported by Survey*®
1 January 1971-31 December 1978

No. of Date of 1st No. of Survey Occurrences by Mishap
National Stock No. Occurrences Occurrence N Cost®® Occurrences  Acdt incd F/L P/L Other
1. 6140 00 753 2251 440 710205 Battery 554.00 14 2 3 4 a0
2. 5830 00 646 3495 mn 710107 Pressure Switch 34.16 5 0 0 0 M o
3. 662000 179 1886 187 710414 Generator Tach 104.00 6 1 0 0 18 0
4. 6620 00 585 1503 185 710208 Indicator Press 46.27 4 1 0 4 18 0
5. 4810 00 130 5964 157 720421 Valve Irreversible .00 2 0 2 0 1% 0

159. 1680 00 478 6018 1 780618 Panel Indicator
4,404
*For complete table, see Table 8A, Appendix A.
**Sources Army Master Data File

Cstalog Data Agency, New Cumberiand, PA

2715.00 1
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rotary wing aircraft. The failure of these pressure
switches, pressure transmitters, and
transducers —whose cost averaged $72 per item —
reported in 698 mishaps and submerged fuel
pumps—with a cost averaging less than $330—
named in 226 mishaps are other examples found in
table 8A.

Early in the development of the questionnaire, a
request was made to gather the indications which
alerted the crew to the condition of the aircraft
that led to the forced landing or precautionary
landing. Item G of the questionnaire was designed
for that purpose. The response to item G is shown
in table 9.

Instructions for item G were to select one or
more of the choices that would best describe the
alerting means. Note that item G of the
questionnaire contained 26 choices including
“other”” and ’no indication,”” while table 9 shows
the response to 30 choices. The additional choices
were derived from the respondent’s explanation of
“other,”” when it was selected.

The table is arranged to show the choices made
for the 26 forced landings and 494 precautionary
landings and the choices made in combination.
For example, vibration alerted the crews of aircraft
that made 2 forced landings and 26 precautionary
landings. In addition, for these 28 cases, 15

TABLE 9. — Occurrence Matrix of Indicators/Indications That Alerted Crew of Condition Leading to 28 Forced
Landings and 494 Precautionary Landings

Forced Landing 26
Precautionay Landing 043¢
Vibration [2]a]s]
Unusual Noise IR ERC
Unusual Attitude }5 15,1 4.2]
Faulty Operation ~Aircraft I3 6l{9(9 { l‘,LTﬂ
0dor [o W ol1]0]1]3
- .
Fluid Leakage 2 30‘0.0\0;70 {‘i\_]
Smoke o Fire 0)]13|1]2]0]0 1} 213
Other Personnel e o1 1[ofo[2]0]3u
Master Warning/Caution Light 1] a9 ]2]s] 2] 0115
Annunciator Panel ofulolofolt1fo]olo] 9u
Voice Waming of 2[ololofafo{1{alt] afolz
Fite Warning Light i[w0]o[ofofo[o[o]o]o] o]ofo]u
Warning Horn 0l 1 ojo 0211010 0/0| ofojofo01
RPM Waiming-Light slz2fa s[alalolofoo] 6] olo]o]i]s
RPM Warning-Audio 8|16/ 4 4&613 OJJ 0(0| 4{0{0(0{1 (2|2
RPM Warning- Tachometer s{asf 2/ 7[3[4f0foofo] s[ofofofifi3]u]m
Chip Detector-Engine 1{efoi2]1]1]olofof2[n[s]o]ofo]2[1] 1]
Chip Detector-Transmission (mawn) | 0 | 13 olololo 050 010 ¢/ 0j0|0j0 0]0)00]13
Chip Detector-Gearbox oite/olofofofofof[ofo] «Tofoo]olofo0oT1 0]t
Instruments~F uel 1{4fojofofofofofofo] 2[ofo]ofo o]0l 1]1]0]0]s
instruments~0i1 2fmjafofo/sfolafofo] 7]ofofofofo]o[o]o]ofofo]s
Instruments-Hydraulics of18fo[afo o ol2{ofofofoft{olof{ofola]olalalolalts
Instruments—Landing Gear 0| 5/0{0f0{2|1/0/0|0fjOfOjOjOfOjO|O/OfO/0]|O0/0O]O| OIS
Instruments~E lectrical ofwfof1fofof7[1[2[1[3]1[ofofo]ofo|t]|0]o0]o0j0]0]0jo]3
Visual 1fwfololofofofofofofofofojofofofojolololofolo]ojololn
Torque Meter o{1s{1{2fo{1]{o/ojofo] ofojofolof{ofofo[1[ofofofo]ofo]afalis
EGT 'TOT of1ajo 1 |i|afofofofofofofofofo[1]{1[2]ofooft{o]ofofo]o]o]w
M N 1] sjoj2i1|/afoflofofo|2fofojofo[1]|1]2]1]0]ofi]ofofofo/o]2]5]s
Pre- ‘Post-F light ol 6foj3{t{t|olofalof 2lolofofo{tji{2lofofofi|{ojolojofjo]o]ojols
No Indication 1 fujfojojofofofofo]o] ofofo|ofojof[o][ofo]o[ofo]of[ofo]o]ofof0fof2]i2
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aviators were also alerted by an unusual noise, 1
by unusual attitude, 9 by the aircraft not operating
normally, 1 by smoke/fire, etc. These choices
reflect the experience of the aviators of the aircraft
listed in table 1. Choices by aircraft or in
combination are available. This information will be
retained for approximately 3 years should there be
a further need for it.

