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PREFACE 

This  report provides reliability, maintainability,  and cost 
analysis of historical data reported on the UH-l/AH-1  tail 
rotor subsystems.    This analysis was conducted under Contract 
DAAJO2-72-C-0O28,  Task lF162205Ail901,  for the Eustis  Direc- 
torate,  U.  S.  Army Air Mobility Research and Development 
Laboratory (USAAMRDL),  Fort  Eustis, Virginia. 
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1.  SUMMARY 

1.1  BASIS FOR THE ANALYSIS 

The data analyses of the UH-1C, UH-1D, UH-1H, and AH-1G heli- 
copter tail rotor systems and this report were prepared unde^- 
Contract DAAJ02-72-C-0028.  The use of a tail rotor system to 
counteract the torque of the main rotor and provide direction- 
al control has been controversial.  The tail rotor system per- 
forms the function efficiently for low weight and low basic 
cost.  However, since it is normally outside the vision of the 
pilot, it has been associated with a large share of the non- 
material-failure-caused mishaps in addition to those resulting 
from material failure,  A study of the UH-l/AH-l mishap data 
revealed that tail-rotor-associated mishaps resulted in acci- 
dents (Class 1, 2, or 3 mishaps) 1.8 tim^s more frequently than 
all mishaps, regardless of the system involved.  In the case of 
material failures, a tail rotor componert failure is 2,7 times 
as likely to cause an accident as any system material failure. 
(See the glossary for the definitions of mishap and accident,) 
The objectives of this analysis are to develop benchmark mainte- 
nance and logistic support data for the design of future heli- 
copter anti-torque systems and to put into better perspective 
the cost of tail-rotor-system-associated mishaps.  The analyses 
were performed on data acquired from: 

-  UH-l/AH-l Maintainability and Reliability 
(M&R) Program (1964 - 1970) 

Monitored Maintenance Task Time (February, April, 
May 1972) 

Component overhaul (1963 - 1970) 

Army's Maintenance and Management System (TAMMS) 
(1 January 1964 - 1 February 1972) 

Navy's Maintenance anu Material Management (3-M) 
System (1 September 1965 - 1 March 1972) 

Aircraft technical manuals 

Army's Reliability and Maintainability Management 
Improvement Techniques (RAMMIT) program (1 January 
1964 - 30 June 1970, 1 July 1971, or 31 December 1971) 

U. S. Army Agency for Aviation Safety (USAAAVS) 
(1 January 1967 - 31 March 1972) 

UH-1 Series Target Price Lists 

Information on all four models was available from only some 
of the data sources. 



In the analyses, the tail rotor systems were each divided into 
three dynamic subsystems:  the tail rotor hub and blade assem- 
bly, the tail rotor drive, and the tail rotor control.  Most 
of the analyses were conducted at the component level.  The 
results where appropriate were combined to determine values 
for the subsystems and the tail rotor systems.  Table I 
shows, at the tail rotor system level, some of the more 
significant values determined. 

1.2  DISCUSSION OF RESULTS 

The mean-time-between-failure (MTBF) values obtained from 
3-M analyses on UH-1D and AH-1G components were considerably 
lower than those obtained from the UH-l/AH-1 Maintainability 
and Reliability (M&R) Program monitoring activities.  Many 
of the unscheduled maintenance actions in the 3-M data 
dealt with nonfailure occurrences, the type of which was 
seldom reported during the period of M&R monitoring. 

The mean-time-between-maintenance (MTBM) values were computed 
by combining the mean-time-between-scheduled-maintenance 
(MTRSM) values obtained from the aircraft technical mainte- 
nance manuals with the MTBF values from M&R data.  The more 
frequent, 50-hour hub maintenance specified for the UH-1C 
makes its MTBM much lower than that which was determined for 
the other aircraft. 

There appears to be a significant difference between the time 
required to perform a maintenance task and the time that is 
reported by the data systems.  This difference partially re- 
sults from maintenance personnel accounting for their work 
period by splitting their time, both active and nonactive, 
between the maintenance tasks performed. The average mainte- 
nance task time from the analysis of the monitoring data is 
less than 20 percent of the average obtained from the analysis 
of the 3-M data. 

The only data source that contained both maintenance manhours 
and flight-hour values was the Xavy 3-M data.  The maintenance 
man-hours per flight hour (MMH/FH) were computed for the UH-1D 
and AH-1G aircraft that were loaned to and operated and main- 
tained by the Navy.  The results showed that the UH-1I) system 
required almost 40 percent more maintenance than the AH-1G, 
The reason for this appears to be the large amount of mainte- 
nance performed at the intermediate level on the tail rotor 
hub. 



TABLE   I.     SUMMARY OF   VALUES   DETERMINED FROM 
THE  TAIL ROTOR  SYSTEM  DATA ANALYSIS 

Utility 
Helicopters 

Attack 
Helicopters 

UH-1D UH-1H UH-1G AH-1G     I 

MTBF   (Hours) 

3-M Data 
M&R  Program Data 

30. 
90. 

| 
76. 

21. 
67.   1 

MTBM (Hours) kl.k 30.2 40.1 

MTBSM (Hours) 
1 

100. 50. 100. 

Mean Maintenance  Time (M 
|      (Calendar Hours) 

Monitored   Data 
,      3-M Data 

0.2086 
1.2500 

0.2115 0.2321 
1.1700 

MMH/FH 0.1131 0.0816 

Unscheduled  Maintenance 
Actions   per Million 
Flight Hours 11,< 393 13,223 14,881 

Mishaps   per Million 
Flight  Hours 83.6 60.3 54.4 114.9   | 

Average  Cost  per Mishap 
for Repair or Replace- 
ment $Ui*,733 $68,460 $55,482 $79,671 

Total   T/R  System 
Life-Cycle  Cost  per 
Flight  Hour  for a 
1000-Aircraft Fleet 

Including Mishap 
Costs 

Excluding Mishap 
Cos ts 

$11 

$   7 

.44 

.26 

$19 

$  8 

.11 

.40 
i 



The unscheduled   maintenance   rate  determined   from   the  MkR 
Program data was  about 34  percent higher for the AH-1G and 
19  percent higher for  the UH-1C   than  it was  for  the UH-1D/H, 
This   was   due  to  a  high  rate  of  damage   to   the UH-1G  blades 
from armament debris and a  higher  frequency of 90    gearbox 
failure  on the AH-1G. 

A repaired versus scrapped analysis was attempted using TAMMS 
2407 maintenance data.     The data was  found to be deficient in 
that  the  disposition of most of  the  items  is not recorded.   The 
disposition could   be assumed   for most  of   the maintenance 
actions;   however,   "replaced"   is   one  of   the actions   for which 
disposition could not be assumed.     Since  53 to 97 percent of 
the   records   fall   into   the   "replaced"  category,   the   repair 
versus   scrapped   analysis  was   inconclusive. 

The   factors   that   iraoacted   the  most  on  the   tail   rotor system 
life-cycle costs were  the  tail  rotor system associated mishap 
rate  and   the  average  cost  per mishap. 

In  the  cost  analysis  which  applied   the   results   of   the many 
analyses   to   two   fleets   of aircraft,   utility and   attack,   the 
impact   of   the mishap costs   increased   the  basic   support  cost 
for   the  utility helicopters   by  58   percent and   the  attack 
helicopters   by  128  percent.     The  basic   life-cycle  support 
cost   in  dollars   per  flight  hour  for  the   two   types  was   reason- 
ably  close.     Figures  1  and   2   show  how  the  basic   life-cycle 
support  costs  are divided   among   the  various  cost  elements. 

Since  mean-time-to-removal   (MTR)   and  mean-time-between- 
removals   (MTBR)   are  values   which  have meaning  only  for 
the   items   being   removed,   they  are  not combinable  for most 
of   the   tail   rotor  subsystems.     The   values  (Table  II)   deter- 
mined   from   the   overhaul   data  are  considerably  larger   than   the 
values   obtained   from  the RAMMIT  reports.     This   is   to  be 
expected   since  many  of   the   removals   in   the  RAMMIT data  are 
for  nonfailure  and   the   assemblies   are   subsequently   rein- 
stalled   on   the   same or other aircraft.     The  overhaul  data, 
however,   includes  only   those   removals  whtre   the  assembly   is 
forwarded   to  an  overhaul   facility.      Exponential  distribution 
analysis   procedures  were used   in  Section  6   to  estimate   the 
mean-time-between-removals  (MTBRe)   of   the  assemblies   reported 
in   the  RAMMIT data when  the nonfailure  removals  are  rein- 
stalled   and   permitted   to  function  until   they either   fail   or 
achieve   their overhaul   interval   or  scheduled  life  limit. 
Appendix  VI  performs  a  similar  analysis   on   the   same  data   using 
a Weibull  analysis procedure.     It also  examines  the  effect 
that off-aircraft repair has  on  the components'  MTRR, 
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COMPONENT  TRANSPORTATION  COST 0.8% 

Figure   1.     Distribution of   the  Basic   Tail 
Rotor System  Life-Cycle Cost of 
a  Utility  UH-1  Type  Helicopter. 
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COMPONENT TRANSPORTATION   COST     0.9% 

Figure  2.      Distribution of   the  Basic  Tail 
Rotor System  Life-Cycle  Cost   of 
an Attack AH-1   Type Helicopter. 
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2.      INTRODUCTION 

This report is prepared in accordance with the requirements of 
Contract DAAJ02-72-G-0028, Data Analysis of the UH-l/AH-1 Tail 
Rotor System (DATRS). 

The  purpose was   to  study   the   reliability,   maintainability,   and 
safety (RMS),   and   cost  characteristics   of   the   tail   rotor system 
in order to  develop  benchmark maintenance  and logistic support 
data for the design of  future  helicopter antitorque  systems. 
Operational,   failure,   maintenance,   repair,   accident  and  cost 
data were  analyzed   to provide   basic  RMS  and  cost   values which 
establish  levels   to  be  surpassed  by  future  antitorque  systems 
and  a  basis   for  evaluation  of   improvements   to current  designs. 

The  analysis   conside 
inspection and  maint 
or scrappage.     The m 
were  not defined   in 
sidered.     Operating 
sign  values   could  no 
mission profile   reco 
Maintainability  and 
test  data   revealed   t 
mation  on  tail   rotor 
actual  flight  usnge. 

red  aircraft configuration (utility,  attack), 
enance   procedures,   and   criteria  for  repair 
ission   types (training,   noncombat,   combat) 
the  data  sources  and   therefore   were not  con- 
loads,   stresses,   and   deflectiors   versus   de- 
t  be   presented   because  a   review  of  the 
rder  data  obtained   under   the   UH-l/AH-1 
Reliability (M&R)   Program and   the  BHC  flight 
h^t  neither of   these   sources   provides  infor- 
loads,   stresses,   and   deflections   under 

The components   analyzed   are  listed   in  Table  III.      Those  that 
have  overhaul  or  retirement  intervals   are  listed   in  Table  IV 
along with  their  respective   interval   values.   »' 

2.1     DATA SOURCES  ANALYZED 

This   analysis   was   performed   using both  BHC  and   government- 
furnished  data.     The   following   paragraphs   provide  a  brief 
description  of   the  major  sources. 

2.1.1     BHC  Data  Sources 

2.1.1.1    The  Disassembly   Inspection Summary,   SAV  Form   63^ 
Data   (Formerly'OSM  Form  63^4) 

This   is  a government   form   on which  BHC   reports   the   overhaul, 
repair,   and   scrappage of  overhaul  and   limited  life   components 
from military aircraft.     Computer programs  were   prepared under 
the MvR Program   to  list  and   analyze   the   "reason-for-removal" 
file  and   the "parts-replaced   and  assemblies-scrapped"   file. 
A  special   file  of  the  "reasons-for-removal"  data   including only 
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TABLE  III. FAIL  ROTOR  SYSTEM COMPONENTS 

SUBSYSTEM Bell   Part Federal   St-ck Models   1 

1        Cnmnme^t Number Number Used       | 
1    on         1 

\c ^[2 IH IGJ 

R  HUB  fc  BU\DE 20^-011-701-009 
20^4-011-701-015 

1 560-753-7298 
1560-871-8678 

X 

X X 
- 

20A-011-701-017 1615-907-0843 X 

2OU-O11-800-0O9 None X 

20^4-011-800-011 1615-133-7363 X 

2 0A-011-800-013 1615-133-7238 X X X 

204-011-800-02 3 None X 

209-010-701-001 1615-92 8-9014 X 

Hub  Assetnbly ^n^-m i -701-on 161 5_01 7-li(1i6 X 

204-011 -7(11-(113 16] 5-S71 -S677 X X X 

204-011-701-019 161 5-933-6S2 5 X X X 

204-. 11 -701-02^ 161 5-933- 6824 X 

2 04-011_SOI-003 1615-1 /H-S531 X 

.'OM-Oil-SO 1-00'S 161 5-13 5-0294 X X 

204-011-801-009 1615-133-6872 X X X 

20^-011-SOI-Oil 1615-176-1 797 X 

20^-010-701-003 161 5-9:,8-6311 X 

T/R  Bidde 204-011-702-015 1615-472-730S x X 
204-011-702-017 1615-907-0842 X X 

— 
R   DR [VE 

T  R   Drive   Shaft 2O4-O4O-620-OO3 1 560-678-5414 X X X X 

2O4-Oi4O-620-OOri 161 5-019-0217 X X 

209-040-611-00 161 5-931-2 2 90 x 

iians;er  Assombl y 2 04-04 0-600-007 161 5-766-S 57 H X X 

204-040-600-001') 1 hi 5-832-^951 X X X X 

U20  Gearbox 204-040-003-023 161 5-776-1626 X X 

204-040-003-037 161 5-91 S-2t.76 X X X H 
90° Gearbox 204-040-012-007 161 5-472-7305 X X 

2 04-040-012-013 1615-91R-2677 X X X d 



TABLE III. (Cont'd) 

SUBSYSTEM Bell   Part 
Number 

Federal   Stock 
Number 

Models 
Used 

On : 
Components 

_C D H G 

T/R (.ONTROL 

Chain 20/4-001-739-003 1615-6 ^-6963 X X X X 

Quill Assembly 20^4-010-7^0-003 
00i4-010-7^4 0-00 5 

1615-633-0806 
lbl5-81 5-6683 X 

X 

X 

X 

X X 

Sprocket 'iheel '0^1-010-768-001 1615-6'^4-6956 X X X X 

Control  Tube '0^4-010-7^4 2-009 1615-886-5998 X X X X 

Cone  Set '0^4-010-7 .'4-005 1615-775-38^46 X X X X 

Static  Stop 
1üi4-OlO-77i4-Oll 1615-083-0468 X X X X 

Nut 20^4-010-719-001 3110-62i4-6714 X X X X 

Boot i47-6i4l-101-001 1615-503-1896 X X X X 

Slider 20^4-010-720-003 
2Oi4-O10-720-0O5 
20^4-010-720-007 

1615-859-6111 
1615-929-1017 
1615-3 50-44 2 7 

X X 

X 

X 

X 

X 

X 

Plate 20^4-010-721-003 3110-973-3512 X X X X 

Bearing Set 20^4-011-761-003 
20^4-011-769-001 

3110-056-7571 
3110-135-0563 

X 

X 

X 

X 

X 

X 

X 

X 

Crosshead 20^4-011-711-001 1615-051-3646 X X X X 

Pitch Change   Link 20^4-011-762-001 
20^4-011-762-005 
20^4-011-762-007 
KSP  9003-5 

1615-086-6781 
3040-877-9077 
1615-805-7522 
1615-805-74 56 

X 

X 

X 

X 

X 

X 

X 

X 

Rod  End   Bearing 20^1-011-763-001 
20^4-011-763-003 
KSP   7007-1 
KSP   7007-3 

3120-980-0344 
3120-851-5680 
3120-369-9600 
3120-248-1470 

X 

X 

X 

X 

X 

X 

X 

X 
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1                            TABLE IV.     OVERHAUL AND RETIREMENT SCHEDULE* 

Component 

Part  Numbers 

Overhaul 
Interval 
(Hours) 

Ret Lrement 
Interval   ! 

(Hours) 

Tail  Rotor Hub 

204-011-701-11,-13,-19,-29) 

204-011-801-3,-5,-9,-11        > 1100       j 

209-011-701-3                               ) 

Tail  Rotor Blade 

204-011-702-11,-15,-17 1100 

42°   Gearbox 

204-040-003-7,-37 1500 

90°   Gearbox 

204-040-012-7,-13 1100 

*Per   References  18,19  and  20. 
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the  records which were  "first   removals"  from aircraft  which 
have  already attained 1100 hours'   flying  time  has also .been 
created.     The 1100-hour value  was  chosen because  this   is   tl » 
aircraft overhaul  interval  for most  of the UH-l/AH-1   components 
for which an overhaul   interval   has  been  specified. 

2.1.1.2 UH-I/AH-1  Maintainability and Reliability   (M&R;   Program 
Data 

These   data consist  of  information obtained by  reliability  field 
engineers while monitoring UH-1G/D/H and AH-1G helicopters. 
The  Field Failure/Discrepancy  Reports  (FDR),   one  type  of  data 
collected under  the M&R Program,  were a  source  for failure 
rates,   mean-time-between-failure  values and failure modes used 
in  this  analysis  report. 

2.1.1.3 Monitored Maintenance  Task  Time Data 

To obtain maintenance  task  time  information  for DATRS,   monitor- 
ing  programs were  conducted by Reliability engineers  at   three 
locations: 

-     BHG Flight  Test  Facility 

Lowe Army  Airfield,  Fort Rucker,   Alabama 

Hunter Army  Airfield,   Fort  Stewart,   Georgia 

The BHG Flight Test Facility  provided a maintenance mechanic and 
two  aircraft for  the  simulation of  the removal  and   installation 
actions of   the  tail   rotor components  in  accordance with Army 
maintenance manual   instructions.     These  actions were   repeated 
four  times.     They were  observed and  timed,   and   the average 
maintenance times were  calculated. 

The Lowe Army Airfield monitoring  effort was accomplished from 
I  May  1972   to  5 May   1972.     Maintenance  actions  were   performed 
by  Page  Aircraft Maintenance,    Incorporated   (PAMI),   a  civilian 
Maintenance  contractor  at  Fort  Rucker.     The maintenance  activi- 
ties monitored  included: 

100-hour  Scheduled  Inspection 

Tail   Rotor  Hub  and Blade  Assembly  Balancing 

Miscellaneous  Unscheduled Maintenance 

The  Hunter Army Airfield monitoring was accomplished  during  the 
period  15  April   1972   -   30  Aoril   1972.     This  effort   included 
about   eight days observation  in  the  organizational maintenance 
area,   and   two days  at  the   oil   analysis  laboratory and   the  direct 

12 



support/general   support  prop  rotor  shop.     Army  personnel, 
performed   the maintenance  at   these  locations. 

The   task   times obtained from  the monitoring at  these   three 
locations   were averaged where  possible.     However,   the   tasks 
were  not  always  performed   in  the   same  sequence  of subtasks. 
This   resulted in portions  of   tasks   or combinations  of  subtasks 
being   timed  at different points   in  the total   task. 

2.1.l.k      Bell  Helicopter  Company   UH-1   Spries  Target   Price   List 

Five   Target   Price   Lists  covering   contract   periods  FY'67   through 
FY'72  were   used   to   obtain   spare   parts  cost   values  for   the   Cost 
Analysis   (^ee Table LIV). 

2.1.2     Govcrnment-Furnished   Data 

2.1.2.1 The  Army  Maintenance  Management   System   (TAMMS)   Data 

These  data   are  supplied  on  magnetic   tape   to  BHG  as  Government- 
furnished   data under   other  contracts.     BHG has  received  Main- 
tenance   Request   (DA Form   2'-407),   F.quipment  Maintenance  Record 
(Organizational)   (DA Form   2^08-3),   and Component  Removal   and 
Repair/Overhaul  Record   (DA  Form   2410)   data.     Working  data   files 
have   been   created   from   the   raw data   tapes   by   the   selection   of 
appropriate   records. 

In addition,   certain  Army  prepared Reliability  and  Maintain- 
ability  Management   Improvement   Techniques   (RAMMIT)   reports 
based   on   TAMMS data  were   used.      They  were   the  Major   Item 
Removal   Frequency  (MIRF)^»5»0    and   the Major Item Special 
Studv   (MISS)   reports.7  thru 13 

2.1.2.2 U.S.   Army  Agency   for  Aviation   Safety   (USAAA\S)   Data 

BHG  has   received  records  of  UH-l/AH-1   accidents   since  1963 
from U.S.   Army Agency   for  Aviation   Safety   (USAAAVS).     These 
data  are   received  on  IBM cards.      There was a  change   in  the 
format   of   these cards   starting   1  January  1967;   therefore,   only 
data   subsequent  to   this date were  used  for  this  analysis.      Due 
to  the   Large number of  cards  received   since  1967,   these  data 
have been   placed  on magnetic   tape   to  facilitate  computer  analy- 
sis  of   th -   data. 

2.1.2.3 Army Technical   Manuals 

Technical  manuals 1'2»3   were used   to obtain description of 
maintenance procedures,   including  inspection instructions   and 
repair/replacement criteria. 

13 



2.1.2,4     Naval Aviation Maintenance and Material Management 
(3-M) Dat~ 

Currently,   the 3-M data  bank at BHC  contains  over 1,5 million 
records  on BHC aircraft purchased by the Navy or loaned to 
the Navy  by  one of  the  other services.     Thase data were derived 
from Support Action Form (SAF),  Maintenance Action Form (MAF), 
Technical  Directive   Compliance  Form (TDCF),   and  Equipment 
Statistical  Data (ESO)   cards.     Additional working files  con- 
taining UH-1D  and AH-1G data   have  been created  from   the   raw 
data  by card   code selection and  segregation. 

The data  have  been  analyzed   to  obtain  failure   rates,   task   times 
and  maintenance man-hour-per-flight-hour ratios. 

2.2     TAIL ROTOR SYSTEM  DESCRIPTION 

The   tail   rotor system   (see   Figure   3) counteracts   the   torque  of 
the main  rotor and  provides   directional  control.     The UH-l/AH-1 
tail   rotor system as defined   in  this   report consists   of  three 
subsystems: 

tail rotor drive 

tail rotor hub and  blade 

tail rotor control 

2,2.1     Tail Rotor Drive 

The  tail  rotor drive  (see Figure A)   consists of the drive  shafts 
arid hanger assemblies,   the 42-degree gearbox,  and the 90-degree 
gearbox.     Five identical drive shaft sections are  incorporated 
in the power train aft of the  transmission.     These drive  shafts, 
three bearing hanger assemblies,   the 42-degree gearbox on the 
tail boom and the 90-degree  gearbox on the verical fin transmit 
the power  to drive  the  tail  rotor.     An additional shorter drive 
shaft section and hanger assembly are provided on helicopters 
with 48-foot main rotor  (Models UH-1D/H).     Each drive  shaft con- 
sists  of an anodized aluminum alloy  tube with a curvic-splined 
coupling  riveted on each end.     The   forward shaft extends  through 
a tunnel between the engine  firewalls,  with ends connected by 
V-band clamps  to mating splined couplings on the transmission 
tail  rotor drive quill and on the  forward hanger assembly.     Other 
shafts  are mounted  in similar manner along  the tail boom and  fin 
between the hangers and gearboxes. 

The hanger assemblies consist of couplings on a short splined 
shaft,  mounted through a single-row sealed ball bearing  in a 
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ring-shaped  hanger,   equipped with  two mounting lugs   for attach- 
ment on a  support  fitting. 

The  U2-degree  gearbox  is   located  on   the   tail   boom,  at   the   base   of 
the  vertical   fin.     This  gearbox  provides   a  i42-degree change   in 
direction  of   the   tail   rotor drive,   with  no  speed   change.     The 
gearbox assembly  consists   of a  case  with a  gear quill   in   each 
end.     The  case   is   fitted  with an  oil   filler cap,   a  vent  breather, 
an oil  level  sight gage,   and a drain plug equipped with a magnetic 
insert  or  an   electric  chip detector.     Input  and   output  quills 
have  flexible couplings  for the attachment of drive shafts. 
Access   to     the  gearbox  is   provided   by a  vented  cover  fairing 
which has   quick-release  fasteners. 

The 90-degree  gearbox at   the   top  of   the   tail   boom  vertical   fin 
provides  90-degree  change   in direction of  drive  and   2.6:1   speed 
reduction between  its  input drive   shaft  and  the output  shaft  on 
which  the   tail   rotor is  mounted.     The  gearbox has  mating   input 
and  output   gear quill  assemblies   set  into  a  gear case  provided 
with a  vented   oil   filler  cap,   an  oil   level  sight  gage,   and   a 
drain plug  which has  a magnetic   insert  plug  or an  electric  chip 
detector.      The   input quill  has   a  flexible  coupling  for  attach- 
ment  of   the  driveshaft. 

2.2.2 Tail  Rotor  Hub and  Blade 

The  hub  and   blade  assembly  (see  Figure   5)   is  a  single   two- 
blade  controllable   pitch  tail   rotor located  on  the  left   side 
of  the   tail   fin.     Two  blades,   the  hub,   and   attaching hardware 
comprise   the  assembly.     It   is  driven  by   the   tail   rotor  gearbox. 
The  blades   are  constructed   of  metal   and   are  attached  by  bolts 
to  blade  grips  which are mounted   through  bearings   to  spindles 
of a  hub  yoke.      The  tail   rotor hub   is   hinge-mounted  to   provide 
automatic   equalization of   thrust  on  advancing and   retreating 
blades.     Pitch  change links  provide   equal  and   simultaneous 
pitch change   to   both blades. 

2.2.3 Tail  Rotor Control 

Tail rotor blade pitch control is accomplished by means of a 
control quill assembly (see Figure 6) mounted into the right side 
of the tail rotor gearbox, with a control tube extending through 
the hollow shaft on which the tail rotor is mounted.  The control 
quill sprocket is operated by a chain attached to control cables 
and is engaged to the control tube through a worm thread, so 
that rotation of the sprocket is transmitted through the tube 
as linear motion to a crosshead which is connected to tail 
rotor blade grips by the pitch change links (see Figure 5). 

17 



1. Pitch Change Links 
2. Rod   End Bearing 
3. Crosshead 
(4. Bearing Set 
5. Retainer Plate 
6. Slider 
7. Boot 
3. Hub Retaining Nut 
9. Static  Stop 

10. Hub  and  Blade  Assembly 
11. Split Cone   Set 
12. JO0  Gearbox Shaft 
13. Pitch Control   TXibe 

Tail Rotor Dimensions 

Diameter:  8 ft  6 in 
Chord:    8.41 in. 

Figure  5.     UH-l/AH-1  Tail  Rotor Hub  and  Blade Assembly 
and  Pitch Control  Mechanism  Diagram. 
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2.3     INFORMATION COMPILED 

The  information  compiled  for  this  DATRS   report was  divided   into 
ten smaller analyses,   each of which  is   presented in a  separate 
section (Sections  3   through 12).     Each section is divided  into 
two major  parts--the analysis  approach and   the analysis   results, 
Any conclusions which have been observed are   included  in the 
results.     Additionally, more detailed  information is  presented 
in the appendixes. 

The  following   comments   concern  some  of   the  analyses: 

The  mean-time-to-removal  (MTR)   analysis  was   expanded 
to   include mean-time-between-removals   (MTBR). 

The  failure modes analysis   is  a  history of   the  fail- 
ures  which are known  to  have  occurred   rather  than 
the   usual  prediction  type of   failure  modes  and   effects 
analysis . 

The   cost  analyses  presented   are   for  typical  fleets  of 
UH-1  (utility)   and AH-1   (attack)   helicopters.     The 
wide  variation   in  fleet  size,   use  rate,   use  environ- 
ment,   spares   cost,   and   repair cost over the  period  of 
data  analyzed   precluded   the   possibility of  establish- 
ing  the   actual   support  costs   for any  given model. 
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3.    MEAN-TIME-BETWEEN-FAILURES  (MTBF) ANALYSIS 

3.1    MTBF ANALYSIS APPROACH 

In order to determine   the MTBF of an item,   it  is necpssary to 
have an  adequate   time  base during  which  the  failures  ore 
observed.     For  this   reason  the  analysis  was   based  on M&R 
Program  FDR data   and   Navy  3-M data.     The  FDR data were  obtained 
by monitoring  a   representative  group  of aircraft and   recording 
the  flight   times   and   failure   information as   they occurred.     FDR 
data  are  available  on Models  UH-1C/D/H and AH-1G.     3-M data 
were gathered   by Navy   personnel   on all  aircraft   flown by  them 
and represent  the  total picture  for these  aircraft,     3-M data 
arc available  on Models   UH-1D  and  AH-1G because   these models 
were on loan   to   the Navy by  the  Army, 

The MTBF   is   the  sum  of   the   item  operating   times   accumulated   on 
all   items  of  a  given   type divided   by   the  number  of  failures 
of  that  item.     In  this   analysis  a  failure  is  defined  as any 
occurrence  requiring unscheduled  maintenance.     The  item oper- 
ating  times  are   obtained  by multiplying   the  number of  items  on 
each aircraft   times   the  sum  of  the aircraft  flight hours   of  the 
group  of   aircraft   on which  the  items   failed. 

m 

MTBF = —J~=  (1) 

where t.   = total   flight hours   of  the  j th aircraft 
m = number of  aircraft   in th     group 
k = number of   items  on  each aircraft 
f  = number of   item  failures 

All  of  the parts  listed  in Table  III are  considered critical 
because a  functional  failure of  any one of   the  parts will  cause 
failure of  the  subsystem. 

The failure   rate  (A)   of  an  item   is  equal   to  the   reciprocal 
of  its   MTBF if   the   failures  are   assumed  to   occur   randrmly: 

A=mF  = —if  (2) 
V 

j = l 

t 
J 
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3.2     MTBF ANALYSIS   RESULTS 

Table  V  presents   a   comparison of   the MTBF   values   and   fail'ire 
rates   of   the   subsystems   and   the   total   tail   rotor   system   from 
the   two  data   sources.      The   total   system MTBF  values  derived 
from Navy  3-M data,   Table VI,  are  about one-third of  the 
comparable   values   obtained   from   the  M&R  data,   Table  VII.      The 
flight  time on which  the  3-M data are  based  is  A4 percent of 
the MXiR   time   base   for AH-IGs   and   52   percent   of   the M&R   time 
base   for  UH-1D Hs. 

The  3-M  analyses   indicate   that  most   of   the   tail   rotor  system 
failures   occur   in   the   hub  and   blade  and   drive   subsystems, 
while   the  M\R  data   indicate   that  most   of   the   failures   are   in 
the control  subsystem.     However,   the  3-M data show a signif- 
icant frequency of maintenance actions   to  correct rotor un- 
balance  which  was   not  as   thoroughly   reported   during   the KkK 
program.     The M&R   program  emphasis  was   placed  more  on  the 
reporting of component  failures.     Conditions which required 
only unscheduled maintenance adjustments had a  lower pri- 
ority. 

In the  3-M analysis,   two conditions,   both probably related  to 
the age of  the  aircraft,   appeared to cause   the MTBF of the 

UH-1Ü hub   and   blade   assemblies   to   be   lower   than   that  of   the 
AH-1G assemblies.      The   data  show   that   the   rate   of  hub  wear 
and   rotor  unbalance  was   higher  on   the  UH-1D   tlu.n  on   the AH-IG. 
The UH-1D  aircraft  ( FY   1965  and   1956)   were   two   to   three  years 
older  than   the AH-IG  aircraft  (primarily FY   1968). 

In Section  6,    the  MTR MTBR  analyses,   additional   MTBF  values 
have  been  computed   for   the   tail   rotor   system   overhaul   and 
time change  components.     Table VIII  compares   the  MTBF  values 
from  the   four  data  sources   for  these components.      The  compari- 
son shows   that   the  3-M  data  produced   the   lower  values  and 
the M&R  data   produced   the higher  values.     For  some   components 
the M&R  data   values   and   the RAMMIT MIRF   data   values  were   in 
general  agreement. 
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j                       TABLE VI.    COMPONENT MTBF FOR THE UH-1D/AH-1G 
|                                                TAIL  ROTOR SYSTEM 

( 3-M Data   Through February  1972) 

SUBSYSTEM 

Component 

UH-1D AH-1G         j 

MTBF 
(Hours) 

MTBF           { 
(Hours)       1 

1       T/R HUB & BLADE 

T/R Hub 
|                T/R Blade* 

Other 

|       T/R DRIVE 

j               T/R Drive  Shaft** 
Hanger Assembly*** 
42°  Gearbox 
90°  Gearbox 
Other 

T/R CONTROL 

Control Quill 
1               Control  Tube 

Pitch Control Mechanism 
Chain 
Pitch Change Link* 
Crosshead 

57 

83 
764 
352 

87 

3,472 
1,348 

r39 
304 
604 

240 

5,778 
20,226 
3,111 
4,045 
1,154 

612 

88         i 

209         | 
988         j 
217         | 

34 

1,325 
198 
245 
204         1 
686 

134         j 

3,351         1 
4,308 
1,077         ! 
1,160 j 

602 1 
558         j 

* Two per aircraft                                                                                      1 
** Six  per aircraft  on UH-1D,   five  per aircraft  on                  j 

AH-1G                                                                                                                    | 
*** Four per aircraft  on UH-1D,   three  per aircraft on             | 

AH-1G                                                                                                                         } 
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TABLE VII.     COMPONENT MTBF FOR  THE UH-1D/H/C, 
AH-1G  TAIL ROTOR  SYSTEM 
(Based  on M&R Data) 

SUBSYSTEM 
 Component UH-1D/H 

MTBF  (Hours) 
IW-IC AH-lö 

T/R HUB it BLADE 

T/R  Hub 

T/R Blade* 

Other 
T/R DRIVE 

T/R Drive Shaft** 

T/R Hanger Assembly*** 

k20 Gearbox 

90°  Gearbox 

other 

T/R CONTROLS 

T/R  Boot 

T/R Slider 

T/R Crosshead 

Crosshead  Bearing  Set 

T/R Pitch  Change  Link* 

T/R Chain 

T/R  Quill 

T/R Control  Tube 

Other 

1,876 

1,159 

6,i4lO 

23^4 

10,20^ 

1,605 

2,083 

1,^18 

227 

3,086 

2,571 

3,81*6 

3,508 

1,093 

1,927 

2,6 53 

IA,52 5 

4,52 5 

155 

2,976 

36 5 

1,592 

267 

12,820 

1,553 

2,551 

96 5 

331 

5,952 

1,021 

7,1*43 

1,931 

8,929 

5,102 

35,714 

2,825 

381 

1,368 

1,122 

8,929 

161* 

3,891 

2,049 

1,088 

442 

4,274 

163 

926 

2,012 

2,538 

4,902 

938 

1,342 

1,244 

13,699 

4,566 

* Two per aircraft 

irk Five per aircraft  on   UH-1C and AH-1G,   Six per  aircraft on 
UH-1D/H 

Three  per aircraft  on   UH-1C and AH-1G,   Four per  aircraft 
on   iJH-lD/H 

25 



1                     TABLE VIII.     COMPARISON OF MTBF VALUES   DETERMINED         | 
FROM  FOUR  DATA SOURCES 

Bell RAMMIT 
M&R 3M O/H j       MIRF 

i      Component Model Data Data Data Da ta 

Tail   Rotor UH-1G 29 76 _ _ _           1 

Hub UH-1D - 83 - j 
UH-1D/H 1876 - - 1004 
AH-1G 1368 209 _ 569 
D/H/G - - - 898 

Tail  Rotor UH-1C 365 _ _ _                     | 

Blade UH-1D - 764 - j 

UH-1D/H 1159 - - 924     | 
AH-1G 1122 988 - 638 
D/H/G - - - 857     j 

U20 
UH-1C 2251 _ _ _ 

Gearbox UH-1D - 539 - - 

UH-1D/H 2083 - - 1271 
AH-1G 1088 24 5 - 924     j 
D/H/G - - - 1206 
C/D/H/G - - 718 I 

90° UH-1C 965 _ _ _          | 

Gearbox UH-1D - 304 - - 

UH-1D/H 1418 - - 1311 
AH-1G i4U2 204 _ 982 
D/H/G - - - 1253 
C/D/H/G - - 652 - 

Hanger UH-1C 1553 _ i - 

UH-1D - 1348 - 

UH-1D/H 1605 - - 693 
AH-1G 2049 198 - 652 
D/H/G          ! | 1 - 689     ! 
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k.      MEAN-TIME-BETWEEN-(SCHEDULED AND  UNSCHEDULED) 
MAINTENANCE   (MTSMj ANALYSIS 

k.l     KTBM ANALYSIS APPROACH 

The   NfTBM  is   the  mean-time-between-maint enance   for  all   main- 
tenance   actions   (scheduled   and   unscheriuled)   performed   on   the 
tail   rotor  system.     The   tail   rotor  system mean-time-between- 
scheduled  maintenance   (MTBSM)  was  determined   from data   in  the 
organizational maintenance manuals   '  '      for Models  UH-1C/D/H 
and AH-1G helicopters.     These  TMs   specify   the scheduled 
maintenance  tasks  and   the periodic  requirement for   their 
performance. 

Table   IX shows  the  scheduled maintenance requirements  extracted 
from the  TMs.    Note  that  the  servicing  tasks  performed during 
daily  inspections were not  included in this  analysis. 

For   UH-I   and  AH-I  helicopters,   maintenance   tasks   are   scheduled 
to   be   performed   at   multiples   of   either  the   intermediate   inspec- 
tion  periods   (25-hour  intervals)   or  the   periodic   inspections 
(100-hour   intervals).     To  determine   the   MTBSM  for  a   tail   rotor 
system  component,   the   approach   is   somewhat   different   from   that 
used   to   determine   MPBF.     Where   several   different   scheduled 
actions   are   specified   for  a   component,   each   with   a   different 
period   interval,   those   actions   occurring   at   the   same   scheduled 
time  are  considered   dependent   (or combined)   rather   than 
independent  actions. 

For example,   a 42-degree  gearbox requires  servicing   (action 
A)   every   100 hours   and   greasing   (action  B)   fvery   500  hours. 
Since   every  time  action   B   is   performed,   action A  is   also  per- 
formed,    the  MTBSM  is   100  hours. 

Following   this   approach,   the   MTBSM  for  each   component   is   the 
smallest   of   the  established   time   between  maintenance   for  any 
specified   maintenance  actions   for   that   component.      Similarly, 
the   MTBSM   for  the   tail   rotor   system  is   the   smallest   of   the 
MTBSM  values   for   the   tail   rotor  components. 