CONCLUSIONS
O The broad and obscure costs revealed by the
survey are sufficient to justify the initiation of a
concerted effort to prevent causes of these
mishaps.

[J Prevention of the causes of these mishaps
will allow aviation units to operate more efficiently,
i.e., allow them to maintain a higher state of
combat readiness.

RECOMMENDATIONS

O That an assertive effort be made to tum
back the long history of failure of a few relatively
low-cost components that were involved in a
disproportionately high number of forced and
precautionary landings.

O That a similar history of failure of a few
components not be allowed to occur in the next
generation of aircraft, i.e., UTTAS, AAH, ASH.
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USAAAVS
PRECAUTIONARY AND FORCED LANDING REPORT

Precautionary and foiced landings by definition are not costed
for mishap prevention purposes because damage and injuries seldom
occur. However, these mishaps are costly in terms of maintenance
manhours, manhours used in recovery operations, and interruption
to unit operation.

Analyses show that components causing these mishaps are
relatively low in cost, have a malfunction/failure rate higher than
expected, and have a significant effect on aircraft reliability, air-
craft availability, and the unit's readiness posture.

The purpose of this report is to gather information that can be
used to quantify the cost of these mishaps and justify needed im-

provements n the components causing the mishaps. For this
purpose, compiete the report for each forced and precautionary land-
ing. Be as accutate as possible, Each report will be computerized,

The requirement for this report will last only for the period
needed to obtain enough cases for a valid sample. Considering the
frequency with which these mishaps occur, it is estimated a period
not to exceed 180 days will be sufficient.

The report need not be typed. It is self-addressed—just fold,
staple, and drop in the mail. Your participation in the interest of
more efficient and safer air operations is greatly appreciated.

For more information, call USAAAVS, AUTOVON 558-4510,4812,

Mishap classification {check one)
Forced landing
Precautionary landing

N -

Date of m:shap (enter numerically, e.g., 78 01 13)
Year __.____ Month Day

Time of mishap: Local time (e.g., 1635)

c
D. Aircraft design model series
E. Aircraft serial ber ___

|AW AR 385-40, Jan 1978, pas. 5-8F, a PRAM is
Required
Not required

N -

G. Check one or more from the indicators ‘indications below what
first alerted the crew to the conditions leading to this mishap.

01 Vibration RPM WARNING
002 Unusual noise 014 Light
03 Unusual attitude Q15 Audio

016 Tachometer

04 Faulty operation CHIP DETECTOR

05 Odor

017 Engine
06  Fluid leakage 018 Transmission (main)
(17 Smoke or fire 019 Gearbox
(18 Other personnel INSTRUMENTS
19 Master warning/caution light (020 Fuel
110 Annunciator panel 021 ol

022 Hydraulics
023 Landing gear
024 Electrical

025 Other (specify)
26 No indication

H. Mission assigned this aircraft was: (check all appropriate ones)
01 Oelayed less than 1 hous

)2 Delayed more than 1 hour

03 Cancelled

J4 Performed by another aircraft

5 Rescheduled same aircraft at later date

36 Assigned another mode of transportation

111 Voice waming
(312 Fire waming light
313 Warning horn

Remarks:

I, As aresult of this mishap indicate the number of hours aircraft
was NOT in a mission-ready (NOR) status. If aircraft remains
NOR upon submission of this report, estimate.

J: As a result of this mishap, indicate total number of manhours
lost by: (enter zero as appropriate)

a. Rated flightcrew ___
b. Nonrated crew _______ . ___ __
c. Passengers __ PSRRI
K. Inspection and/or repair of this aircraft at the site of the

mishap was performed by: (check as many as appropriate)
01 Crew assigned the aircraft
02 Unit maintenance personnel
(03 Field maintenance personnel
714 Personnel other than established support

L. Recovery of this aircraft from the mishap site was completed by:
31 Recovery not required

02 Flown out by assigned crew

03 Flown out by maintenance crew

04 Transported by another aircraft

05 Transported by surface vehicle

M. indicate the number of hours that elapsed from start to comple-
tion of the operation to recover the aircraft from the mishap
site: —__hours lapsed time

N. For the recovery operation, indicate the total number manhours
required by: (enter zeto as appropriate)

a. Maintenance personnel
b. Operational personnel
c. Secutity peisonnel
d. Medical per |
0. For the tecovery operation, indicate the total number of: (enter
zero as appropriate)
a. Recovery aircraft flight hours s
b. Sutface vehicie hours of operation i 1
P. To return this aircraft to mission-ready status, indicate:

a. Maintenance houts to repais
b. Cost of replacement part(s) _

USAAAVS FORM 2.78, DATED 26 JANUARY 1978
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(Continue on back if necessary)

ol . s i




L 3

0 91 1Y) 0
6] Sl 1 v
(V] 21 4 1
v gl 1 0
(4] LA v 0
(0] ¢ 0 0
(0] (24 ¢ Q
0 é¢ (7] 1]
0 (44 ¢ 0
(4] 6 ol Z
0 (X4 @ v
v (%4 v 0
v 9¢ ] 0
0 T4 1 0
V) Bl 0 [}
0 6c 0 0
(V) Ot V] (1]
0 41 0 0
0 6¢ (7] (V]
0 St L 0
(0} 8t s 1
0 94 0 (4]
(4] 9% 0 0
0 &% 4 1
O s v 0
0 %S ] 0
[V} SS [V} (V)
0 99 (7} 0
1 2t e 0
Q Ly [} 7}
(V] 99 1 (Y]
0 89 0 (1]
0 69 G 0
0 SL é 1
(V] 6L Q Q
(0} td (8} 0
0 L L] (0} (7}
0 LY ¢ 1
0 (V1.3 1 0
0 26 1 U]
V] sl L4 (0]
0 0cl (9 0
0 (9] v 0
(V) el (4] 1
(0} 1§:] 64 0
1 601 L )
0 ssl (] 4
0 081 Y 0
(V] 9y [ (9 (V]
(V] Tle 0 Y]
0 1ty L] 3
H10 1 Y14 INI

dVHSIW AH S4ONSBHOII00

FTUNOC T N A NN A DO N N VN NN O g OO d A ™ N f ot et O Y ot T ot O

NC~—~CC¥ANOCCC~CANCCCCCCCO~CCOCCOCCOC~mMOCCCCCMOCANCOCOC~CCCC
—

L8°sll
00*6%l
00°L¢l
#9° 101
00°0st 1
00°80%
V0 ° 949
86°9¢
t0°
00°e2e
00°eds
00°Lel
V0°* Uy
06°¢s
95°e S
0o uée
00°991
15°%6
0o*
00°0%¢
00°Les
00°00c¢ 1
6l°ye
00°9911
0°
(VI AV F 44
2%°61
[ TR T4
00°sLw
00°02¢
00°9¢8
9s°L¢e
0s°6S
00°01s
e
69°66
0S°6S
00°0sLe
00°tc6
Q0° leLe
L4
98
0s*L6
00°wesi
00°0sL6
00°0SsL¢
00°*
LL°9y
VO %0t
CAGS 173
00°95%
1502