The   MTBF   values   from   M\R  data,   presented   in   the   MEAN-TIME- 
BETWEEN- FAX LURES ANALYSIS,   Section  3,  were combined  with   the 
MTBSM  values   to  obtain   the   NfTBM  as   follows: 

MTBM  - —, ^—1  (3) 1 
.TTBF        MTBSM 

This  equaiLM   assunes   that   the   failure   rate   is  constant  and  that 
the   data  is  from ma tire   aircraft. 
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TABLE IX. FREQUENCY OF SCHEDULED MAINTENANCE 
ACTIONS  FOR MODELS UH-1C/D/H AND 
AH-10 HELICOPTERS 

SUBSYSTEM Retirement 
Component Grease Service Balance TBO Life 

T/R  HUB  & BLADE 100 

Hub 100* - - 1100 

Blade - - - - 1100 

T/R  DRIVE 

42°  Gaarbox 500 100 - 1500 - 

90°   Gearbox 500 100 - 1100 - 

Hanger Assembly 500 - - - - 

T/R CONTROL 

Crosshead 100 . _ _ _ 

Bearing Set 

*     On Model UH-1G this   is  done  every  50 hours. 
•                                                                                                                                            i 

28 



k.2     MTBM ANALYSIS RESULTS 

Table X  presents  the mean-titne-betweeu-scheduled maintenance 
for  the   tail   rotor system.     Table XI  presents   the   results  of 
the MTBM anal>si3   for  the M&R Program FDR data.     The   results 
show   that   tl-i HTM  values   for  the UH-1D/H and   the  AH-1G  are 
fairly  compirable,   while   the UH-1G  is  more   than 25   percent 
lower because of  its more  frequent hub maintenance and   lower 
tail   rotor blade MTBF.     During   the M&R  Program,   the   UH-1G  tail 
rotor blade was  subjected   to   frequent armament debris   damage 
from hand-held  door guns.     This  condition was   improved   later 
when a   pintle mount and   brass   catches  were made available. 
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TABLE X.     MEAN-TIME-BETWEEN-SCHEDULED MAINTENANCE 
FOR THE TAIL ROTOR SYSTEM 

SUBSYSTEM 
Components 

AIRCRAFT MODEL                             | 
UH-1D/H UH-1C AH-1G 

T/R HUB  & BLADE 100 50 100 

T/R Hub Assembly 100 50 100 

T/R Blade 100 100 100 

T/R DRIVE 100 100 100 

T/R Drive Shaft - - - 

T/R Hanger Assembly 500 500 500 

42°   Gearbox 100 100 100 

90°   Gearbox 100 100 100 

T/R  CONTROL 100 100 100 

Crosshead Bearing 
Set 

100 100 100 

TOTAL  T/R SYSTEM 100 50 100 
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1                               TABLE XI. MEAN-TIME-B ETWEEN-MAINTENANC E 
FOR  THE TAIL ROTOR  SYSTEM 
(Based  on  M&R Data)                                           i 

1 SUBSYSTEM 
Components 

AIRCRAFT MODEL                                 \ 
UH-1D/H UH-1C AH-1G            1 

1 T/R HUB  & BLADE 80.5 37.8 79.2            1 

T/R Hub Assembly 94.9 49.2 93.2            I 

\       T/R Blade 92.1 78.5 91.8            j 

T/R DRIVE 70.1 72.8 62.1 

T/R Drive Shaft 10,204 12,820 3,891            1 

1      T/R Hanger Assembly 381.2 378,2 401.9            1 

U20   Gearbox 95.4 96.2 91.6 

!      90°   Gearbox 93.4 90.6 81.5 

T/R CONTROL 69.4 76.8 62.0 

!      Crosshead Bearing 97.2 100.0 96.2            j 

|              TOTAL  T/R SYSTEM 47.4 30.2 40.1 
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5.     MAINTAINABILITY  INDEXES 

5.1     MAINTAINABILITY  INDEXES ANALYSIS APPROACH 

The maintainability indexes   "are  the means   for determining 
whether or not  the maintainability  requirement in an overall 
specification for a system has  been complied with." In 
arriving at  these  indexes,  units  of  time are  the most useful 
measures   of  success.     The overall   reference  is   the period of 
time when  the system  is  operable as  against  the  period  when 
the system  is  not  operable (downtime). 

Downtime  consists   of active downtime and  delay downtime. 
Active downtime  is   the actual   time  spent  performing mainte- 
nance,   inspection,   repair,   replacement,   check-out,   etc.     Delay 
downtime  is   the period  when a  system   is   inoperable due   to  un- 
availability  of  tools,   test  equipment,   spare  parts  and   other 
administrative delays.    The basic   element of  the maintain- 
ability   indexes   is   the  repair   time  Rt,   which  is  defined  as 
the period   of  active downtime   required   to   return a  failed 
system  to  normal  operation. 

The  indexes   developed   in  this   section are  for organizational 
maintenance actions   only. 

The maintenance  times used  were   those  acquired  during  the 
monitoring  of  tail   rotor maintenance which was  performed   as 
a part  of   this   study.     The maintenance  procedures   in Appen- 
dix I  provided a means of  calculating   time values  for a 
series   of  actions.     The maintenance   times  from  the Navy 
3-M data  were used  for comparison.     The  TAMMS  data could   not 
be used  because   it was  not  possible   to   obtain maintenance 
times   in  calendar hours from   this  source. 

5.1,1     Mean-Time-To-Repair (MTTR) 

The MTTR  is   the   average  downtime  in calendar hours   for a 
specified  unscheduled   task.     The maintenance   tasks  were 
grouped   into   the  following maintenance  actions: 

Remove Track 
Replace  (Install) Grease 
Align (Rig) Service 

To determine   the mean  time   to   repair  for specific  actions 
MTTR.   on like  items  within  the   tail   rotor  system,   the 
following   equation was used: 
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nj 

I \. 
MTTR.   = ^-^  (4) 

where ni  =   t^6  number of   failures   that   require a   specific 
maintenance action  j   to  correct on like   itens 

R       =   the   repair time  for   the   ith  failure  repair  of 
i       a   specific corrective  action   j   on  like   it^ms 

However,   to   find   the  MTTR of  any   item,   it  was   necessary   to 
consider  the   frequency with which  each   type  of  action  occurred, 
By  examining   the  TAMMS   24C'  data,   it  was   possible  to   determine 
the   percentage   of  all   maintenance  actions  on a  component   that 
fell   into   each  action  category  for  that   component.     The  follow- 
ing  equation was  used   to determine   the   component mean   time   to 
repair MTTRC. 

nk 
V    P-i MTTR. 

MTTR^   J=I     m  (5) 

where       ^-i =  the  percentage  of  all unscheduled maintenance 
actions   performed   on  the   component which are 
action  type  j 

n,   =   the number of  different   type  actions j  on 
component k 

To  determine  system  and  subsystem MTTR  values,   it was   neces- 
sary   to  consider  the   rates  at  which failures  of  the   various 
components   occurred.     The component  failure   rate  values  used 
are  from  the  M&R  data. 

Table V  expresses   these  rates   as   failures  per million 
flight  hours   (Am),     The value  for  "other""  items was   not  con- 
sidered  because   R^-  for  these   items   is   not  known.     The   follow- 
ing   equation was   used   to obtain  the  subsystem mean  time  to 
repair MTTRgg, 

MTTR 

s a, T A , MTTR„ 
k 

SS      nT 
X"  ,.      i (6) I akLA k 

k=l 
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where       n     =   the  number  of different   types   of components 
L      within  the  subsystem   L 

a, _   =  the number  of components  of   type k   within 
the   system L 

Au   =  the   failure   rate   for component  type k within   the K       subsystem  L 

Similarly,   the  system mean  time   to   repair MTTRg   is obtained 
by usinp;   the  following  equation: 

m 

z AL MTTRSS 

MTTRC  = ^i-  (7) S m 

1 
L = i 
I Ai 

where        m   =   the   number  of subsystems   within  the   tail 
rotor system 

A-^  =   the  failure   rate   of subsystem   L 
determined  by 

nL 
AL =    Ia

kIA (8) 
k^l 

5.1.2    Mean Preventive Maintenance Action Time (Mpt) 

In order to reduce  the probability that a system will  require 
corrective maintenance action,   this  system is  taken out of 
operation for a period of time for preventive maintenance  (lub- 
rication,  calibration,   adjustment,  etc.).     The mean preventive 
action time Hpt  is  defined as  the  statistical mean of  the sum 
of the  times required for preventive actions divided by the 
number of  these actions   scheduled  for a  given period.     For 
this   report the  scheduled maintenance actions   for 1500  flight 
hours   of  helicopter  operation were considered.      This   time was 
selected  because  it  is   the greatest  allowable  operating  time 
for an  item (42-d.egree  gearbox)  within  the  tail   rotor system. 
Daily and   preflight  inspections  are  excluded. 

The number of preventive maintenance actions  np  was determined 
using  the mean-time-between-scheduled-maintenance values 
MTBSM presented  in Table X.     The number  of  scheduled actions 
on a  component   n      in a  1500-hour period   is  expressed  by 

\ 
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n„ =a y n
n (9) 

where        s   =   the number  of  types of scheduled maintenance 
actions i  on   the   component 

a  =   the  number  of Like components k on   the 
ai rcraf t 

n        =   the  number  of  scheduled  actions  of   type   i 
PA.       on   the  component  k  in  1500  hours whare  generally 

1500 
npA     " MTBSMA 

(10) 

i i 

When   the action  involves   the   removal and   installation of a 
component (tail   rotor balancing,   TBO   replacements,   etc.),   the 
removal  and   installation are  considered   as   two  different 
actions. 

The  number of   preventive  maintenance  actions   in  1500  hours 
for   the subsystem  n is  determined   by 

PSS 
nL 

nD       =   Z    nD       +  60 (I1> PSS      ktl     \ 
where    ru   =   the  number  of  different k   components   within  the 

subsystem L 

There  are 60   inspections   of  each subsystem  in 1500  hours:   an 
intermediate  every  25  hours  and  a periodic  every 100  hours. 
The   time for  these   is   not   included   in  the number of component 
actions. 

The  number  of  preventive   actions   for  the  system   in  1500  hours 
n       is   expressed   by 

PS m 

n       =   i    n +60 (12) 
PS      L=l     PS?L 

where        m   = the  number  of "L  subsystems within the system 
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The additional  60 actions  are   those used   in  inspecting   the 
exterior and  opening and  closing access  doors  during the 
intermediate and   periodic  inspections.     These actions were 
not charged   to any  particular subsystem. 

Using  the preventive maintenance action  times  obtained   during 
the monitoring,   the   following  equations  were used   to find   the 
mean preventive maintenance action  time Mpt  for  the component, 
subsystem,   and  system.     The mean preventive maintenance action 
time for  the component k  is  expressed  by 

M Ai*'%){\) (13) 
Ptr n. 

where s   =   the   nurrber  of  types   of  preventive  maintenance 
actions   on  the  component 

M 
Pt, 

the mean time required for the ith preventive 
maintenance action of type i on component k 

n   = the number of preventive maintenance actions 
PQ,   occurring on the component k in 1500 flight 

hours 

The mean preventive maintenance action time for the subsystem 
L is expressed by 

M 

ru 

Pt 
a (XXH) 

SS 

+   60     I SS 

n 
SS 

(IM 

where loo   =   the mean  preventive maintenance  action  time   for  the LSS inspection  of   the subsystem 

The mean preventive  maintenance  action  time  for   the  system   is 
expressed   by 

M 

m 

ptc 
Lt (v)r^j +   60     I. 

(15) 
n 

PS 

where !„ = the mean preventive maintenance action time for the 
inspection of the system 
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5.1.3 Mean Corrective and Preventive Action Time (H) 

5.1.3.1 Monitored Data 

The M (active system downtime resulting from both corrective 
and preventive activities) was calculated for each subsystem 
using the following equation: 

M = 

/n \ MTTRC + /n \ W. ( c)     S   ( ps)  pts 

n + n c   p^ 
(16) 

where n     =   the  number  of  corrective  maintenance  actions 
c       in 1500  flight hours (1500 x Am/1000,000) 

Other items  are as previously defined, 

5.1.3.2     3-M Data 

As  a  comparison,   the  Navy   3-M data were  used   to   determine 
the value  of M.     Of  the models   covered   in  the  3-M  data,   UH-1D 
and AH-1G are  the  only  ones   of  interest  for  this   report. 
These data   identify  components   by work  unit  code   rather  than 
part  number;   therefore,   the  analysis   combines  all   similar 
components   regardless  of   part  number.     The mean maintenance 
action  time  from  the  3-M data analysis   is   presented   in calen- 
dar höu-r^,   providing a  comparison for monitored   task  times. 

The maintenance^ actions  were divided   in two groups:     "part 
replacements,"  both corrective and  preventive (scheduled), 
and   "on-aircraft"   repairs  (corrective).     The  part   replacement 
items  consider  the  remove-and-replace  (installation of a like 
item)  action times.     The  "on-aircraft"   repairs  are maintenance 
actions   that  are  not  "part   replacements."     The data  did  not 
include  identifiable preventive maintenance actions   other 
than  scheduled   replacements.     "All Maintenance"   is   the  two 
sets   of data  combined.     The values   for He  for each  component 
for each group  of  data  were determined  using   the   following 
equation: 

R.  = 

n 

I 
i=l 

M, 

(17) 

where        fL,  = mean maintenance action time for  the component 

M.   = maintenance  time for  ith action on  the compone 

n = number of  actions on the component 
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The subsystam M values wera computed by using the following 
equation : 

m 

M (18) SS     m 

I rJ 
j=l 

where     j =  the   jth component within  the  subsystem 

r. = maintenance  rate   of   the  jth component  type 

m =  the  number of  different component   types 

The   system Tl values  were  computed by using  the  following equation: 

M0  = 

2  rk "ss, 
k=l j 

P 

k=l 

(19) 

where k = the kth subsystem within the systen 

r, = the maintenance rate for the kth subsystem 
k 

p = the number of subsystems 

The maintenance rates used were also extracted from the 3-M 
data. 

5.2  MAINTAINABILITY INDEXES ANALYSIS RESULTS 

5.2.1 Mean-Time-To-Repair (MTTR) 

Table XII presents the MTTR values obtained by monitoring 
tail rotor maintenance.  The task times are the same for all 
three models for moct  components. The UH-ID/H and UH-1C 
have the same task times except for the tail rotor drive 
shaft replacement (installation) time.  This difference is 
caused by the difference in number of drive shafts:  The 
UH-1C has five (one fin drive shaft and four tail boom drive 
shafts) and the UH-ID/H has six (one fin and five tail boom 
drive shafts). 
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TABLE XII. MEAN   CORRECTIVE MAINTENANCE 
TIME   (MTTR)  GROUPED BY 
MAINTENANCE ACTION 
(Time Values  Based   on 
Monitored   Data) 

SUBSYSTEM 
Component 

Maintenance Action 

MTTR (Hours,   EMT) 

UH-1D/H UH-1C AH-1G 

TAIL ROTOR HUB & BLADE 

Remove 
Replace 
Track 
Grease 

TAIL  ROTOR  DRIVE 

^2°  Gearbox 

Remove 
Replace 
Service 

90°   Gearbox 

Remove 
Replace 
Service 

Hanger Assembly 

Remove 
Replace 
Grease 

T/R  Drive Shaft 

Remove 
Replace 

TAIL  ROTOR CONTROL 

Chain 

Remove 
Replace 
Align ( Rig) 

TOTAL   TAIL ROTOR  SYSTEM 

0.4 689 

0.1668 
1.1578 
0.0762 
0.0800 

0.4290 

0.2983 
0.8088 
0.1118 

0.4808 
1.7593 
0.1482 

0.1368 
0.394 7 
0.649 5 

0.1145 
0.3320 

0.2292 

0.12 57 
0.4047 
0.5303 

0.3591 

0.4490 

0.1668 
1.1578 
0.07 62 
0.0800 

0.5241 

0.2983 
0.8088 
0.1118 

0.4808 
1.7593 
0.1482 

0.1368 
0.3947 
0.6495 

0.1149 
0.3329 

0.2205 

0.1257 
0.4047 
0.5303 

0.4224 

0.5790 

0.1668 
1.3328 
0.0762 
0.0800 

0.6863 

0.2983 
0.8088 
0.1118 

0.5642 
2.1084 
0.1482 

0.1368 
0.3947 
0.6495 

0.1149 
0.3329 

0.2631 

0.1673 
0.4625 
0.6298 

0.4930 
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j                                                                  TABLE XII.     ( :Cont'd) 

SUBSYSTEM 
Component 

|               Maintenance Action 

MTT fR (Hours, EMT)               i 

UH-1D/H UH-1C AH-IG      1 

TAIL  ROTOR CONTROL   (Cont'd) 

Quill Assembly 

j                Remove 0.2268 0.2268 0.2685     j 

|                Replace 0.8222 0.8222 0.9973    | 

Control   Tube 

Remove 0.2435 0.2435 0.2852 

Replace 0.8390 0.8390 1.0140    | 

Boot 

Remove 0.1017 0.1017 0.1017 

Replace 0.3875 0.3875 0.3875     | 

Slider 

|                Remove 0.1017 0.1017 0.1017 

|                Replace 0.3875 0.3875 0.3875 

Bearing   Set 

Remove 0.0905 0.0905 0.0905 

Replace 0.2907 0.2907 0.2907 

Grease 0.04 67 0.0467 0.0467 

Crosshead 

Remove 0.0 570 0.0570 0.0 570 

|                Replace 0.3138 0.3138 0.3138 

|         Pitch Change  Link 

Remove 0.0650 0.0650 0.0650 

Replace 0.1938 0.1938 0.1938 

1            .,    .                        1 
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The  fin  drive shaft requires  a  little more  task time  than the 
others.     The time value  for this  part is weighted more heavily 
for  the  aircraft with  fewer drive  shafts,   thus  resulting   in 
higher  overall time  for UH-1C drive  shafts.     The AH-1G and 
UH-1C  drive  shafts  require  the  same amount of maintenance 
time. 

There   is   ,1   difference   in  average   task   times   betweer   the  AH-LG 
anil   UH-ID   H  C   for  some   maintenance   actions.      The AH-IG   some- 
tfmes   requires,   in addition   to   the   other   task   elements,    the 
removal,   of   one  or  both  of   the   tail   fin  fairings.     The  UH-1 
models   do   not  have   fin   fairings   covering   the   90-degree   gear- 
box  and   control  quill,   tube,   and   chain. 

■•> Mean   Preventive Maintenance  Action Time   (H . ) 

fables   XIII   through   XIX  present   the M       grouped   by model 
and   subsystem.     Component   tables   are  presented   only   if   there 
is   more   than   one   type   of  action   per  component.     The   average 
maintenance   time   computed   from   the   data   obtained   during   the 
monitor inn;  of   the   tail   rotor maintenance  and   the  number   of 
times   each  action   is   repeated   in  a   ISOO-hour   interval   are 
presented.      Notice   that   scheduled   actions   may  have   time   values 
different   from   the   unscheduled   maintenance  actions   presented 
in   Table   XII.     This   is   because   a   scheduled   removal   of   the 
QO-degree   gearbox,   for   instance,    requires   less   time   than  an 
unscheduled   removal   because   opening  of  access  doors   and   re- 
moval   of   controls   to   gain  access   to   the  gearbox  have  already 
been  accomplished   as   a   part   of   the   eleventh   100-hour   inspection. 

5.2.3     Mean  Preventive   and   Corrective Action  Time   (M) 

Table   XX   presents   the   subsystem   and   system  M  for  all   the 
models,    calculated   us' 
ito red   task   time   data 
models,   calculated   using   the  MTTR   and Mpt   obtained   from  mon- 

Table   XXI   presents   M   in  calendar   hours   elapsed  maintenance 
time   fc>lT   obtained   from   3-M  data.      In  Table   XXII, the   system 
and   subsystem   values   under   "All   Maintenance"   are   compared    to 
the   M  values   presented   in   Table   XX. 

The   difference  between   the   values   obtained   from   the   two   data 
sources    is   probably  flue   to   the   reporting  methods.      The  moni- 
tored data includes  only actual  "touch time."    The  3-M data 
probably  represents  touch  time  and other actions  required by 
maintenance men to accomplish a  task;   that  is,   preparing  an 
area   for   removed   parts,   getting   tools,   doing   paperwork   in 
connection with   the   task,   and   even   coffee   breaks,   should   they 
occur   in   the  midst  of   a   task.      The   last   item   is   probably   in- 
cluded    in   the   time   reported   due   to   a   requirement   that   every 
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TABLE . XIII.     MEAN  PREVENTIVE MAINTENANCE ACTION 
TIME (MDt)   FOR  THE TAIL ROTOR  SYSTEM 
(Express ed  in  Hours EMT,' 1 

t                                                                                                                                                                                                                                                                                                                      | 

Maintenance 
Action 

UH-1D/H Ul- -1C AT- -IG 

No.* V No.* Pt No.* M  ^ 
Pt 

Inspect 240.00 0.1924 240.00 0.1924 240.00 0.1924 

Remove 17.36 0.1699 17.36 0.1699 17.36 0.1808 

Replace 17.36 0.6078 17.36 0.6078 17.36 0.7863 

All,ß;n 120.00 0.2916 120.00 0.2916 120.00 0.3412 

Track 60.00 0.0762 60.00 0.0762 60.00 0.0 762 

Grease 46.73 0.1248 43.73 0.1178 43.73 0.1178 

Service 30.00 0.1174 30.00 0.1174 30.00 0.1174 

All  Actions 531.45 0.2040 528.45 0.2042 528.45 0.2215 

*   The  number of  actions  occurring  in a 150r 
interval 

-flight-hour 

1     . —   . .            ...              „_.,,....          ._„  ..          __   ,_„ , 

TABLE XIV.     MEAN PREVENTIVE MAINTENANCE ACTION 
TIME  (Hpt)   FOR   THE TAIL ROTOR HUB 
AND BLADE 
(Expressed in Hours EMT) 

|                                                                                                                                                                                                                                                                                                                     | 

Maintenance 
Action 

UH-1D/H m- -1C Al -IG 

No.* 
M  „ 

pt No.* M , pt No.* 
M  _ 

pt 

Inspect 60.00 0.0834 60.00 0.0834 60.00 0.0834 

Remove 15.00 0.1669 15.00 0.1669 15.00 0.1669 

Replace 15.00 0.6155 15.00 0.6155 15.00 0.7905 

Align 60.00 0.0527 60.00 0.0527 60.00 0,0527 

Track 60.00 0.0762 60.00 0.0762 60.00 0.0762 

Grease 15.00 0.0800 15.00 0.0800 15.00 0.0800 

Service - - - - - - 

All  Actions 225.00 0.1140 225.00 0.1140 225.00 0.1257 

*   The  numbe 
interval 

r of  actions  occ urring   in a 150r -flight-hour 

i                                                                                                                                              . _i 
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TABLE XV.     1 AEAU  PREVENTIVE MAINTENANCE ACTION 
TIME (MDt)   FOR  THE TAIL ROTOR  DRIVE 
SUBSYSTEM 
[Expressed  in Hours   EMT) 

1                                                                                                                                                                                                                                                                                                                    1 

Maintenance 
Action 

UH-" LD/H UH-1G AH -IG 

No.* M   ,. Pt No.* M   ,. Pt No.* Pt 

Inspect 60.00 0.0834 60.00 0.0834 60.00 0.0834 

Remove 2.36 0.2452 2.36 0.2452 2.36 0.2692 

Replace 2.36 0.5591 2.36 0.5591 2.36 0.7602 

Align - - - - - - 

Track - - - - - - 

Grease 16.73 0.2410 13.73 0.2442 13.73 0.2442 

Service 30.00 0.1147 30.00 0.1147 30.00 0.1147 

All Actions 111.« 0.1290 108.45 0.1262 1.08.45 0.1310 

v   The  numb 
interval 

er  of  actions  occurrint1;   in a   L500-flight -hour 

1                                   , . .._.          _. .    - -        _J 

TABLE XVI. MEAN  PREVENTIVE  MAINTENANCE ACTION 
TIME  (Mpt)   FOR   THE  90-DEGREE   GEARBOX 
(Expressed   in Hours   EMT) 

Maintenance 
Action 

UH-1D/1 

No/ M 
£L 

UII-1C 

No. M 
£L 

A1I-1G 

No.* M 
2JL 

Inspect 

Remove 

Replace 

Align 

Track 

Grease 

Service 

All  Actions 

1.36 

1.36 

2.73 

15.00 

20.4 5 

0.3012 

0.6986 

0.1657 

0.14S2 

0.1974 

1.36 

1.36 

2.73 

15.00 

20.4 5 

0.3(112 

0.6986 

0.1657 

0.1.482 

n.1974 

1.36 

L.36 

2.73 

15.00 

20.45 

0.3429 

1.0479 

0.1657 

0.1482 

0.2232 

■'   The   number of  actions   occurring   in  a   1500-flight-hour 
interval 

*'"   Included   in   Tail  Rotor   Drive   Subsystem   Inspection 
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TABLE XVII.    MEAN PREVENTIVE MAINTENANCE ACTION 
TIME  (Hpt)  FOR THE 42-DEGREE GEARBOX 
(Expressed  in Hours  EMI; 

Maintenance 
Action 

UH-1D/H UH-IC AH-1G              | 

No.*         Mpt No.* Pt No.* Pt        1 
Inspect ** 

i 

1 VvV 
■    i      ■ 

1 
Remove 1.00 0.1687 1.00 0.1687 1.00 0.1687 

Replace i.no 0.3691 1.00 0.3691 1.00 0.3691 

Align - - - - - - 

Track - - - - - - 

Grease 2.00 o.k3m 2.00 O.U3lk 2.00 o.ksm 
Service 15.00 0.0813 15.00 0.0813 15.00 0.0813 

ALI Actions L9.00 0.1379 19.00 0.1379 19.00 0.1379 

* The  number of actions   occurring   in a   I500-f1ight-hour 
interval 

**   Included   in Tail Rotor Drive  Subsystem Inspection 

TABLE  XVIII.     MEAN PREVENTIVE MAINTENANCE ACTION 
TIME (TLt)   FOR  THE   TAIL ROTOR HANGER 
ASSEMBLIES 
(Expressed in  Hours   EMT) 

Maintenance 
Action 

UH- LD/H UH-IC AH-1G 

No.* V No.* Pt No.* 1      Mpt 

Inspect * * *•> r 
i 

Remove - - - - - - 

Replace - - - - - - 

Al ign - - - - - - 

Track - - - - - - 

Grease L2.00 0.22 65 9.00 0.22 65 9.00 0.2265 

Service - - - - - - 

All Actions 12.00 0.2265 9.00 0.2265 9.00 0.2265 

*  The  numbe 
interval 

r  of actions   occurring   in a  1500-flight-hour 

**   Included in  Tail  Rotor Drive  Subsystem  Inspection 

1 3 
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TABLE XIX. MEAN  PREVENTIVE MAINTENANCE ACTION  TIME 
(Mpt)   FOR THE  TAIL ROTOR CONTROL SUBSYSTEM 
(Expressed  in Hours   EMT) 

UH-ID/H 
Maintenance 

Action No. M 
£L 

UH-IC AH-10 

No. 
M 
£1 No.* 

M 
RL 

Inspect 

Remove 

Replace 

Align 

Track 

Grease 

Service 

All  Actions 

60.00 

60.00 

15.00 

135.00 

0.2402 

0.5304 

0.0400 

0.3469 

60.00 

60.00 

15.00 

135.00 

0.2402 

0.5304 

0.0400 

0.3469 

60.00 

60.00 

15.00 

135.00 

0.2402 

0.6300 

0.0400 

0.3911 

*  The  number  of  actions   occurring  in a  1500-flight-hour 
interval 
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w 

minute  of  the maintenance  personnel's  work day must be  charged 
to a maintenance   task. 

TABLE XXII.     COMPARISON OF H VALUES 

Subsystem 
Monitored Data 3-M Data         \ 

UH-ID/H UH-1C AH-1G UH-1D AH-1G 

Hub and  Blade 

Drive Subsystem 

Control  Subsystem 

0.1193 

0.1453 

0.3416 

0.1265 

0.1458 

0.3433 

0.1332 

0.1731 

0.3832 

0.96 

1.69 

1.30 

1.66 

0.93 

1.20 

TOTAL T/R SYSTEM 0.2086 0.2115 0.2321 1.25 1.17 
....                         ,                    .                                        1 
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6.      ME^-TIME-TO-REMOVAL   (MTR)  AND 
MEAN-TIME-BETWgeN-REMQVAL  (MTBR) 
ANALYSES 

6.1    MTR AND MTBR ANALYSIS APPROACH 

6.1.1     Computing MTR 

MTR of  an  item   is   the  average  of  the   total   operating  time 
(measured   in  flight  hours)   of   the   items   removed.     It   is   com- 
puted   by  summing   the   total   time   tj  on  each  item and  dividing 
the   result  by   the  number of   items  n   removed,   as   shown  in   the 
following  equation • 

n 
V 

MTR =   i=l 

H 

n (20) 

This   equation   is   used   to  compute   the MTR   for   the   items   removed 
for all   causes   of   removal  as  well  as   for   the   items   removed   for 
each specific   failure   cause.     While   the  MTR computed   for  items 
removed   for  all   causes   and   for  each  of   the  subgroups   of  removal 
reasons   (i.e.,   unscheduled maintenance,   material  failures, 
external   failure   causes,   no  failure  causes,   scheduled  mainte- 
nance)   are  reasonably  meaningful,   the  MTR  values   for a  small 
number  of  items   removed   for  failure modes   which  seldom  occur 
are  not   really  significant. 

Another   factor   that   is   important  when  conducting  MTR analysis 
is   that   early  component  analyses   of  a   new  production  fleet 
using  the above   equation will  give  results  which are  very  mis- 
leading.     Obviously,   if  the fleet has   accrued  only,   say,   300 
flight  hours   per  aircraft,   the   few components   removed  will 
have an MTR of  300  hours  or less   while   the components   remain- 
ing  on   the  aircraft  and   which   continue   to   acquire   time may 
well  have  operating   times  greater   than   the  components   removed. 
In  this   situation   it   is   preferable   to   estimate   the MTBF  or 
MTBR  to   obtain values   that are  significant   for  the  component. 

This   tail  rotor  system analysis   is  for  components  of  mature 
aircraft.    The  MTR equation has   been   used   to   obtain  the 
values   presented   in Appendix  II. 
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6.1.2    Computing MTBR 

Mean  time  between   removals  (MTBR) is   the average   interval   in 
hours  between maintenance actions resulting   in   the   removal   of 
an  item  from a   fleet  of  aircraft.      It   is   computed using  the 
following   equation: 

MTBR  = 

m 

JIX. 
Ti 

n 
(21) 

rn 
where J2    j   -   the   total   flight  hours   on  a   fleet  of 

j=l m  aircraft 

T.   =   the   time on  the   ith aircraft 
3 
k  =   the  number of   items   installed   per aircraft 
n =   the  number of  reported   removals   in  the  fleet 

This  equation  is   similar  to mean time between  failures (MTBF) 
equation  (1),   except n  in this case  is  number of removals 
while n  in  the MTBF  equation  is  number  of  failures. 

There are  several   significant  factors   to  be   recognized   in 
MTBR analysis. 

a. The MTBR  for  an   item  for all   removal   causes  may be 
close  to,   although   it should   be  larger  than,   its MTR 
for all   causes.      This   is   because   the   total   fleet  time 
will   be  equal   to   the  total  hours   on  the   items   removed 
PLUS   the   total   time  on  the  items   installed   and  still 
operating.      It   is   only at  some   theoretical   point  in 
time where  all   the  items  have been   removed   without 
replacement  and   the fleet  is   shut  down  that   the MTR 
and  MTBR  for all   causes  will   become  equal. 

b. The   item's  MTBR  for all  subgroups   of   removal   reasons 
will   be  greater   than  the   item's  MTBR  for all   removal 
causes.     Obviously,   since   the  number  of   removals 
decreases   for  the  subgroups   of   removal   reasons  while 
the  fleet   time  stays   the  same,   the   resulting MTBR will 
be  larger. 

c. The MTBR  for   items   removed   for causes   that   seldom 
occur can be  very  large.     Here  the  significance   in 
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the  value   is   that   it  permits   identification  of  a 
removal   reason  that   is  probably not  cost  effective 
to  correct.     Conversely,   the  removal   causes   with  the 
lower MTBR  valves   are   those  for which  product   improve- 
ment may be  justified. 

While   the  overhaul  and   DA  form 2410   removal  history  data 
provide time  for the  items  removed,   it  is not necessarily a 
complete history of  the  item removals.     Also,   as  discussed in 
a above,   the  total hours   in the component removal  data are 
less   than  the  hours   on all   the  items   since   the   items   in  the 
aircraft are also  accruing  time.    To compensate  for this,   the 
MTBR  equation can  be modified  as  follows: 

MTBR^ (22) 

where Tf  =  an adjusted   total   time  for  the   items   that 
'       have  been   removed  and   that are   installed 

n'   =  an adjusted   number of   items   removed 

where n 

Tf   =    A t-   + MTRT x km 

1=1 (23) 

n 
where        5] t •   =   t:^e   total-   time  on  the   items   n   removed 

.   , for all   causes 
i=l 

MTR™  =   the   item's  mean  time   to   removal   for all 
causes 

m  =   the  estimated  number  of aircraft   in   the 
fleet 

k   =  number  of   items   installed   per aircraft 

and   where  n'   =   n  +   km, (24) 

This  modification assumes   that at a   specific   point   in  time 
the   items   installed   on   the   operating  aircraft  will   eventually 
be   removed  and   that   these   items  at   removal   will  have  an MTR 
equivalent   to   that  already  observed   on   the   items   previously 
removed.     This   assumption  becomes   reasonable  only  after  the 
aircraft fleet becomes  mature,   that  is,   after  it has  completed 
a  sufficient portion of   its   life cycle  so  that  the  component 
MTR' s have essentially  reached their maximum and become  level. 

51 



By  performing   the algebra  associated  with   these modifications, 
the  equation   reduces   to 

n 

I t. 
i 

MTBR = —  (25) n 

the 

This   is   the  same  as   the  MTR  equation  (20)   for   "All   Cause"   re- 
movals.     However,   in Section 6.1.2   the analysis   factor a 
states   that   the MTBR  values   for  "All  Cause"   removals  are 
larger  than  the MTR  values   for "All   Cause"   removals  until   the 
fleet  essentially  completes   its  life  cycle.      This  means   that 
MTR-j-  in equation  (23)   should   be somewhat  larger   than  that 
previously observed   on   the   items  already   replaced.     But   tl 
magnitude  of   this   difference cannot  be  estimated   since   it 
will  vary with   the maturity  of  the  aircraft  fleet.     The 
UH-1G/D/H and  AH-1G aircraft are  sufficiently mature  to  expect 
this  difference   to  be  minimal.     Therefore,   in  the MTR/M'IBR 
component analyses  in Appendix II,   the total  component times 
used   to  compute   the  "All   Cause"  removal  MTR  values   and   to 
compute  the  MTBR   values   are  equal  and   the   resulting  "All  Cause1' 
removal MTR  and  MTBR   values   are  shown as   equal. 

The  following  equation was   used   to  compute   the  component MTBR 
for  the subgroups   of   removal  reasons: 

n 

I h 
MTBR,    = —  (26) 

h \ 

where MTBR,    =   the  mean-time-between-removals   of   the item 
for  subgroup h   removal   cause 

n,    =   the   number of  items   removed   for  subgroup h 
removal   cause 

n 
t.   -   the   total   time  on   the  items   n  removed   for 

i all   causes i=l 

6.1,3    Sources   of  Data 

Two  data  sources   were  used   for   the MTR/MTBR  analyses: 

SAV Form  63k  data   -   disassembly  inspection  summary 
reports   of  UH-IC/D/H  and AH-IG  assemblies   overhauled 
or  received   for  overhaul  and   scrapped   at  BHC 
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Army Reliability  and  Maintainability Maintenance 
Improvement     Techniques  (RAMMIT)  Major   Item  Removal 

4     5     6 Frequency  (MIRF)   reports     '      '        of   DA   form  2410 
component   removal   and   installation   records 

To obtain a representative  sample from the  first source,   the 
following   technique  was   used.     Only  those  assemblies   which 
had   serial  numbers   the  same  as   those  originally   installed   on 
aircraft that had accrued more than 1100 hours   (the usual 
time  between overhauls   (IBO))   were   included   in   the   sample. 
This   provides   the most  correct  ratio  of  premature   removals 
to  TBO  removals   from   the  data  source.     Only   the 42-   and  90- 
degree  gearbox  assemblies   were analyzed   from   this  data  source. 
The data used   were   for   the   period   from   initial  delivery of   the 
production aircraft   through   1970.     Since  both   the   tail   rotor 
hub and   tail   rotor  blades   are  retirement   items,   they did  not 
appear in the  overhaul  data.     The drive-shaft hanger bearing 
assemblies  which are  overhauled  are  "on condition"   items 
(have no assigned   TBO)   and   are   installed   three  (UH-1G/AH-1G) 
or  four (UH-1D/H)   per aircraft.     Although  the  overhaul  data 
contained a large number of assemblies,   it was  not possible to 
determine an adequate  sample  from   this   source. 

The   tail   rotor  system   components   that were  selected   from  the 
second  data  source  were   those which had  at  least  100   removal 
records.    The MIRF reports  were available only on Model UH-1D, 
UH-1H,   and AH-IG components.     The   reports  used   contained   remov- 
al  data  for  the  interval   from 1  January 1964   through  30 June 
1971   for  the UH-1D and   through 31  December   1971   for  the UH-1H 
and  AH-1G. 

6.1.4     Formatting   the Analysis 

For   the  purpose  of   presenting   the mean-time-to-removal (MTR) 
and  mean-time-between-removal   (MTBR)   analyses     the   individual 
removal   reasons  were  combined   to  form   the   following  groups  of 
reason  for  removal   classifications: 

All  Causes 

Unscheduled Maintenance/Failure 
Material (Inherent Failures) 
External and Induced Failures 

Inspection 

-  Scheduled Overhaul (TBO) 
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Other Removal  Recisons  as  Applicable 
No   Defect 
Other  Scheduled  Maintenance 
Unknown 

The  material   failures   category  consists   of   those   reasons   that 
are  inherent in,   or are  thought to be the fault of,   the  item 
under consideration,   e.g.,   bearing  failure,   oil   leakage,   etc. 

The   external   failures   category  consists   of   those   reasons   that 
are   not   the  fault  of   the   item  under  consideration   but  were 
induced   or  caused   by   some   external  agent,   e.g.,   foreign  object 
damage,   combat damage,   etc. 

The  unknown category   includes   those   records  where   reasons   for 
removal  are unstated   or  reasons   that  are   inconsistent  with 
the   item being  removed;   e„g.,   fuse  blown,   poor  focus,   etc., 
for   removal  of  a   tail   rotor  blade. 

6.1.5 Grouping   the  Data 

With  such  a   large   number  of   failure  codes   to   select   from,   it 
was   apparent  when   reviewing   the  MIRF data   that  several   codes 
used   had   the  same  meaning   for   the  component  being   reported: 
e.g.,   381-   leaking and   307-   oil   leak;   008-   noisy  and   150- 
chattering;   and   670-   unbalanced   am1   690-   vibration  excessive. 
As   a   result,   to  make   the   analyses  more  meaningful,    records   of 
removals  with codes  where   only a  small  number  of  components 
were   reported  were  grouped   with   those with   essentially   the 
same   failure mode   where   a   large   number of   components   were 
reported. 

6.1.6 Estimating  MTBR   From   Component MTBF 

If  the  failure  rate  of a component  is constant,   i.   e., 
R   =   exp  -At (where A=   1 'MTBF),   if   the  component   is   life 
limited   or has  an  assigned   TBOf   and  if  the mean  time  between 
removals   CMFBRp)   to   be   estimated   considers   only   failure   cause 
and   time  change   removals,    the   equation   for   the  MTBRe   can  be 
obtained   for a  quantity   of   components  N   for which  an  MTBF   is 
known  by   integrating   the  area   under   the   reliability  curve 
between   the   limits   of   zero   time  and   the  assigned   time   change 
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NUMBER 
SURVIVING 

N_ 

N 

R=e  MTBF 

o. 
0 TIME 

The following developes the equation to obtain MTBRe where N 
is the original quantity of components. 

N x MTBRe  =  N I e 
^0 

MTBF 
dt 

■/, 

'c t  
WTBF 

MIBR     =  /     e dt e      J0 

=  MTBF [ 
t -1   C 

" HTBF 

Jo 

=  MTBF 
MTBF 

( 

_0_ 
MTBF 

) 

=  MTBF 1   -   e 
MT5F I 

J 
(27) 

Figure 7 shows the relationship between MTBF and MTBRe for 
components with time changes of LLOO, 1300, 2500, and 5000 hours 
based on equation (27). 
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Figure  7.     MTBF Versus  MTBR   fnr 1.100-,   1.500-,   2S00-, 
and   5000-Hour  Time  Change  Components   and 
On-Condition Components. 

The  MTBRe   values   werf   estimated   from   the MIRF data   analyses 
for  each  component   hy  equating   the MTBF   to   the   component MTBR 
shown  in  Tables  LXXVII   through  CII   in Appendix   II   for  "Unsched- 
uled  Maintenance"   removals   and   time   change   tc   to   1100  hours 
for   the   hubs,   blades   and   90-degree   gearboxes,   1500   hours   for 
the  42-degree gearboxes,   and   5000  hours   (approximate   aircraft 
life)   for   the hanger assemblies.      In computing MTBRe ,   the  no- 
failure   cause   removal   components   are   considered    to   have   been 
reinstalled   and   permitted   to   operate  until   they   are   subse- 
quently   removed   for   failure   or   time  change. 