103e13Ud9 ‘Aeray
ieauy] 303ENIY
13770y Bujaeag

Assy moqra

£1e30y x0qIEan
£1333eg

31nssa1g i3dnpsueiy
21nssaigd ‘yolms
pawiojaig ‘Buypydeg
JUaTFS ‘4ssy ureyp
K1913eg

13233woyde] 1031BITPUY
3e3somaayy

281 AXIND ITeH BuyT dnop
2iInssaid ‘yYoIrmg
pa8iauqng dung
d133uBey ‘Assy ajeag
aanjeaadwa] 103edIPUT
31QISIAA31a] ‘SATEA
pa214 ‘Assy lo3enidy
A91 Assy 1o3en3dy
103BI2U3% I33iEB]S
2ianssai1d ‘yolrmg
¥/l Assy xoqiean
pauwiojaig Supydey
pasiamqng dung

1933 TWY

wiefe ‘[oxjuc)
T0a3u0) Tang
pa8iamqng dung
103B13U39) 1030
uswy ‘1032933p dry)
aanssaid ‘yolras
pa8iamgng dung
aanssaig ‘yoaims
aSeatop 203RINSay
yoiimg

1013u0) 1ang
13purT£) oAiag

urey ‘Assy uoyssyuy
39xsey

1032233q dryd
3inssaag 3333jwy
¥/l ‘Asse xoq iean
T0a3u0) [ang
paadsiaaQ Assy i1ouianon
d[qIs1aAail] ‘aarep
2anssalg aviedipu]
1333woyde] 103BI3UdH
aanssald Yd3IrAs
K1333eg

ULV IINIWON

8261 10quede(Q LE-LL6L Aenuer )

L
£ B e

208012
YobLCL
L Z44{ V]
8090CL
Ssle09L
$090L 2
L180<L
YeeLdL
(243 V]
L1LUYL
LAR4 V]
Lueol L
SslyvLe
%ee0lL
LcevcL
104092
LARERS]
Oelule
suloie
ellolL
tui0ceL
Y0eUeL
tUBOIL
Lot
CTALA V]
el
(T4 VAV
6ceIlL
BUCLIL
visuLe
vclotle
eccliL
»co01L
(4 T4 1 ¥}
wisulL
slyvleL
youlule
UCHlL L
LT44 V]
sclute
LceVEL
L0901
(T4 V)
colule
9101
vilule
l¢ruce
YuluiL
vil90lL
Loloie
sl

EFLERRIIWMIT]
151 = avu

E 1V

9l
91
Ll
6l
6l
1¢
(44
144
(44
{34
| 24
9¢
L 74
9<
(.14
6c
Ut
(43
(43
0y
9y
ye
9y
s
s
2%
ss
9s
09
9
Ly
Y
69
6l
oL
1
2y
Ve
16
26
6ll
vct
(U}
Lel
w9l
B9l
sl
sul
twl
e
veY

el
*UN

Aeaing Aq peuodey saueuodwo?) @S| 40 180D pue A1018iH deysiy — w8 318VL

—— — -

P

T S ¥ P SRS

67£559500%926¢
t91eV660ULSO6C
895212000011
2062991000k LY
69270081 Y
L7984 L200U% 1Y
2Le 01000899
2L7889800LLLS
26L080BUVOLES
B0S7<LIVUSI9T
CYAVVET VIV A R
<0V L 950008YY
L 19150009y
1¢92eLL000ELY
Slee9slivvutes
1206L 1V0LST6Z
9118606000891
ULeOLSSULSEYY
29650 1000s91
Y$99676000%8¢
BY987<6000%8<C
L75% LELLLSLe
99576L 1000 LS
9L9¢M L6LLS IV
Y96L50BLULVLELS
SULE6bBLLS I 6Z
19960BSLUSEYY
U lolcyuuurey
29577 10VS 162
C10VB LOVLSTBL
LtEY659BLLUSCLY
20e9LLY00S (VI
61UBBYOLVLLLS
2898 LLULUS L 6L
Se8H6YLULLLLELS
SSUYLbbLLLLTY
V29 18eLLLOELS
P00LECCOVUSIBZ
w07 10V0LSYL
sy lctousiyl
o sL0I0VUELS
C66<¢98L00LELY
Y26 7L90000¢Y9
LL9Z8160USIYL
L16LIBLOUS L6
910766008 L 6Z
79650 1OLLV L BY
01585 0LLLEYY
YyeBloL10VULYY
S67L9Y79000bS
162220007 1Y
“Wiin NIULS
VRULLYN



occcoccCcccoccoclbcoecccocccoceoccceoccoccceocecccccopoecccocecceccgccccoccccccocooeccCccc

CCTOINPIAENNRANINANNLSLLONCr N LA ATEMENATITINSITIT SN

cam~pOcCc™C
—— . ——— -

L
R

ccececm~CcOCOCMC~CCCOCC~CCCCCCMOoCCOCCOCCOCOCON~CNCCCOCOOC~COCCCCO

cccccecccoccceocccccccocceoccecgccccccocceoececceccccecgcccccecemcccececcoccocc ~

ccNCC~CCCCOCCCCCCCCC~CCCCCCOCCCCCCC~CCCCC~CCCCCCCCCC~00OCOOCC

e B e R R e e I e e R R B B e B I B B I I I B e R B e R I I B B B T B R e R R I I I I e e R R ]

00°e St
001l
6s°l1
62°661
%0°

€0°
00°1c¢oe
09°s
22°e9
00°09x
[3 X
0o*oLnlL
00°219¢
oo*sLe
00°0¢e<
00°

86 °H¢
26°1
LS°0¢
vo*

66°
80°¢
00°¢%¢
18°¢
gL
00°*

00 bt e
00°9sL
00°2s01
00° 1911
Vo L6l
oo*oeLt
Li°le
92°1¢2
%0°
1s°66
LL*6
Lo*
9699
te*

00° 106
L1°0t
%0°69¢
00°00s9¢
96°¢l
0S°Le
90°09
00°%1L
00° 959
00°9¢L1
221
61°6
00°9¢¢
06°LS
0001
BL*G¢
89 11
[\LAR T

——

A1ejoy ‘ayuf i1amorg

T2ueqd mopuipM

TTInD ¥/1 ‘Suysnol

*0°Q@ 030K

paulojaig Burydeg

pawiojaig Buyyoeq

dung

Lssy 3qn}

Assy Taueq

13purTL) 0A13s

uolsyd ‘Suyy

081e) Assy ‘uoysuadsng

339y Aoualiamy ‘1oo0q

I[ney ‘1aueq

U3AT1Q 1030K 323[3 dung

3sol

PINbyT ‘€014 YOIIAS

1Teg ‘Buraeag

Treg ‘B8uyaeag
303eN3OVxy

paseduj uyelq [eas

PITOS ‘32ATY

133213Au]

8n[4 10393uu0)

10323uu0)

3[ney 1aueqd

10a3u0) 3auylug Assy *‘xog

uo3std Terxy dung

13puyT£) oaiasg

110 Assy ‘aatep

A313uend pyrnbyy 103edTPUT

A2?Yyy “aaTEA

3113 ‘303ed3pul

Tewmaayy ‘aarep

pawiojaig Buryoeq

21n8sa1g ‘Ydaiyas

pasedug uyreyqd ‘reas

pauxojaig ‘SBuyyoeg

rmy ‘yoiyas

aqay ‘arddIN

Bura9iay 1ang dung

Tteg ‘Butaeag

dway 130 ‘ao3edypul

uoyssymy

paseouy uyrerd ‘1eas

1®27132373 ‘proudjos

10309uuo0) 1aidepy

uo3lsyd Teyxy dung

U0ISFd ‘1apuyrd)