Figures   8  and 9,   developed us'.ng  the  reliability and MTRR 
equations,   show the percentar^  of  the  limited-life  assemblies 
that  can  be. expected   to   achi    .'e   time   change   versus    their MTBF 
and   M^BR   values. 

56 



1 ' -- 1 ::;:!:::: 1 J; . 
:■ 1-- 

  ;j:r 
...  j — 

:.. 

I' ;:: j;.:: 

.    ;..   . ; \ . ..'..\..'.. :,   iJ. 

::;;j| 
:;■ .|,," 

i. --.■{■'.. ..r;i;.:. ■::■[■*■: ...;|.... 
1 1 i 1   : 

i .. 

1   ' I    ! 
y 
| 

... ^ 

1 V 

—"-— 

T
/
C
 
—
 

\:\ 

v. i 
o 

JR
 
T
/
C

: 

\ \ 
V 

o 
CM 

01 

8 vv )>l 1 
1 

: 

1 
o — 
o .. r 

\\ „;N V 
o 

■  ■ o 
m 

- \ \ 
E 

v> k. 

^ 

\ i 
^ 

.   i   ■    *■ 

;   c 

\ 
^ ,—..!..  . 

C 
Ü 

r 

D    ; 

-1    : 
■^ äs 

O 
O 
O QJ 

> 
O •H 
00 > 

3 
00 

r-l 
r-1 
•H 

4-i 
03 

O fS 
o <Ji 

S en 
4-1     . 

o o c u* 
CN X %£ 

^ 
fe E   v m O   3 
H Ü    Cfl 
Ä 

of
 
th

e 
a
n
g
e
 
V
e
r
 

o OJ ^ 

o büO 
o 03 

•t 4-1    OJ 
o 
r—( 

F
i
g
u
r
e
 
8.
 
 
P
e
r
c
e
n
 

to
 
T
i
m
 

o 
o 
o 

o o 
oo 

o o O O 
J" 

o o 
CM 

o 

iNaonad 

57 



500 LOGO 

MTBR 

1500 

HOURS 

2000 2500 

Figure 9.  Percentage of the Components That Will 
Survive to Time Change Versus Their 
MTBR. 

6.1.7  Other Variations in MTBR Estimating 

Modifications of the MTBRe equation (27) can be used to 
project the MTBR where a repairable fraction of the TBO 
or limited-life components is repaired, reinstalled (not 
necessarily on the sa-ne aircraft), and later removed for 
failure or time change causes.  This failure and repair 
process may occur several times to a component before it 
is sent to overhaul or is retired. Appendix VI shows the 
equations and a set of examples for this estimation. 
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6.2     MTR AND MTBR ANALYSIS  RESULTS 

6.2.1     BHC Overhaul Data 

Table XXIII   summarizes  the  results of  the MTR and MTBR analysis 
of  the  42-  and 90-degree gearbox data on asserr1 ''ies  processed 
for overhaul  at BHC.     The more  detailed result?,  of  the  analysis 
are  shown in the first sixteen tables   in Appendix II.     Table 
.XXIII   shows  that the MTR and MTBR values  for the AH-1G assemblies 
are  consistently lower than  those of  the UH-1 models.     The MTR 
for the  later dash-numbered assemblies  is higher than for the 
earlier assemblies both for  "All  Causes" of removal  and  for 
"Unscheduled Maintenance"   ("Failure")   causes.     However,   even 
though  the MTBR values  for the  same  later dash-numbered  assem- 
blies  were higher than for  the  earlier assemblies  for  "All 
Causes"  of removal,   they were  lower in  the later assemblies  for 
"Failure" causes of removal.     The number of assemblies  removed 
for  these causes   (presented  in Appendix  II)  shows  that while 
from  19  to  24 percent  of  the  earlier assemblies were  removed 
for  failures,   32  to 42 percent  of  the   later dash-numbered assem- 
blies  were  so  removed although  they had a higher average   tine. 
Kxplanation of probable cause  for the   increased failure  per- 
centage   is  given in 6,2.2,1   Basic MTK/MTBK Analysis. 

The   significant  failure modes   for  the   two  types  of gearboxes 
were: 

a. Material  I'ailures   (MF)   -   63 percent of the 
Unscheduled Maintenance  removals 

Leakage -    60 percent  of  the Ml   removals 

Metal  Particles  -   13  percent of the Mi   removals 

hxcessive Wear -     s  percent  of  the MF  removals 

Internal  [-"allure  -     i   percent of the Ml   removals 

b, Fxternally Caused  1 allures   (I'.CI.)   -   37  percent  of   the 
Unscheduled Maintenance  removals 

r-udden  Stoppage  -   4S   percent  of  the  FCi   removals 

('rash  -   17   percent   of   the   FCI    removals 

ilard  I anding/cvorstressed  -   11  percent  of   the 
K'l-   removals 

These   results  were generally  consistent with  the  results   of 
the  RAMM1T MIRF  report  data discussed below. 
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6.2.2  RAMMIT MIRF Report Data 

6.2.2.1  Basic MTR/'MTBR Analysis 

Table XXIV summarizes the results of MTR and MTBR analysis of 
the PAMMIT MIRF report data on fourteen assemblies installed 
on one or more of the three aircraft models, UH-1D, UH-11I and 
AH-1G.  The more detailed analyses are contained in Appendix 
II.  In this analysis, as was previously shown in the overhaul 
data analysis, the M'IR/MTBR values for all causes of removal 
were consistently lower for the AH-1G than for the UH-ID'H. 
However, the later dash-numbered assemblies showed higher 
MTR ^TBR values for all causes of removal for only some of 
the components.  (For the components listed, where the first 
9 numbers of a part number are the same, the larger number in 
the final dash number designates the newer designs.  Also the 
-801 tail rotor hub assemblies are more recent designs than 
the -701 hubs.) 

Table XXV compares the number of failure-caused removals as a 
percentage of total removals for the earlier and later assem- 
blies.  Similarly, it also compares the number of material- 
failure-caus ed removals as a percentage of total removals for 
the same assemblies. T\ i  MTR/MTBR values for these removals 
are also presented.  No consistent trend is observable. 

Since an increase MTR/MTBR for the lat.er (improved) assemblies 
is the trend one would expect to see in the analyses and since 
the characteristics of most changes in this type of equipment 
are such that the later assemblies are at least as good as the 
earlier ones, other reasons for explaining the results of the 
analyses must be identified.  There are two factors that 
impact on the later 42- and 90-degree gearboxes.  First, the 
later assemblies have a chip detector installed which alerts 
maintenance personnel to a metal-chip ontaminated oil condi- 
tion.  This results in either gearbox replacement at an earlier 
time than would have been the case on the earlier assemblies, 
or an oil change.  The most frequent action is tho oil change. 
This change reduces the accelerated wear and secondary damage 
that can be caused by the abrasive lubricant. The overall 
result is that the later assemblies could attain either a 
shorter or longer installed time depending on which action 
predominated. 

The second factor is that these data cever the initial install- 
ations of the components on new aircraft.  As such, the earlier 
dash-numbered assemblies were on the earlier fiscal year air- 
craft during the period when their initial utilization was in 
the United States, prior to their being deployed in Vietnam. 
The later aircraft with the later assemblies were primarily 
deployed directly to Vietnam shortly after delivery.  The 
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UH-l/AH-1  M&R monitoring   program   revealed   that   the   use   rare, 
gross  weights,   and   general   treatment   of   the  aircraft  were   much 
more   severe   in   the   combat   environment.      This   factor  was   particu- 
larly  significant   for   the   higher  powered   UH-1H  and  AH-1G. 

Although   the   operator's   manuals   restricted   the   engine   power 
to   1100  shp,    the   engine   had   output   torque   values   equivalent 
to   1400  hp  at   6600   rpm   for military   rating  and   1250   hp at 
6600   rpm   for   normal   rating.      The   1100   shp  was   frequently 
exceeded   when   the   aircraft were  operated   under   the   stress   of 
combat conditions. 

Table XXVI   presents   the   significant   failure  modes   for material 
failure-  and external-failure-caused  removals   observed for each 
type  of  component  when   the   data   in Appendix   II   for  each of   the 
part   numbers   and   for  each   of   the   aircraft  models   are   combined. 
For all components,   three  failure modes make up  80 percent  of 
the  material-failure-caused   removals.      Excessive   wear  is  a 
significant   failure  mode   for  all   components.      Except   for  the 
tail  rotor hub and blade,   sudden  stoppage  is  the most,  signif- 
icant external-failure-caused failure mode, 

6.2.2.2     Estimating  MTBR  From Component MTBF 

Table XXVII   shows   the   results   of  estimating   the   MTBR   of   the 
components  using equation  (27),  which considers   removals  for 
failures   and   time   change   only.     The   resulting  MTBR0   is   a 
significant   increase   over   the   "All   Causes"   of   removal   MTBR 
observed   in   the   basic   analysis.     The   basic   reason   Cor   this 
difference   is   the   large   percentage   of   components   that   are 
removed   for   reasons   other   than  failures   and   time   change   that 
are   later   reinstalled   on   either   the   same   or   other  aircraft 
and   are ultimately   removed   for   failure   or   time   change   at   a 
higher  total   time. 
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7.     REPAIR-VERSUS-SCRAP ANALYSIS 

The   analysis   of   repairable  and   scrap (nonrepairable)   com- 
ponents   of   the   tail   rotor drive  system  has   been  limited   to 
the   tail  rotor hub  and  blade   assemblies,   tail   rotor  drive 
shaft  and  hanger assemblies,   42-degree and   90-degree   gear- 
boxes,   and   tail   rotor  control  quill  assemblies.     The   re- 
maining   tail   rotor svstcm  components  when failino;  are  con- 
sidered   nonrepairable  and   are   scrapped   during  corrective 
maintenance. 

The   repairable  and   scrap  components  fall   into   three   categor- 
ies--limited (finite)   life  components,   components  with spec- 
ified   times  between  overhaul  (TBO),   and  selected  condition 
components.     The   technical   bulletin on aircraft  component 
replacement and   re-use   procedures     establishes   basic   criteria 
for   repair and   scrap   for  these  components. 21    Limited  life 
components  are   retired   from   service  (scrapped)   after   reach- 
ing   an  established maximum  allowable  operating   time  (MAOT) 
since  new.     If  a  failure   occurs  before  the component   retire- 
ment   life  is   reached,   the  component will  be  repaired   if  it 
is   repairable and   has  more   than 100 hours   of   the  established 
MAOT   remaining,   or scrapped   if   it has   less   than  100   hours 
remaining.     The   tail   rotor  hub  and  blade  are  limited   life 
items   and are  assigned   a MAOT  of  1100  hours. 

TBO   components   are  subject   to   restoration,   through   overhaul, 
when   removed   from  service  after  reaching a MAOT since  new or 
overhaul.     If  a   failure   occurs   before   the   TBO   schedule   is 
reached,   the  component  will   be   repaired   if   it  has  more   than 
200   hours   of   the   established   MAOT  remaining and   overhauled   if 
it  has   less   than  200  hours   remaining,      The  ^-degree  and  90- 
degree   gearboxes   are   TBO   items. 

Selected   condition  components   are  overhauled/repaired   when 
necessary ("on  condition")   rather  than at a   particular TBO 
interval.     "On  condition"  overhaul   items   are   tail   rotor hanger 
assemblies.     "On  condition"   repair  items   are   the   tail   rotor 
driveshafts  and   control   quill   assemblies. 

This   analysis   will   present  a   percentage  comparison  of   com- 
ponents   repaired   to components   scrapped. 

7.1      REPAIR-VERSUS-SCRAP ANALYSIS APPROACH 

The   data  analyzed   were card   records  of  overhaul,   repair,   and 
scrap   tall   rotor  system  components   reported   on   the  UH-lC/D/H 
and   AH-1G  helicopters.     The   data   sources  were  Army   TAMMS  DA 
2407   unsheduled   maintenance data  and  BHC  overhaul  data. 
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7.1.1 TAMMS  2407 Unscheduled   Maintenance  Data 

The TAMMS DA 2407 data were analyzed to determine what per- 
centage of all maintenance actions results in the scrapping 
of a component. The five coded actions in these data which 
indicate that maintenance was performed on an item are: 

Checked, not repairable 

Removed and reinstalled 

Repaired 

Not   repairable   this   station 

Replaced 

It  was   assumed   that  the  first  action  indicates   that   the   item 
was   scrapped,   the next   three  actions   indicate  that   the   item  was 
repaired.      The  last  action   is   an  unknown--it does   not  indicate 
the  disposition of  the  removed   component. 

The   TAMMS  maintenance data  were  analyzed  by  first   identifying 
the   component,   the  component  part  number,   and   the disposition 
of   the  component,   i.e.,   repaired,   scrapped,   or forwarded   to  a 
repair  facility,   and   second   expressing as   percentages   of   the 
total   component maintenance  actions,   the  number of   the  compon- 
ents   repaired   and  scrapped. 

7.1.2 BHC Overhaul   Data 

The analysis of the oata on components overhauled at BHC was 
performed by identifying the: 

Component overhauled 

Component part number 

Total number of components processed, i.e., overhauled, 
repaired, or scrapped 

Total number of components processed for which 
accumulated operating time is reported 

MTR of the components processed for which accumulated 
operating time is reported 

Total number of components scrapped 
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Total   number of  components  scrapped  for which 
accumulated operating  time  was   reported 

Percentage of  the   total   number  of  components  processed 
that  were  scrapped. 

7.2     REPAIR-VERSUS-SCRAP ANALYSIS   RESULTS 

7.2.1 TAMMS  Data Analysis 

Tables   XXVIII   through XXXI  present   the percentage  repaired, 
scrapped,   and  with unknown disposition  for  the   components 
being  analyzed.     The   tail   rotor control   items,   other  than 
the quill  assemblies,   were  considered   scrapped  whenever 
replaced.     The   percentage  of   tail   rotor drive system  com- 
ponents   and   the   tail   rotor hub  and   blade  assembly  components 
that were  scrapped cannot be determined because three-fourths 
or more   of   the  maintenance  actions   considered  were  coded 
"replaced,"  which  is   a  "disposition  unknown" action.     It  was 
assumed   that  whenever a  sprocket  was   replaced,   a  tail 
rotor  control  quill  assembly was   being   repaired.     This 
placed   the majority  (from   53-97   percent)   of  the  control  quills 
in  the  "repaired"  category.     None of   the  control  quills   were 
identified   as   scrapped.     It   is   concluded   that   it   is  not 
possible  to   determine  the complete  percentage  of  repair or 
scrappage  of  any   tail   rotor  system   repairable   item  from   the 
TAMMS  data. 

7.2.2 BHC  Overhaul Data Analysis 

Table XXXII  presents  a scrap analysis  of  tail   rotor components 
processed   at BHC  which are  overhaul   or limited-life   items. 
The limited-life  items  have much higher scrap  rates   than 
overhaul   items. 
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TABLE XXVIII. REPAIR-VERSUS-SCRAP ANALYSIS  OF 
UH-1C  TAIL ROTOR  COMPONENTS 

(Based  on unscheduled Maintenance 
Actions   from   TAMMS  2407  Data) 

SUBSYSTEM 
Components 

Bell 
Part  Number 

Dispositior 
of  Tot 

i  as   a   "o 
al 

Repair Scrap Unknown 

i    T/R HUB  &  BLADE 20^-011-701-017 10.0 - 90.0 

Hub  Assembly 20^-011-701-013 
204-011-701-019 
204-011-801-005 
204-011-801-009 

8.3 
5.7 

* 
* * 

91.7 
94.3 

* 

T/R   Blade 204-011-702-017 7.5 0.1 92.4 

T/R   DRIVE 

T/R  Drive  Shaft 204-040-620-003 3.1 - 9 6.9 

Hanger  Assembly 204-040-600-007 
204-040-600-009 

1.7 
3.1 - 

98.3 
9 6.9 

42°   Gearbox 204-040-003-023 
204-040-003-037 4.0 1.0 95.0 

90c   Gearbox 204-040-012-007 
204-040-012-013 1.6 

* 

98.4 

T/R CONTROL 

Quill  Assembly 204-010-740-005 68.8 - 31.2 

i               1 
*  Data  are   inadequate 
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TABLE  XXIX. REPAIR-VERSUS-SCRAP ANALYSIS  OF 
UH-ID  TAIL  ROTOR  COMPONENTS 

(Based  on Unscheduled Maintenance                     | 
Actions   from   TAMMS 2407   Data) 

Disposition as   a    0     1 
SUBSYSTEM 

1         Components 
i                     Bell 

Part   Number 
I                  of  Tot al                  1 

Repair Scrap 1 Unknown 
!    T R  HUB  \   BLADE 20i4-oii-7ni-ooq 11.3 _ 88.7      | 

204-011-701-015 25.S - i   7^•2 

Hub Assembly 204-011-701-011 x 
■'' 

204-011-701-013 0. 09.3  1 
204-011-701-019 9    ■ •-   • 97.0  i 
204-011-701-029 7.1 0 2.0 
204-011-801-005 -v 

204-011-801-009 - - 100.0 

T 'R   Blade 204-011-702-015 1.8 0.1 98.1      ! 

T/R DRIVE 

T/R   Drive   Shaft 204-O40-520-OO3 2.5 1.4 96.1     1 
204-040-620-005 3.7 3.1 93.2     1 

Hunger Assembl v 204-040-Of) 0-00 7 1.0 0.3 08.7      I 
204-040-600-009 0.9 - 99.1 

l42:    Gear-box 204-040-003-023 3.8 1.4 0 5.8      | 
204-040-003-037 3.5 - 0 6. 5 

90   Gearbox 204-040-012-007 5.3 _ 94.7 
204-040-012-013 1.9 - 98.1      | 

T/R CONTROL 

Quill   Assembly 

1 

204-010-740-003 
204-010-740-005 53.3 

_J 

40.7      1 

*   Data  are   tnadequ a t e 

.          _      .,               _,     _.                                                                                    1 
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TABLE XXX.     REPAIR-VERSUS-SCRAP ANALYSIS OF 
UH-1H TAIL ROTOR COMPONENTS 

(Based  on Unscheduled Maintenance 
Actions  from TAMMS  2k07 Data) 

SUBSYSTEM Bell 
Part  Number 

Disposition as   a % 
of  Total 

Gomponencs Repair Scrap Unknown 

T/R HUB  &  BLADE 204-011-701-015 18.0 - 82.0 

Hub Assembly 204-011-701-013 
204-011-701-019 
204-011-801-009 

1.7 
15.2 

0.2 
100.0 
98.1 
84.8 

T/R  Blade 204-011-702-015 2.7 - 97.2 

T/R DRIVE 

204-040-620-003 
204-040-620-005 

1.7 
0.8 

- 98.3 
99.2 

T/R  Drive  Shaft 

Hanger  Assembly 204-040-600-009 4.2 - 95.8 

42°   Gearbox 204-040-003-037 5.2 - 94.8 

90°   Gearbox 204-040-012-013 5.0 0.2 94.8 

T/R CONTROL 

204-010-740-003 
204-010-740-005 

88.2 - 11.8 Quill  Assembly 

...-- -   .      - _._....         _    _..  
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TABLE XXIX. REPAIR-VERSUS-SGRAP ANALYSIS OF 
UH-1D TAIL ROTOR COMPONENTS 

(Based on Unscheduled Maintenance 
Actions from TAMMS  2407 Data) 

Disposif-ion as a % 
of Total SUBSYSTEM 

Components 
Bell 

Part Number Repair Scrap Unknown 

T/R HUB & BLADE 

Hub Assembly 

T/R Blade 

T/R DRIVE 

T/R Drive  Shaft 

Hanger Assembly 

U20   Gearbox 

90°   Gearbox 

T/R CONTROL 

Quill Assembly 

204-011-701-009 
204-011-701-015 

204-011- 
204-011. 
204-011- 
204-011- 
204-011- 
204-011- 

701-011 
701-013 
701-019 
701-029 
801-005 
801-009 

204-011-702-015 

204-040-620-003 
204-040-620-005 

204-040-600-007 
204-040-600-009 

204-040-003-023 
204-040-003-037 

204-040-012-007 
204-040-012-013 

204-010-740-003 
204-010-740-005 

11.3 
25.8 

* 
0.7 
2.1 
7.1 

1.8 

2.5 
3.7 

1.0 
0.9 

3.8 
3.5 

5.3 
1.9 

53.3 

0.1 

1.4 
3.1 

0.3 

1.4 

88.7 
74.2 

99.3 
97.9 
92.9 

100.0 

98.1 

96.1 
93.2 

98.7 
99.1 

95.8 
96.5 

94.7 
98.1 

46.7 

* Data are  inadequate 
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TABLE XXX.     REPAIR-VERSUS-SGRAP ANALYSIS OF 
|                                              UH-1H TAIL ROTOR COMPONENTS 

I                                           (Based on Unscheduled Maintenance                 j 
Actions  from TAMMS 2407 Data) 

BUBSYSTEM Bell 
Part Number 

Disposition as  a 7« 
of Total                 | 

Components Repair Scrap Unknown    \ 

1 T/R HUB & BLADE 204-011-701-015 

204-011-701-013 
204-011-701-019 
204-011-801-009 

204-011-702-015 

204-J40-620-003 
204-040-620-005 

204-040-600-009 

204-040-003-037 

204-040-012-013 

204-010-740-003 
204-010-740-005 

18.0 

1.7 
15.2 

2.7 

1.7 
0.8 

4.2 

5.2 

5.0 

88.2 

0.2 

0.2 

82.0      1 

100.0 
98.1 
84.8 

97.2 

98.J 
99.2 

95.8 

94.8      | 

94.8      j 
j 

11.8 

Hub Assembly 

T/R Blade 

T/R DRIVE 

T/R Drive Shaft 

j     Hanger Assembly 

42°  Gearbox 

90°  Gearbox 

T/R CONTROL 

Quill Assembly 

.,._.,-. .      - 
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TABLE XXXI. REPAIR-VERSUS-SCRAP ANALYSIS OF 
AH-1G TAIL ROTOR COMPONENTS 

(Based on Unscheduled Maintenance 
Actions  from TAMMS  2407 Data) 

1                                                                                                                                                                                                                                                                                                              1 

SUBSYSTEM Bell 
Part Number 

Disposition as a %      I 
of Total                 1 

i      Components Repair Scrap 1 Unknown    1 

T/R HUB & BLADE 209-010-701-001 

204-011-801-003 
204-011-801-011 
209-010-701-003 

25.0 

3.0 
• 

4.0 
• 

75.0 

97.0 
* 

96.0 

}      Hub Assembly 

1      T/R Blade 204-011-702-017 2.0 - 98.0 

T/R  DRIVE 

204-040-620-003 
209-040-611-001 

2.0 - 98.0 
100.0 

|      T/R Drive Shaft 

Hanger Assembly 204-040-600-009 4.4 - 95.6      1 

1*2°  Gearbox 204-040-003-037 6.9 - 93.1      j 

90°  Gearbox 204-040-012-013 2.0 - 98.0      ] 

T/R CONTROL 

204-010-740-005 97.0 - 3.0 Quill Assembly 

* Data are  inadequate 
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TABLE XXXII.     TAIL ROTOR COMPONENT DEPOT- 
T.EVEL SCRAP ANALYSIS 

(Based  on BHC Overhaul Data  thru 1970) 

Component 
Part 

Number 

No.  of 
Items 

Processed 
MTR 

(hrs) 

No.   of 
I tems 

Scrapped 
MTR 

(hrs) 

Percent 
Scrapped 
Using 
Total 
Number Total 

With* 
Time Total 

With* 
Time 

Hanger Assembly 
204-040-600-7 

-9 
2966 

616 
2666 

614 
678 
381 

3 
1 

3 
1 

1054 
500 

0.10 
0.16 

42° Gearbox 
204-040-003-23 

-37 
757 

2928 
679 

2903 
941 
915 

15 
16 

13 
16 

536 
786 

1.98 
0.55 

90° Gearbox 
204-040-012-7 

-13 
580 

4020 
499 

4002 
817 
770 

33 
54 

29 
53 

418 
559 

5.69 
1.34 

T/R Hub 
204-011-701-11 
209-010-701-3 

21 
3 

19 
2 

610 
61 

5 
0 

3 
0 

1157 23.81 
0.00 

T/R Blade 
204-011-702-15 

-17 
576 

5 
535 

5 
412 

63 
398 

3 
360 

3 
459 

79 
69.10 
60.00 

* The number of it 
known. 

eras  process;» i for which a rtcn oval  time  is 
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8.     MAINTENANCE   PERSONNEL REQUIREMENTS ANALYSIS 

3.1    Maintenance Personnel Requirements Analysis Approach 

Tue maintenance personnel  requirements  for this  analysis were 
obtained from  the UH-1G/D/H and AH-IG helicopter maintenance 
manuals, J-»2»3   and the Enlisted Military Occupational Specialties 
(MOS manual), 22 

The maintenance personnel  requirement analysis was  performed 
by establishing   the: 

- Maintenance personnel  types 

- Maintenance tasks 

- Maintenance  organizations 

- Quantity of men   required per   task 

- Average number of  men  required  per maintenance action 

8.1.1 Maintenance Personnel Types 

In identifying  the personnel  requirements,  the MOS  selected 
from the data  sources  is   the  lowest  skill  level  of  maintenance 
personnel authorized  to   perform the maintenance function.     The 
four types of  personnel authorized  to perform maintenance on 
tail rotor system components are: 

- UH-1C/D/H helicopter repairman  (MOS t7N20) 

- AH-IG helicopter repairman  (MOS  67Y20) 

- Aircraft  powertrain repairman  (MOS 68D20) 

- Aircraft  rotor and propeller repairman   (MGS  68E20) 

8.1.2 Maintenance Tasks 

The lowest  skill  level of  personnel authorized  to  perform a 
maintenance function is  dictated by  the task's  level of  tech- 
nical difficulty.    The maintenance  tasks,  grouped  by skill 
level,  are  shown below. 
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8.1.2.1 Lower Skill Level 

The  lower skill  level   tasks are assigned  to  MOS  67N20 and  67Y20 
personnel.     The lower  skill  level tasks  ranked  by  increasing 
difficulty,  are: 

- Service:    To clean,   to preserve,   to change,   and  to add 
fuel,   lubricant,  cooling agents and  air. 

Replace:    To replace unserviceable  items with service- 
able assemblies,    subassemblies or parts. 

- Adjust: rectify to the extent  necessary  to bring 
into  proi-.     operating range. 

- Align:    To adjust  specified  variable  elements  of an 
item to bring  to  optimum performance. 

8.1.2.2 Higher Skill  Level 

The higher skill level   tasks are assigned  to  MOS  68D20 and  68E20 
personnel.     The higher  skill level  tasks  ranked  by  increasing 
difficulty,  are: 

- Test:    To verify serviceability and  to detect electri- 
cal or mechanical failure by  the use of  test equip- 
ment. 

Inspect:    To determine serviceability of an item by 
comparing  its  physical,  mechanical,  and electrical 
characteristics  with established  standards. 

- Repair:    To restore an item to serviceable condition 
through correction of a specific failure  or un- 
serviceable condition.    This  includes,  but  is not 
limited  to,   inspections, cleaning,  preserving, 
adjusting,  replacing, welding,   riveting and  strength- 
ening. 

Overhaul:    To restore an item to completely service- 
able condition as  prescribed  by maintenance service- 
ability standards  prepared and  published  for the 
specific  item to be overhauled. 

8.1.3    Maintenance Organizations 

The Army's maintenance organization  is divided  into four main 
categories:     Organizational  (Org),  Direct Support  (D/S),  General 
Support   (G/S),  and  Depot   (D).    The description of  each mainten- 
ance category  is presented  in the following  paragraphs. 

78 

J 



8.1.3.1 Organizational Maintenance 

Organizational maintenance  is  that maintenance normally author- 
ized  for,  performed by,  and  is  the responsibility of  a  using 
organization on equipment  in its  possession.    This maititenance 
is  normally restricted  to periodic checks of equipment perform- 
ance,  cleaning,  servicing,   preserving,  and adjusting  the equip- 
ment,  and removal and  replacement of some components. 

8.1.3.2 Direct Support Maintenance 

Direct  support maintenance  is  that maintenance normally author- 
ized  and performed by designated  maintenance activities  in 
direct  support of using organizations.    This category of main- 
tenance includes  inspections, complicated adjustments,  major 
repairs and modifications,   major replacement of components, 
and   overloads from organizational maintenance. 

8.1.3.3 General Support 

General  support maintenance  is that maintenance authorized and 
performed by designated  organizations  in support  of   the Army 
supply system.    General support maintenance organizations will 
repair or overhaul components to required maintenance standards, 
The general support primary maintenance function is  to repair 
those items that cannot be  repaired at the direct  support  level, 

8.1.3.4 Depot Maintenance 

Depot maintenance is that maintenance which, through overhaul 
of economically repairable material, augments the procurement 
program in satisfying overall Army requirements and, when re- 
quired, provides for repair of material beyond the capability 
of  general support maintenance organizations. 

8.1.U    Manpower Requirements 

In  the basic manpower requirements analysis,  the  number of men 
required to perform each tail rotor system maintenance task was 
extracted from maintenance  engineering analyses on the Navy 
UH-1N and AH-1J helicopters,  performed per Navy WR6  require- 
ments.23» 24 

To determine  the manpower requirements based on field ex- 
perience,  the average number of men required to perform a 
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maintenance  task was  obtained from Navy 3-M data on the UH-1D 
and AH-1G using  the equation: 

vÄ7 -   i = l- MM = —-— 

1=1 

MMH. 

(31) 

EMI1, 

J, 

where MM = average  number of maintenance men required  to 
perform a maintenance  task 

MMH.   = maintenance manhours  to perform task i 

EMT.   =  elapsed  maintenance time to  perform task i 

n  =  the  number of  tasks performed 

8.2     MAINTENANCE  PERSONNEL REQUIREMENTS ANALYSIS  RESULTS 

Tables XXXIII through XXXV present the personnel  requirements 
for organizational maintenance actions of the tail rotor com- 
ponents.    Tables XXXIII and XXXIV are the maintenance manpower 
requirements for the UH-1G/D/H and AH-1G,   respectively, deter- 
mined by maintenance engineering analysis. 

The quantity of men required per maintenance  task is designated 
as one or two.     Two indicates that two men are  required for 
at  least a portion of  the total task time,   but both men are not 
necessarily required  for the entire period. 

Table XXXV is a summary of  the average number of men required 
per maintenance action as determined from the Navy 3-M data 
analysis.     It  shows  that with  two exceptions  the average for 
all  tasks  ranges  from one  to  less  than two men.     The  fraction 
over one is  the fraction of  the task time that  the second 
man is  required,   on the  average. 

Table XXXVI presents   the military occupation specialties (MOS) 
personnel authorized to  perform maintenance on  the tail rotor 
system and  the maintenance organizations  to which  they are 
allocated. 
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TABLE XXXIII.    UH-1C/D/H MAINTENANCE 
MANPOWER REQUIREMENTS 

MOS 

Maintenance 
Task 

Maint. 
Level 

Model 
UH-1 

Men 
Reqd. Components 

67N20 

Inspect Org C/D/H 1 All Components 

Test* Org 
Org 
Org 

C/D/H 
C/D/H 
C/D/H 

1 
1 
1 

1*2°  Gearbox 
90°  Gearbox 
T/R Pitch Control 
Mechanism 

Service Org 

Org 

D/H 

C 

1 

1 

All  components  serviced 
except T/R Blades 
T/R Blades  -  Tracking 

Adjust Org 
Org 
Org 

D/H 
C/D/H 
D/H 

1 
1 
1 

T/R Hub & Bid.  Assembly 
T/R Blades  -  Tracking 
T/R Pitch Control 
Mechanism - Rigging 

Align D/S C/D/H 2 T/R Drive Shaft 

Replace Org 
Org 
Org 
Org 
Org 
Org 
D/S 
D/S 

D/H 
C 
C/D/H 
C/D/H 
C/D/H 
C/D/H 
C/D/H 
D/H 

2 
1 
1 
1 
1 
1 
2 
1 

T/R Hub & Bid.  Assembly 
T/R Blades 
T/R Drive Shaft 
Hanger Assemblies 
42° Gearbox 
90° Gearbox 
T/R Hub 
T/R Blades 

Repair Org 
Org 

C 
D/H 

1 
1 

T/R Drive Shaft 
T/R Drive Shaft -Requires 
use of special   tool 

68D20 

Replace Org D/H 1 T/R Pitch Control 
Mechanism 

Repair D/S 
D/S 
D/S 

G/S 

C 
C/D/H 
D/H 

D/H 

1 
1 
1 

1 

Hanger Assemblies 
42°  and 90° Gearboxes 
T/R Pitch Control 
Mechanism 
Hanger Assemblies 
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TABLE XXXIII. (Cont'd) 

MöS 
Maintenance 
Task 

Maint. 
Level 

Model 
UH-1 

Men 
Reqd. Components                                  j 

Overhaul D/S C/D/H 1 m0  and 90° Gearboxes 

68E20 

D/S C 1 T/R Hub & Blade Assembly 
Balancing 

|       Adjust 

Align D/S D/H 1 T/R Hub & Blade Assembly   | 

Repair Org** 
D/S 

C/D/H 
C/D/H 

1 
1 

T/R Blades 
T/R Hub                                         | 

Maintenance operational  check '.Ref.  TB-AVN-23-16) 

**    An organizational maintenance function which may be 
1          performed provided it  is  specifically authorized by 
|          the direct support maintenance officer.                                        | 

82 

J 



1                       TABLE XXXIV. AH-IG MAINTENANCE MANPOWER 
REQUIREMENTS                                                           | 

IMOS 

1       Maintenance 
1       Task 

Ma int. 
Level 

Men 
Reqd, ,    Components 

1 67Y2C 

Org 1 All Components 1       Inspect 

1       Seri^ce Org 1 All Components Serviced 

1       Adjust Org 
Org 

1 
1 

Hub and Blade Assembly 
T/R blades -  Tracking 

Align D/S 
D/S 

2 
2 

T/R Drive Shaft 
Hanger Assemblies 

1       Replace Org 
Org 
Org 
Org 
Org 
D/S 
D/S 

I 
2 
2 
1 
1 
2 
1 

Hub and Blade Assembly 
hV Gearbox 
90° Gearbox 
T/R Drive Shaft 
Hanger Assemblies 
T/R Hub 
T/R Blade 

1       Repair Org* 1 T/R Drive Shaft 

68D20 

Org 
D/S 1 T/R Pitch Control Mechanism         1 

Quills (U20 and 90° Gearboxes) 
Replace 

Repair D/S 
D/S 
D/S 
D/S 

1 
1 
1 
1 

U20 Gearbox 
90° Gearbox 
Quill (U20 and 90°  Gearboxes) 
T/R Pitch Control Mechanism         1 

Overhaul G/S 
D 
D 

1 
1 
1 

Hanger Assemblies                                1 
T/R 42°  and 90° Gearboxes 
Quills (42° and 90° Gearboxes) 
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!                                             TABLE XXXIV.     (Cont'd)                                            j 

1 MOS 
1        Maintenance 
i         Task 

Maint. 
I evel 

Men 
Reqd. Components                                               j 

68E20 

Align 

|        Repair 

D/S 

Org** 
D/S 

1 

1 
1 

T/R Hub and Blade Assembly 

T/R Blades 
T/R Hub 

*      Painting of the tail  rotor drive shaft must be done at 
j           the Depot Maintenance level  because painting can cause      | 

an unbalanced  condition which would  require  rebalancing. 

**    An organizational maintenance function which may be             | 
i           performed provided   it  is   specifically authorized  by 

the direct support maintenance officer. 
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TABLE XXXVI,     MOS   PERSONNFL AND 
MAINTENANCE ALLOCATIONS 

MOS 

Maintenance Level 

Organizational 
Direct 
Support 

General 
SuppTrt Depot 

67N20 

67Y20 

68D20 

68E20 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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9.    MAINTENANCE MAN-HOURS PER FLIGHT HOUR 
(^M^/FHj ANALYSIS       

9.1    MMH/FH ANALYSIS APPROACH 

MMH/FH is   the average number of maintenance man-hours expended 
per aircraft flight hour to perform  the scheduled, and unsched- 
uled maintenance required to support a specified, item.    For 
this  analysis   the specified, item is   the tail  rotor system. 
The basic  equation for the computation is: 

n 

MMH/FH =  i=1 C 32) 
m 

m 

where      t    =  the maintenance  man-hours  expended to perform 
i    task i  on the equipment 

n =  the total  number i maintenance tasks performed, 
on the equipment 

t.=  the total  time accrued  on aircraft j during 
^     the period  that the equipment was   installed on 

the aircraft 

m =  the total number of aircraft on which the equip- 
ment was installed 

The only source found that provides   the necessary elements for 
the computation is  the Navy 3-M data.     It contains both flight 
time and maintenance time.    However,   it identifies the tail 
rotor system components only by work unit code and it does not 
provide depot maintenance reports to analyze.    The MMH/FH anal- 
ysis has been performed for organizational and intermediate 
maintenance for the UH-1D and AH-1G  tail rotor  systems.     The 
Navy's intermediate maintenance is  similar to the Army's direct 
and general  support maintenance. 

In the organizational maintenance analysis of the Navy 3-M 
data,  the maintenance actions were divided into two groups: 
actions which involved part replacements and actions which 
involved on-aircraft  repairs.     Each of  these groups was  further 
divided into scheduled and unscheduled maintenance actions. 
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The  scheduled  actions are "'time change" and scheduled main- 
tenance" actions,  determined  by the malfunction code.     The 
rest of   the malfunction codes  are classed as unscheduled 
maintenance actions. 

The  intermediate maintenance  records within the 3-M data 
analyses  could  not be subdivided   in the same manner as   the 
organizational maintenance data.     However,   they can be summed 
by component subsystem and  for each  total  tail  rotor system. 

9.2    MMH/FH ANALYSIS RESULTS 

The MMH/FH expended in organizational  and  intermediate main- 
tenance are shown in Table XXXVII  for each subsystem and  for 
the   tail  rotor system for  model UH-1D and AH-1C. aircraft. 
The  significant difference between the  two models   is   the much 
greater expenditure of  intermediate maintenance for the  tail 
rotor subsystem of  the UH-1D.     Table XXXVIII shows how  the 
intermediate maintenance  is  subdivided among the components 
within the subsystems.     Here  it can be seen that most  of  the 
intermediate-level support was  for the  tail  rotor hub ond 
hanger assemblies.    During this  period   the 701-hubs underwent 
frequent  inspections.     The hanger assembly can be overhauled 
by the intermediate maintenance level,  while the 42- and 
90-degree gearboxes must be overhauled  at depot  level.     It  is 
not  possible  to determine the  percentage of hanger assemblies 
removed which were forwarned  to depot maintenance for overhaul. 

Table XXXIX shows  the  tail  rotor subsystem grouping of organi- 
zational maintenance man-hours per flight hour subdivided by 
part  replacement and on-aircraft  repair for both scheduled 
and unscheduled maintenance.     The  results  for  the  two models 
show  that while there are significant differences  between 
the comparable maintenance actions,  the organizational MMH/FH 
for  the UH-1D tail  rotor system  is more  than 97  percent of 
the  value  for  the AH-1G. 

Table XL presents the maintenance man-hours per million flight 
hours  expended   for the tail  rotor system components. 