13purT4L) oAlag

pasedug uye(d [eas

8n14 10303uu0)

paa1d ‘Assy aarep

andg ‘aean

Buysuas ‘Juswarig

lossaidwo) ‘aperg

Assy ‘asoy

318301 ‘yoaymg

SCLO9L
44 11 73
elclceL
20L0eL
649052
el
T2\ T¥}
119082
el
BLBUBL
S090CL
9llolL
SesuceL
1008
9C60%L
L2208L
cuBolL
Tleowe
9001cL
11e0%2L
QUL
1éo0cdL
LULUBL
cu9ulL
%001 %L
600192
CZe0se
9¢90SL
LTAVIR ¥
vioidL
6cSU%L
LoevLL
villes
L080e L
LéwucL
vilsolL
tdBU9L
Lleu9L
[(XATAVE
10e0%2L
1i90eL
1490dL
9¢SuCL
0esuYL
L0S0CL
80L0LL
IR4AVA 4]
td8O9L
0ce0eL
lelole
eldliel
tldlied
tuBLlL
tuciieL
Lu901L
glduleL
OceV L
tctole

(o - - - S S - B - BT AV ol ol ATV AT T T T S G S R R A

09cLoYTVLS IV
80066600091
<8995 180US IV
2e7909900S0 1Y
CeUBEYLUUULES
SC669LSVLLELS
6<7L8T1000LeY
C1265¢60L0ILY
S7125¢6000%6¢
Ceeb7 10100S91
LTRVRYRT I § T4
6948 LC6LVLLYS T
6CELLLP000961
87875t 800LEY
¢eselevusield
ogLevLLlLOLLY
L9 98v600S 162
tosVe L6000l e
t6l19¢70001 1
0S65UYBOLSH62Z
S02EL760U0ELEY
66004900002 S
2958891000 19
91L7E LBOUSEES
tL1L6780USL6S
8lU98L20001 19
S16509100%667
1921921000¢t
€206 1 100V0SY1
S9LOULSOUSTYL
ssolislvvveyy
8O 8990002 Y
01L0B520VL 7Y
Yel6906000EBY
#801592000¢ LS
Y99V LLBOLLELS
LI95UYBLOVELS
S721118000kES
UL79Z%8000 b
S5 1ee100LELY
(26695100162
8969< L8000V
8922611005899
LUVIBLOOUS TV
8eZ7(61000LLS
L6LBULYVLSYES
96009010VVUSE6S
L6157 10VVLEY
218 1LsT00L I M
<212 LoLLSY L
Ce77e52000ktS
L [£0E9LUUSELS
695652008 L6¢
Y95859L00LCUE
L<765068UVLEY L
UBLEYLLOLLYEZ
66LS8YBLOLUCLY
79t 9L66000L6S

penunRuod yg 318VL

D Y0 DG

[

BEIS PATR IS BEST QUALITY PRAGTIGA N
FROM Cury riav

16




L T

cocoCcCcoCcecccCcoocCcooeccecececccceccocccoc e cCcola

ceccecccccecco

e

SET*y

AR MR A A OO N ot (N ot o O O ot ot ot ot ot o ot ot ol gt o ot ot ot ot e ottt =

S0T

eccece~Cco0ccoo~cCcooBOCcC TR ccO@ o coCoc CcOoacec e oOCCR

-

i1e

ctceccececcecoccce

ccccccccccccec~C~CCcCCcCCcCCCCcCCCCCCcCCcCCC

8¢

cccceocccceoccccoc

cc=~COCCCCCCCCCCCCCCCCCCCCCCcCCcCCceCceCccccccccC;