From a maintenance standpoint,  the following components are 
critical  in that  they require   ehe greater percentage of mainte- 
nance man-hours expended for the model's tail rotor system. 
Together,   these components account  for almost ninety percent 
of the organizational maintenance man-hours expended. 
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- AH-IG 

90°   Gearboxes 
Tail Rotor Hubs 
Hanger Assemblies 
42°   Gearboxes 
Tail Rotor Blades 
Pitch Change Links 
Tail Rotor Drive Shafts 

22% 
21% 
18% 
10% 

7% 
6% 
5% 

- UH-1D 

Tail Rotor Hubs 
90°   Gearboxes 
42°   Gearboxes 
Tail  Rotor Blades 
Hanger Assemblies 
Pitch Change Links 
Tail Rotor Drive Shafts 

28% 
24% 
11% 

9% 
7% 
5% 
5% 

TABLE XXXVII.     TAIL ROTOR SYSTEM MAINTENANCE 
MAN-HOURS PER FLIGHT HOUR 

(3-M Data Through February 1972) 

MODEL 

Subsystem 

Maintenance Level 
Both 
Levels Organizational Intermediate 

UH-1D 

T/R Hub & Blade 
T/R Drive 
T/R Control 

Total  T/R System 

0.028347 
0.031375 
0.007954 

0.067676 

0.040859 
0.004574 
0.000024 

0.045457 

0.069206 
0.035949 
0.007978 

0.113133 

AH-1G 

T/R Hub & Blade 
T/R Drive 
T/R Control 

Total T/R System 

0.025736 
0.035421 
0.009798 

0.070955 

0.005537 
0.005063 
0.0 

0.010600 

0.031273 
0.040484 
0.009798 

0.081555 
i 
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TABLE XXXIX.     TAIL ROTOR SYSTEM ORGANIZATIONAL LEVEL 
MAINTENANCE MAN-HOURS  PER  FLIGHT HOUR 

MODEL 

Maintenance 

Tail Rotor Subsystems Total 
Tail Rotor 

System      | 
T/R Hub 
& Blade 

Drive 
System Controls 

UH-1D 

On A/C Repair 
Scheduled 
Unscheduled 

0.0150 
0.0026 
0.0124 

0.0203 

0.0203 

0.0048 

0.0048 

0.0401 
0.0026 
0.0375       | 

Part Replacement 
Scheduled 
Unscheduled 

0.0133 
0.0011 
0.0122 

0.0111 
0.0018 
0.0093 

0.0032 

0.0032 

0.0276      1 
0.0029 
0.0247 

All Maintenance 
Scheduled 
Unscheduled 

0.0283 
0.0037 
0.0246 

0.0314 
0.0018 
0.0296 

0.0080 

0.0080 

0.0677 
0.0055 
0.0622 

AH-1G 

On A/C Repair 
Scheduled 
Unscheduled 

0.0107 
0.0006 
0.0101 

0.0087 
0.0002 
0.0085 

0.0054 

0.005-! 

0,0248 
0.0008       ! 
0.0240       | 

Part Replacement 
Scheduled 
Unscheduled 

0.0150 
O.OO'iO 
0.0130 

0.0267 
0.0003 
0.0264 

0.0044 

0.0044 

0.0461       | 
0.0053 
0.0408 

All Maintenance 
Scheduled 
Unscheduled 

0.02M 
O.OGSS 
0.020i 

0.0354 
0.0005 
0.0349 

0.0098 

0.0098 

0,0709       1 
0.0061       i 
0.0648       j 
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10.     FAILURE MODE ANALYSIS 

10.1    FAILURE MODE ANALYSIS APPROACH 

The failure modes  and  failure rates  for this  analysis were 
obtaiied  from the UH-l/AH-1 M&R Program Failure/Discrepancy 
Report (FDR) data on Army UH-1C/D/H and AH-1G helicopters 
and  a time base of 178,000 monitored  flight hours. 

The failure mode analysis was  performed by identifying: 

The mode of  failure 
The cause of  failure 
The classification of failure by  increasing severity per 
reference Paragraph 3,14 of MIL-STD-882;25 

Negligible (Category I) 
Marginal (Category II) 
Critical (Category III) 
Catastrophic (Category IV) 

-    The component primary and secondary (dependent) 
individual  failure mode failure rates 
The average and   total component failure  rates  for 
both primary and   secondary failures 
The combat damage as a primary failure mode 

Primary failure rates  were determined for modes  caused  by 
inherent failures,   induced  failures,  and combat damage. 
Secondary failure  rates were determined  for modes  caused by 
primary failures.     The component failure mode rates and the 
total component failure rates were determined using the fol- 
lowing      "xations: 

X^, =  %  x 1,000,000 (33) 
M m 

'i 

where     XM tnent failure mode rate in failures per ratllion 
t hours 

fM =  P'iiu,        of  item failures of a specific failure 
mode    uring the monitoring period 

t. =  total  flight hours of the jth aircraft during 
^       the monitoring period 
m =  the number of aircraft in the group 
k =  the number of like components  per aircraft 
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r (34) 
XTC  =   L   \ 

i=l 

where      A      =  total  component failure rate in failures 
per million flight hours 

K      -  total  component failure mode rates   of the 
i       ith failure mode 

r = the number of failure modes identified for 
the component 

The total subsystem failure  rate and  the average  component 
failure rate were computed using the following equations: 

h=l       h 

where  ^„^ = total subsystem failure rate in failures 
per million flight hours 

^Tc = total component failure rate of the hth 
h  component 

X0 = "other" component failure rate, i.e., failures 
reported against the subsystem as a whole and 
against miscellaneous connecting items of the 
subsystem 

k. = the number of like components within the 
subsystem 

s = the number of different components in the 
subsystem 

(36) 

where    Xc/S = average component failure  rate for  the 
components   In the subsystem 

10.2    FAILURE MODE ANALYSIS RESULTS 

Table XLI presents   the most frequent component failure modes 
observed on the  tail rotor system.    For most of   the components 

■■ J 
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analyzed,   one or two failure modes were predominant.     These 
modes were responsible for most of the total component fail- 
ure rate. 

Table XLII summarizes   the tail  rotor system failure  rates 
for the UH-1C/D/H and AH-1G aircraft.    It presents   the total 
primary and secondary failure rates for each component that 
has a nonzero failure rate.    Also included is the "other" 
category for each subsystem.     The failure rate failure mode 
analysis from which these  rates were computed is  presented 
in Appendix III, 

In the analysis of the M&R Program data the secondary failure 
rates wert negligible,  accounting for less  than 1% of  the 
total primary and secondary failure rates.    The secondary 
failure rates and causes were reported as follows: 

- 29 x 10"6 AH-1G Tail Rotor Drive Subsystem -   l/R D/S 
failures per   hanger assembly seal melted,  coming apart 
flight hour     due to heat/vibration from a blower failure. 

- 102 x 10 AH-1G Tail Rotor Drive Subsystem - 90-degree 
failures per gearbox lost in flight; tail rotor hub fail- 
flight hour     ure was suspected. 

- 13 x 10'6 UH-1D/H Tail Rotor Control Subsystem - T/R 
failures per    pitch change link nut frozen due to bolt 
flight hour      corrosion 

The most significant inherent and induced failure modes 
identified for each subsystem are: 

T/R Hub and Blade Subsystem 

Inherent - AH-1G T/R grip bearings worn/loose/rough 
due to normal wear/lack of lubrication.    Failure 
rate = 380 x lO"6 failures per flight hour. 

/ Induced - UH-1C T/R blade damaged by armament debris, 
1 Failure rate = 2393 x lO"6 failures per flight hour. 

T/R Drive Subsystem 

Inherent - UH-1C T/R drive-shaft hanger bearing failure 
aue to sandy environment/lack of lube.    Failure rate = 
U94 x 10-6 failures per flight hour. 

Induced - AH-1G 90-degr«^ gearbox datnagei Internally due 
to TyR overload« Failure rate ■ 978 x lO"6 failures per 
flight hour. 
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I     TABLE XLII.  FAILURE MODE ANALYSIS SUMMARY FOR THE      ' 
UH- ID/H/C AND AH-1G TAIL ROTOR SYSTEM      | 

|                 (Ba sed on M&R Data) 
i                                                        i 

SUBSYSTEM 

1  Number of Failures per Million Fligh t Hours j 
|          Type of Failure 

All  j 
Failures 

Primary 
Secondary 1 Component [inherent [induced [Combat Total 

MODEL UH-1D/H 

T/R HUB & BLADE 
| T/R Hub 

715 
273 

1480 
260 

64 2415 
533 

- 1 2415 

533  | 

| T/R Blade** 221 610 32 863 - 863 
Other * * * 156 - 156 

T/R DRIVE 2728 
6 

1488 
86 

49 
6 

4265 
98 

- 4265 
98 T/R Drive Shaft+ 

T/R Hanger Assembly++ 494 129 - 623 - 623 
42° Gearbox 324 143 13 480 - 480  ! 
90° Gearbox 392 313 - - - 705 
Other - - - - - - 

T/R CONTROLS 3010 1169 
324 

- 4400 
324 

13 4413 
324 T/R Boot 

| T/R Slider 363 26 - 389 - 389  1 
T/R Crosshead 26 234 - 260 - 260 

| Crosshead Bearing Set 207 78 - 285 - 285 
| T/R Pitch Change Link** 824 78 - 902 13 915 
| T/R Chain 519 - - 519 - 519  j 

T/R Quill 247 130 - 377 - 377  i 
i T/R Control Tube - 221 - 221 - 221 

Other * * * 221 - 221 

T/R SYSTEM TOTAL 6453 4137 113 11080 13 11093 

MODEL UH-1C 

476 
84 

5346 
252 

- 6450 
336 

- 6450 
336 

T/R HUB & BLADE 
1 T/R Hub 
j T/R Blade** 196 2547 - 2743 - 2743 

Other                i * * * 628 - 628 

T/R DRIVE 2433 
39 

1287 
33 

30 
6 

3750 
78 

- 3750 
78 T/R Drive Shaft+ 

T/R Hanger Assembly-H- 522 122 - 644 - 644 
| 42° Gearbox 252 140 - 392 - 392 

90° Gearbox 420 616 - 1036 - 1036 
Other — 

"     ■ "      1 ™  I *■ 

J 

99 

J 



1                  TABLE XLII (Continued) 
i                                                          i 

SUBSYSTEM 

|  Number of Failures per Mill ion Flight Hours  1 
!          Type of Failure 

!  A11  1 
.Failures 

i         Primary 
Secondary ] Component [Inherent 1 Induced 1Comba t Total 

T/R CONTROLS 2183 476 
1  168 

- 3023 
!  168 

- ! 3023 
168 1 T/R Boot 

T/R Slider 979 | - 979 - !  979  1 
T/R Crosshead - - - - - - 
Crosshead Bearing Set 140 - - 140 i 140 
T/R Pitch Change Link** 406 112 - 518 - 518 
T/R Chain 84 j   28 - 112 - 112 
T/R Quill 168 28 - 196 - 196 
T/R Control Tube - i   28 - 28 - 28 
Other ft ft ft 364 - 364  | 

T/R SYSTEM TOTAL 5092 7109 ■     30 13223 - 13223  1 

MODEL AH-1G 
875 
585 

1608 
146 

30 2625 
731 

- 2625  | 
73l 

|T/R HUB & BLADE 
T/R Hub 
T/R Blade** 145 731 15 891 - 891 
Other * * ft 112 - 112 

T/R DRIVE 2337 3317 
245 

89 
12 

5977 
257 

131 6108  | 
257  j T/R Drive Shaft+ 

T/R Hanger Assembly-H- 409 50 - 459 29 488  | 
42° Gearbox 380 539 - 919 - 919  | 
90° Gearbox 730 1403 29 2162 102 2264 
Other ft ft ft 234 - 234 

T/R CONTROLS 4363 
44 

1566 
1036  | 

- 6148 
1080 

- 614.8 
1080 T/R boot 

T/R Slider 497 - - 497 - 497 
T/R Crosshead 160 234 - 394 - 394 
Crosshead Bearing Set 204 - - 204 - 204 
T/R Pitch Change Link *TM 977 89 - 1066 - 1066 
T/R Chain 730 15  1 - 745 - 745 
T/R Quill 774 30 j - 804 - 804 
T/R Control Tube - 73 | | 7 3 - 73  ! 
Other ft *  j ft  I 219 I 219 

1      T/R SYSTEM TOTAL 7575 6491 119 j 14750 131 14881  i 

* Primary failures falling in the "other" category wer( i  not divi« led among 
!   the subgroups — inherent, induce d, and combat damage. 
** Two per aircraft 
+ Five per aircraft on UH-1C and AH-1G; six per aircrai it on UH-11 VH 
++ Three per aircraft on  UH-lC and AH-1G; four per airci raft on UH -1D/H   1 
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T/R Control  Subsystem 

Inherent -  UH-1C T/R slider worn due to normal wear, 
sandy  environment.     Failure  rate = 979 x 10~" failures 
per  flight hour. 

Induced - AH-1G T/R  installation boot  torn/cut due to 
rough handling, maintenance error.    Failure rate = 
1036 x  10-6  failures  per flight hour. 
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11.     MISHAP/ACCIDENT DATA ANALYSIS 

11.1    MISHAP/ACCIDENT ANALYSIS APPROACH 

The data analyzed were card  records  of mishaps   reported  on Army 
UH-1C/D/H and AH-1G helicopters.     The data were obtained  from 
the U.S.  Army Board  for Aviation Accident Research (USABAAR), 
currently called  the U.S.  Army Agency for Aviation Safety 
(USAAAVS). 

The USAAAVS data  are coded per AR385-itO 26  to  identify  the mis- 
hap classifications.     These are defined,   in part,  by  the  repair 
time  in maintenance manhours   required  to   return an aircraft 
involved  in a mishap  to a serviceable condition.     The following 
table presents  the classes as defined for each model. 

TABLE  XLIII.   MISHAP CLASSIFICATION DEFINITIONS             | 

Mishap Class UH-1C/D/H AH-1G                        | 

1 
2 (Major Damage) 
3 (Minor Damage) 
4 (Incident) 
5 (Forced Landings) 
6 (Precautionary Landing) 

Total  Loss 
Over  500 MMH 
100-500 MMH 

1-99 MMH 
No Damage 
No Damage 

Total  Loss 
Over 800 MMH 
125-800 MMH         1 

1-124  MMH         ! 
No Damage             | 
No Damage             j 

The first  three  of  the six mishap classifications are designated 
as  accident classifications. 

The data  coding  permits  the separate  identification of material 
failure caused mishaps and mishaps  from other  (nonmaterial) 
causes.     The coding also permits   to a  reasonable degree  the 
identification of  the helicopter subsystems  and  components 
which failed  or were associated with the  reported mishaps. 

The period during which the data were collected is 1  January 
1967   to 31 March 1971.     The  time bases which apply to  this 
period are: 

UH-1C 
UH-1D 
UH-1H 
AH-1G 
UH-1C/D/H,  AH-1G 

1,250,000 flight hours 
U,050,000 flight  hours 
5,450,000 flight hours 

949,000 flight hours 
11,699,000 flight hours 

11.1,1     ALL MISHAPS   (ANY-SYSTEM) 

The first step  in analyzing the accident data was an examination 
of all mishaps  on file for aircraft Models AH-1G and UH-1C/D/H 
regardless of the systems  involveä (any-system).    The number of 
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mishaps were counted and grouped accordinR to model, cause 
(material or nonmaterial), and mishap class.  The mishap rate 
per million flight hours X for each group was determined by 
the following equation: 

Xm_iL*lo! (37) 
m -  t 

where n = the number of mishaps 

t = the time base 

11.1.2     TAIL-ROTOR-ASSOCIATED MISHAPS 

Tail-rotor-associated mishaps are  those caused  by a material 
failure within the tail rotor system or by   nonmaterial causes 
affecting the tail  rotor system.     Nonmaterial causes include 
maintenance errors  (tool left under   drive shaft cover,   lack of 
proper scheduled maintenance),  and   tail  rotor contacts. 

11.1.2.1    MATERIAL FAILURES 

The data on mishaps   resulting from material  failures within  the 
tail  rotor system were divided into  four groups,  according  to 
the failed component.     They are: 

U2-degree gearbox 

90-degree gearbox 

-    Tail  rotor   drive shafts and hangers 

Tail  rotor hub and blade and pitch change mechanism 

This grouping was determined by the USAAAVS method of coding 
data.    The first three groups make up the tail  rotor drive 
subsystem.     The tail   rotor hub and blade and the pitch change 
mechanism (tail rotor  control) are grouped together in the 
data.    Though some  items  in the last group may be definitely 
identified as part of one or the other subsystem,  other parts 
such üS  bearings and nuts, bolts, washers,   and similar items 
cannot be so identified, making it impossible to separate these 
two subsystems. 

Within each component group,  the data was  further divided by 
failed item within  the component and/or the failure mode. 
Failure modes  are not always available because USAAAVS data 
defines  the failure mode only in the narrative section of 
the mishap  records,   if at all.     This  information is not 
accessible without  reading each narrative  record.    The quantity 
of data makes   this  approach impractical, 
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In Appendix IIIf a count of the material failures for each compo- 
nent and their mishap rates are presented in two sets of tables-- 
the first grouped  by model and   the second   by mishap class. 

11.1.2.2 NONMATERIAL FAILURES 

The nonmaterial  failure mishap records were  separated into 
tail rotor contacts and other nonmaterial  failures. 

The  tail  rotor contacts  consist of  tail  rotor strikes  and   tail 
rotor hits.    A strike occurs when the  tail   rotor on a moving 
aircraft strikes  a  stationary object.    When a  foreign object 
hits  or blows  into  the tail  rotor,   the incident  is a hit. 

The "other" nonmaterial failure mishaps are generally caused_ 
by carelessness  on the part of maintenance  personnel.     Equation 
(37) was  used  to dt .ermine mishap  rates. 

11.1.2.3 EXTENT OF DAMAGE (REPAIR/REPLACEMENT COST) 

In the USAAAVS data, the extent of damage in terms of rrpair 
or replacement cost in dollars is given for mishap classes 1, 
2, 3, and k.     By definition classes 5 and 6 have no repair 
cost (see Table XLIII), For each aircraft model, mishap cause 
(material or nonmaterial) and mishap class the average cost 
of repair G was determined using the following equation: 

n 

C = J = 1 (38) 
n 

where C-   =   the cof.t of  the  jth mishap 

n    =  the number of mishaps  with a known 
cost 

11.2    MISHAP/ACCIDENT ANALYSIS RESULTS 

11.2.1    ALL MISHAPS 

Table XLIV presents  a summary of all mishaps  involving UH-1G/D/H 
and AH-1G aircraft.     The mishap   rates  for   the AH-1G aircraft 
are much higher  than the same values  for the UH-1 aircraft - 
particularly  the material failure caused mishaps  of classes 
1 & 2 and 5 & 6,   and nonmaterial failure mishaps of classes 
5 &  6.     The data   includes AH-1G records  from the time  that 
aircraft was  first delivered  to  the Army.     The UH-1 Models 
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had  been  in the field   for four years before  the data period 
began.    Consequently,   "infant mortality1'  type failures and 
forced and precautionary  landings  due  to unfamiliarity with 
the fircraft are not included in the UH-1 data,   but are 
included in AH-1G data. 

11.2.2    Tail-Rotor-Associated Mishaps 

The number of all   tail-rotor-associated mishaps   grouped by 
model,  cause of mishap,   and  accident class are presented in 
Table XLV.     The class  1   through k   total  is presented because 
all damage-causing mishaps  fall in  these classes. ' 

11.2.2.1 Tail Rotor Strikes 

All tail rotor contact mishaps fall in classes 1, 2, 3, and U-- 
thua all tail rotor contacts cause damage to the aircraft. 
Table XLVI presents the tail rotor strikes as a percentage of 
damage causing mishaps.  Tt was noted that 50 percent of the 
class 1-k  mishaps involving troop carrying helicopters (UH-1D/H) 
are strikes, while strikes bx the attack helicopter (UH-1C/AH-1G) 
comprise only 25 percent of the class 1-4 mishaps, 

11.2.2.2 Extent of Damage 

The extent of damage for tail rotor mishaps is presented in 
Tables XLVII through LI, An average dollar cost per mishap 
for each model, grouped by material, nonmaterial, and all 
causes and by mishap classification is given.  The value 
presented is based on the number of mishaps with known cost 
(96 percent of all damage causing mishaps).  The mishap rate 
per million flight hours is also presented.  These values 
are used in the Cost Analysis section, 

11.2.2.3 Material Failures 

The material  failures analysis for each  tail   rotor component 
consists  of a list of  the failed  items within  the component and 
the mode of failure,   if  known,  and   the number of occurrences 
for each failed   item/mode grouped  by aircraft model  and by mis- 
hap class.     The tables   presenting  the details  of   this analysis 
are  in Appendix III.     Table LII is  a summary of  the material 
failures analysis,   presenting the number of mishaps  (classes 
1-6) and  the number of accidents (classes 1-3)   resulting from 
failures within the tail   rotor system.     The mishap  rates are 
also presented. 

From this  data  it can be seen that 61 percent  of  the accidents 
are caused by 90 degree  gearbox and/or  tail   rotor separations, 
tail   rotor hub failures,   and suspected  tail   rotor failures, 
while the same modes account for only 29 percent  of the mishaps. 
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1                                TABLE XLV.     SUMMARY OF FAIL- ROTOR- 
ASSOCIATED MISHAPS 

i                             ■                                                                                                                i 

Number of Misl laps 
MODEL 

Causes of Mishaps 
In Mishap Cl< ass 

i    1 2 3 1-4 1  A11 

1 UH-1C 

Material Failure Causes 8 6 1 8 23 40 

Nonmaterial Causes k 1     5 0 14 23 28 
i          Contacts 3 5 i      o 9 17 17 
|               Strikes 3 it 0 0 7 7 

Hits 0 1 J 9 10 10 

|           Other 1 0 0 5 6 11 

ALL CAUSES 12 u 1 22 46 68 

UH-1D 

Material Failure Causes 22 16 2 13 53 154 

|      Nonmaterial Causes 22 53 11 73 159 185 
Contacts 19 46 11 67 143 143 

!                Strikes 19 43 8 42 112 112 
]                Hits 0 3 3 25 31 31 

|            Other 3 7 0 6 16 42 

j      ALL CAUSES ÜÜ 69 U. 86 212 339 

1 UH-1H 

i      Material Failure Causes 23 32 i 21 77 144 

1      Nonmaterial Causes 33 kl 3 86 163 185 
j           Contacts 28 36 1 84 149 149 
j                Strikes 26 33 1 56 116 116 

Hits 2 3 0 28 33 33 

Other 5 5 2 2 14 36 

!       ALL CAUSES 56 ZI 4 107 240 329 

AH-10 

Material Failure Causes 9 19 0 8 36 68 

Nonmaterial Causes 3 11 0 13 27 41 
(Johtacts 2 8 0 13 23 23 

Strikes 2 8   1 0 10 20 20 
Hits 0 0   ! 0 3 3 3 

Other                                                  i 1 3 0 0 4 18 
ALL CAUSES 12 30 0 21 63 1091 
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TABLE XLV.  (Cont'd)              | 

MODEL 
1  Causes of Mishaps 

Number of Mishaps     1 
In Mishap Class      i 

1 2 3 4 1-k All 

ALL MODELS 

Material Failure Causes 62 

62 
52 
50 
2 

73 

110 
95 
88 
7 

l* 

m 
12 
9 
3 

50 

186 
173 
108 
65 

189 

372 
332 
255 
77 

406 

i439 
332 
255 
77 

Nonmaterial Causes 
|   uöntaecs  
I      Strikes 

Hits 

Other 10 15 2 13 kO 107 

ALL CAUSES 121* 183 18 236 561 845 

1  
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!                    TABLE XLVI,     TAIL ROTOR STRIKES AS A PERCENTAGE 
OF ALL DAMAGE-CAUSING TAIL ROTOR                    i 
MISHAPS 

1             Model No.   of 
Strikes 

No.   of 
Class l-k 

T/R Mishaps 
% 

UH-1C 

|      UH-1D 

UH-1H 

AH-1G 

7 

112 

116 

20 

46 

212 

240 

63 

15       1 
53 

48 

32      | 

UH-1C/AH-1G 27 109 25 

UH-1D/H 228 452 50      i 

All k Models 255 561 45 
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TABLE XLVII. AVERAGE REPAIR COSTS  DUE 
ROTOR-ASSOCIATED MISHAPS, 

TO  TAIL- 
MODEL UH-1C 

i                                                                                                                                                i 

Cause 
Mishap 
Class 

^m 
No.  With 

Known 
Cost 

Average 
Cost 

Material 
Failures 1 

2 
6.1* 

U.8 

8 

5 

$     218,425 

l'?6,573 

3 0.8 1 16,898 

k 6.4 8 2,252 

\          5 8.0 10 - 

6 5.6 7 - 

l-i4 18.4 22 109,781 

All 32.0 39 61,928 

Non- 
material 

1 

2 

3.2 

4.0 

4 

4 

219,348 

75,722 

3 0 0 - 

4 11.2 13 836 

5 1.6 2 - 

6 2.4 3 - 

l-k 18.4 2L 56,721 

All 22.4 26 45,813 

All 1 9.6 12 218,733 

Causes 2 8.8 9 103,972 

3 0.8 1 16,898    1 

k 17.6 21 1,376 

5 9.6 12 - 

. 6 8.0 10 - 

l-k 36.8 43 83,868 

All 54.4 65 55,482 

i ■   ■                                                                                                                       i 
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1           TABLE XLVIII.     AVERAGE REPAIR COSTS DUE TO  TAIL- 
ROTOR-ASSOCIATED MISHAPS, MODEL UH-1D 

Cause 
Mio aap 

Class 
1           ^m 

No. With 
Known 
Cost 

Average 
Cost    | 

Material 
Failures 

1 

2 

5.4 

4.0 

22 

15 

$    225,520 

78,754 

3 0.5 2 13,834 

k 3.2 12 3,055 

5 4.0 16 - 

6 21.0 85 - 

1-U 13.1 51 121,708 

All 38.0 152 40,836 

Non- 
material 

1 

2 

5.4 

13.1 

22 

50 

221,277  1 

67,341 

3 2.7 11 10,027 

4 18.0 70 3,631 

5 2.4 10 - 

6 4.0 16 1 
1-4 39.2 153 56,207 

All 45.6 179 48,043 

All 
Caus es 

1 

2 

10.8 

17.1 

44 

65 

223,399  i 

69,975 

3 3.2 13 10,613 

4 21.2 82 3,547 

5 6.4 26 - 

6 25.0 101 \ 

1-4 52.3 204 72,582 

All 83.6 331 44,733  ^  
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TABLE XLIX.    AVERAGE REPAIR COSTS  DUE TO TAIL - 
1                                        ROTOR ^ASSOCIATED MISHAPS,   MODEL UH-1H 

Cause 
Mishap 

Iciass 

 1 

^m 
No. With 

Known 
Cost 

Average 
Cost 

Material 
Failures 

1 
2 

3 

4 

5 

6 

1-4 
All 

4.2 

5.9 

0.2 

3.8 

5.1 

7,2 

14.1 

26.4 

22 

29 

0 

21 

28 

39 

72 

139 

$     238,142 

152,958 

7,857 

136,665 

70,79lJ 

Non- 
! material 

1 
2 

3 

4 

5 

6 
1-4 

All 

6.0 

7.5 

0.6 

15.8 

1.3 
2.7 

29.9 

33.9 

32 

41 

3 

85 
7 

15 

161 

183 

231,783 

104,686 

66,155 

3,493 

75,802 

66,690 

AH 
Causes 

1 

2 

3 

4 

5 

6 

1-4 

All 

10.2 

13.4 

0.8 

19.6 

6.4 

9.9 
44.0 

60.3 

54 

70 

3 

106 

35 

54 

233 

322 

234,374 1 

124,684 

66,155 

4,354 

94,610 

68,460 
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TABLE L.     AVERAGE REPAIR COSTS DUE TO TAIL- 
1                                               ROTOR-ASSOCIATED MISHAPS,  MODEL AH-1G          1 

Cause 

11 

Mishap 
[    Class 

^m 
No.   With 

i    Known 
Cost 

j        Average 
1             Cost 

Material 
Failure 1 

2 
9.5 

20.0 

9 

18 

$     394,558 

142,129 
3 0 0 - 

4 8.4 6 2,297 

5 6.3 6 1 

6 27.4 26 1 

l-k 37.9 33 185,549        j 

All 71.6 65 94,202 

Non- 
material 

1 

2 
3.2 

11.6 

3 

11 

356,489        | 

111,097 

3 0 0 - 

k 13.7 13 2,343 

5 7.4 7 - 

6 7.4 7 1 

l-k 28.5 27 85,999        j 

All 43.3 41 56,634       j 

All 1 1.2.7 12 385,041       i 
Causes 2 31.6 29 130,358       | 

3 0 0 1 

4 22.1 19 2,328 

5 13.7 13 - 

6 34.8 33 1 
1-4 66.4 60 140,752        j 

All 114.9 106 79,671 

i                                             .                   -    ■           -                                                     i 
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TABLE LI.     AVERAGE REPAIR COSTS DUE TO TAIL-ROTOR- 
j                                ASSOCIATED MISHAPS,  MODELS AH-1G AND UH-1C/D/H    | 

|     Class 
Mishap 
Class 

^m 
i      No. With 

Known 
Cost 

Average 
Cost 

Material 
Failure 

1 

2 

3 

4 

5 

6 

1-4 

All 

5.3 

6.2 

0.4 

4.3 

5.1 

13.4 

16.2 

34.7 

61 

67 

3 

47 

60 

157 

178 

395 

$    254,082     1 

131,467     | 

14,855     | 

4,967 

138,120     [ 

62,241 

Non- 
1  material 

1 

2 

3 

4 

5 

6 

1-4 

All 

5.3 

9.4 

1.2 

15.9 

2.2 

3.5 

31.8 

37.5 

61 

106 

14 

181 

26 

41 

362 

429 

233,312 

86,643 

22,055 

3,271 

67,174 

56,683     j 

All 
Causes 

1 

2 

3 

4 

5 

6 

1-4 

All 

10.6 

15.6 

0.6 

20.2 

7.3 

16.9 

48.0 

72.2 

122 

173 

17 

228 

86 

198 

540 

824 

243,696     | 

104,002 

20,784 

3,620 

1 

90,560 

59,348     | 
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1             TABLE LII.     SUMMARY OP TAIL ROTOR SYSTEM FAILURE 
|                                          MODES CAUSING MISHAPS 

Subsystem Mishap Accident     j 
I       Component 

Failure Mode No. ^•m No. ^m     j 

T/R Drive 231 

25 
10 
15 

19.75 

2.14 
0.85 
1.29 

63 

4 
1 
3 

5.38| 

| 0.34 
0.09 
0.25 

42°   Gearbox 
j              1*2°  Gearbox Failure 

Other 

i        90°   Gearbox 
I              90°  Gearbox Failure 

Gearbox Separation 
!              Metal on Plug 

Other 

101 
55 
22 

8 
16 

8.63 
4.70 
1.88 
0.68 
1.37 

28 
8 

18 

2 

2.39 
0.68 
1.54 

0.17 

T/R Drive Shafts & Hangers 
Hanger Bearing Failure 
Coupling Failure 
Other 

105 
63 
20 
22 

8.98 
5.39 
1.71 
1.88 

31 
13 

8 
10 

2.65 
1.12 
0.68 
0.85| 

T/R Hub and Blade and Pitch 175 14.96 

4.02 

76 

31 

6.50 

2.65 

Change Mechanism 

Suspect Tail Rotor Failure 

!        Tail Rotor Hub Failure 
|              Tail  Rotor Yoke Failure 
!              Tail Rotor Grip Failure 
1              Tail  Rotor Hub Failure 

30 
11 

5 
m 

2.57 
0.94 
0.43 
1.20 

19 
9 
3 
7 

1.62 
0.77 
0.25 
0.60 

i        Tail  Rotor and Gearbox 
j       Separation 21 1.79 17 1.45 

|        Tail Rotor Bearing Failure 
P/C/L Bearing 
Thrust Bearing Failure 
Crosshead Bearing Failure 
Tail Rotor Bearing Failure 

15 
1 
2 
3 
9 

1.29 
0.09 
0.17 
0.26 
0.77 

1 
0 
0 
0 
1 

0.09 

0.09 

Control Rod. Retaining Nut/ 
Cotter Key Failure 

14 1.19 2 0.17 

Control  Quill Failure 8 0.68 1 0.09 

Control  Chain Twisted 10 0.85 - ! 
Other 30 2.57 5 0.43 

All Tail Rotor System Failures      j U06 34.71 139 11.89| 
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These modes are the only ones which comprise a larger   percentage 
of  the accidents   than of  the mishaps. 

11.2.3    Any-System Versus Tail-Rotor-Associated Mishaps 

A comparison between the ratios  of  the number of accidents  to 
the number of mishaps (accident  probability)  for mishaps, 
regardless  of  the aircraft system  involved  (any-system mishap) 
and for  tail-rotor-associated mishaps   is  presented in Table 
LIII,    Tail-rotor-associated occurrences   result in accidents 
more frequently  than do any-system occurrences.     In the case 
of material failures,  a  tail  rotor component failure is 2.7 
times as  likely  to cause an accident as an any-system material 
failure. 

The accident probability for tail   rotor associated  nonmaterial 
occurrences   is  1.3 times  the corresponding value for any-system 
occurrences.     For all causes,   the  tail   rotor system accident 
probability  is  1.8  times  the any-system accident probability. 
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12.     COST ANALYSIS 

The   purpose   of   the   cost  analysis   is   to  determine   the   total 
support  cost  of  the  UH-l/AH-1  tail  rotor   system.    As can  be 
observed  in   the   preceding analyses  there   is   considerable 
variation   in   the  MTBF,   MTR,  MTBR,   etc.,   for   the  components 
and  in  the  fleet   size  and  the use  rate of   the  aircraft.     These 
are all   factors   that   are used  in a  cost  analysis.     This 
means  that   several  separate analyses   for  each model  under 
different  use  environments would be  required.     This would 
be very  complex,   difficult,   if  not   impossible   to establish, 
and not  necessarily more useful  than   the   following  composite 
cost  analyses   for  the  utility and  attack  helicopter  tail 
rotor  systems. 

12.1     COST ANALYSIS  APPROACH 

This  cost  analysis   has  been  prepared  by  identifying each of 
the cost   elements   that   comprise   the   total   support   cost   of 
the UH-1D/H and AH-1G   tail rotor  system components. 

12.1.1 Fleet Life-Cycle Consideration 

To  provide  a  basis   for   the analysis   two   fleet   of  aircraft 
are considered,   one  utility  (UH-1D/H)   and  the  other attack 
(AH-1G).     Both are   fleets of  1000 aircraft   each having 
production  deliveries   of  kO aircraft   per month  over a  25- 
month  period.     The  use  rate of  these  aircraft   is   70  flight 
hours   per month  per  aircraft   for  the  utility  helicopter 
fleet  and  60   flight   hours  per month  per aircraft   for  the 
attack  helicopter   fleet.     The  useful   life   of   the  utility 
helicopters   is   5000  flight   hours  and  for  the  attack  helicop- 
ters  it is  3500 flight hours.     This makes   the  total life-cycle 
equal to  5 million flight hours  for the utility fleet 
and 3.5 million   flight   hours  for  the attack   fleet.     For 
the analysis   it   is  assumed  that   the  flight   hours  are 
accumulated   for each   fleet as  shown by  the  curves on 
Figure 10. 

12.1.2 Cost  of  the Tail Rotor System Delivered As Part of 
the Production Aircraft 

A research made   in  several  Departments  at   BHC  revealed 
that  no cost   breakdown  exists   that   proportions   the air 
vehicle cost   to  its   subsystems and  components.     To establish 
a value  that   could  reasonably represent   this  element  of 
the total  tail rotor  life,the following equation was used.     In 
this equation  the  cost  of the component as it  is delivered  is 
estimated to be 60 percent of the packaged spare component. 
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n 

Cj   =  CheOmT^ kiGi (39) 

1 = 1 

where    C,     =     the   total  estimated cost   of  the  tail rotor 
systems delivered on  the  production aircraft 

m    =     the   number of  production  aircraft   in the  fleet 

C.     =     the  dollar cost  of  the   ith  spare  component 

k.     =     the.number of  i components   installed per 
aircraft 

n     =     the  number of  different   components  in  the 
aircraft  tail  rotor  system 

The spare parts dollar costs used in the analysis are those 
shown in Table LIV which were established from  the sources 
referenced. 

12.1.3    Number  of  Spares  Required 

The number of   spares  required for  parts   that  are  normally 
scrapped when they are removed from the aircraft for failure 
is  determined  by  dividing  the model's   life-cycle  flight 
hours by  the MTBF  of  the  component.     The number of replace- 
ment  items  required where  the  parts  are either  limited-life 
items  or overhaul   items  is determined by  dividing  the model's 
life-cycle  flight hours  by the MTBR" computed   for the 
component  in Appendix VI. 

To establish a  logistic  pool of   replacement  parts  for the  two 
types of parts,  the total flight hours to be accrued during 
the first 21 months  after  the initial  production delivery is 
divided by  the MTBF and MTBR" values  as  appropriate. 

To determined,  for the number of overhaulable items,  the 
replacements  that  are  spare assemblies  and  those  that 
are overhauled,   the  number of  replacements  are multiplied 
by  the  fraction  of   items   that  are  scrapped.     The  result   is 
the number of   spare  assemblies  that  are  required.     It  is 
assumed  that   the   remainder are  overhauled. 

Where,  it was  determined  from the data  that  the  control quill 
assembly was   frequently repaired by  replacing  the  sprocket, 
the number  of   spare  items  for each of  these   items has been 
appropriately adjusted. 
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12.1.'+     Cost  of   the  Spare   Parts Required 

The   cost  of   the  spare   parts  CSp required was  obtained by 
multiplying  the  number  of   parts  required of each type by 
the  cost  established  for  it   on Table LIV.     The  part  costs 
used are  the costs   that  are   typical  for  the greater  per- 
centage  of  components   installed. 

Although the UH-1D/H has  two types of tail rotor drive shafts 
installed,   five  -3 and  one   -5 assemblies,   the   failure  rate 
and maintenance man-hour data  do not  distinguish between 
the  two  types  of assemblies.     The DA  form  2407  data   indicate 
that  the  -5  assembly's   replacement  rate  is   lower  than  that 
of   the   -3.     For  this  reason no attempt  has  been made   in   the 
cost  analysis   of  the  utility  helicopter's   tail  rotor  system 
to  differentiate between  the  two  except   in  the   initial 
production delivered on-board systems.     The cost  used  in 
the analysis   is  that   shown  for  the  -3. 

12.1.5 Cost of  the Overhauled Assemblies 

Separate   costs  were  computed  for   the   three   assemblies   that 
are overhauled:    the 42«   and 90-degree gearboxes,   and the tail 
rotor drive-shaft hanger assemblies.    A review of  the differ- 
ent  overhaul  contracts   showed considerable  variation  in  the 
overhaul  costs   for  these  components,   although  they were 
generally consistent  with  the overhaul costs  contained  in 
the RAMMIT Major  Item   Special Study (MISS)   reports, L3 thru 19 

which are shown on Table LIV and  are used  in  this   analysis. 

The overhaul  costs,   CQU,   were  computed by multiplying  the 
number  of  component  overhauls  by  the overhaul  cost per unit. 

The  analysis may  contain  a  degree of duplication   in  that 
the  intermediate maintenance man-hours   for  the  hanger 
assembly probably  include  a mixture of overhauls  and 
repairs.     The  cost analysis   treats  this maintenance  as   if 
it  were all  repairs. 

12.1.6 Transportation Costs 

The  transportation costs   to be  considered  in   the  tail  rotor 
system are: 

a.     Cost  of moving  spare  parts   from the  factory  to 
the Army's  main  distribution center 
(Red River Army  Depot-182 miles) 
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I-).     Cost of moving  overhaul  components  from  the 
distribution center  to  the  factory  (or depot 
maintenance area)  and back to the distribution 
center 

c.     Cost  of moving  both  spare  parts  and overhaul   parts 
between  the  distribution  center and 

bases  within  the United  States 
bases   overseas 

Costs  in moving  the  production  helicopters  from  the   factory 
to   the  use  locations  are not  considered. 

Three methods of   transportation are  included: 

a. Ground  (truck)   transportation 

b. Transportation by air 

c. Transportation  by  cargo vessel 

For  this  analysis  the  aircraft are  considered to  be   stationed 

20  percent  in  the  United  States at  an  average 
distance  of  1500 miles   from the distribution 
center;  transportation of parts is accomplished 
by ground  transportation 

80  percent  overseas  where  25  percent  of   the  overseas 
spare and overhaul  components  are  transported  to   the 
location by air and the remainder are  transported 
by cargo vessel.     It   is  assumed that  all  assemblies 
for overhaul  are  returned  to  the United States by 
cargo vessel. 

Based on cost information obtained from the Spares Engineer- 
ing Department at BHC,   components  of the  size and density of 
those that make up the  tail  rotor  system can be  shipped by 
truck at a cost of 0.15 dollar per ton-mile.    The cost of 
air  transportation which will vary considerably depending 
on   the distance has been estimated at  600 dollars  per ton. 
Similarly,   the cost  for cargo  shipment has been estimated 
at  300 dollars  per ton. 

The  total cost CTR for  transportation of  spares  and  overhaul 
components  is determined using  the  following equations 

Cl =   (Ws   + 2W0) D x 1^ W) 
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where the  dollar cost  of moving  parts  and  overhaul 
assemblies  between the  factory and  the 
distribution center 

W       =     the  total weight   in  tons of  the  spare 
components 

W       =     the   total weight   in  tons  of  the overhauled 
components 

D     =    the distance   to  be hauled by  the  truck 

R_     =    the cost  rate  per ton-mile to move  the 
items  by  truck 

C2  =   PjCWg   +  2Wo)  D x RT (41) 

where the  dollar cost  of moving  parts and  overhaul 
assemblies  between  the  distribution  center 
and base  locations within the US 

the  fraction of  the components to be 
shipped to  the  US  locations 

C3  =   P2(Ws   + Wo)RA (42) 

where 

where 

the dollar cost   of moving  the  items  between 
the distribution  center and overseas  locations 
by air 

the  fraction of   items  to be airshipped 

the  cost   per  ton  to move  the   items  by air 

C..   = (1  -  P1  -   P2)(Ws   +  2W0)  + P2(Wo) (43) 

the dollar cost of moving the items between 
the distribution center and overseas locations 
by cargo vessel 

the cost per ton to move the items by cargo 
vessel 

CTR " ci + c2 + c3 + S (44) 
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12.1.7 Maintenance Costs 

The maintenance cost per  flight hour to  support  the   tail 
rotor  system was obtained by multiplying the total organiza- 
tional and  intermediate maintenance man-hours per  flight 
hours  by  16.50 dollars.     This man-hours cost was  obtained 
from RAMMIT MISS reports,7 thru 19and it represents 
their best estimate of  the  current  average direct  and 
indirect cost for maintenance man-hours expended  at  each 
maintenance level.     The depot  maintenance cost was not 
computed  since this cost   should be  included in the  component 
overhaul cost.     The total  life-cycle cost value for tail 
rotoi   system maintenance CJ^JN was computed by multiplying 
the  cost per flight hour by 5 million flight hours for the 
utility helicopter and   3.5 million flight hours  for the 
attack helicopter. 

12.1.8 Cost of  Tail Rotor  System Related Mishaps 

The cost of tail rotor related mishaps was determined by: 
first separately obtaining the mishap rate for each 
mishap classification for UH-1D/H and the AH-1G from 
Section 11; next, the cost of the total loss mishaps, 
Class 1, was obtained by taking the highest costs observed 
in the USAAAVS accident data for Class 1 mishaps, as shown 
on Table LV- and rounding the result to 245,000 dollars 
for the utility helicopter and 475,000 dollars for the attack 
helicopter; and finally, the average cost of Classes 2, 3, 
and 4 repairable mishap damage was obtained for the UH-1D/H 
and AH-1G from Section 11, 

These factors were then inserted in the following equation. 

CA = Uj x C1  * K^C^   + XIIICIII ♦ XIVCIV)mT     (45) 

where 
3.  = the total life cycle cost in dollars 

'   for tail rotor associated mishaps 

A,,\TT,\TTT,ATU = the mishap rate in occurrences per 
i  xi in iv   flight hour for Glass 1, 2, 3, and 

4 mishaps, respectively 

C,,CTT,CTTT,CTV = the average dollar cost used for 
1  li  in iv   Glass it 2, 3, and 4 mishaps 

respectively 
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m    =  the number of aircraft  in the  fleet 

T    =  the   total  expected  life  for each aircraft 

TABLE LV.    AIRCRAFT TOTAL LOSS COST VS  DATE,   PER 
USAAAVS  MISHAP  RECORDS 

Accident 
Date 

Yr/Mo 

Aircraft Model 

UH-1C UH-1D UH-1H AH-1G 

67/01 

67/02 

67/07 

68/09 

69/07 

69/08 

69/09 

70/04 

70/05 

71/03 

219,911 

217,679 

217,679 

216,914 

216,914 

216,914 

224,415 

224,415 

224,415 

224,415 

288,554 

228,554 

228,554 

228,554 

237,504 

237,504 

23 7,504 

237,504 

237,504 

237,504 

228,554 

228,554 

228,554 

244,345 

244,345 

244,345 

244,345 

244,345 

318,707 

318,707 

451,141 

451,141 

451,141 

456,401 

471,630 

471,630 

12.1.9    Total Tail Rotor System Life-Cycle Costs 

The  estimate  of  the  total   tail  rotor  system life-cycle  costs, 
C™,   is  obtained by  summing  each of  the  cost  factors. 

(46) GT ~ CI + GSP COH + GTR + GMN + GA 

where the terms are as previously defined. 

12.2  COST ANALYSIS RESULTS 

Each of the elements which comprise the total support cost 
is presented separately. These elements are then combined 
to obtain the total cost estimate.  Many of the constants 
within the analysis are established as such by the constraints 
of fleet size, rate of delivery, use rate, spares cost, etc. 
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These  constants  are  actually variables   for which different 
values  can  be  established with a  different   set of  constraints. 
There was  insufficient  tine   :o evaluate  the   sensitivity  of 
changes  to   these values. 

12.2.1 Initial Cost  of  the  Tail  Rotor  System as  Delivered 
on  Production Aircraft     "™* '~' 

The   following   is  the estimated cost   of  the   initial  tail  rotor 
installation  delivered on  the   production aircraft 

Utility Helicopter 

3,679.80  Dollars  For  One  Ship Set 
3,679,800 Dollars  For a  1000 Airrraft  Fleet 
0.73596 Dollar/Flight hour 

Attack Helicopter 

3,507.60  Dollars  For  One  Ship Set 
3,507,600  Dollars  For  a   1000 Aircraft   Fleet 
1.00217  Dollars/Flight  Hour 

While  the  utility  helicopter's  cost   per  ship set   is  higher 
due   to  the  additional  driveshaft  and  hanger  assembly,   the 
cost   per  flight  hour  is  greater  for   the attack helicopter 
fleet  which  has  a  lower  number of   flight   hours  in  its   life 
cycle. 

12.2.2 Spare Farts Cost 

Tables LVI and LVII show  the estimated number of spare 
parts   that  would be required  to  support   fleets of utility 
and  attack aircraft  through their  life cycles based on  the 
component  MTBF,   MTBR,  TBO and retirement  lives. 

These tables also show the estimated number of spare assemblies 
in addition to those required for scheduled and unscheduled re- 
placement to maintain an adequate supply system. This estimate 
is based on: 

a. A  use  rate of  70  hours  per  month  for the utility 
aircraft and 60  hours   per month  for  the  attack 
helicopter 

b. Deliveries of production helicopters at a rate of 
25  aircraft  per month 

c. Spare components for replacements of failed items 
during the first 21 months being established as a 
logistics  pool of components, 
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Finally, Tables LVI and LVII show the estimated spare-part 
life-cycle cost required to support the tail rotor systems 
of the two aircraft fleets. Here again, the utility fleet 
has a larger total cost (5 percent) than the attack fleet, 
while the cost per flight hour for the attack fleet is 
larger (37 percent) than the similar cost for the utility 
fleet. Once again, the difference is primarily due to the 
difference in total fleet life-cycle flight hours. 

12.2.3     Overhaul  Costs 

Table LVIII shows   that the cost   to perform the overhaul of 
tail  rotor system components during the life cycle of  the 
utility fleet of aircraft is about 30 percent greater 
than the similar cost for the attack fleet.     This  is  pri- 
marily due to   the larger number of hanger assemblies  on 
the utility helicopter and   difference  in  total life-cycle 
flight hours.     The overhaul cost per flight hour for the 
attack fleet is  only about 10 percent  larger than the 
similar cost  for  the utility fleet. 

TABLE LVIII.     OVERHAUL COSTS                                      1 

j    Assembly 

Utility Helicopter Attack Helicopter 

Number 
of 

0/H 

Overhaul 
Cost - 
Dollars 

Number 
of 

0/H 

Overhaul   1 
Cost -      j 
Dollars 

42°  Gearbox 

90°  Gearbox 

Hanger Assembly 

5,569 

6,74 5 

25,197 

1,592,734 

2,751,960 

1,209,456 

4,738 

5,340 

IS,377 

1,355,068 

2,178,720 

738,096 

TOTAL COST 

COST/FLIGHT HOUR 

5,554,150 

1.1108 

4,271,884 

1.2205 
.  _   .              ...               .  —     _; _ „-       _,.,,.! 
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12.2.Li    Transportation Cost To Move the  Spare and  Overhaul 
Components     ~ ""    ~ " " 

Table LIX shows   the weight of   the  spare   parts  and 
assemblies   to  be  transported  between the  factory, 
bution center,   and the using location.     Using the 
th^ part distribution ratios,  and   the assumptions 
tions presented in 12.1,6,   the following estimate 

overhaul 
the distri- 
cost factors, 
and   equa- 
of trans- 

portation costs  of  tail  rotor system components was determined 

Utility Helicopter 

296,072  Dollars   for  the Life Cycle of a 
1000-Aircraft Fleet 

0.0592   Dollar/Flight Hour 

Attack Helicopter 

2^6,068 Dollars   for the Life Cycle of a 
1000-Aircraft Fleet 

0.0703  Dollar/Flight Hour 

12.2.5    Maintenance Support Costs 

The costs  for the  tail  rotor system organizational,  direct 
support,  and  general  support maintenance man-hours  per flight 
hour were estimated using MMH/FH values  from Section 9 and 
man-hour direct/indirect costs  from RAMMIT MISS  reports. 
The resulting fleet life-cycle cost and   the cost per flight 
hour for this  element are: 

Utility Helicopter 

9,333,500 Dollars  Total 
1.8667  Dollars/Flight Hour 

-    Attack Helicopter 

4,709,950 Dollars  Total 
1.3457  Dollars/Flight Hour 

Here,  both the total life-cycle cost and the cost per flight 
hour for this  cost element are greater for  the utility air- 
craft  than they are for  the attack aircraft.     This difference 
is due  to  the large difference  in maintenance man-hours   per 
flight hour observed  for the  two  types  of aircraft in the 
Navy 3-M data (see Section 9). 
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12.2.6 Costs of Tail Rotor System Related Mishaps 

During the life of the aircraft fleet,  tail-rotor-associated 
Class  1 mishaps would result in the loss of: 

Utility 52  aircraft 
Attack kk aircraft 

The dollar  loss  due   to  the  tail-rotor-associated Glass   1 
mishaps is: 

Utility 12,740,000  Dcilars 
Attack 20,900,000  Dollars 

During the  life of  the aircraft fleet,   tail-rotor-associated 
mishaps of Glass 2,   3,   and k could be expected  to occur 
the  following number  of  times with the  resulting  estimated 
dollar  cost; 

Utility       76 Glass  2  mishaps  for  7,455,600- 
dollar   loss 

13 Glass  3  mishaps  for  307,866- 
dollar  loss 

101 Glass  k mishaps for 403,394- 
dollar   loss 

Attack 126 Glass  2  mishaps  for  16,425,108- 
dollar  loss 

0 Glass  3  mishaps for zero-dollar loss 

77  Glass   4  mishaps  for  179,256-dollar 
loss 

12.2.7 Total Tail  Rotor System Life-Cycle Gost 

The total life-cycle cost of the two fleets  of aircraft, 
utility helicopters  and attack helicopters,  was estimated by 
summing each of the cost elements described above.    The 
resulting dollar cost per flight hour was also computed. 
Table LX sunmarizes  the results of thla analysis. 

Discounting the cost of tail-rotor-system-associated accidents, 
the dollar cost per flight hour for the attack helicopter is 
116 percent of the cost rate for the utility helicopter.    How- 
ever, when considering the tail-rotor-system-associated acci- 
dents,  the dollar cost per flight hour for the attack helicop- 
ter is almost 167 percent of the cost rate for the utility 
helicopter. 
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GLOSSARY 

Accident,  Army An Army aircraft mishap resulting in total 
Aircraft loss  of the aircraft or damage to the air- 

craft requiring greater than 99 man-hours 
to repair  for the UH-1C/D/H or greater 
than  124 man-hours  to repair for the  AH-1G. 

Any-System A  term used  to   refer to all mishaps,   regard- 
less  of  the system involved. 

Contact A  term which refers   to a group of  non-mate- 
rial   tail   rotor associated mishaps which 
are either  tail  rotor strikes  or tail   rotor 
hits. 

EMT The elapsed maintenance  time expressed in 
calenda r hou rs. 

Hit A  term  that  refers   to  tail  rotor contacts 
which  involve a foreign object hitting or 
blowing into  the  tail  rotor. 

M Mean corrective and preventive action time. 
This   is   the mean active downtime  resulting 
from both corrective and  preventive mainte- 
nance  expressed  in calendar hours. 

MG M for a specified component G. 

??„ M for a specified system  S. 

MSy M for a specified subsystem SS. 

H Mean preventive maintenance action time. 
Pt This  is   the statistical mean of  the sum of 

the times  required for prevpntive actions 
divided by  the number of  these actions 
scheduled  for a given period expressed in 
calendar hours. 

M The mean preventive maintenance action time 
p G for the component G. 

H The mean preventive maintenance action time 
p S for the system  S. 

H The mean preventive maintenance action time 
p SS for the  subsystem SS. 
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MAOT The maximum allowable operating time to 
retirement or between overhauls. 

MIRF 

Mishap, Army 
Aircraft 

Mishap, Tail- 
Rotor- Associated 

m 

MMH 

MMH/FH 

MOS 

MOS 67N20 

MOS 67Y20 

MOS 68D20 

MOS 68E20 

Major Item Removal  Frequency,  one of  the 
RAMMIr.  analyses containing component 
histogram  tables  of accumulated  operating 
time at  removal and  coded  reasons  for re- 
moval of major aircraft components.     It 
presents  separate  tables for first  re- 
movals  of new items and first removals of 
items with one prior overhaul. 

An unplanned event involving one or more 
Army aircraft,  occurring between the  time 
the engine(s)  is(are) started for the 
purpose of commencing flight until the 
time the aircraft comes to rest with all 
engines  and propellers or rotors  stopped 
and brakes  set or wheel chock in place, 
which may or may Tiot result in damage to 
the aircraft.    This excludes any action 
by enemy or hostile forces. 

A mishap caused by a material failure within 
the tail rotor system or by a nonmaterial 
cause affecting the tail rotor system.    The 
nonmaterial causes include maintenance errors 
and tail rotor contacts. 

The average number of maintenance men re- 
quired to perform a maintenance  task. 

Maintenance man-hours. 

Maintenance man-hours per flight hour.    This 
is the average number of man-hours required 
per flight hour to perform the maintenance 
(scheduled and unscheduled)  required  to 
support a specified item. 

Military occupational specialty.     The MOS 
numbers  of military personnel indicate 
their occupations  and skill levels. 

A UH-1C/D/H helicopter repairman. 

An AH-1G helicopter repairman. 

An aircraft powert rain repairman. 

An aircraft  rotor and propeller  repairman. 
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MTBF 

MTBM 

MTBR 

Mean-time-between-failures.    The sum of 
the operating times accumulated on all 
items of a given type divided by the number 
of failures of that item, where a failure 
is defined as any occurrence requiring 
unscheduled maintenance. 

The mean-time-between-maintenance for all 
maintenance actions (scheduled and un- 
scheduled)  expressed in flight hours. 

Mean-time-between-removals.    Tae average 
interval  in hours between maintenance 
actions  resulting in the removal of an 
item from a fleet of aircraft. 

MTBR' 

MTBR' 

MTBR e 

MTBRh 

MTBSM 

MTR 

MTRp 

An estimated MTBR computed from RAMMIT 
MIRF data which considers only failures 
and time change removals but includes  a 
group of components which had failed 
once and had been repaired. 

An estimated MTBR computed from RAMMIT 
MIRF data which considers only failures 
and time change removals but includes  a 
group of components which had failed once 
and had been repaired and a second group 
which had failed twice and had been re- 
paired twice. 

An estimated MTBR computed from RAMMIT MIRF 
data which considers only failures and time 
change removal causes. 

The mean-time-between-removals of  the 
component for removal cause h. 

Mean-time-between-scheduled-maintenance. 

Mean-time-to-removal.    The average of  the 
component operating times at removal from 
the aircraft.     The component operating 
time is  the time since new and/or  time 
since last overhaul,  expressed in flight 
hours. 

The mean-time-to-removal for the assem- 
blies removed  for failure causes. 
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MTR^ 

MTRT 

MTTR 

MTTRA 

MTTRG 

MTTRg 

MTTRSS 

RAMMIT 

Strike 

Tc 

TAMMS 

TBO 

The mean-time-to-removal  for the assem- 
blies  removed for nonfailure causes   (in- 
cludes both nonfailure and scheduled 
maintenance   (nontime change) coded re- 
moval  causes). 

The item's mean-time-to-removal for all 
causes. 

The average downtime in calendar hours 
for a specified unscheduled  task. 

The MTTR for a  specific  repair action A 
on like items. 

MTTR for a  specified   component C. 

MTTR for a  specified  system S. 

MTTR for a  specified  subsystem SS. 

Reliability and Maintainability Manage- 
ment Improvement Techniques.    A TAMMS 
data analysis  activity conducted by  the 
Product Assurance Directorate of the Army 
Aviation Systems  Command,   St.  Louis, 
Missouri. 

A term that refers to tail rotor contacts 
which occur when the tail rotor of a mov- 
ing aircraft strikes  a stationary object. 

The specified  retirement life or life at 
removal for overhaul (TBO). 

The Army Maintenance Management System 
described in Department of the Army Tech- 
nical Manual TM 38-750. 

The MAOT between overhauls. 
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APPENDIX I 

MAINTENANCE PROCEDURES 

The maintenance procedures appearing  in this  appendix were 
extracted  from the Army Technical Manuals  on organizational 
level maintenance for Models UH-1G/D/H and AH-1G, 1»2>3       The 
procedures  included are those relating to  the tail rotor 
system as  defined in this  report.     They are presented in the 
following order: 

Procedure 

TAIL ROTOR HUB AND BLADE 

Model UH-1D/H 

A. 
B. 
C. 
D. 
E. 

Removal 
Inspection 
Repair or Replacement 
Installation 
Lubrication 

Model UH-1C 

A. 
B. 
C. 
D. 
E. 

Removal 
Inspection 
Repair or Replacement 
Installation 
Lubrication 

Model . AH-1G 

A. 
B. 
C. 
D. 
E. 

Removal 
Inspection 
Repair or Replacement 
Installation 
Lubrication 

TAIL ROTOR BLADES 

Model UH-1D/H 

Page 

149 

149 

155 

156 

157 

157 

A. Inspection 
B. Repair or Replacement 
C. Cleaning 

Model UH-1C 

A. Inspection 
B. Repair or Replacement 
C. Cleaning 
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Procedure 

Model AH-IG 

A. Inspection 
B. Repair or Replacement 
C. Cleaning 

TAIL ROTOR PITCH CONTROL QUILL AND ROD 

Model UH-1D/H 

Pa^e 

160 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Cleaning 

Model UH-1C 

A. Removal 
B. Inspection 
C, Repair or Replacement 
D. Installation 
E. Cleaning 

Model AH-1G 

160 

160 

165 

167 

A. Removal 
B. inspection 
C. Repair or Replacement 
D. Installation 
E. Cleaning 

TAIL ROTOR DRIVE SHAFT 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 

Model UH-1C 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 
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Procedure 

Model . AH-1G 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 

TAIL ROTOR HANGER ASSEMBLY 

Model 1 UH-ID/H 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 

Model 1 JH-IC 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 

Model i ̂ H-1G 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 

42-DEGREE GEARBOX 

Model 1 UH-ID/H 

A. Removal 
B. Inspection 
c. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 
G. Packaging 

17U 

176 

176 

179 

181 

182 

182 
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Procedure Page 

Model UH-1C 187 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 
G. Packaging 

Model AH-1G lSB 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 
G. Packaging 

9Q-DEGREE GEARBOX 189 

Model UH-1D/H 189 

A. Removal 
B. Inspection 
C. Repair or Replacement 
D. Installation 
E. lubrication 
F. Cleaning 
G. Packaging 
H.  Repair or Replacement of Support Fitting 

Model UH-1C 195 

A, Removal 
B. Inspection 
0. Repair or Replacement 
D. Installation 
E. Lubrication 
F. Cleaning 
G. Packaging 
H.    Repair or Replacement of Support Fitting 

Model AH-1G 196 

A. Removal 
B. Inspection 
C. Repair or Replacement 
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V 

Procedure Paffe 

D. Installation 1-97 

E. Lubrication 
F. Cleaning 
G. Packaging 
H.     Repair or Replacement of  Support  Fitting 
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MAINTENANCE PROCEDURES 

TAIL ROTOR HUB AND BLADE ASSY 

Model UH-1D/H 

A. Removal 

1. Disconnect pitch change link  from  each tail  rotor 
blade grip pitch horn by  removing  nut,  bolt,  and 
washers.     Keep safety washer,   steel washer,  and 
other attaching parts with link. 

2. Remove crosshead and shim by removing two 
attaching bolts with nuts and washers. 

3. Cut  lockwire wrapped on each  end   of boot. 

U.     Remove cotter pin,  nut,   and washer from end of 
pitch change  rod.    Remove bearing set,   retainer 
plate,   and  pitch change slider.     Remove boot. 

5. Cut lockwire and remove hub  retainer nut.    Remove 
static stop and shim,   if existing. 

6. Move  tail   rotor hub (and  blade assembly) outboard, 
on splines  of shaft,  and   remove split cone set 
as   it  is   released.    Remove tail   rotor over end of 
gearbox  shaft and pitch change  rod. 

NOTE 

Fasten split cones  together 
and.  retain as a matched   set. 

B. Inspection 

1. Inspect all   tail  rotor parts   for evidence of 
damage. 

2. Inspect moving parts and  pivot bolts   in the pitch 
change mechanism for looseness,   wear,  and play. 
Use a dial  indicator to measure axial and radial 
play in the pitch link bearings. 

3. Inspect  for excessive movement between blade grip 
and   the hub on each blade as  follows: 

a.     Rigidly support the  rotor at hub yoke to elim- 
inate any possibility of movement.     (The blades 
and  grips must be free.) 
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b. Free play check.    With fingertips, move  leading 
edge of blade away from center  just enough to 
take out play.    Do not use  force.    Measure 
total movement.    Release and allow blade to 
return to center.    Move trailing edge away from 
center and measure  in the  same manner.    Maximum 
movement allowed:    0.25 inch each side.    Repeat 
procedure on opposite blade. 

c. Maximum deflection check.     Pull   leading edge 
of blade away from center with ^   to  5 pounds 
force.     Measure amount of movement.    Allow 
blade  to  center.    Pull  the  trailing edge of 
blade away from center with U   to  5 pounds 
force,   and measure amount of movement.    Maxi- 
mum movement allowed:     1.0  inch each side. 

d. Inspect crosshead for visible damage,   surface 
nicks  and scratching.     Corrosion or pitting 
shall  be cause for  rejection. 

G.    Repair or Replacement 

Repair or  replace hub and blade assembly  if  inspection 
requirements are not met.    Request  assistance of Direct 
Support maintenance  personnel  for  repair.     If     isist- 
ance is  not  immediately available,   replace the hub 
and blade  assembly.     See Appendix V for Direct/General 
Support maintenance procedures, 

D.     Installation 

NOTE 

Prior  to   installation,   ensure  tail 
rotor hub,   crosshead,  and pitch  links 
are compatible for installation  on 
helicopter, 

1. Observe color coding of  parts during  installation, 

2. Position tail rotor hub and blade assembly near 
end. of shaft with bearing bosses of hub inboard 
and flat side outboard.     Be sure  internal  bevel 
of hub  is   inboard.    Align master splines and  slide 
hub on shaft until   trunnion is  just  started  on 
second  set of splines. 

3. Place split cone set with bevel  outboard,   in 
groove between splines and  shoulder  on shaft with 
ends  gaps  equally spaced.     Slide hub  inboard 
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to seat trunnion on cones. Check cone set for 
equal spacing. 

NOTE 

Install split cones as matched 
set only. 

4. Install  shim on shaft against trunnion.     Install 
static stop and  hub  retaining nut.     Hold   rotor 
by hub and   tighten to a torque of  300   to 400  inch- 
pounds.    A maximum of one exposed unengaged  thread 
inside nut  is   permissible after shimming  instruc- 
tions  have been accomplished.     (Refer  to  Step 12 
for shimming  instructions.)    Lockwire  nut to static 
stop and.  install boot on shaft. 

CAUTION 

Ensure proper alignment of  etched 
"V" back-to-back mating on bearing 
set is maintained prior to and during 
installation.    Nuts MS17826-5 and 
MS17825-U  are not to be reused. 

5. Install slider on shaft and  into boot.     Safety 
wire each  end  of boot.     Place retainer plate and 
bearings  on end of pitch change rod  and secure by 
washer and nut.     Tighten nut 60 to  85   inch-pounds 
torque and secure with cotter pin. 

6. Determine thickness  of shim required  for 0.002 
to  0.00U   inch  pinch on pitch change  rod bearings 
as  follows: 

a. With shim omitted temporarily assemble cross 
head and secure with two bolts, washers, and 
nuts. 

CAUTION 

Ensure correct P/N crosshead is 
installed, 

b. Tighten nuts enough to secure assembly with- 
out distortion. 

c. With a feeler gage measure gap between retainer 
plate and  crosshead.      Subtract 0.002  to 0.004 
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inch and   peel  or  replace shim as   necessary for 
this  thickness. 

d.    Remove bolts   and  crosshead. 

CAUTION 

Recheck   "V"  etched  on outer races 
of bearing set for proper back-to- 
back mating. 

7. Fill  cavity of crosshead with grease.     Place  shim 
and  crosshead   over bearings.    Align parts  and 
install  bolts,  with washers under heads,   through 
crosshead,   shim,   retainer plate,   and  flange of 
slider. 

NOTE 

Use bolts,   P^ NAS130it-21D,   nuts, 
P/N MS17825-4,   and   cotter keys. 
P/N MS24665  151,   to attach crosshead 
to slider.     Use one steel washer under 
head of  bolts  and  one steel washer under 
nuts.     One additional  thin steel  washer 
may be used under nuts  to align for 
cotter  key. 

8. Check pitch change  links to ensure they are a 
matched pair,   in  serviceable condition,   and 
properly  installed in crosshead,  with each bolt 
head toward rotation. 

a. Maximum allowable wear tolerance   for  rod-end 
bearings   is  0.020  inch,   either axial  or 
radial  play. 

b. Set pitch links  to  initial  length of  5.^4   inches 
measured  between bolt hole centers.     Refer  to 
TAIL ROTOR  PITCH CONTROL QUILL AND ROD. 

9. Connect each pitch change link to  blade  pitch horn 
as  follows: 

a. Inspect  pitch change links,  and determine  part 
number of  links  being  installed. 

b. Install  links  o,n tail  rotor grips with attach- 
ing parts.     Torque nuts  to 60  to  100   inch- 
pounds,   and   install  cotter pins. 

152 

J 



NOTE 

The pitch change link with the 
extended   rod  end bearing must 
contact  the tail  rotor grip. 

10. Install pitch change links  in  crosshead as  follows; 

a. Install bolts with washers.     Install  bolts 
with heads   in direction of  r Nation. 

b. Torque nuts  to 50  to 70 inch-pounds and  in- 
stall  cotter  pins.     Use one additional   thin 
steel washer under nuts,   if necessary,   for 
cotter pin alignment. 

11. Rig  tail   rotor (see PITCH CONTROL QUILL AND ROD, 
paragraph D.6,   7,   and 9). 

12. Check for 3.0 (+0.5)   inch clearance between tail 
boom vertical  fin and  nearest  trailing  edge of 
tail  rotor at full  right pedal  position in rigged 
condition.     If  necessary,   change thickness  of shim 
installed  between  rotor hub trunnion and  static 
stop for proper   clearance.    Use bonded laminated 
shims  only. 

CAUTION 

Ensure all safety provisions are 
followed if adjustment of shim 
is required. 

NOTE 

Inspect hub retaining nut for 
proper thread engagement to shaft. 
A maximum of one exposed unengaged 
thread inside nut is permissible, 
after shimming is accomplished. 

13. Check the tail rotor and controls for free move- 
ment, with no interference, through full flapping 
angle with full right and left antitorque pedal 
applied.  If installation is not correct, inter- 
ference between the pitch change links and the 
safety washer may occur before the rotor hub con- 
tacts the static stop. 

\h,     Lubricate the tail rotor (see paragraph E). 
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15. Track tail rotor. 

a. Attach a small piece of sponge rubber 1/8 to 
1/4 inch thick on the end of a 1/2-x-1/2-inch 
pine stick or any other flexible device. Cover 
sponge rubber with Prussian blue or similar 
type of coloring thinned with oil. 

NOTE 

Ground  runup shall  be performed by 
authorized personnel only. 

b. Start engine.     Run engine at 6600  rpm,   with 
pedals   in neutral  position.    Rest marking 
device on underside of tail boom assembly. 
Slowly move marking device into disc of tail 
rotor just far enough to touch near blade 
approximately 1  inch from tip. 

c. When near blade is marked,  stop engine and 
allow  rotor to  stop.     Shorten pitch control 
link of marked  blade and  recheck   track  of 
blades. 

NOTE 

Between 5 and  10 hours of flight, 
after  installation of tail  rotor,   re- 
torque tail   rotor retaining nut.     Re- 
torque can be accomplished with slider 
and crosshead installed with care 
that wrench does  not contact adjacent 
parts. 

16. Relubricate tail  rotor grips after tracking. 
Centrifugal, force may force grease away from  in- 

/ board bearings.    Purge grips until uncontaminated 
J> grease is  expelled  at  inboard seal. 

E.    Lubrication 

Use hand-type grease gun only. 

1.     Grip Bearings,   1  place.     Purge lubricate tail 
rotor hub and  blade grip bearings  every 100 hours 
or if conditions warrant every 25 hours  as  follows: 

a.    Disconnect pitch link at one blade grip and 
purge bearing with grease.    Rotate grip several 
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times   in both directions.    Repeat  purging 
procedure.     Wipe  off  excess  grease and  re- 
connect  pitch link. 

b.     Disconnect pitch link on opposite blade grip 
and   purge bearing  in accordance with Step a 
procedure.     Reconnect  pitch link. 

2. Trunnion Bearings,   1  place each,   every 100 hours. 

3. Crosshead Bearing,   2  shots  only,   every   100 hours. 

Model  UH-1G 

A. Removal 

See UH-1D/H 

B. Inspection 

See UH-1D/H except: 

3.     Should  blade movement  exceed  limits,   inspect   grip 
installation for proper  torque on grip  retaining 
nut.    Continued excessive movement after torque 
check is   cause for  rejection. 

d.     Maximum allowable depth after repair of  surface 
nicks and scratches not to exceed 0.020  inch. 
Maximum allowable  depth after repair of corro- 
sion or pitting not to  exceed 0.015  inch. 
Excessive corrosion or pitting shall be cause 
for rejection. 

C. Repair or Replacement 

See UH-1D/H 

D. Installation 

See UH-1D/H except: 

5.     Torque of bearing   retaining nut not specified. 

7.    Crosshead cavity not  filled with grease,  and part 
numbers  of  nuts,   bolts,   and  cotter key not speci- 
fied.     Torque of  nuts  not  specified,   but  rod   end 
alignment specified  at 37°   -  39°. 

m.     Lubrication not specified   in UH-1C manual. 
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16.    Relubrication after tracking not mentioned. 

E.     Lubrication 

See UH-1D/H except: 

1.     Purge-lubricate   tail  rotor hub and  blade grip 
bearings  after  initial   installation of a   tail   rotor 
hub assembly and   subsequent ground   run (to accom- 
plish  tracking   requirements),  after helicopter 
operation in the  rain,  and after every 50 hours 
of operation  in   the same manner as   the UH-1D/H. 

3.     Hand   pack when grease  fitting  is  not  installed. 
If   installed,   same as   UH-1D/H. 

Model AH-1G 

See UH-1D/H  except: 

G.     Repair and  Replacement 

AH-1G manual  adds   the  following step: 

3.     Replace pitch links  or crosshead parts as  re- 
quired   if  excess  play is  found.    Maximum allowable 
wear for  rod  ends   of pitch links   is  0.020  inch, 
either axial or radial. 

D.     Installation 

See UH-1D/H  except: 

3.     Equal  spacing of  end gaps  in split cone set not 
mentioned   in AH-1G manual.    AH-1G manual  states 
"place cone set   .   .   .  with external chamfer of 
cone outboard." 

5.     Torque  is  specified  as   50-95   inch-pounds. 

7. Torque specified   as  50-70  inch-pounds.     Torque  is 
not specified   in UH-1D/H manual. 

8. a.    Maximum wear  for rod end bearing is not 
specified. 

b. Pitch links initial length is 5.03 inches. 

9. Torque nuts to 110-165 inch-pounds. 
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10.     Torque  nuts   to 60-110  inch-pounds.     Use of addi- 
tional  washer under nuts  not mentioned. 

12.     Clearance for AH-1G  is   2.65 (+0.35)   inches. 

Ik.     Lubrication  is not specified in AH-1G manual. 

E.    Lubrication 

See  UH-1D/H 

TAIL  ROTOR  BLADES 

Model   JH-ID/H 

A.     Inspection 

NOTE 

Any  repair or replacement of  tail 
rotor blades will  be  performed  by 
Direct Support maintenance level. 
(See Appendix V for Direct/General 
Support maintenance  procedures) 

1. Nicks  and  scratches 

a. Nicks and   scratches   on  the surface of   the 
blade  that are 0.008   inch,   or less,   deep are 
repairable. 

b. Nicks and notches   in  the extreme  trailing 
edge of  the blade  that are 0,050  inch,   or less, 
deep are  repairable. 

2. Dents  that are not deeper  than 0.060  inch are 
acceptable.     In cases where a scratch or nick 
is present in a dent,   the depth is measured to 
the bottom of the  scratch or nick and must be 
repaired. 

3. Any crack, in any location, on any blade, is cause 
for blade replacement. Replace tail rotor hub and 
blade assembly. 

i+.       Vo ids. 

a.    Between the abrasive  strip and the  inner doub- 
ler,  along blade centerline,  a void with a 
maximum width of  0.2 50  inch is acceptable. 
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b. At butt  end,   voids  between skin and   trailing 
edge,  under doubler  rear "fingers" are not 
acceptable. 

c. At butt  end,   voids  between skin and   inner 
doubler,  under front "fingers" are not 
acceptable. 

d. At blade tip,   between skins and  trailing edge, 
in the outboard  1.00   inch voids are not 
acceptable, 

e. In the blade  body between  the ends  of  the blade, 
between the skin and  the core,  voids  not larger 
than 0.200  inch wide  chordwise,   by 0.500  inch 
long spanwise,   are acceptable,  providing 
spacing between  centers   exceeds  2.00   inches. 

f. In the blade body between the ends  of  the 
blade,   between  the  skin and   the  inner doubler, 
voids  not  larger than  0.500   inch wide  chord- 
wise,   by 1.00   inch long  are acceptable,   pro- 
viding spacing  between  centers  exceeds  3.00 
inches. 

g. In  the blade body between  the ends   of  the 
blade,   between the core  and   the  inner doubler, 
voids  not larger than  0.500   inch  chordwise, 
by 1.500  inch spanwise,   are acceptable,   pro- 
viding spacing between  centers  exceeds   3.00 
inches. 

NOTE 

Any  edge void   is  not acceptable.     Replace 
tail  rotor hub and blade assembly. 

5.     Inspect  the tail   rotor blades  for corrosion in 
accordance with the following limits: 

a. Skin corrosion areas   inboard  of station 25.0 
not  in excess  of 0.010   inch in depth are 
permissible. 

b. Skin corrosion areas  outboard  of station 25.0 
not  in excess  of  0.015   inch  in depth are 
permissible, 

c. Corrosion areas   in the abrasive strip not in 
excess of 0.010  inch  in depth are permissible. 
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d.     Corrosion areas  in the trailing edge not 
deeper than 0.015  inch are permissible. 

6. Inspect retention bolts  for tightness and 
security. 

7. Looseness  of either  retention bolt hole bushing  is 
cause  for blade  replacement. 

8. If overspeed,  sudden stoppage,   hard  landing or 
overtorque has occurred,   inspect blades. 

9. Bond  separation or cracks anywhere on blade is 
cause  for blade  replacement. 

10. Movement of   tip  or  root weights   is   cause  for blade 
replacement. 

11. Inspect all  tail   rotor blades   for chordwise  cracks 
in tip  cap.    Cracks   in tip cap are  repairable. 

12. If  one blade of  pair has  been damaged  badly enough 
that metal has  been torn or any bond  lines have 
separated,   both blades  must  be   replaced. 

B.     Repair or Replacement 

1.    Request assistance of Direct  Support maintenance 
personnel for repair of  repairable  items,   as  shown 
in paragraph  A.     If  assistance  is  not  immediately 
available,   replace  tail   rotor  hub and  blade 
assembly.     See Appendix V for  Direct/General  Support 
maintenance  procedures, 

2.     Replace hub and blade assembly  if any blade has 
voids   in excess  of limits  shown in paragraph A.^. 

G.     Cleaning 

Wash tail   rotor blades with a  solution of mild  soap 
and water. 

Model UH-1G 

A. Inspection 

See UH-1D/H 

B, Repair or Replacement 

See UH-1D/H 
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C.    Cleaning, 

See UH-1D/H 

Model AH-IG 

A. Inspection 

See UH-ID/H except: 

I.     b.     Nicks   or  scratches   not  over   0.50  inch deep 
are   repairable.     (UH-ID/H/C manuals  specify 
0.050   inch.) 

5.     Inspection for  corrosion not mentioned  in AH-1G 
manual. 

II.     Tip  cap   cracks  not mentioned   in AH-IG manual. 

B. Repair and Replacement 

See UH-ID/H 

C. Cleaning 

See  UH-ID/H 

TAIL ROTOR PITCH CONTROL QUILL AND ROD 

Model UH-ID/H 

A.     Removal 

1. Remove  tail   rotor pitch control   crosshead  assembly, 
(Refer   to  TAIL ROTOR HUB AND BLADE ASSEMBLY, 
paragraph A.1-4.)     Be  sure  bearings  and   retaining 
nut are   removed  from  pitch  control   rod. 

2. Cut lockwire and   remove  two bolts  and   cover from 
housing  pan.     Remove screw from  bracket of  pan. 

3. Remove   three  nuts,   washers,   and   guard   from  gear 
case  studs. 

U,     Open speed  rigs  to  allow slack   in  control  cables. 
Lift  chain from sprocket.     If  chain is  to be  re- 
moved,   detach endr.   from  cables   by  removing bolts. 

5.     Remove   pan. 
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6. Pull control quill with packing and control rod 
out of gear case. Cover open port. Detach rod 
from quill   by  turning  sprocket   to  disengage  thread. 

Inspection 

1.     Pitch Control Quill and Rod 

a. Inspect   guard,   cover and  pan for   cracks  and 
damage. 

b. Inspect   control  rod  for  improper  operation, 
binding,   cracks,   damaged   threads   or splines. 

c. Inspect   chain for  faulty operation or wear. 

NOTE 

Joint wear of  control   chain may  be 
checked  by placing chain under  tension 
and measuring  length  of any  32  pitches. 
Maxi .um allowable length is  6-3/16 
inches.     If  chain has  been removed  from 
helicopter,   tension may be applied   by 
suspending chain from one end  and 
attaching lö-pound  weight  to  opposite 
end. 

d. Inspect   control quJll  for  roughness,   binding, 
and unserviceable seals. 