I Vo 6Ll

1 00°€91

I 00°eLl

1 91*9

¢ 91°¢1

1 4. A 44

T %8°1

I gL

T 00°1%L1

T 00°*

1 00*

¢ 92°*¢¢

1 20°

1 [ 10 14

1 0%*

1 9e*

T s0°*
Lt

jl/hN.
e
L6°
gi*l
0o°*
os*
00*
¢¢tol
00°9660LY
00°*08S
0o*
291y
69°Y
00°LeH1
6 ey
00°19LL
t8°ly
91°
0¢*
00°*
1%°
el
HE * ¢
g°¢
00°9yv!
SE*99
6L%¢
LO*1
Vo 61N
0s°s
91
og* 1l

l103edTpPU] Taueyg

33q 2114 juswaTg Buysuag

ITney Taueyq

dooa] ‘wo3jjog 3eas

a3uye1ls [fo 13idepy

ureiq “jy20)

aqn] moqr3d

aqny moqr3

Assy Aeyay

SVS Xog T10a3uo)

K1333eg

K1333e9g

Te21130313 “@aAIM

AO3Yy ‘aatep

Buyydo jrag *maadg

Burydo7 jras ‘anN

Bupyoeg ‘iauyeiay

PeaH Iy3yea3s urg

13aysen

Yoiiasg

1031>ede)

pasedug ‘uyerq ‘rea3s

A7qTISIaA311] ‘dATEA

Buyuyejay ‘Sury

3SNiys

Ie3509Yy

0T SSTWY

uoyssyuy £s ys
Yot

31JeyS IATaQ “13A0)

urgd 28ury ‘iauyelay

Assy ‘aatag

Te3s 170 ‘13ureiay

1030y Assy qny

8urqaosqy punog ‘3ajuelg

pawiojaig Buryoeqd

3urd07 JTSS X3H INN

30213 ‘103eI13uUdH

agny ‘a1ddIN

Assy *‘asoy

aqny ‘arddIN

1Ty paatg ‘aarep

O139uBey ayeag

Judwaty Sursuas

10ssaidwo)y pueg

l1ossaidwo)y pueg

uo3lstd Terxy dung

juadsapuedu] dwe

urerd ‘xay ‘aInN

218801 yoaims

glsusL
LleoBL
91808L
LcLouBL
LiegusL
20%08L
¢esuBL
6l80BL
<usUBL
YU9UBL
SC90VBL
1¢908L
SCsuBL
<0s08L
0Lsose
vl608L
¢lguse
s0908L
£CSUBL
LlgouBL
sU90BL
<C9VuL
¢ceUBL
919082
LizosL
lisusL
llsusL

9¢0l9L
1clise
1909L
$¢C09L
X4V E
YasoLL
sl
leeuse
cLLLUYL
Ollvce
LcousL
Bleuse
Y<elsL
S00leL
elllee
ellloL
Oiltlye
(TAYVI

0%y

-t P - gy 7 g gt gt gt g g g g

A rFCrCAANAANAANNAANAN

) NSN 103 punoj 380D ONgg
Vd "Pueriaqun) maN ‘Adoualde ejep Forezed 2173 eiep iaisew Away 22anogy

g1098L2000891
9916 167000891
6208958000BY1
€95¢9 1600089 1
£L0L276000%8¢
L22618100028Y
89le 175000 LY
97990000l Y
L1Leel60US76S
leSULCBOUS LYY
$¢2ZLBLSOVOY 1Y
2986 15010071y
19006 1800S%19
95Lte 060008y
60t 860050LS
68299900001 ¢S
Ce7es1S000EES
6017960061t S
L0296L10008ES
1012 18L00%V6S
98075000165
et ls64000ttS
2965%08000c S
9LULYEIV0SYES
10L£<8000VC S
L79656900506%
¢s60010T0s 191
UBSCoeLUUSTYI
LB1S6LTVLVCYY
692181 00UYS1
YL e LLL000961
BLBEZ2 0000601
9576568005191

e lOUSTvI

2666L90000t

VeEBIY6LLLI LS
w9 llioovol Ly
S916UBS0V0LLLY
glelesolOLLY
BEBULBLOVY LY
9991L7900S L b6¢
665 1cbLLLEYL
9L76568000BY 1
BSE6BY60LVLYEZ
lsto826000UYHZ
S 199790000 e
S90ELSHY0VLPZY
69L58LUCVLOL LS
185045600V LY

R

17




|
|

|

|

1‘

A

U.S. ARMY SAFETY CENTER
the people you turn to for safety

:

FT RUCKER 089218