NOTE 

Inspection of the  tail  rotor sprocket 
can be  performed  without  removing 
sprocket   from the helicopter.     Gain 
access   to sprocket by  removing 
sprocket  guard. 

e. Lay a  straight edge across   top of  sprocket 
teeth and  determine  if any space  exists 
between  the  teeth and   straight  edge.     During 
this   inspection it may be noted   that slight 
depressions  are visible on the sprocket.     This 
is  caused  by  the chain links  and   should  not be 
misconstrued  as  criteria for sprocket  replace- 
ment. 
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2.     Control Head 

NOTE 

Apply following procedure  to determine 
amount of  looseness  between internal 
spline of   tail  rotor control head 
slider and   rotor shaft spline and 
looseness   in pitch change  rod bearings 
and in pitch change threads. 

a. Mount a dial   indicator on tail   rotor  shaft with 
indicator against crosshead. 

b. With left   control pedal held full  forward, 
manually  test  crosshead for radial   play not 
to exceed   0.020 inch. 

c. With full   right pedal,   repeat  check  for radial 
play  not   to   exceed  0.035   inch. 

d. With pedals  held neutral,  manually  test for 
axial play (along shaft  center line without 
radial motion)  not to exceed  0.018   inch. 
Excessive axial  play would   indicate worn or 
loose pitch  change rod bearings  or worn pitch 
change  threads. 

C.    Repair or Replacement 

1. Replace guard,   cover,  or pan when cracked  or 
damaged. 

2. Replace control  rod for faulty operation or visible 
defects  such as  cracks,   bending,   and  damaged 
threads  or splines. 

3. Replace control  chain when faulty operation or 
visible indications of  excessive wear  occur.    When 
chain is  replaced,   replace sprocket on  control 
quill as  outlined   in Step 4. 

CAUTION 

Do not apply any lubricant on 
control  chain. 

k.     Replace sprocket  if any space exists  between 
sprocket  teeth and straight  edge.    (See paragraph 
B.l.e.)     To   replace sprocket on control quill, 
proceed as  follows: 
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NOTE 

Tail   rotor chain and sprocket shall 
be  changed  as a matched  set. 

a. Remove  cotter pin and   retaining nut while 
holding   sprocket  carefully   in padded   jaws   of 
suitable  tool or vise. 

b. Remove  and   replace  sprocket without  separating 
other parts. 

c. Reinstall   retaining nut on end  of   control  nut. 
Tighten 100  to 300  inch-pounds  and  align 
cotter  pin holes. 

d. Install   cotter pin with spread  ends  parallel 
to  face of sprocket and  bent flat against hex 
face of   retaining  nut. 

5.    Replace control quill when rough or binding in 
operation,   or for oil  leaks  past   internal  seals. 
Replace packing on quill housing at   installation, 

D.     Installation 

1. Insert  control  rod  through  inner end   of  control 
quill with  splines meshed.     Turn sprocket to 
engage quill   control  nut on threads   of  rod.     Place 
0-ring on quill. 

2. Uncover port on right side of 90-degree gearbox. 
Insert control rod carefully through rotor shaft 
and  seat quill  flanges over mounting  studs. 

3. Place  cover pan on studs and secure  temporarily 
with nuts  and washers,   and with screw through 
bracket on lower corner into matching  plate nut 
of vertical   fin. 

4. Install  pitch change control head  assembly  (see 
TAIL ROTOR HUB AND BLADE ASSEMBLY,   paragraph 
D.5-10). 

5. Install and  connect control chain while rigging 
system. 

6. Rigging 
NOTE 

Accomplish rigging with hydraulic 
boost off. 
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NOTE 

Length specified  for pitch change 
links  is  an initial setting,  and 
may be  changed   after operational 
checks  for blade track or to obtain 
normal pedal  positioning  in auto- 
rotative landing and   right sideward 
f 1 ight. 

a. Check  that  sprocket guard nuts  and  washers 
are  reinstalled.     Bottom out  control  quill 
by turning  sprocket clockwise  to  end  of 
travel. 

b. Mark any convenient tooth of sprocket with 
grease pencil,   and place a  reference mark on 
cover pan next  to marked  tooth. 

c. With sprocket  bottomed   clockwise,   and   left 
pedal held  against stop,  apply sufficient 
tension on lower cable  to  take out  servo 
cylinder  control  valve motion.     Install  chain 
over sprocket  and connect upper speed   rig. 

d. Adjust cable  tension at 40  to  50 pounds, main- 
taining  sprocket position. 

e. Actuate control pedals   through full  travel and 
recheck  sprocket  tooth position to be   2-1/2 to 
3-1/2 teeth off of bottom with full  left 
pedal applied. 

f. Place and  hold  right pedal  full  forward.    Mark 
sprocket  tooth opposite reference mark. 

g. Pull lower  chain  co  rotate sprocket  four or 
five teeth countorclockwise.    At  this  position, 
check  that splines  of  pitch change slider and 
tail  rotor  shaft are securely engaged, 

h.    At full  left  pedal,  without hydraulic power, 
check that sprocket is  2-1/2 to   3-1/2 teeth 
from bottom  position as  shown by  reference 
mark. 

NOTE ,- 

If hydraulic  power is available,   check *• 
full left pedal sprocket position with 
"boost on"  to be 1/2 to  1-1/2 teeth from, 
bottom by observing relation of sprocket 
and index mark. 
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i.     Secure  cable  speed   rigs with lorkwire. 

7. After  rigging,   install  sprocket guard  on mounting 
studs,   secured  by  nuts  and washers. 

8. Check  gap  between  flanges  of  quill  housing  and   re- 
tainer.     If gap   is  more  than  0.025  but  less   than 
0.0U0  inch,  add  one  thin aluminum alloy washer 
between housing  and   retainer on each stud.      If  gap 
is more than O.OUO  inch,   add   two  thin aluminum 
alloy washers   in the same manner.    After  installing, 
apply  sealant  externally around   joints  at   inner and 
outer sides   of quill  housing. 

9. Install   cover  secured   by two  bolts  and   lockwire. 

E.     Cleaning 

Not  covered   in UH-1D/H manual. 

Model   UH-1C 

A. Removal 

See UH-1D/H  except: 

Change Step 2   to   read: 

"Open hinged   cover on control housing  pan by  removing 
lockwire and bolt  near lower end  of  c  ver.     Disconnect 
cables  at quick  disconnect." 

Delete  Step k, 

B. Inspection 

1.     Pitch Control Quill  and  Rod 

See UH-1D/H except: 

c.    Add "chain shall  be  replaced when the measure- 
ment between hole  centerlines   is 41,96  inches 
or greater." 

Add  the following  steps: 
■* 

f. Inspect control quill housing for oil  leakage ^ 
past internal  seals  and cork plugs, 

g. Check gap between  quill housing and  retainer. 
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h.     Inspect  for corrosion. 

i.     Inspect  clevis and bushing holes  for excessive 
wear. 

NOTE 

If any  item  is  replaced,   the tail   rotor 
must  be   tracked. 

2.     Control Head 

See UH-1D/H 

C. Repair or Replacement 

See UH-1D/H 

UH-1C Manual  also adds   the following note: 

NOTE 

When  replacing  control quill assembly 
it  is   important  to prelubricatc  the 
assembly during installation.     Lubri- 
cate worm  threads  in control quill 
assembly and  on control  tube and   the 
splines   in  the quill  housing and   on 
the control   tube with lubricating  oil. 

D. Installation 

See UH-1D/H except-: 

7.     Delete last  sentence. 

9.    Replace with the following statement:     "Close 
transparent  cover and secure with bolt   through 
cover into  bracket  in pan.    Lockwire bolt  to 
bolt-head at upper end of  cover." 

E. Cleaning 

Clean metal  parts  with dry cleaning solvent.     Dry 
with filtered  compressed air.     Clean transparent 
housing  cover with materials  and methods  used   for 
cabin windows. 
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TAIL ROTOR PITCH CONTROLS 

Model AH-1G 

A. Removal 

See UH-1D/H except: 

2.     Replace with the following:    "Remove fairing from 
right side of vertical   fin." 

5. Delete. 

B. Inspection 

See  UH-1D/H except: 

1.     a.    Delete words,   "cover and pan." 

b.     Change to  read,   "Inspect chain and  sprocket 
for faulty operation  ..." 

C. Repair or Replacement  of Control ^ :\d  Rod 

See UH-1D/H except: 

1.     Delete  the words,   "cover,   or p.tn". 

D. Installation 

See UH-1D/H except: 

1. Change last sentence  to   read:     "Place new O-ring 
on quill." 

2. Add the following sentence:     "Secure temporarily 
with nuts and washers." 

3. Delete, 

6. Rigging 

NOTE 

Accomplish rigging without hydraulic 
power,   except when otherwise stated. 

a.    Bottom out quill  by rotating sprocket  clock- 
wise to  end or   travel. 
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b. Place a reference mark with soft pencil on any 
tooth and on fa-ce of quill opposite the marked 
tooth. 

c. Keeping  left  pedal   full  forward and   control 
quill  sprocket bottomed at  reference mark,   with 
bottom  cable  connected,   pull aft on bottom 
part of  chain with approximately kO  pounds 
tension and  place chain on sprocket.     (This 
is  necessary  to maintain sprocket  position 
when tension  is  later added   to  top cable.) 

d. Connect   top   cable  at  speed   rig,   and adjust 
tension until 40  to 50 pounds  is obtained  on 
both  cables. 

e. Move  pedals   through  full   travel.     Sprocket 
should  be  2-1/2   to   3-1/2 teeth  off  bottom 
(index mark)   at  full  left  pedal.     Hold   full 
left  pedal,   and   pull   forward on  top  chain with 
normal   pressure  (enough  to  actuate  valve  of 
hydraulic   cylinder).     Sprocket  should  bottom. 

NOTE 

With hydraulic  power,   sprocket  should 
be  1/2   to  1-1/2  teeth off  bottom at  full 
left  pedal. 

f. When preceding  steps  have  been accomplished, 
place and  hold   right  pedal   full  forward.     Mark 
tooth index  at  control quill  sprocket.     Pull 
forward   on lower  chain and   push aft  on  top 
chain until   sprocket   rotates   five more   teeth 
past  index mark.     At   this   position,   grip both 
tail   rotor blades   firmly and   vibrate  to   check 
for slippage  if splines of  control quill  and 
rod  are  disengaged  at  this  extreme  setting. 
Splines  should   still   be engaged. 

g. With right pedal   full  forward and  SCAS unit 
centered (off),  adjust stop bolt on upper arm 
of hydraulic  cylinder walking beam  to have  0.005 
to  0.015   inch clearance with stoy on support. 
With left pedal  forward,  adjupL stop  bolt  on 
lower arm of walking beam  to  nave 0.005  to 
0.015  inch clearance with   .top. 
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CAUTION ] 

Clearance between stop and   support must I 
not exceed  0.015  inch as disengagement j 
of  splines  on tail   rotor slider could 
result with full   right  pedal and a 
SCAS hardover condition. 

h.     Place pilot's  pedals  even with each other. 
Position arm of magnetic brake square to the V 
beam on which brake is  mounted.     Adjust  rod- 
end  of  force gradient  to  connect  on underside 
of  bellcrank,  and   install  bolt  from top. 
Use thin aluminum alloy washer under bolt 
head,   and  standard  steel washer under nut. 
Tighten lock-nut on rod-end. . 

i.     Check attachment of  forward   end   of SCAS  trans- 
ducer to  structural panel  with screw and  spacer. I 
Place  controls  to  each extreme of  travel,   and | 
check that  rod-end  of  transducer will align to . 
lever without bottoming  out  in either position. ; 
Adjust   rod-end to  eliminate  any bottoming,   and ' 
attach  to upper side of lever with bolt and 
spacer.     Use standard  washer under bolt head, 
and   thin aluminum alloy washer next to nut. 
Tighten lock-nut on rod-end. ' 

NOTE j 

Make sure sprocket guard   is   centered 
so  as  not to bind on chain and 
sprocket  throughout travel. 

E.     Cleaning 

Clean parts with dry cleaning solvent.     Dry with 
filtered   compressed air. 

/' TAIL ROTOR DRIVE  SHAFT 

Model UK-1D/H 

A.    Removal 

1. Open hinged access doors along top of tail boom 
and vertical fin by releasing fasteners on left 
side. Also remove tail pipe fairing and vented 
cover over  42-degree gearbox,  as  necessary. 
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2.  Remove clamp set from coupling at each end of shaft, 

Push shaft against flexible coupling to disengage 
opposite end, and lift out shaft.  Remove other 
shafts aft of forward bearing hanger in the same 
manner. 

B.  Inspection 

1. Replace shaft for any of the following conditions: 

a. Any crack 

b. Any sign of rivet  failure 

c. Total   indicated  run-out,   using dial  indicator 
and V-blocks,   in excess  of  0.050  inch at any 
area  on shaft.     No  straightening procedures 
are prescribed. 

d. Loss   or partial detachment  of balance strips 
which are bonded on tube near center. 

NOTE 

Do not mistake a single empty 
imprint,   in bonding material  next 
to balance strip,   as  an indication 
of a missing balance strip.     This 
spot   results  from  removal  of a  test 
coupon to  inspect  for bonding voids. 

e. Damaged or excessively worn curvic coupling 
teeth.     There should  be no  radial  play or back- 
lash between mating teeth when fully meshed 
with V-band clamp  removed. 

f. Grooves worn by V-band  clamp on shaft coupling 
to  extent that such wear prevents  proper 
clamping. 

g. Surface damage of  shaft  tube exceeding limits 
in 2.   below. 

2, Classify surfact damage on shaft  tube as accept- 
able,   repairable,  or  excessive by following limits. 
Define "Area A" as  central portion of shaft,  and 
"Area B" as portions within 14   inches of ends. 

a.    Any damage to anodized finish requires anti- 
corrosion treatment in accordance with 
IM 55-405-3. 
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b. Nicks   or scratches aligned within 15 degrees 
of  spanwise axis  are acceptable without 
repair  to maximum depth of 0.002   inch in 
"Area A" or 0.004  inch in "Area B." 

c. Other nicks  or scratches must be polished out 
with fine abrasive cloth,  provided  depth of 
material   removed does  not  exceed 0.008  inch 
in "Area A" or 0.012   inch  in "Area  B." 

NOTE 

If  total  reworked area on one side of 
shaft   is  8  square inches  greater than 
on opposite side,  shaft will  be out of 
balance and  should be  replaced. 

d. Sharp dents  are permissible  to maximum depth 
of  0.010  inch in "Area A«' and  0.015   inch 
in "Area B." 

e. Nonsharp dents are permissible to maximum 
depth of 0.020 inch in "Area A" and 0.030 
inch  in "Area B." 

NOTE 

All dents  should be carefully 
inspected   for cracks,   nicks,  and 
scratches.     No cracks  permitted. 
Nicks  or scratches shall be within 
limits.     Total depth of defect shall 
not exceed  limits for dents. 

3.     Inspection -  Drive Shaft Clamps   (Steel) 

a. Inspect clamps for distortion or burrs on 
clamping surface. 

b. Inspect length of welds.    Minimum length 
should   be 0.500  inch. 

c. Inspect  clamp bolts  for stripped  or damaged 
threads  and  self-locking nuts  for serviceable 
condition. 

d. Inspect spot welds for evidence of  failure. 

e. Steel clamps may be inspected by Magnetic 
Particle method. 
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4.    Inspection -  Drive Shaft Clamps   (Aluminum) | 

a. Inspect bolt holes  for wear,   nicks,   and 
scratches. 

b. Inspect  spot  face,  lug fillets,   and   internal 
"V" groove for nicks  and scratches   in excess 
of 0.008   inch and gouges  or wear pattern \ 
extending  into  the fillet  radius  at bottom 
of  internal  "V." ; 

c. Inspect  all   remaining surfaces  for nicks and 
gouges  exceeding 0.010  inch. 

d. Aluminum  clamps may be  inspected  by Fluores- ' 
cent Penetrant method. 

C.    Repair or Replacement 

Replace shafts  or  clamp sets which do not   neet  inspec- } 
tion requirements. ] 

NOTE I 
i 

Replace clamps as sets.  Both halv-es | 
of each set must be of the same 
part number. 

NOTE 

Do  not  intermix different part- 
nuinbered  nuts.    All nuts  used   to 
install  any  clamp must have  the 
same part number. 

D.     Installation 

1.     Engage shaft  couplings with mating fixed  and 
flexible  couplings.     Install   clamp sets  at  each 
end, with nuts  trailing direction of   rotation, 
and  with bolted   joints  indexed 90 degrees  to 
those of adjacent  clamps  for balance  in operation. 

NOTE 

Clamp assemblies with different 
part numbers may be installed on 
the same drive shaft;  however,   clamp 
halves  cannot be intermixed.     If one- 
half of  a  clamp requires   replacing,   com- 
plete  clamp assembly must be  replaced  as 
they are matched  pairs. 
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NOTE 
I 

Each clamp must have nuts of the , 
same part number installed.  Do 
not intermix nuts. f; 

NOTE 

Determine friction torque of   each * 
nut  as  follows:     Thread nut onto i 
bolt  until  full  length of each nut 
is on attaching bolt and  then • 
check  torque. 

2. Torque clamp bolts  evenly to 30  to  35  inch-pounds 
above the nut friction torque noted above.     Tap 
lightly around  outer surface of  seal  clamps,  and f 
r .check  torque. 

3. Reinstall   tail  pipe fairing or gearbox  cover as 
required.     Close access doors  and  cowling. ' 

1 
E. Lubrication 

Grease couplings by hand every 500 hours and at re- j 
placement of hanger bearings (see TAIL ROTOR HANGER ! 
ASSEMBLY, LUBRICATION paragraph E). 1 

F. Cleaning 

Not covered   in UH-1D/H Manual. 

Model  UH-1C 

A. Removal 

See UH-1D/H.     In addition the following  note appears , 
in the UH-1C Manual: 

CAUTION 

Clamp set  shall be removed from 
both ends  of   the shaft before re- 
moving  either end of the shaft from 
its mating  curvic coupling to avoid 
coupling tooth or bearing damage. 

B. Inspection 

See UH-1D/H. 
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1. a.     Inspect  for cracks by fluorescent penetrant 
method.     (Method not stated   in UH-1D/H Manual.) 

2. e.     UH-1C Manual adds:    "If  there  is  distortion, 
cracks,   evidence of shearing of   rivets,  static 
balance not within 0,1   inch-ounces,   or  if 
nicks,   dents,   or scratches are not within 
acceptable limits,   the shaft  shall be con- 
sidered unserviceable and unrepairable." 

C. Repair or Replacement 

See UH-1D/H (UH-1C Manual does not contain notes that 
refer to replacement of clamps as sets and to the use 
of the satre part-numbered nuts when  installing clamps). 

D. Installation 

See UH-1D/H.    UH-1C Manual adds   this  note: 

NOTE 

Maximum weight differential  for matched 
halves   is  one (1) gram.     Every  effort 
should  be made to retain clamp halves 
as matched  sets.    If doubt  exists  con- 
cerning clamp balance,   the parts  should 
be forwarded  to a higher echelon for 
matching halves. 

E. Lubrication 

See UH-1D/H 

F. Cleaning 

Clean all  shaft  surfaces with dry cleaning solvent, 
with care,   to avoid marring anodized surfaces. 

Model AH-1G 

A.    Removal 

See UH-1D/H except: 

The following ''Caution" note appears   in the AH-1G 
Manual: 
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CAUTION I 

Clamp set must be removed  from both 
ends  of shaft before removing  either 
end of shaft  from its mating curvic 
coupling to avoid coupling tooth or 
bearing damage. 

Add the  following: 

3,    Remove second   shaft section with oil   cooler 
blower attached   (P/N 209-040-611-1),   if  so 
equipped.     Remove oil  cooler blower from 
shaft.     This  assembly was used only on early 
AH-lG's.     On later aircraft  the -620-3  shaft 
is  used  in this  location.     See Step 2. 

B.     Inspection 

See UH-1D/H except: 

2. Add  the  following: 

f.     Corrosion must be polished out with fine 
abrasive  cloth,   provided depth of material 
removal does  not exceed 0.012   inch  in 
Area B.     Deeper corrosion is  cause  for 
rejection. 

3. Deleted 

k.    d.     Deleted 

C.     Repair or  Replacement j 

See UH-1D/H 

' D.     Installation 
/ 

See UH-1D/H except: 

1.    The first note  in this  section (referring to 
matched clamp sets) does not appear in the 
AH-IG Manual. 

E.    Lubrication 

See UH-1D/H except: 

AH-1G Manual  adds   jhe following: 
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NOTE 

Pack grease 0.12   inch deep over 
splines. 

F.    Cleaning 

See UH-1C 

TAIL ROTOR HANGER ASSEMBLY 

Model   UH-1D/H 

A, Removal 

1. Open hinged  access  doors along top of  tail  boom 
by releasing fasteners on left side. 

2. Remove  tail  rotor  drive shafts  from each side of 
hanger,     (Refer to TAIL ROTOR DRIVE SHAFT. 
Paragraph A) 

3. Remove bolt,  with nut and washers,  at  each side 
to detach any hanger assembly from  its   support 
fitting. 

B. Inspection 

Inspect for: 

1.     Evidence of excessive bearing wear,   roughness, 
or binding. 

NOTE 

Bearing P/N 204-040-623-1 has more 
drag than  the older type bearing. 
This  bearing may feel slightly  rough 
after  150  to 200 hours of operation. 
This   is due  to  the special lubricant 
separating  into minute particles. 
When the bearing is  rotated  slowly by 
hand with driveshaft disconnected,   the 
rolling elements  contact and spread 
these minute particles.     Thir   type of 
roughness  does  not constituLe cause  for 
rejection.     If when rotated  slowly by 
hand  the bearing comes  to a definite  stop, 
then jumps  and a corresponding increase 
in  roughness   is   noted,   the hanger should 
be  replaced. 
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2. Cracks, elongated bolt holes, or other visible 
damage to hanger ring or attachment lugs. 

3. Inspect hanger support fittings, in place on tail 
boom, for security of attachment and evidence of 
cracks or other damage. 

CAUTION 

Do not attempt   to  remove or  change 
shims under fittings. 

■ 

C.     Repair or Replacement 
. 

Replace drive shaft hangers  that do not meet the 
requirements  of  paragraph B. 

D.     Installation 
i 

1. Position hanger assembly,  with flexible  coupling { 
forward,   on support fitting. 

2. Install aluminum hanger assembly by  installing 
bolt on each side with thin steel washer next | 
to bolt head and  thin aluminum alloy washer next 
to honger.     Install   thin aluminum alloy washer | 
againit underside of  support fitting,  with  thin 
steel washer under  nut.    Torque nuts  50  to   70 
inch-pounds. I 

3. Install  steeL  or stainless steel  hanger assembly 
by installing bolt  on each side with two thin 
steel washers under bolt head and under nut. 
Torque nuts  50  to   70  inch-pounds. 

k.     Install drive  shafts.     (Refer to TAIL ROTOR 
DRIVE SHAFT,  paragraph D.) 

/ E.     Lubrication 
, ■■*■■■-■- 

Bearing 

The driveshaft hanger bearings,   except bearing 
Part No.   204-040-623-1,  may be lubricated   in the 
field without  removing the seal  from the bearing 
or bearings from hanger by using the following 
equipment and  procedures. 
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WARNING 

Positively identify bearing before 
lubricating by  the following pro- 
cedure.     Bearing Part Nc.  20i*-0i*0-623-1 
CANNOT be lubricated.     This bearing 
utilizes  a special  lubricant.     Any 
attempt to lubricate  the lOk-ObO-623-1 
bearing will  also   result  in seal damage 
which  is   cause for bearing rejection. 
Bearing must  be   replaced. 

NOTE 

These  instructions do  not constitute, 
by definition,   bearing   repack. 

a. Obtain one hypodermic syringe. 

NOTE 

Prior  to lubrication of bearing,  drive 
train must be disconnected from each 
side of hanger assembly.     Examine bear- 
ing for indications  of   failure (binding, 
overheating,   etc.) 

b. Using a  clean,  dry cloth,  wipe bearing seal 
area as  clean as  possible. 

c. Pill hypodermic syringe with grease,   then 
carefully  insert  tapered  portion of  needle 
under  lip of  bearing seal.    (Avoid  damage  to 
seal.)     Inject a  small amount of grease at 
each of  three locations  (120 degrees apart); 
twc   cc's  of grease per bearing  is  considered 
sufficient.    After lubrication  is  completed, 
wipe off all   excess  grease. 

NOTE 

Any damage to  seal   is  cause for  rejection 
of bearing. 

d. Lubrication of  drive shaft hanger bearing 
should  be accomplished as dictated by environ- 
mental  conditions. 
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2.     Coupling 

Coupling splines can be lubricated as described 
below. This procedure can be accomplished with 
drive shafts disconnected and hangers installed 
on tail boom. 

a. Remove spiral  lockring while holding seal 
plate against spring pressure. 

b. Remove seal  plate  spring and spacer. 

NOTE 

Care must be taken to ensure that 
the retainer plug does not become 
unseated  from  inner coupling. 

CAUTION 

Do not use  cleaning solvent  inside 
coupling. 

c. Hold  couplings  at   full  outward   position. 
Remove  old grease  as   thoroughly as  possible. 

d. Hand  pack  grease  to  0.12   inch depth over  top 
of  internal  spline teeth.    Use lubricant. 

e. Keep coupling at  full   outward position.     Ensure 
retainer and locking spring are  properly seated, 
Reinstall  spacer,   spring,   seal plate,   and 
spiral  lockring. 

F.     Cleaning 

Not  covered  in UH-1D/H Manual. 

Model  UH-1C 

A. Removal 

See UH-1D/H 

B. Inspection 

See UH-1D/H except: 

2.  Delete. 
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Add: 

l*.     Inspect curvic faces for distortion and evidence 
of excessive load. 

5. Inspect mounting ears of hanger for cracks or 
distortion. 

6, Inspect teeth of spherical couplings for cracks 
or galling, 

7, Inspect detail parts for cracks by magnetic 
particle or fluorescent penetrant methods as 
applicable. 

NOTE 

If  inspection reveals  cracks  or 
distortion,   indicative of excessive 
loads,  the assembly shall be con- 
sidered unserviceable and unrepairable. 

8. Inspect bearing seal  for leakage. 

C. Repair or Replacement 

1. Replace hanger assemblies  for excessive bearing 
roughness. 

2. Replace hanger ring or attachment lugs   if cracked, 
holes are elongated,   or other visible damage 
exists. 

3. Replace couplings  if they fail  to meet  Inspection 
requirements. 

D. Installation 

Sep  UH-1D/H except: 

1.     Add:     "Place vinyl  tape between hanger assembly 
and support fitting." 

E. Lubrication 

Not covered in UH-1C Manual. 

F. Cleaning 

Clean exterior surfaces by wiping with cloth moistened 
with dry cleaning solvent. 

.• 
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CAUTION 

Do not permit solvents or dirt 
to be forced   into  the bearing or 
flexible coupling by use of com- 
pressed air for drying or cleaning. 

Model AH-1Q 

I A.    Removal 
I 

See UH-1D/H 

B. Inspection 

See UH-1D/H and  add: 

U.     Inspect bearing seal  for leakage. 

NOTE 

Lubrication expelled  from  the bear- 
ing is not in itself  cause for 
rejection of  the bearing unless an 
obvious defect  is  apparent,   i.e.,   broken, 
bent,  or missing seal,  etc.     The expelled 
lubricant  is  normally the  result of over- 
lubrication by the bearing manufacturer 
during bearing assembly. 

New bearing assemblies which ooze grease 
should, be observed  periodically for  the 
first 100 hours  of operation.    The ex- 
cess grease should be wiped  from the 
bearing.     If the grease continues  to ooze 
from the bearing  in excessive amount after 
100 hours,   the bearing should, be removed 
and  replaced since continued lubricant loss 

, is  indicative of problems  other than over- 
£ lubrication of the bearing.     Do not wash, 

clean, or spray the bearings  or hanger 
assemblies with any type of solution during 
inspection.     Use only clean  cloths,  with- 
out solvents,  to wipe bearing exterior. 

C. Repair and Replacement 

Sft UH-1C 
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D. Installation 

See UH-1C t 

E. Lubrication 

1.     Bearings are permanently lubricated at time  of \ 
manufacture.    No  further lubrication  is required. . 

WARNING 

Attempting to lubricate bearing will 
cause damage to seal and   render the 
bearing  unserviceable. 

f 
F. Cleaning 

See UH-1C l 

i 

^42-DEGREE GEARBOX 

Model   UH-1D/H 

A.     Removal 

1. When  replacing any gearbox,   unless  condition 
prevents  operation,   accomplish preservation 
before  removal:    Drain oil and   reservice gearbox 
with  corrosion preventive oil.     Ground  run at 
least  ten minutes.     Do not drain gearbox. 

2. Remove gearbox rover and open  tail  rotor drive- 
shaft  access  doors. 

CAUTION 

As  shafts are disconnected  from gearbox, 
support unattached  ends   to  hold   shaft 
alignment on normal  operating axis  to 
avoid damage to hanger bearing or 
coupling. 

3. Remove or disconnect shafts  from gearbox input 
and output  couplings. 

k.     Remove electrical wire from electrical  chip 
detector. 
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5. Removt  lockwire and four bolts,  with washers, 
which secure gearbox on tail  boom.     Lift off 
gearbox assembly.    Do not attempt  to remove 
shims  from mounting points. 

6. The maximum allowable wear  (elongation)   for 
all m0 gearbox attachment holes  is  0.005 
inch over  standard high side dimension (0.287 
inch). 

Inspection 

1. Inspect gearbox case for cracks and damage  . 

2. Check cap  assembly,  vent cap,  and   chip detector 
for security.     Unscrew chip detector to deter- 
mine magnectic  particle build up.     Unscrew vent 
cap and  determine if  clean  throughout. 

3. Ensure  that studs and   nuts  are tight,  with no 
apparent leakage. 

^.     Inspect  sight gage for damage or stain. 

Repair or Replacement 

1.     Replace unserviceable oil  filler cap or  packing 
and   vent  breather or gasket. 

CAUTION 

Do not  interchange filler caps   of i42-degree 
gearbox and 90-degree gearbox.     The 42- 
degree gearboxes are marked with a black 
dot on the case and a  corresponding black 
dot  on the filler cap.     The 90-degree gear- 
boxes  and  filler caps  have white dot mark- 
ings. 

a. Secure chain of cap  by safety pin through 
drilled  hole  in case  rib at  right of 
filler neck. 

b. Lock-wire breather  to drilled  hole  in 
case rib  just ahead. 

r- 

To  replace other gearbox fittings,   drain oil v* 
by  removing drain plug from  right  side of  gear 
box. 
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a. This   plug also has a magnetic  insert which 
can be  removed,  without loss  of  oil,   to  in- 
spect  for steel  particles  as   indication of 
gear or bearing wear. 

b. Replace packing on magnetic  insert plug, and 
gasket  on drain plug. 

c. When  installed,   lock-wire magnetic plug to 
drain plug. 

NOTE 

Lock-wire drain plug  in accordance with 
paragraph D.3. 

3.     Remove oil   level  sight gage retaining  ring, 
glass,   packing,  and  indicator disc   to  clean, 
inspect,   or  replace parts.     To  reinstall,   place 
indicator disc  in port with  indexing  tab  in 
notch of  inner lip.     Place packing  in groove 
around  glass,   install glass  with flat  side  out, 
and   secure with spiral   retaining ring. 

D.    Installation 

1.     Check condition and security of shims  at gear- 
box  location on tail boom just ahead   of vertical 
fin. 

CAUTION 

Do not attempt to remove or change shims 
installed  on tail boom under gearbox,   as 
any resulting misalignment could   cause 
excpssive stresses,   vibration,  wear and 
possibly eventual failure of components 
in tail   rotor drive  train. 

Position intermediate gearbox,  with 
fittings at  right side,   on  tail  bootr 

, 2.       Position intermediate gearbox,  with oil service 
(, fittings at  right side,   on  tail  boom  shims. 

Install  four bolts   through corners  of   gearbox 
base  into plate  nuts  in tail  boom.     Use  thin 
aluminum alloy washers next  to gear case and 
thin steel washers   next to bolt heads.     If holes 
in the i<20   gearbox mounting flange do  not ex- . 
ceed   the dimensions given in paragraph A.6,   in- *• 
stall  bolts  with steel washers under head and 
and  aluminum washer between steel washer and 
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flange.     Torque bolts  50  to  70  inch-pounds. 
Lockwire left  rear attachment  bolt  to  left 
forward attachment bolt.    Lockwire  right 
rear attachment  bolt  through drain plug  to 
right  forward  attachment bolt. 

A.      Connect electrical wire  to electrical   chip 
detector. 

5.       Install drive  shafts   (see TAIL ROTOR DRIVE SHAFT), 

E.  Lubrication 

1. Fill gearbox   to  sight gage level with oil 
prescribed  by servicing points diagram.     (Refer 
to  TM-55-1520-210-20,  Chapter 1) 

2. Internal splines  of couplings  on gearbox are 
packed  with grease during assembly.     Coupling 
splines  can be lubricated  as described  below. 
This  procedure  can be accomplished with quills 
in place on gearbox,  with drive shafts  dis- 
connected. 

CAUTION 

Do not  intermix parts   removed  from forward 
quill with parts  removed  from aft quill. 

a. Remove spiral lock-ring from coupling while 
holding  seal  plate against spring pressure. 

b. Remove seal  plate and  spring. 

NOTE 

Care must be taken to ensure that the 
retainer plug does not become unseated 
from inner coupling. 

CAUTION 

Do not use cleaning solvent  inside coupling. 

c. Hold couplings at full outward  position. 
Remove old  grease as  thoroughly as   possible. 

d. Hand  pack grease  to  0.12   inch depth over 
top of   internal  spline teeth.    Use lubricant. 
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e.     Keep coupling at full outward position, 
ensure  retainer and  locking  spring are 
properly seated.     Reinstall  spring,   seal 
plate and   spiral lock-ring, 

F. Cleaning 

1. Clean exterior of gearbox case with dry clean- 
ing solvent. 

2. Clean vent cap as follows: 

a. Wash cap assembly in dry cleaning solvent. 

b. Flush breather passage with cleaning solvent. 

c. Dry with filtered compressed air. 

3. Clean cap assembly and chip detector with dry 
cleaning solvent. 

G. Packaging 

1. Clean and dry gearbox in accordance with 
MIL-P-116. 

2. Flush gearbox with operating oil. 

3. Wrap assembly  in grease-proof barrier material 
and secure with  pressure-sensitive  tape.     Shape 
wrapper to contour of  gearbox. 

k.    Place gearbox  in contoured bottom cushion of 
metal  contaiacr. 

5. Align top contoured  cushion to fit gearbox and 
lower  in place  in container. 

6. Place  10 eight-unit bags (total  of 80 units)  of 
desiccant  in container. 

7. Install lid,  with  rubber gasket  in place,   on 
lower half of container. 

8. Place locking ring on tip of container lid and 
secure with bolt and nut.     Tighten nut sufficiently 
to ensure a moisture-vapor-proof closure. 
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Model UH-1C 

A. Removal 
See UH-1D/H and add: 

7.    Remove oil  level   sight gage retaining  ring, 
glass,  O-ring,   and indicator disc as   required 
to clean,   inspect,  or  replace parts. 

B. Inspection 

See UH-1D/H and  add: 

5. Chiick O-ring packings for leakage or damage 
an'! vent breather and gasket for damage and 
serviceability. 

C. Repair or Replacement 

See UH-1D/H 

D. Installation 

See UH-1D/H and  add: 

6. Service gearbox  with oil. 

E. Lubrication 

See UH-1D/H 

F. Cleaning 

See UH-1D/H and add: 

4. Clean oil   level   sight glass. 

CAUTION 

Do not permit dirt or solvent to be forced 
into bearings or flexible couplings by use 
of compressed air. 

5. Check condition and security of shims at gear- 
box location on tail boom just ahead of vertical 
fin. 
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CAUTION I 

Do  not permit dirt or solvent  to be 
forced  into  bearings  or flexible couplings 
by use of compressed air, 

5.    Check condition and security of shims  at  gear- 
box location on  tail boom just ahead of  vertical \ 
fin. 

CAUTION 

DO NOT attempt to  remove or change  shims 
installed on  tail  boom under gearbox,   as : 
iny resulting misalignment could cause ' 
excessive stresses,  vibration,  wear,   and 
possibly eventual failure of  components i 
in tail  rotor drive train. , 

t G.     Packaging ( 
1 

See UH-1D/H 

Model AH-1G 

A. Removal 

See UH-1D/H 

(Step 6 is  under "Inspection",   in the AH-1G Manual) 

B. Inspection 

See UH-1D/H paragraphs A.6 and B.;  UH-1C paragraphs 
B and  F.5.    Also,  add  the following: 

NOTE 

To  remove chip detector,   push body of 
detector in and  turn left  to disengage 
bayonet pins  and withdraw from drain plug. 

In scheduled  or special  inspection for 
evidence of  over-torque of drive system, 
visually inspect through gearbox filler 
port for scoring of output gear  teeth. • 
If scoring  is  found,  also  Inspect 90° 
gearbox. 

188 

J 



/ 
i 

C. Repair or Replacement 

See UH-1D/H and add: 

h.     Replace gearbox  if 

(1) Case  is  cracked  or damaged 

(2) Teeth are scored. 

(3) Attachment holes  are  elongated  over 
0.292  inch. 

D. Installation 

See UH-1D/H and add: 

Before servicing gearbox with  oil determine whether 
system  contains MIL-L-7808  oil  or M1L-L-23699  oil. 
Splined couplings are lubricated  at assembly with 
hand-packed lubricant  to  0.L2   inch deep over  internal 
spline  teeth,   in same manner as  rail  rotor drive 
quill   couplings. 

E. Lubrication 

See UH-1D/H and add: 

Before servicing gearbox to sight gage level with 
oil, detennine whether system contains MIL-L-7808 
oil or MIL-23699  oil. 

F. Cleaning 

See UH-1D/H paragraph F and UH-1C paragraph F.U. 

G. Packaging 

See UH-1D/H 

90-Degree Gearbox 

Model UH-1D/H 

A.     Removal 

1,     Accomplish preservation before removal:    Drain 
oil and reservice gearbox with corrosion pre- 
ventive oil.    Ground  run at least ten minutes. *• 
Do not drain gearbox. 
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2. Remove tail rotor hub ^Td blade assembly. 
(Refer to TAIL ROTOR HLd AND BLADE ASSEMBLY) 

3. Remove pitch control mechanism, or detach 
cover from the fin structure and chain from 
control cables if replacement of gearbox 
or output gear quill is not required. (Refer 
to TAIL ROTOR PITCH CONTROL). 

CAUTION 

To avoid  damage to  gearboxes  or couplings, 
elher remove clamp set from both ends  of 
shaft before removing either end of shaft 
from its mating curvic coupling,   or support 
unattached end  of  shaft  to hold shaft a- 
ligned on normal  operating axis while gear- 
box  is  removed. 

k.     Open hinged access door on front of vertical 
fin and  remove or disconnect driveshaft from 
input coupling of gearbox.    (Refer to  TAIL 
ROTOR DRIVE SHAFT). 

5. On helicopters  Serial No.   65-9565 and sub- 
sequent, remove, electrical wire from electrical 
chip detector. 

6. Detach gearbox from support casting on vertical 
fin by removing nuts  and washers  from six mount- 
ing studs around input coupling.    Lift off gear- 
box assembly. 

7. Reinstall nuts with suitable spacers on two 
opposite studs  to secure input gear quill  in 
case during handling or shipping. 

/ B.     Inspection 

1. Inspect gearbox cases for cracks and damage. 

2. Inspect quill for evidence of oil and grease 
leakage. 

3. Check oil filler cap and O-ring packings  for 
serviceability. 

4. Inspect chip detector for excessive accumu- 
lation of metal particles. 
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5. Inspect gearbox breather filler cap as follows. 

a. Inspect to determine that the cap is still 
tightly filled with aluminum wool by slightly 
compressing the wool by pressing the retain- 
ing washer. 

b. If cap is properly filled with wool, the 
wool will return the retaining washer against 
the retaining ring when pressure is released. 

6. Inspect gearbox input sleeve flange for pro- 
trusion of sealant in jack screw holes.  Inspect 
mating surface of tail boom fin casting for 
areas of sealant remaining on casting. 

7. Inspect sight gage for damage or stain. 

C. Repair or Replacement 

1. Replace unserviceable oil filler cap or packing. 
Secure cap chain by safety pin through drilled 
hole in filler neck boss of case. 

CAUTION 

Do not  interchange filler  -laps  of  inter- 
mediate gearbox and   tail  rotor gearbox. 
The 90-degree gearboxes are marked with 
a white dot on the case and a corresponding 
white dot on the filler cap.    The ^-degree 
gearboxes  and filler caps have black dot 
markings. 

2. Replace gearbox breathei? filler caps contain- 
ing an insufficient quantity of aluminum wool. 

3. To  replace other gearbox fittings,  drain oil 
by removing drain plug. 

a. Drain plug also has a magnetic insert 
which can be removed,  without loss of 
oil,   to  inspect for steel particles as 
indication of gear or bearing wear. 

b. Replace packing on magnetic plug,  and 
gasket on drain plug,   as   required. 

c. When reinstalled,   lock-wire magnetic 
plug to drain plug,   and drain plug to 

191 

J 



1 

adjacent drilled holes in boss of base. 

4. Remove oil level sight gage retaining ring, 
glass, packing, and indicator disc to clean, 
inspect, or replace parts.  To reinstall, place 
indicator disc in port with indexing tab in 
notch of inner lip.  Place packing in groove 
around sight glass, install glass with flat 
side out, and secure with spiral retaining 
ring. 

5. If sealant protrudes above surface of jack 
screw holes, trim off excess sealant. Remove 
any uneven areas of sealant remaining on tail 
boom fin casting.  Any cleaned area that 
penetrates to the bare metal should be pro- 
tected with zinc chromate primer. 

D.  Installation 

1. Inspect 90-degree gearbox support fitting 
on tail boom for wear and damage limits.  Re- 
pair damage, if within limits, prior to instal- 
lation of gearbox.  Refer to paragraph H. 
If damage exceeds limits, request assistance 
of field maintenance. 

2. Remove nuts and shipping spacers from studs 
at input gear quill flange. 

NOTE 

Vhen installing new gearbox,   refer to 
paragraphs B.6 and  C.5, 

3. Position gearbox with studs engaged  through 
support casting at top of vertical  fin.     Rotate 
box counterclockwise until  studs contact sides 
of the holes.     If holes  in the 90-degree gear- 
box mounting flange do  not exceed  the dimensions 
given in paragraph B,   install nuts with steel 
washers under nut and aluminum washer between 
steel washer and   flange.     Torque nuts  evenly 
to a torque of 100 to  1U0  inch-pounds. 

4. Install drive shaft,   connected to output coupling 
of gearbox.     (Refer to TAIL ROTOR DRIVE SHAFT.) 

5. Connect electrical wire  to  electrical chip 
detector. 

192 

J 



-N - -     

6. Install pitch control mechanism.    (Refer to 
Tail Rotor Pitch Control   Installation). 

7. Install and   rig tail  rotor.     (Refer to TAIL ROTOR 
HUB AND BLADE«  paragraph D.) 

8. Service gearbox with oil. 

E. Lubrication 

1. Fill gearbox  to sight gage level with oil  pre- 
scribed by servicing points diagram.     (TW 55 
1520-210-2C,  Chapter 1.) 

2. Internal splines  of couplings  on gearbox are 
packed with grease during assembly.     Coupling 
splines can be lubricated  as described below. 
This  procedure can be accomplished with quills 
in place on gearbox,  with drive shaft disconnected. 

a. Remove spiral lock-ring from coupling while 
holding seal  plate against spring pressure. 

b. Remove seal plate spring and spacer. 

NOTE 

Care must be taken to ensure that the 
retainer plug does not become unseated 
from inner coupling. 

CAUTION 

Do not use cleaning solvent inside coupling. 

c. Hold couplings at full outward position. 
Remove old grease as  thoroughly as possible. 

d. Hand pack grease  to  0.12  inch depth over 
top of  internal spline teeth. 

e. Keep coupling at full  outward position, 
ensure retainer and locking spring are 
properly seated.     Reinstall spacer,  spring, 
seal plate and spiral  lock-ring. 

F. Cleaning 

1.    Clean exterior of gearbox assembly,  or removed 
parts, with dry cleaning solvent. 
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CAUTION 

Do not permit solvent or dirt to be forced 
into flexible coupling by use of compressed 
air. 

2.     Clean gearbox breather filler cap as  follows, 

a. Jash cap assembly in dry-cleaning solvent. 

b. Clean aluminum wool   in the breather passage 
by flushing with dry-cleaning solvent. 

c. Dry with filtered compressed air. 

G.     Packaging 

1. Clean and dry gearbox  in accordance with 
MIL-P-116. 

2. Flush gearbox with operating oil. 

3. Wrap assembly  in grease-proof barrier material 
and secure with pressure-sensitive tape.     Shape 
wrapper to contour of gearbox. 

4. Place gearbox in bottom contoured cushion of 
container. 

5. Align top contoured cushion to fit gearbox 
and lower into  container. 

6. Place 12  eight-unit bags  (total 96 units) of 
desiccant in container. 

7. Install lid, with rubber gasket  in place,   on 
lower half of container, 

8. Place locking ring on lip of container lid and 
secure with bolt and nut.     Torque nut sufficiently 
to ensure a moisture-vapor-proof closure. 

H.    Repair or Replacement of Support Fitting 

1,     Inspect tail rotor gearbox for damage and wear 
in excess of limits.     Request assistance of 
higher level of maintenance,   if damage or wear 
exceeds limits.     Repair damage or wear that  is 
within limits as outlined  in steps 2  through 
5 below. 
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2. Blend out damage within limits with a smooth 
file or stone.    Form a generous   radius  into 
surrounding area.     Inspect  the fitting after 
cleanup of damage  to ensure  that limits have 
not been exceeded.     Touch up repaired area with 
zinc chromate primer. 

3. Build up chafed area of  repairable support 
fitting  in area A (45 degrees on either side 
of  the vertical fin center line)   to a minimum 
of 0.150  inch using adhesive as  a filler pro- 
viding  a new seat for  the shaft  cover. 

U.    Build up chafed  area of  repairable support 
fitting  in area B (U5  to  85 degrees on either 
side of   the vertical fin center line)  to a min- 
imum of 0.200 inch thickness using adhesive as 
a  filler providing a new seat  for the drive 
shaft  cover. 

5.     Install  tape on forward  upper edge of support 
fitting where tail  rotor drive  shaft cover 
contacts  fitting. 

Model UH-1C 

A.    Removal 

See UK-ID/H except: 

5.     Delete  the phase "On Helicopter Serial No. 
65-956i;  and subsequent*'. 

B.    Inspecticu 

See UH-1D/H except: 

2.     Deleted 

6. Deleted 

7. Deleted 

8. Check wear limits (elongation)   of stud holes 
in the casting (P/N 20U-030-828) do not exceed 
0.010  inch over standard hole diameter (standard 
high side 0.319). 

195 

J 



---— ■ - — - ^ 

C. Repair or Replacement 

See UH-ID/H except: 

5. Deleted,   add the following step: 

6. Replace gearbox if cracks  are found   in the 
tail   rotor gearbox case. 

D. Installation 

See UH-ID/H 

E. Lubrication 

See UH-ID/H 

F. Cleaning 

See UH-ID/H 

G. Packaging 

See UH-ID/H 

H.     Repair or Replacement of Support Fitting 

Deleted 

Model AH-1G 

A. Removal 

See UH-ID/H except: 

2.     Add:     "Remove covers  from both sides of the 
gearbox." 

5.     Delete  the  phase:    "On helicopters   Serial No. 
65-9565 and  subsequent". 

B. Inspection 

See UH-1C and: 

i*.     Add : 
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NOTE 

To  remove chip detector,   push body of 
detector in and  turn left   to disengage 
bayonet  pins and withdraw from drain plug. 

6.    Add:     "When required   in scheduled   or special 
inspections,  visually  inspect   through gearbox 
filler port for scored  condition of  gear teeth." 

G.     Repair or Replacement 

See UH-1D/H except: 

5. Deleted,   Add: 

6. Replace gearbox if  cracks  are found  in the 
case. 

7. Replace gearbox if gears  are  scored, 

D. Installation 

See UH-1D/H.   and  add: 

NOTE 

Refer  to IM 55-405-2  for  re-use  cf self- 
locking nuts  in critical applications. 

6.     "Install   covers on both sides  of gearbox." 

8. "Before servicing gearbox with oil,  determine 
whether system contains MIL-L-7808  oil or 
MIL-L-23699  oil." 

E. Lubrication 

See UH-1D/H and  add: 

Before servicing gearbox to site ga§e  level with 
oil,   determine whether system  contains MIL-7808 or 
MIL-L-23699  oil.     If  type of oil  used cannot be 
determined,   refer to IM 55-1520-221-20,   paragraph 
1-7,   step j. 

F. Cleaning 

See UH-1D/H 
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G.    Packaging 

See UH-1D/H 

H.    Repair ur Replacement of Support Fit-ting 

See UH-1D/H 
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APPENDIX II 

UH-1/AH-I TAIL ROTOR SYSTEM 
MEAN-TIME-TO-REMOVAL (MTR) AND 

MEAN-TIME-BETWEEN-REMOVAL (MTBR) ANALYSES 

The results of the analyses are presented in two groups of 
tables. The first group presents the MTR/MTBR analyses on 
42-degree and 90-degree gearboxes overhauled or scrapped at 
Bell Helicopter Company (BHC), The second group presents 
the MTR/MTBR analyses on the major tail rotor system com- 
ponents from data taken from the Army's Reliability and Main- 
tainability Management Improvement Techniques (RAMMIT) Major 
Item Removal Frequency (MIRF) reports. 

r 
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TABLE  LXI. REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF 42-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED AT  BHC 

Aircraft Model(s):   UH-1C Part  No. 2OU-OU0-003-23 

Reason  For Removal 
Records  With 

Part Time 

Number MTR 
(Hours) 

MTBR 
(Hours) 

All  Causes 

Unscheduled Maintenance 
Material  Failures 

Leakage 
Excessive  Vibration 

External   Failures 
Crash 
Hard Landing/Overstress 
Sudden  Stoppage 

Scheduled Overhaul   (TBO) 

Unknown 

12 

5 
2 
1 
1 

3 
1 
1 
1 

936.2 

715.0 
684.5 
400.0 
969.0 

736.3 
1,317.0 

762.0 
130.0 

1,391.4 

349.5 

936 

2,2^7 
5,617 

11,234 
11,234 

3,745 
11,234 
11,234 
11,234 

2,2k7 

5,617 
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TABLE LXII. REASON KOR REMOVAL/>frR/MTBR ANALYSIS 
OF U2-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED AT BHC 

Aircraft Model(s):   UH-1D Part NO.20U-0U0-003-2 3 

Reason For Rftnoval 
Records With 

Part Time 

Number MTR 
(Hours) 

MTBP 
(Hours) 

All  Causes 

Unscheduled Maintenance 
Material Failures 

Leakage 
Excessive Wear 
Metal Particles  in Assy 
Internal Failure 

External Failures 
Sudden Stoppage 
Hard Landing/Overstress 
Overstress 
Crash 
Damaged Part- Chip,   Nick,   Etc, 

Scheduled Overhaul  (TBO) 

Other 
Unknown 
No Failure 
Manufacturing Defect 
Scheduled Maintenance 
Various 

21+5 

U3 
25 
18 

14 
2 
1 

95U.9 

619.3 
565.5 
585.8 
67U.O 
303.0 
292.0 

18 69U.1 
8 68U.3 
6 7U8.8 
2 98U.5 
1 381.0 
1 176.0 

53 1,1U9.0 

1*9 6U3.0 
kl 622.1 

5 737.8 
1 188.0 
1 1,315.0 
1 811.0 

955 

5fUU0 
9,358 

12,997 
58fU85 

116,970 
233,939 

12,997 
29,242 
38,990 

116,970 
233,939 
233,939 

1,529 

kt77k 
5,706 

U6,788 
233,939 
233,939 
233,939 
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TABLE LXIII. REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF 42-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED AT BHC 

Aircraft Model(s);   UH-1C/D Part No.^^-O^-O^-?.! 

Reason For Removal 

All Causes 

Unscheduled Maintenance 
Material Failures 

Leakage 
Excessive Wear 
Metal Particles  in  Assy 
Internal Failure 
Excessive Vibration 

External Failures 
Sudden Stoppage 
Hard Landing/Overs tress 
Crash 
Overs tress 
Damaged Part- Chip,   Nick,   Etc, 

Scheduled Maintenance  (TBO) 

Other 
Unknown 
No Failure 
Manufacturing Defect 
Scheduled Maintenance 
Other 

Records With 
Part Time 

Number 

257 

48 
27 
19 

2 
1 
1 

21 
9 
7 
2 
2 
1 

15* 

51 

5 
1 
1 
1 

MTR 
(Hours) 

954.0 

629.4 
574.3 
576.0 
674.0 
303.0 
292.0 
969.0 

700.1 
672.7 
750.7 
849.0 
984.5 
176.0 

1,156.7 

631.5 
609.4 
737.8 
188.0 

1,315.0 
811.0 

MTBP 
(Hours) 

95^4 

5,108 
9,081 

12,90^ 
61,293 

122,587 
245,173 
245,173 

11,675 
27,241 
35,025 

122,587 
122,587 
245,173 

1,552 

4,807 
5,70? 

49,035 
245,173 
245,173 
245,173 
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TABLE LXIV. REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF U2-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED  AT   BHC 

Aircraft Model(s):   UH-1C Part No.   20^-OUO-003-37 

Reason For Removal 
Records With 

Part Time 

Number 
MTR 

(Hours) 

KTBP 
(Hours) 

All  Causes 

Unscheduled Maintenance 
Material Failures 

Le akage 
Metal Particles in Assy 
Internal Failures 
Corrosion 
Cracked/Broken 
Excessive Wear 
Excessive Vibration 
Loose, Deteriorated,   Flaking 
Other 

External Failures 
Crash 
Sudden Stoppage 
Damaged Part- Chip,  Nick,   Etc 
Foreign Object Damage 
Temperature Out of Limit 
Over stress 
Other 

Scheduled Overhaul  (TBO) 

Other 
Unknown 
Scheduled Maintenance 
No Failure 

185 

66 
35 
20 

3 
2 
2 
2 
2 
2 
1 
1 

31 
15 

8 
k 
1 
1 
1 
1 

81 

38 
29 

7 
2 

1,115.7 

916.9 
850.8 
870.8 
782.0 
9U1.0 

1,090.0 
838.0 

1,033.0 
302.5 
i+85.0 

1,123.0 

991.5 
1,193,7 

8U9.0 
1,071.8 

332.0 
393.0 
635.0 
390.0 

1,U30.2 

790.9 
7m. 5 
878.3 

1,203.0 

1,116 

3,128 
5,898 

10,321 
68,80it 

103,206 
103,206 
103,206 
103,206 
103,206 
206,^12 
206,i+U 

6,659 
13,761 
25,802 
51,603 

206,U12 
206,412 
206,412 
206,412 

2,-548 

5,i432 
7,118 

29,487 
103,206 
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TABLE LXV. REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF W-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED AT  BHC 

Aircraft Model(s): UH-1D Part No.   204-0^0-003-37 

Reason For Removal 
Records With 

Part Time 

Number 
MTR 

(Hours) 

MTBR 
(Hours) 

All Causes 

Unscheduled Maintenance 
Material Failures 

Leakage 
Internal Failure 
Excessive Wear 
Metal Particles  in Assy 
Loose,   Deteriorated,   Flaking 
Corrosion 
Excessive Vibration 
Cracked/Broken 
Other 

External Failures 
Sudden Stoppage 
Crash 
Damaged Part-Chip,   Nick,   Etc 
Hard Landlng/Overstress 
Over stress 
RPM Out of Limit 
Improper Safety 
Other 

Scheduled Overhaul  (TBO) 

Other 
Unknown 
Scheduled Maintenance 
No Failure 
Manufacturing Defect 

kl2 

176 
108 

72 
8 
8 
7 

2 
1 
1 
5 

3P 
11 

9 
3 
2 
1 
1 
2 

197 

99 
8 U 

9 
5 
1 

1,037.9 

734.6 
760.8 
688.9 
770.1 
946.0 
612.9 
9^43.0 

1,173.0 
1,002.0 
2,^87.0 

988.0 

692.9 
734.3 
712.2 
419.8 
842.0 
602.5 

1,005.0 
1,455.0 

338.5 

1,439.0 

779.0 
776.8 
870.4 
728.0 
396.0 

1,038 

2,783 
4,536 
6,804 

61,235 
61,235 
59,983 

122,^71 
2^,9i42 
^489,883 
^89,883 

97,977 

7,204 
12,561 
44,535 
54,431 

163,294 
244,942 
489,883 
489,883 
244,942 

2,487 

4,948 
5,832 

54,431 
97,977 

489,883 

204 

J 



TABLE LXVI.       REASON FOR  REMOVAL/MTR/MTBR  ANALYSIS 
OF  42-DEGREE GEARBOXES  OVERHAULED   OR 
SCRAPPED  AT   BHC 

Aircraft Model(s):    UH-1H Part N o.   204-040-003-37    1 

Records With 
Reason For Removal Part Time MTBR 

(Hours) MTR 
Number (Hours) 

All Causes 381 1,000.2 1,000 

Unscheduled Maintenance 168 673.8 2,268 
Material Failures 110 649.6 3,464 

Leakage 80 631.8 ^,763 
Excessive Wear 8 669.1 47,632 
Internal Failure 7 750,4 54,437 
Metal 0articles  in Assy 5 802.4 76,212 
Cracked/Broken k 521.5 95,265 
Excess Vibration 2 748.0 190,530 
Corrosion 1 800.0 381,059 
Other 3 636.0 127,020 

External Failures 58 719.8 6,570 
Sudden Stoppage 29 551.8 13,140 
Crash 11 1,128.4 34,642 
Overstress 5 847.2 76,212 
Improper Handling/Operation U 836.3 95,265 
Foreign Object Damage 1 517.0 381,059 
Temperature Out of Limit 1 450.0 381,059 
Heat Damage 1 996.0 381,059 
Combat Damage 1 468.0 381,059 
Power Surge 1 1,235.0 381,059 
Other k 521.8 95,265 

Scheduled Overhaul  (TBO) 15k 1,467.2 2,474 

Other 59 710.4 6,459 
Unknown 36 619.6 10,585 
Scheduled Maintenance 19 841.3 20,056 
No Failure k 906.3 95,265 
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TABLE LXVII. REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF 42-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED  AT  BHC 

Aircraft ModeKs):    AH-1G Part No.   204-OUO-003-37 

Reason For Removal 
Records With 

Part Time 

Number 
MTR 

(Hours) 

OTBR 
(Hours) 

All Causes 

Unscheduled Maintenance 
Material Failures 

Leakage 
Excess Wear 
Internal Failure 
Metal Particles  in Assy 

External Failures 
Sudden Stoppage 
Crash 
Improper Handling/Operation 
Heat Damage 

Scheduled Overhaul   (TBO) 

Other 
Unknown 
Scheduled Maintenance 
Other 

U5 

26 
18 

9 
5 
3 
1 

8 
5 
1 
1 
1 

10 
7 
1 
2 

680.7 

556.5 
524.U 
589.0 
520.4 
384.0 
385.0 

628.8 
488.2 

1,250.0 
947.0 
396.0 

1,456.2 

305.7 
294.6 
699.0 
148.0 

681 

1,178 
1,702 
3,404 
6,127 

10,211 
30,633 

3,829 
6,127 

30,633 
30,633 
30,633 

3,404 

3,063 
4,376 

30,633 
15,317 

206 

J 



. -^ --—.— 

TABLE LXVT.TI.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS               1 
OF U2-DEGREE GEARBOXES OVERHAULEE »  OP               1 
SCRAPPED AT  BUG 

Aircraft ModcUs): UH-IC/D/H,   AH-1G Part N O.2OU-OU0 -003-37     1 

Records With 

Reason For Removal Part Time        | MTBR        1 
(Hours)   1 MTR 

(Hours) 1 Number 

1                                       All Causes             I 1,083 1,023.1' 1,023  1 

1 Unscheduled Maintenance                        1 U36 728.l' 2t5Ul 
1     Material Failures 2 71 711.61 4,089 
1          Le akage                                                 1 181 678.81 6,122 
1          Excessive Wear 23 76U.7 48,173 
1          Internal Failure 20 722.U 55,399 
1          Metal  Particles  in Assy 16 689.6 69,249 
1          Cracked,  Broken 7 892.7 158,294 
1          Corrosion 5 1,065.2 221,597 
1          Loose,   Deteriorated,  Flaking 5 851.4 221,597 
1          Excess Vibration 5 620.6 221,597 

Other 9 885.7 123,110 

I     External Failures 1       165 755.3 6,715 
1          Sudden Stoppage 1         81 665.1 i      13,679 

Crash |          38 1,036.9 1      29,158 
1          Damaged Part- Chip,   Nick,   Etc. 13 620.U 1      85,230 I 
!          Overstress 1            8 759.5 1    138,499 1 

Improper Handling/Operation I           5 857.6 i    221,597 
1          Hard Landing/Overstress i           3 8U2.0 1    369,329 
1          Foreign Object Damage 2 82U.5 1    553,994 

Temperature Out of Limit 2 1*21.5 553,994 
|          Heat Damage 2 696.0 553,994 
1          Combat Damage 1 U68.0 11,107,987 

RPM Out of Limit 1 1,005.0 1,107,987 
1          Power Surge 1 1,235.0 1,107,987 
1          Improper Safety 1 1,U55.0 11,107,987 

Other i           7 U50.6 i    158,284 

Scheduled Overhaul  (TBO) kkl 1,UU7.6 2,512 

1 Other 206 738.6 5,379 
Unknown 156 712.3 7,103 
Scheduled Maintenance 36 1       851.8 30,777 
No Failure 11 879.2 100 726 
Other 2 148.0 553 994 
Manufacturing Defect 1 396.0 1,107  987 1 
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TABLE LXIX. REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF 90-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED AT BHC 

Aircraft ModeKs):   UH-1C Part No. 204-040-012-7 

Reason For Removal 
Records With 
Part Time 

Number MTR 
(Hours) 

MTBR 
(Hours) 

All Causes 

Unscheduled Maintenance 
Material Failures 

Leakage 
Metal Particles in Assy 

External Failures 
Sudden Stoppage 
RPM Out of Limit 
Other 

Scheduled 0 erhaul (TBO) 

Other 
Unknown 

17 

7 

3 
I 

3 
I 
1 
1 

2 
2 

927.8 

719.1 
856.8 
847.7 
884.0 

535.7 
355.0 
417.0 
835.0 

1,067.4 

1,100.0 
1,100.0 

928 

2,253 
3,943 
5,253 

15,773 

5,258 
15,773 
15,773 
15,773 

1,972 

7,887 
7,887 
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TABLE  LXX.     REASON  FOR REMOVAL/MTR/MTBR ANALYSIS 
OF  90-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED AT BHC 

Aircraft ModeL(s):     UH-1D Part N 0>   204-040-012-7 

Records  With 
Reason For Removal Part Time MTBR 

(Hours) MTR 
Number (Hours) 

All  Causes 224 868.4 868 

Unscheduled Maintenance 50 579.8 3,890 
Material  Failures 29 632.7 6,708 

Leakage 13 646.2 14,963 
Metal  Particles   in Assy 8 535.6 24,315 
Excessive  Wear 5 834.0 38,904 
Cracked/Broken 1 525.0 194,518 
Excess  Vibration 1 776.0 194,518 
Other 1 192.0 194,518 

External Failures 21 506.7 9,263 
Sudden Stoppage 10 417.7 19,452 
Damaged Part- Chip, Nick,   Etc. 3 695.3 64,839 
Foreign Object Damage 2 421.0 97,259 
Overstress 2 914.5 97,259 
Crash 1 370.0 194,518 
Hard Landing/Overstress 1 466.0 194,518 
Combat Damage 1 617.0 194,518 
Wrinkled,   Buckled, Bent 1 253.0 194,518 

Scheduled Overhaul   (TBO) 11°. 1,092.5 1,635 

Other 55 645.8 3,53/' 
Unknown 52 649.4 3,741 
No  Failure 3 585.0 

r 

64,839 

209 

J 



TABLE LXXI.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF 90-DEGREE GEARBOXES  OVERHAULED OR 
SCRAPPED AT BHC 

Aircraft ModeL(s):     UH-1C/D Part N 0.   204-040-012-7 

Records With 
Reason For Removal Part Time MTBR 

( Hmir«; ^ 

Number 
MTR 

(Hours) 

V  i l\J Ul.  o / 

All Causes 241 872.6 873 

Unscheduled Maintenance 57 596.9 3,639 
Material  Failures 33 659.8 6,373 

Leakage 16 683.9 13,144 
Metal  Particles   in Assy 9 574.3 23,366 
Worn,   Excess  Play 5 834.0 42,058 
Cracked/Broken 1 525.0 210,291 
Excess Vibration 1 776.0 210,291 
Other 1 192.0 210,291 

External  Failures 2*4 510.3 8,762 
Sudden Stoppage 11 412.0 19,117 
Damaged  Part  -  Chip, Nick,   Etc, 3 695.3 70,097 
Foreign Object Damage 2 421.0 105,146 
Over3 tress 2 914.5 105,14 6 
Crash 1 370.0 210,291 
Hard Landing/Overs tress 1 466.0 210,291 
Combat Damage 1 617.0 210,291 
RPM Out of  Limit 1 417.0 210,291 
Wrinkled,  Buckled,   Bent 1 253.0 210,291 
Other 1 835.0 210,291 

Scheduled Overhaul   (TBO) 127 1,090.9 1,656 

Other 57 661.8 3,689 
ynknown 54 664.0 3,894 
No Failure 3 585.0 70,097 
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TABLE LXXII.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF  90-DEGREE GEARBOXES   OVERHAULED OR 
SCRAPPED AT BHC 

Aircraft ModeL(s):     UH-1C Part  N o.   204-040-012-13 

Records With 
Reason  For Removal Part Time MTBR 

(Hours) 
Number MTR 

(Hours) 

All Causes 180 877.7 878 

Unscheduled Maintenance 63 674.1 2,508 
Material   Failures 43 707.4 3,674 

Leakage 26 663.9 6,077 
Metal  Particles  in Assy 8 74 6.6 19,749 
Excessive Wear i4 803.3 39,497 
Internal  Failure 1 569.0 157,988 
Damaged  Bearing -  Loose, 1 1,113.0 157,988 

Burnt,  Etc. 
Locked/Frozen 1 697.0 157,988 
Other 2 671.0 78,994 

External  Failures 20 602.5 7,899 
Sudden Stoppage 12 584.4 13,166 
Crash 3 834.3 52.663 
Foreign Object Damage 2 570.0 78,994 
Combat Damage 1 228.0 157,988 
Holes  Punched 1 744.0 157,988 
Other 1 421.0 157,988 

Scheduled Overhaul (TBO) 88 1,085.3 1,795 

Other 29 690.3 5,448 
Unknown 26 703.2 6,077 
No Failure 2 504.0 78,994 
Scheduled Maintenance 1 727.0 157,988 
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TABLE LXXIII.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF  90-DEGREE GEARBOXES OVERHAULED OR 

j                                               SCRAPPED AT BHC 

Aircraft Model(a):     Uh-ID Part N o.   204-040-012-13    j 

Records With 
j       Reason For Removal Part Time MTBR 

(Hours) 1 
Number MTR 

(Hours) 

All Causes kk6 929.2 929 

Unscheduled Maintenance 118 676.9 3,512 
Material  Failure 73 701.1 5,677    j 

Leakage 36 681.3 11,512 
Metal  Particles   in Assy LI 698.5 37,674 
Internal Failure 7 703.9 59,202 

|            Damaged Bearing  -  Burnt, i4 548.8 103,603    1 
Loose,   Etc. 

Cracked/Broken 3 1,067.0 138,138 
Corrosion 2 995.5 207,207 
Excessive Wear 2 820.0 207,207 

i            Excess Vibration 2 508.0 207,207 
Loose,   Deteriorated,   Flaking 1 210.0 414,913 
Other 5 757.8 82,883 

1        External Failures 45 637.6 9,209 
Sudden Stoppage 24 552.2 17,267 
Crash 5 816.8 82,883 
Hard Landing/Overs tress k 684.5 103,603 

i            Damaged Part  -  Chip,   Nick, 3 703.0 138,138 
Etc. 

Foreign Object Damage 2 291.5 207,207 
Improper Handling/Operation 2 950.5 207,207 

|           Combat Damage 1 1,003.0 414,413 
Power  Surge 1 602.0 414,413 
Temperature Out of Limit 1 313.0 414,413 

|           Other 2 886.5 207,207 

Inspection 1 753.0 414,413 

Scheduled  Overhaul  (TBO) 266 1,093.8 

i 

1,558 
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TABLE LXXIII.  CCont'd; 

Reason For Removal 
Records With 
Part Time 

Number MTR 
(Hours) 

MTBR 
( Hours) 

Other 
Unknown 
Scheduled Maintenance 
No Failure 

61 
51 
7 
3 

702.2 
698.7 
686.3 
798.3 

6,794 
8,126 

59,202 
138,138 
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TABLE LXXIV.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF 90-DEGREE GEARBOXES  OVERHAULED OR 
SCRAPPED AT BHG 

Aircraft Model(s):     UH-1H Part N 0.   204-040-012-13 

Records With 
Reason For Removal Part Time MTBR 

(Hours) 
Number MTR 

(Hours) 

All  Causes 381 860.6 861 

Unscheduled Maintenance 137 675.2 2,373 
Material Failures 93 669.9 3,526 

Leakage k6 552.0 7,128 
Metal Particles   in Assy 23 599.8 14,257 
Internal  Failure 16 1,035.6 20,494 
Excessive Wear 5 794.2 65,580 
Cracked/Broken 2 728.5 163,951 
Other 1 1,115.0 327,902 

External  Failures m* 686.5 7,452 
Sudden Stoppage 16 522.6 20,494 
Crash 7 761.4 46,843 
Overstress 5 1,059.8 65,580 
Combat Damage 4 663.8 81,976 
Damaged Part- Chip,   Nick,  Etc. 3 763.3 109,301 
Hard Landing/Overs tress 2 570.0 163,951 
Power  Surge 2 751.0 163,951 
Foreign Object Damage 1 399.0 327,902 
Temperature Out of Limit 1 450.0 327,902 
Dent 1 1,006.0 327,902 
Overtorque 1 1,003.0 327,902 
Other 1 770.0 327,902 

Scheduled  Overhaul (TBO) 183 1,096.9 1,792 

Other 61 568.2 5,375 
Unknown 1*6 569.0 7,128 
Scheduled Maintenance 10 653.7 32,709 
No Failure 5 390.0 65,580 
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TABLE LXXV.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF 90-DEGREE GEARBOXES OVERHAULED OR 

|                                             SCRAPPED AT BHC 

|     Aircraft Model(s):     AH-1G Part N 0#   20U-OUO-012-13    1 

Records With 
Reason For Removal Part Time MTBR 

(Hours) 1 
Number MTR 

(Hours) 

|                                                 All Causes uo 711.7 712 

|   Unscheduled Maintenance 19 428.8 1,498 
Material Failures 11 509.7 2,588 

Leakage 5 483.6 5,694 
Excessive Wear 2 651.0 14,235 
Internal Failure 1 820.0 28,469 
Metal Particles   in Assy 1 49.0 28,469 
Excess  Oil Consumption 1 943.0 28,469 

|            Other 1 300.0 28,469 

External Failures 8 317.5 3,559 
Sudden Stoppage U 245.0 7,117 
Crash 1 1,100.0 28,469 
Damaged Part-Chip,  Nick,  Etc, 1 148.0 28,469 
RPM Out of Limit 1 200.0 28,469 
Overs tress 1 112.0 28,469 

Scheduled Overhaul  (TBO) 16 1,130.1 1,779 

Other 5 448.0 5,694 
Unknown 4 523.0 7,117 
Other 1 148.0 28,469 
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TABLE LXXVI.    REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF  90-DEGREE GEARBOXES OVERHAULED OR 
SCRAPPED AT BHC 

Aircraft Model(s):UH-lC/D/H, AH-1G Part N o.   204-040-012-13 

Records With 
Reason  For Removal Part Time MTBR 

(Hours) 
Number MTR 

(Hours) 

AIL Causes 1,04 7 887,1 887 

Unscheduled Maintenance 337 661.7 2,756 
Material Failures 220 679.6 4,222 

Leakage 113 613.9 8,219 
Metal  Particles  in Assy 43 639.6 21,599 
Internal Failure 25 915.4 37,151 
Excessive Wear 13 778.9 71,444 
Cracked/Broken 5 931.6 185,754 
Damaged Bearing  -  Loose, 5 661.6 185,754 

Burnt,   Etc. 
Corrosion 2 995.5 464,386 
Excess  Vibration 2 508.0 464,386 
Loose,  Deteriorated,   Flaking 1 210.0 928,772 
Excess Oil Consumption 1 943.0 928,772 
Locked/Frozen 1 697.0 928,772 
Other 9 755.1 103,197 

External Failures 117 628.1 7,938 
Sudden Stoppage 56 528.7 16,585 
Crash 16 813.6 58,048 
Damaged Part- Chip,   Nick,  Etc. 7 649.6 132,682 
Hard Landing/Overs tress 6 646.3 154,795 
Combat Damage 6 647.7 154,795 
Overstress 6 901.8 154,795 
Foreign Object Damage 5 424.4 185,754 
Power Surge 3 701.3 309,591 
Temperature Out  of Limit 2 381.5 464,386 
Improper Handling/Operation 2 950.5 464,386 
Holes  Punched 1 744.0 928,772 
RPM Out of Limit 1 200.0 928,772 
Dent 1 1,006.0 928,772 
Overtorque 1 1,003.0 928,772 
Other 4 824.5 232,193 
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TABLE LXXVI.    (Cont'd) 

Reason For Removal 
Records With 

Part Time 

Number MTR 
(Hours) 

MTBR 
( Hours) 

Inspection 

Scheduled  Overhaul  (TBO) 

Other 
Unknown 
Scheduled Maintenance 
No   Failure 
Other 

553 

156 
127 
18 
10 

1 

753.0 

1,094.5 

639.U 
647.1 
670.4 
535.3 
148.0 

928,772 

1,680 

5,954 
7,313 

51,598 
92,877 

928,772 
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TABLE LXXVII.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF TAIL ROTOR HUB ASSEMBLIES  FROM 
RAMMIT MIRF REPORT DATA 

Aircraft Model(s): UH-ID Part N o. 204-011-701-11 

Records With 
Reason  For Removal Part Time 

MTBR MTR 
Number (Hours) ( Hou rs ) 

All Causes 195 389.4 389 

Unscheduled Maintenance 75 439.5 1,012 
Material  Failures 50 481.7 1,519 

Bearing Failure 22 490.9 3,451 
Excessive Wear 18 503.1 4,218 
Unbalanced 4 357.0 18,982 
Leaking 
B roken/C racked 

3 371.3 25,310 
2 645.0 37,965 

Other 1 399.0 75,929 

External  Failure Causes 25 355.0 3,037 
Overs peed 10 301.2 7,593 
Sudden Stop 6 297.6 12,655 
Maintenance Induced 5 651.0 15,186 
Burned 2 198.0 37,965 
Dented 1 184.0 75,929 
Foreign Object Damage 1 243.0 75,929 

Retirement 10 669.3 7,593 

Other Removal Reasons 110 329.8 690 
No Failure Causes 49 285.1 1,550 

No Defect 19 316.0 3,996 
To Facilitate Other Maint 30 296.4 2,531 

Other Scheduled Maintenance 26 325.6 2,920 

Unknown Causes 35 395.5 2,169 
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TABLE LXXVIII.    REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF TAIL ROTOR HUB ASSEMBLIES FROM 
RAMMIT MIRF REPORT DATA 

Aircraft Model(a): UH-ID Part N o. 204-011-701-19    1 

Records With 
Reason  For Removal Part Time 

MTBR MIR 
Number (Hours) (Hours)    | 

All  Causes 1911 150.8 151 

Unscheduled Maintenance 185 197.0 1,558 
Material  Failures 101 237.8 2,854 

Excessive Wear 58 247.3 4,970 
Broken/Cracked 12 269.7 24,023 
Unbalanced 8 79.6 36,035 

|           Leaking 7 236.8 41,183 
i           Internal Failure 6 389.3 48,047 
j           Bearing Failure 5 260.8 57,656 

Clogged 1 353.0 288,281 
Other k 38.7 72,070 

External Failure Causes 84 147.8 3,431 
Sudden Stop 26 125.0 llt088 
Overspeed 20 159.7 14,414 
Maintenance Induced 11 243.8 26,207 
Chipped,  Dented,  Grooved,  Cut 8 164.1 36,035 
Accident/Crash Damage 6 36.1 48,047 
Overs tressed 6 141.0 48,047 
Battle Damage 3 36.3 96,094 

|           Burned 2 247.0 144,141 
Foreign Object Damage 1 201.0 288,281    I 

j            Induced By Other Failure 1 111.0 288,281 

Retirement 84 298.8 3,432 

Other Removal Reasons 1642 138.1 176 
No Failure Causes 160 173.7 1,802 

No Defect 97 176.5 2,972 
To Facilitate Other Maint 57 178.8 5,058 
Cannibalization 6 79.5 48,047 

Other Scheduled Maintenance 1418 131.3 203 

Unknown Causes 64 199.6 4 ,504 
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TABLE LXXIX. REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF TAIL ROTOR HUB ASSEMBLIES FROM 
RAMMIT MIRF REPORT DATA 

Aircraft ModeKs):      UH-1D Part No. 204-011-801-5 

Reason For Removal 
Records With 

Part Time 

Number MTR 
(Hours) 

MTBR 
(Hours) 

All Causes 

Unscheduled Failures 
Material  Failures 

Excessive Wear 
Bearing Failure 
Leaking 
Internal Failure 
Clogged 
Contamination 

External Failure Causes 
Overstressed 
Sudden Stop 
Chipped,   Torn,  Nicked,  Cut, 

Etc. 
Maintenance Induced 
Overspeed 
Burned 

Retirement 

Other Removal Reasons 
No Failure Causes 

No Defect 
To Facilitate Other rtaint. 
Cannibalization 

Other Scheduled Maint. 

Unknown Causes 

108 

33 
26 
13 

7 
2 
2 
1 
1 

7 
2 
1 
1 

1 
1 
1 

74 
49 
45 

2 
2 

20 

317.7 

407.7 
433.0 
569.7 
316.2 
321.0 
249.0 
299.0 
200.0 

313.6 
312.5 
16.0 

700.0 

152.0 
101.0 
601.0 

93.0 

280.6 
324.2 
344.8 
70.0 

115.0 

161.0 

332.2 

318 

1,040 
1,320 
2,639 
4,902 
17,156 
17,156 
34,311 
34,311 

4,902 
17,156 
34,311 
34,311 

34,311 
34,311 
34,311 

34,311 

464 
700 
762 

17,156 
17,156 

1,716 

6,862 

220 

J 



TABLE LXXX. 

ZmiT MIRF REPORT DATA 

Aircraft ModeUs):JH-UL Part No. 204-0U-801-9 

Reason For Removal 
Records With 

Part Time 

Number MTR 
(Hours) 

MTBR 
(Hours) 

All Causes 

Unscheduled Maintenance 
Material Failures 

Excessive Wear 
Bearing Failure 
Internal Failure 
Clogged 
Broken/Cracked 
Leaking 
Unbalanced 
Other 

External Failure Causes 
Accident/Crash Damage 
Sudden Stop 
Overspeed 
Battle Damage 
Chipped,  Torn, Nicked,  Cut, 

Etc. 
Maintenance Induced 
Burned 
Bent 

Retirement 

Other Removal Reasons 
No Failure Causes 

No Defect 
To Facilitate Other Maint. 
Cannibalization 

Other Scheduled Maint. 

Unknown Causes 

2U9 

97 
74 
51 

9 
5 
3 
2 
1 
1 
2 

23 
11 

5 
2 
1 
1 

1 
1 
1 

IJO 
118 
105 
10 

3 

12 

20 

238.U 

284. 6 
333.8 
363.8 
269.8 
233.6 
2U2.6 
27U.5 
8714.0 
9U.0 

152.5 

126.5 
172.5 
30.6 

2U8.0 
2U0.0 
208.0 

192.0 
36.0 

1U9.0 

590.0 

203.8 
218.8 
228.7 
106.0 
2U8.0 

125.0 

163.0 

238 

612 
802 

1,16U 
6,596 

11,873 
19,788 
29,682 
59,365 
59,365 
29,682 

2,581 
5,397 

11,873 
29,682 
59,365 
59,365 

59,365 
59,365 
59,365 

29,682 

396 
503 
565 

5,936 
19,788 

t4,9U7 

2,968 
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TABLE LXXXI.    REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
f                                        OF TAIL ROTOR HUB ASSEMBLIES FROM 
1                                         RAMMIT MIRF REPORT DATA 

Aircraft Model(s):    UH-1H Part N o. 204-011-701-19     j 

Records With 
Reason  For Removal Part Time 

MTBR MTR 
Number (Hours) (Hours) 

All Causes 3078 156.9 157 1 
Unscheduled Maintenance 261 256.4 1,850 

Material  Failures 13U 285.8 3,603 
j         Excessive Wear '♦6 241.7 10,497 
!         Unbalanced 22 224.7 21,948 

Bearing Failure 
j         Broken/Cracked 

21 298.5 22,993 
16 500.0 30,178 

j         Leaking 14 288.6 34,490 
I         Internal  Failure 11 280.7 43,896 
1         Contamination 1 199,0 482,853 

Other 3 212.7 160,951 

External Failure Causes 127 225.4 3,802 
Sudden Stop 5U 264.7 8,942 
Maintenance Induced 16 121.5 30,178 
Chipped,   Torn,  Nicked,   Cut,   Etc 10 470.6 48,285 
Overstressed 10 184.1 48,285 

|         Overspeed 10 116.2 48,285 
|         Foreign Object Damage 10 95.8 48,285 

Accident/Crash Damage 9 229.5 53,650 
Battle Damage 7 232.5 68,979 
Bent 1 33.0 482,853 

Retirement 124 334.3 3,894 

Other Removal Reasons 2693 139.1 179 
No Failure Causes 215 188.6 2,246 

No Defect 108 169.0 4,471 
To Facilitate Other Maintenance 79 209.6 6,112 

|         Cannibalization 28 205.3 17,245 

Other Scheduled Maintenance 2J51 131.6 205 

i     Manufacturing Defect 2 53.0 
1 

241,426 

Unknown Causes 125 195.4 3,863 
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j         TABLE LXXXII.    REASON FOR REMOVAL/MTR/MTBR ANALYSIS                  | 
OF TAIL ROTOR HUB ASSEMBLIES FROM 

|                                          RAMMIT MIRF REPORT DATA 

i    Aircraft Model(s):    UH-1H Part N o.    204-011-801-5    | 

Records With 
|       Reason For Removal Part Time 

MTBR 
(Hours)  1 

Number MTR 
(Hours) 

All Causes 426 264.0 264 

Unscheduled Maintenance 132 314.6 852 
|         Material  Failures 89 370.2 1,264 
j              Excessive Wear Ul 369.7 2,743 
|             Clogged 18 579.1 6,248 
|             Bearing Failure 9 380.0 12,497 

Internal Failure 8 189.5 14,059 
|             Unbalanced 5 76.6 22,494 

Broken/Cracked 4 289.0 28,117 
Leaking 3 195.0 37,490 
Broken Safety Wire 1 304.0 112,469 

External Failure Causes 43 199.6 2,616 
|              Sudden Stop 12 155.7 9,372 
1             Accident/Crash Damage 11 240.6 10,224 
\             Chipped,   Torn,  Nicked,  Cut, 7 269.5 16,067 

Etc. 
Overspeed 5 64.0 22,494 
Maintenance Induced 3 248.7 37,490 
Overstressed 3 145.6 37,490 

|             Battle Damage 2 338.5 56,234 

Retirement 9 318.7 12,497 

!     Other Removal Reasons 285 238.8 39 5 
No Failure Causes 136 299.1 827 

1              No Defect 112 316.8 1,004 
!             To Facilitate Other Main. 15 162.0 7,498 

Cannibalization 9 306.4 12,497 

j         Other Scheduled Maintenance 97 146.5 1,159 

Manufacturing Defect 6 71.3 18,745 

i         Unknown Causes 46 277.4 2,445 
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TABLE LXXXIII.      REASON FOR RSMOVAL/MTR/MTBR ANALYSIS 
OF TAIL ROTOR  HUB  ASSEMBLIES  FROM 
RAMMIT  MIRF REPORT   DATA 

i     Aircraft Model(s):    UH-1H Part N o.    20^-011-801-9     j 

Records With 
Reason For Removal Part Time 

MTBR 
(Hours     | 

Number MTR 
(Hours) 

1                           All Causes 2A95 308.1 308 

1       Unscheduled Maintenance 1031 330.8 7*46 

Material   Failures 732 359.2 1,050 

Excessive  Wear i472 291.6 1,629 

Clogged 
j                Bearing Failure 

im 3m.2 6,743 
66 333.1 11,648 

Broken/Cracked 31 306.5 2*4,798 

Leaking 21 385.9 36,60 

Internal Failure 13 330.5 59,135 

Unbalanced 13 152.1 59,135 

j                Other 2 i4 56.5 38*4,376 

I            External   Failure  Causes 299 261.3 2,571 
Accident/Crash  Damage 121 257.7 6,3 54 

Sudden  Stop i<8 186.9 16,016 
j                Chipped/To rnfNickedtCut, Etc. 38 2k2.6 20,230 

Battle Damage 32 305.5 2*4,02*4 

Maintenance  Induced 32 302.7 24,024 

Burned 8 550.1 96,094 

1                Overstressed 7 219.1 109,822 1 

|                Overspeed 7 209.k 109,82 2 

1                 Foreign Object Damage 3 188.0 2 56,2 51 

j                Induced By  Other  Failure 2 m.o 384,376 

Other 1 10i43.0 768,752 

j       Retirement 199 185.8 3.863 

Other Removal  Reasons 1265 312.9 608 
j            No  Failure Causes 968 303.9 794 
|                No Defect 892 314.3 862 
|                To Facilitate Other Maint. 25 118.6 30,750 

Cannibalization 51 212.3 15,074 
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TABLE LXXXIII.     (Cont'd) 

Reason  For Removal 
Records With 

Part Time 

Number MTR 
C Hours) 

MTBR 
(Hours) 

Other  Scheduled Maintenance 

Manufacturing  Defect 

Unknown   Causes 

2U 

1 

272 

761.2 

121.0 

287.3 

32,031 

768,752 

2.826 
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TABLE LXXXIV.    REASON FOR REMOVAL/MTR/MIBR ANALYSIS 
OF  TAIL ROTOR HUB ASSEMBLIES  FROM 

|                                                RAMMIT MIRF REPORT DATA 

Aircraft Model(s):  AH-1G Part N 0.   209-010-701-3 

Records With 
Reason For Removal Part Time 

MTBR 
(Hours)    i 

Number (Hours) 

I                    All  Causes 1037 125.5 126    1 
Unscheduled Maintenance 206 14/4.6 632 

Material  Failures 65 203.3 2,002 
Excessive Wear 30 269.7 4,337 

|           Unbalanced m 97.7 9,294 
Broken/Cracked 9 152.8 14,458 
Internal  Failure 8 162.1 16,265    j 
Leaking 3 327.0 43,373 
Overheats 1 100.0 130,118 

External Failure Causes mi 117.5 923 
Overspeed 77 119.9 1,690 

|           Sudden Stop 22 104.1 5,914 
|           Accident/Crash Damage 1*4 121.2 9,294 

Chipped,   Grooved,   Nicked 12 162.2 10,843 
1            Battle Damage 5 66.6 26,024 

Foreign Object Damage 5 39.2 26,024 
Maintenance Induced *4 113.2 32,530     | 

1            Overs tressed 2 210.0 65,059 

Retirement 2U 204.8 5,422 

Other Removal Reasons 807 118.2 161 
No Failure Causes 126 139.8 1,032 

1           No Defect 67 151.9 1,942 
To Facilitate Other Maint 50 129,2 2,602 
Cannibalization 9 108.2 14,458 

Other Scheduled  Maintenance 646 123.5 201 

Unknown Causes 35 188.8 3,718 

1 
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TABLE LXXXV,   REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF  TAIL ROTOR HUB ASSEMBLIES FROM 1 

1                                           RAMMIT MIRF REPORT DATA 

Aircraft ModeUs):    AH-10 Part N o.  204-011-801-3      | 

Records With 
Reason For Removal Part Time 

MTBR      1 
(Hours) 1 Number MTR 

(Hours) 

1                      All Causes 875 235.0 i            235| 
1     Unscheduled Failures 384 271.U 535 
1         Material Failures 278 303.1 740 
1             Excessive Wear 183 300.3 1        1,124 
1             Bearing Failure 37 268.6 5,557 

Clogged 32 331.1 1        6,425 
1             Leaking 11 402.0 !      18,691 
1             Broken/Cracked 6 283.5 34,367 
1             Unbalanced 5 303.0 41,120 
j             Internal Failure 2 428.5 102,801 
1             Corroded 2 146.0 102.801 

1         External Failure Causes 106 188.1 1,939 
1             Maintenance Induced 39 143.0 5,272 
1             Accident/Crash Damage 23 238.7 8,939 
|             Sudden Stop 19 143.6 10,821 

Battle Damage 9 174.8 22,845 
Chipped,  Torn,   Nicked, Gut, 6 419.2 34,267 

Etc. 
j             Overs tressed 3 201.6 68,534 
1             Overspeed 3 321.6 68,534 
I             Burned 3 93.3 68,534 

Bent L 204.0 205,602 

1    Retirement 3 442.0 68,534 

j     Other Removal Reasons U88 205.1 421 
No Failure Causes 197 236.9 1,044 

No Defect 153 2 52.6 1,344 
To Facilitate Other Maint. 18 199.5 11,422 
Cannibalization 2U 164.7   1 8,567 

Other Scheduled Maintenance 182 176.2 1,130 

Manufacturing Defect 18 134.3 11,422 

Unknown Causes 91 217.3 2,259 
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TABLE LXXXVI.      REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF TAIL ROTOR  BLADE ASSEMBLIES "FROM 
RAMMIT MIRF REPORT   DATA 

Aircraft ModeKs):      UH-1D Part  N o.    204-011-702-15 

Records With 
Reason  For Removal Part Time 

MTBR 
(Hours) 

Number (Hours) 

AIL Causes 1890 353.8 3 54 

Unscheduled  Maintenance 501 345.3 1,335 
Material  Failures 79 390.4 8,465 

Excessive  Wear 34 558.3 19,670 
Poor  Bonding 18 310.5 37,154 
Unbalanced 11 334.1 60,797 
Corroded 8 220.1 83,596 
Internal  Failure k 115.7 167,192 
Other k 92.5 167,192 

External Failure Causes U22 336.9 1,585 
Dented 97 308.4 6,895 
Chipped/Nicked/Cut/Cracked 81 375.8 8,256 
Foreign Object  Damage 71 299.7 9,419 
Accident/Crash  Damage 43 349.5 15,553 
Sudden  Stop 37 259.9 18,075 
Punctured 29 369.5 23,061 
Battle Damage 24 413.6 27,865 
Overspeed 16 399.0 41,798 
Broken 13 451.2 51,444 
Overstressed 8 124.1 83,596 
Burned 3 664.3 222,923 

Retirement 93 871.3 7,191 

Other  Removal  Reasons 1296 320.0 516 
No Failure  Causes 839 293.3 797 

No  Defect 720 335.1 929 
To  Facilitate  Other Maint. 96 273.7 6,966 
Cannibalization 23 329.2 29,077 

Other Scheduled Maintenance 338 283.3 1,979 

Unknown  Causes 119 368.5 5,620 
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TABLE LXXXVII,     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
1                                              OF TAIL ROTOR BLADE ASSEMBLIES  FROM 
i                                              RAMMIT MIRF REPORT DATA 

Aircraft Model(s):    UH-1D Part N o.  204-011-702-17    j 

Records With 
|       Reason For Removal Part Time 

MTBR MTR     " 
Number (Hours) (Hours)  j 

All Causes 289 191.6 192 

Unscheduled Maintenance 119 137.9 465 
|         Material Failures 3 193.0 18,462 
1              Poor Bonding 3 193.0 18,462 

1          External Failure Causes 116 136.5 477 
|              Foreign Object Damage 35 118.2 1,582 

Battle Damage 25 112.0 2,215 
Dented 18 168.9 3,077 
Chipped/Nicked/Cut/G racked 15 191.5 3,692 
Sudden Stop 7 124.1 7,912 
Punctured 6 133.0 9,231 
Maintenance  Induced k 174.0 13,847 
Overstressed 2 268.0 27,693 
Overspeed 2 36.0 27,693 
Accident/Crash Damage 2 7.0 27,693 

Retirement 8 933.1 6,923 

Other Removal Reasons 162 194.5 342 
No Failure Causes 103 203.7 538 

No Defect 70 188.3 791 
To Facilitate Other Maint. 2k 280.1 2,308 
Cannibalization 9 119.2 6,154 

Other Scheduled Maint. 28 147.4 1,978 

Unknown Causes 31 206.6 1,787 
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TABLE LXXXVIII.   REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF  TAIL ROTOR BLADE ASSEMBLIES  FROM 
RAMMIT MIRF REPORT DATA 

Aircraft Model(s):  UH-1H Part N o.     204-011-702-15 1 

Records With 
Reason For Removal Part Time 

MTBR 
(HOURS) 

Number MTR 
(Hours) 

All Causes 7886 319.1 319 

Unscheduled Maintenance 2888 347.1 871 
Material  Failures 324 383.0 7,765 

Excessive Wear 157 447.1 16,026 
Unbalanced 76 293.6 33,107 
Poor Bonding 52 361.4 48,387 
Internal Failure 29 233.4 86,763 
Corroded 10 600.8 251,614 

External Failures  Causes 2 564 342.5 981 
Chipped/Nicked/Cut/Cracked 578 352.9 4,353 
Battle Damage 455 362.6 5,529 
Dented 369 334.5 6,818 
Accident/Crash Damage 345 305.7 7,293 
Broken 322 396.8 7,814 
Sudden Stop 179 287.6 14,056 
Foreign Object Damage 111 320.4 22,667 
Punctured 72 311.2 34,946 
Collapsed 49 312.4 51,349 
Overstressed 36 404.9 69,892 
Burned 22 408.1 114,370 
Maintenance Induced 12 188.0 209,678 
Overspeed 10 166.0 251,613 
Induced  by Other Failures 4 95.0 629,034 

Retirement 213 848.8 11,812 

Other Removal Reasons 4785 278.6 526 
No Failure Causes 2865 320.6 878 

No Defect 2145 384.6 1,173 
To Facilitate Other Maint. 445 225.9 5,654 
Cannibalization 275 255.2 9,150 

Other Scheduled Maintenance 1196 167.0 2,104 
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TABLE LXXXVIII.     (ContM) 

Reason For Removal 
Records With 

Part Time 

Number MTR 
(Hours) 

MTBR 
(Hours) 

Manufacturing Defect 

Unknown Causes 

2 

722 

33.0 

297.0 

1,258,069 

3,484 
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TABLE LXXXIX.     REAsoN  FOR REMOVAL/MTtl/MTBR ANALYSIS 
OF TAIL ROTOR BLADE ASSEMBLIES  FROM 
RAMMIT MIRF REPORT DATA 

Aircraft Model(s):   AH-1G Part N o.   20i4-011-702-17 

Records With 
Reason For Removal Part Time 

MTBR 
(Hours)   j 

Number MTR 
(Hours) 

All   Causes 3068 221.0 221 

1       Unscheduled Maintenance 1063 239.0 638   i 
|          Material Failures 158 316.0 4,292   1 
*               Excessive Wear 69 370.i4 9,827 

Unbalanced 50 2 5k.1 13,562 
Poor Bonding 18 17*4.1 37,671 
Internal Failure 10 222.5 67,809 
Corroded 5 7k7.8 135,617 
Other 6 k26.8 113,014 

|            External Failure Causes 90^4 225.S 7 50 
|                Chipped/Nicked/Cut/Cracked 176 264.9 3,853 
}                Battle Damage 16 5 222.3 4,110 

Dented 157 234.7 4,319 
i                Accident/Crash  Damage IIU 185.6 5,948 
1                Broken 96 259.8 7,063 
1                Sudden Stop 56 160.6 12,109 

Foreign Object  Damage 1*7 177.1 14,427 
j               Punctured k2 263.0 16,14 5 

Overspeed 2i4 200.6 2 8,2 54 
Maintenance  Induced Ik 78.0 48,435 
Overstressed 8 200.2 84,761 
Burned 5 kOO.k 135,617 

j       Retirement ^5 e7k.5 15,069 

j       Other Removal Reasons 1916 200.8 346 
j           No Failure Causes IW 235.9 593 

No  Defect 880 2i47.6 771 
i                To  Facilitate Other  Maint. 187 177.0 3,626 

Cannibalization 77 245.2 8,806 

Other Scheduled Maintenance 56k 135.9 1,202 

Unknown Causes 2 53 186.5 2,680 
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TABLE XG.      REAS0N F0R REMOVAL/MTR/MTBR ANALYSIS 
OF i42-DEGREE GEARBOXES FROM RAMMIT 
MIRF REPORT  DATA 

Aircraft Model(s):      UH-1D Part N o,    20^1-040-003-23   | 

1   Records With 
Reason For Removal |      Part Time 

MTBR       1 Number 1    ,    MrR        V (Hours) (Hours)   j 

|                          All Causes 518 717.2 717 

1       Unscheduled Maintenance l        227 526.1 1,637 
1           Material Failures 138 576.1  1 2,692 
1                Leaking 
i                Excessive Wear 

78 489.4 4,763 
19 836.1 19,552 

1                Internal  Failure 1          16 588.4   ' 23,218 
1                Broken 12 750.5 30,957 
1                Contamination i            7 597.2 53,070 
1                Overheats 2 544.5 185,744 
1                Bearing Failure 2 407.0 185,744 
1                Corroded 1 637.0 371,489 
1                Loose Bolts 1 299.0 371,489 

External Failure Causes 89 448.6 4,174 
|               Sudden  Stop 55 463.2 6,7 54 
1                Overstressed 20 3 51.8 18,574 

Overspeed 5 476.0 74,298 
Maintenance Induced 3 823.3 123,830 

1                Burned 2 561.5 185,74i4 
Nicked/Chipped/Torn 2 501.0   1 185,744 

I               Accident/Crash Damage 1 133.0 371,489 
Foreign Object Damage 1 303.0 371,489 

Scheduled Overhaul   (TBO) mk 1118.5 2,580 

Other Removal Reasons lk7 619.1 2,527 
No Failure  Causes 29 472.2 12,810 

i               No   Dfefect 12 407.8   I 30,957 
!               To Facilitate Other  Maint. 17 517.6 21,852 

Other Scheduled Maintenance 30 853.6 12,383 

1            Unknown Causes 88 587.5 4,221 
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1                                                                                     *                                                                                                                                                                                                                                                       1 
TABLE XGI.       REASON   FOR REMOVAL/MTR/MTBR ANALYSIS 

OF 1*2- DEGREE GEARBOXES FROM RAMMIT                   i 
MIRF  REPORT  DATA 

!     Aircraft Model(s):    UH-1D Part N [0#    2 0^4-0^0-003-37 

Records With 
Reason For Removal Part Time 

MTBR 
|(Hours)     | 

Number (ffi-s) 

All Causes 1599 757.3 7 57 

|       Unscheduled Maintenance 769 570.8 1,575 
Material  Failures 519 608.2 2,333 

Leaking 
Excessive Wear 

337 608.i4 3,593 
71 62 5.5 17,056 

Internal  Failure 35 587.6 34,600 
Contamination 35 65^4.9 34,600 

1               Broken 25 586.3 48,440 
1               Bearing  Failure 7 2 50.8 172,999 
I               Overheats 6 625.3 201,832 
i               Corroded 3 853.0 403,665 

1           External Failure Causes 2 50 U93.2 4,8^ 
1               Sudden Stop mi* 512.0 8,410 
I               Accident/Crash Damage bi* 4 52.8 27,523 

Overstressed 21* i*m.5 50,458 
Overspeed 11 569.4 110,090 
Battle  Damage 10 359.1 121,099 
Nicked/Chipped/Torn 8 630.0 151,374 

1               Foreign Object   Damage 5 581.6 242,199 
1               Maintenance  Induced I* 473.5 302,748 

Scheduled Overhaul  (TBO) 300 1369.3 4,037 

Other Removal Reasons 530 681.6 2,285 
No  Failure  Causes 168 776.6 7,208 

No Defect 132 823.4 9,174 
To Facilitate  Other Maint. 21* 601.7 50,4 58 
Canniballzation 12 612.5 100,916 

1           Other Scheduled  Maintenance 269 583.3 4,502 

1           Unknown  Causes 93 794.3 13,021 
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1                                                                                •                                                                                      i 
I                TABLE XGII.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 

OF 42-DEGREE GEARBOXES FROM RAMMIT 
MIRF REPORT  DATA 

}     Aircraft ModeKs):      UH-1H Part fl o.      20^ 040-003-37 

1    Records With 
Reason For Removal Part Time 

I   MTBR MTR Number (Hours) (Hours)     i 

1                          All Causes 265^ 655.5 656| 

1      Unscheduled Maintenance 1617 5m.U 1,076 
1           Material Failures 1126 56 5.6 1,54 5 
|               Leaking 791 561.9 2,199 
1               Excessive Wear 150 612.7 11,599 
1               Contamination 72 569.3 24,163 

Internal Failure 55 591.8 31,631 
Broken 36 551.4 48,325 

1               Overheats 10 376.5 173,971 
1               Bearing Failure 6 285.5 289,951 
1               Corroded i* 3 53.5 434,927 
1               Loose  Bolts 1 196.0 1,739,708 

!           External Failure Causes ^92 491.6 3,536 
!               Accident/Crash Damage 180 550.3 9,665 

Sudden Stop 179 455.1 9,719 
1               Overspeed 3^ 547.3 51,168 

Battle Damage 30 431.2 57,990 
Burned 28 466.3 62,132 
Nicked/Chipped/Torn 15 401.0 115,981 
Induced By Other Failure 13 481.4 133,824 
Maintenance Induced 8 381.1 217,463 

1               Foreign Object Damage 5 288.4 347,942 

Scheduled Overhaul   (TBO) 206 1409.9 8,445 

Other  Removal Reasons 830 687.4 2,096 
No Failure  Causes 1*96 754.1 3,507 

No  Defect k32 774.9 4,027 
To Facilitate Other Maint, 35 676.5   1 49,706 

|               Cannibalization 29 537.3 59,990 

Other Scheduled Maintenance 135 672.7 12,887 

i          Unknown Causes 199 531  2   ' 8,742 
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1                                                                                                                 *           i 
1             TABLE XGIII,     REASON FOR EMOVAL/>frR/MrBR ANALYSIS                 | 

OF ^42-DEGREE GEARBOXES FROM RAMMIT 
|                                              MIRF REPORT DATA 

1    Aircraft Modcl(s):        AH-1G Part N o. 20k-0k0-003-37     \ 

Records With 
Reason For Removal Part Time 

MTBR 
i   (Hours)  | 

Number (Hours) 

j                         All  Causes 976 572.1 572 

Unscheduled Maintenance 60^4 496.7 924 
Material Failures i*2k 536.6 1,317 

Leaking 279 496.2 2,001 
Excessive Wear 96 659.7 5,816 
Internal Failure 23 573.6 24,275 
Broken 12 547.1 46,528 

I               Contamination 10 459.2 55,834 
j               Overheats 3 396.0 186,112 

Bearing Failure 1 217.0 558,336 

External  Failure Causes 180 402.6 3,102 
Accident/Crash Damage 72 456.4 7,755 

j               Sudden Stop 53 380.3 10,535 
!               Overstressed 21 244.5 26,587 

Battle Damage 9 393.4 62,037 
Nicked/Chipped/Torn 9 414.0 62,037 
Overspeed 6 533.8 93,056 1 
Burned 5 440.4 111,667 
Foreign Object Damage 3 354.0 186,112 
Maintenance  Induced 2 290.5 279,168 1 

j       Scheduled Overhaul (TBC) 51 1383.7 10,948 

j       Other Removal Reasons 321 585.0 1,739 
\           No Failure Causes 172 599.8 3,246 

No  Defect 154 623.7 3,626 
j               To Facilitate Other Maint. 10 515.2 1 55,834 
|               Cannibalization 8 245.2 69,792 

Other Scheduled Maintenance L\3 470.4 12,985 

Manufacturing Defect 1 23.0 1 558,336 

1           Unknown Causes 105 611.0 5,317 

236 

J 



i                 TABLE XCIV.    REASON  FOR REMOVAL/MTR/MTBR ANALYSIS 
OF 90-DEGREE GEARBOXES  FROM RAMMIT 
MIRF REPORT  DATA 

I    Aircraft Model(s):    UH-1-D Part N „      20i4-Oi40-01?-7 
•                                                                                 1 

Reason For Removal 
Records With 

Part Time 

MTBR 
(Hours)   I 

Number MTR 
(Hours) 

All  Causes 199 729.0 729 

Unscheduled  Maintenance 
Material  Failures 

Leaking 
Contamination 
Internal  Failure 
Excessive Wear 

5                Broken 
3                Bearing  Failure 
}               Other 

81 
U9 
21 
11 

7 
5 
2 
2 
1 

5*43.3 
582.7 
618.1) 
670.5 
421.6 
32*4.6 
779.5 
700.5 
656.0 

1,791   1 
2,961   f 
6,908 

13,189 
20,725 
29,015 
72,538 
72,538 

145,076 

External   Failure   Causes 
Sudden  Stop 
Overstressed 

|               Overspeed 
Burned 
Maintenance  Induced 
Accident/Crash  Damage 

!                Battle   Damage 

32 
12 

9 
3 
3 
3 
1 
1 

483.1 
537.4 
400.2 
613.7 

26.6 
756.3 
52 5.0 
691).0 

14,5314 
12,090 
16,120 
148,359 
148,359 
148,359 

145,076 
145,076 

Scheduled  Overhaul   (TEG) 63 1088.2 2,303 

Other Removal Reasons 
No  Failure  Causes 

No Defect 
To  Facilitate  Other Maint. 

!                Cannibalization 

55 
20 
m 

5 
1 

591.1 
518.7 
l471<.2 
725.14 
109.0 

2,638 
7,254 

10,363 
29,015 

145,076 

1            Other Scheduled Maint. 11 1499.2 13,189 

|            Unknown   Causes 2i4 636.0 6,04 5 
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j                   TABLE XGV.      REASON  FOR REMOVAL/MTR/MTBR ANALYSIS              1 
OF 90-DEGREE GEARBOXES FROM RAMMIT 
MIRF REPORT DATA 

1    Aircraft Modcl(s):      UH-1D Part N o.  204-040-012-13     | 

Records With 
'       Reason For Removal Part Time 

.-rBR     | 
( ikmrs)   1 

Number MTR 
(Hours) 

All  Causes 1569 697.5 697 

|    Unscheduled. Maintenance 674 474.5 1,624 
1         Material  Failures 455 505.2 2,405 
|             Leaking 209 520.0 5,236 

Contamination 99 497.0 11,054 
Internal  Failure 57 454.1 19,199 
Excessive Wear 52 582.6 21,046 
Broken 30 438.4 36,479 
Bearing  Failure 3 441.0 364,790 
Corroded 2 329.0 547,185 
Other 3 235.7 364,790 

|         External Failure Causes 219 410.6 4,997 
\             Sudden Stop 119 392.6 9,196 
j             Accident/Crash Damage 43 453.6 25,450 

Overs tressed 23 328.0 47,581 
Overs peed 12 467.2 91,198 
Battle Damage 8 479.7 136,796 
Nicked/Chipped/Torn 6 446.0 182,395 
Foreign Object Damage 4 336.2 273,593 
Burned. 2 399.5 547,185 

'             Maintenance Induced 2 939.5 547,185 

Scheduled Overhaul  (TBO) 477 1053.7 2,294 

Other Removal  Reasons 418 650.6 2,618   | 
i         No Failure Causes 131 532.4 8,354 
I             No Defect 97 576.3 11,282 

To Facilitate Other Malnt. 29 419.4 37,737 
CannibalIzation 5 335.8 218,874 

1         Other Scheduled Maintenance 203 427.1 5,391 

Manufacturing Defect 1 66.0 L,094,371  | 

Unknown Causes 83 550.6 13,185 
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TABLE XGVI.     REASON FOR REMOVAL/MTR/MTBR ANALYSIS 

OF 90-DEGREE GEARBOXES FROM RAMMIT 
i                                          MIRF REPORT DATA 

Aircraft Model(s): UH-IH Part N o.  204-040-012-13    1 

Records With 
Reason For Removal Part Time 

MTBR        1 
(HOURS)     | Number MTR 

(Hours) 

l                                       All  Causes 2812 613.6 614  I 

Unscheduled  Maintenance 1506 481.0 1,146 
Material  Failures 1068 498.0 1,615 

Leaking 649 502.4 2,659 
Excessive Wear 122 487.8 14,143 
Metal  on Magnetic Plug 85 520.7 20,299 

1              Internal Failure 76 519.8 22,703 
Contamination 75 483.1 23,006 
Broken/Cracked 1*9 440.4 35,   13 
Bearing Failure 6 428.1 287,574 

1              Overheats 3 552.7 575,148 
Corroded 2 237.0 862,   22 
Loose Bolts 1 45.0 1,725,444 

External  Failures Causes 438 439.5 3,939 
|              Sudden Stop 159 435.1 10,851 
1              Accident/Crash Damage 134 416.5 12,876 
|              Battle  Damage 39 409.1 44,242 

Nicked/Chipped/Torn 27 502.0 C3,905 
Overspeed 22 489.0 78,429 
Overs tressed 20 447.2 86,272 
Maintenance Induced 14 412.2 123,246 
Foreign Object Damage 8 444.5 215,680 

|              Induced By Other Failure 7 738.8 246,492 
|             Burned. 6 486.3 287,574 

Punctured 2 412.0 862,922 

Scheduled  Overhaul (TBO) 395 1073.3 4,368 

Other Removal Reasons 911 633.5 1,894 
No Failure Causes 574 697.2 3,006 

|               No  Defect 489 738.7 3,529 
To Facilitate Other Maint. 46 510.3 37,510 
Cannibalization 39 396.6 44,242 1 

1 
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TABLE XGVI.     (Cont'd) 

Reason For Removal 
Records  With 

Part Time 

Number MTR 
(Hours) 

MIBR 
(Hours) 

Other Scheduled Maint. 

Unknown Causes 

98 

239 

621.1 

485.6 

17,607 

7,219 
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TABLE XGVII.   REASON  FOR REMOVAL/MTR/MTBR ANALYSIS 
!                                               OF 90-DEGREE GEARBOXES   FROM RAMMIT 

MIRF REPORT   DATA 

Aircraft Model(s):      AH-10 Part N 0m    204-040-012-13   | 

Records With 
Reason For Removal Part Time 

MTBR        | 
(Hours)   1 i Number MTR 

(Hours) 

All Causes |       862 550.2 1            5^l 
1      Unscheduled Maintenance i<83 1*32.k 982 

Material Failures 1       321 469.8 1,478 
Leaking 164 455.9 2,892 
Excessive Wear 61 495.1 [       7,775 

|              Contamination 38 588.6 12,482 
Internal Failure 37 386.8 12,819 

1               Broken 16 431.6 29,644 
1               Corroded 2 404.5 237,151 

Bearing Failure 1 478.0 474,303 
|              Other 2 483.5 237,151 

1           External Failure Causes 162 3 58.5 2,92 8 
Sudden  Stop 51 372.9 9,300 

1               Accident/Crash  Damage 46 373.7 10,311 
Overstressed 22 346.7 21,559 
Maintenance   Induced 16 313.7 29,644 
Overspeed 8 350.8 59,288 
Nicked/Chipped/Torn 8 385.1 59,288 
Battle Damage 7 374.1 67,758 
Burned 2 107.5 237,151 
Foreign Object Damage 2 246.5 237,151 

Scheduled Overhaul (TBO) 85 1058.7 5,580 

Other  Removal  Reasons 294 596.7 1,613 
No   Failure  Causes m2 622.0 3,340 

|              No Defect 119 649.7 3,986 
i              To Facilitate Other Maint. 13 498.6 36,485 

Cannibalization 10 452.4 47,430 

|          Other Scheduled Maintenance 68 489.7 6,975 

Unknown   Causes 84 640.7 5,646 
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1            TABLE XCVIII.     REASON FOR REMOVAL/MTR/KTBR ANALYSIS 
1                                           OF T/R DRIVE SHAFT HANGER ASSEMBLIES 

FROM RAMMIT MIRF REPORT DATA 

1     Aircraft Modcl(s):   UH-1D Part N 0>    204-040-600-7     | 

I   Records With 
1       Reason For Removal Part Time 

|       MTBR    1 
1     (Hours)j Number MTR 

(Hours) 

1                         All Causes 5202 372.5 i            373   1 

1      Unscheduled Maintenance 3007 142.9 1           6t45 

1           Material Failures 2380 580.2 1            81i4 

1               Excessive Wear 1       962 602.0 i       2,015 
Bearing Failure i       680 637.2 2,850 

1               Leaking 1        524 465.3 1       3,699 
J               Broken i          81 555.6 i     23,927 
1               Internal Failure 1          79 639.0 l     24,533 
1               Overheats 46 555.5 42,132 
1              Contamination U 533.5 484,521 
1               Corroded 1 76.0 L938,084 

Other 3 500.0 646,028 

1          External Failure Causes 627 465.1 3,091 
1              Sudden Stop 377 481.0 5,141 
I               Overstressed 86 225.4 22,536 
1               Cut/Nicked/Cracked/Torn 60 502.9 32,301 
1               Accident/Crash   Oamage 314 621.1 57,002 
1              Overspeed 21* 594.1 80,754 
1               Burned/Heat Damage 22 603.3  l 88,095  1 
1              Maintenance Induced 11 537.3  1 176,189 

Foreign Object Damage 9 393.5 215,343 
Battle Damage 4 656.5 484,521  1 

Overhaul 601 1010.8 3,225 

Other Removal Reasons 1594 565.1  ' 1,216 
No Failure  Causes                             ' 549 519.0 3,530 

No Defect                                        1 2 51 557.2 7,721 
To Facilitate Other Maint.     ! 288 477.2 6,729 

j              Cannibalization 10 767.1 193,808  1 

Other Scheduled Maintenance      ' 680 588.9 1 2,850 

Unknown Causes                                  1 365 590.2  | 5,310 
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i                TABLE XGIX.     REASON  FOR REMOVAL/MTR/MTBR ANALYSIS 
OF T/R DRIVE SHAFT HANGER ASSEMBLIES 
FROM RAMMIT MIRF REPORT DATA 

Aircraft Model(s):    UH-1D Part N 0.   204-040-600-9     | 

Records With 
Reason For Removal Part Time 

MIBR 
(Hours)   1 

Number (Hours) 

I                          All  Causes 3864 430.2 430 

Unscheduled  Maintenance 2 501 414.5 665 
Material Failures 214 5 418.3 775 

Excessive Wear 1104 422.6 1,506 
Bearing Failure 641 443.3 2,593 

I                Leaking 285 366.3 5,833 
1                Internal  Failure 68 333.1 24,447 

Contamination 20 525.1 83,119 
Broken 15 374.9 110,826 
Overheats 6 107.1 277,064 
Corroded 5 438.6 332,477 
Othe r 1 ^'J.O L,662,384 

I            External Failure Causes 3 56 389.9 4,670 
Sudden Stop 139 350.2 11,960 
Accident/Crash  Damage 109 450.9 15,251 

1                Overstressed 38 281.5 43,747 
Overspeed 23 527.3 72,278 
Cut/Nicked/Cracked/Torn 19 401.3 87,494 

j                Maintenance Induced 18 330.7 93,355 
Burned/Heat   Damage 5 542.8 332,477 
Battle Damage 2 706.0 831,192 

j                 Foreign  Object  Damage 2 478. 5 831,192 
j                 Induced  By  Other   Failure 1 500.0 1,662,384 

Overhaul 28 570.9 59,371 

j        Other Removal Reasons 1335 4 56. 8 1,245 
No Failure  Causes 387 467.9 4,296 

No  Defect 293 527.6 5,674 
To  Facilitate  Other Maint. 75 294.1 22,16 5 
Cannibalization 19 234.4 87,494 

|            Other  Scheduled Maintenance 774 4 84.0 2,148 

j             Unknown Causes 174 311.2 9,554 | 
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TABLE G.    REASON FOR REMOVAL/MTR/MTBR ANALYSIS 
OF T/R DRIVE SHAFT HANGER ASSEMBLIES 
FROM RAMMIT MIRF REPORT DATA 

Aircraft Model(s):    UH-1H Part N 0.204-040 -600-7 

Records With 
Reason For Removal Part Time 

MTBR MTR 
Number (Hours) (Hours) 

All Gauses 798 560.4 560 

Unscheduled Maintenance 503 625.0 889 
Material Failures 381 639.8 1,174 

Excessive Wear 196 734.5 2,282 
Bearing Failure 101 638.0 4,428 
Leaking 73 423.7 6,126 
Corroded. k 388.2 111,806 
Internal Failure 3 246.3 149,074 
Overheats 3 293.0 149,074 
Contamination 1 1246.0 447,222 

External Failure Causes 122 578.8 3,666 
Sudden Stop 49 705.5 9,127 
Cut/Nicked/Cracked/Torn 24 556.9 18,634 
Accident/Crash Damage 19 367.3 23,538 
Overs tressed m 369.6 31,944 
Battle Damage 6 450.1 74,537 
Overs peed. 6 710.8 74,537 
Maintenance Induced 3 1087.0 149,074 
Foreign Object Damage 1 300.0 447,222 

Overhaul 5 404.8 89,444 

Other Removal Reasons 290 451.1 1,542 
No Failure Gauses 109 545.5 4,102 

No Defect 62 516.0 7,213 
To Facilitate Other Maint 38 597.6 11,769 
Cannibalization 9 530.3 49,691 

Other Scheduled. Maintenance 159 408.2 2,813 

Unknown Causes 22 294.1 20,328 
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TABLE GI,    REASON  FOR REMOVAL/MTR/MTBR ANALYSIS 
OF T/R DRIVE  SHAFT HANGER ASSEMBLIES 
FROM RAMMIT   MIRF REPORT DATA 

Aircraft Model(s):    UH-1H Part N 0>    204-040-600-9 

Records With 
Reason For Removal Part Time 

MTBR 
(Hours ) 

Number (Hours) 

All Causes 106^8 515.1 515 

Unscheduled Maintenance 7738 505.8 709 
Material Failures 6361 515.1 862 

Excessive  Wear i4022 54 5.3 1,364 
Leaking 1062 398.5 5,165 
Bearing Failure 981 508.0 5,591 
Contamination 113 623.4 48,540 
Internal  Failure 71 534.0 77,254 
Broken 70 490.0 78,358 
Corroded 23 467.7 238,480 
Overheats 18 4 86.5 304,724 
Loose  Bolts 1 54.0 5,485,034 

External Failure Causes 1377 462.8 3,983 
Accident/Crash   Damage 621 4 86.4 8,833 
Sudden Stop 365 464.1 15,027 
Maintenance  Induced 112 414.7 48,974 
Overstressed 73 491.5 75,137 
Battle Damage 53 364.9 103,491 
Cut/Nieked/Graeked/Torn 51 385.6 107,550 
Burned/Heat Damage 46 482.6 119,240 
Overspeed 1*2 349.2 130,596 
Foreign Object  Damage 8 714.1 685,629 
Induced By Other Failures 3 328.6 L,828,345 
Other 3 300.0 .,828,345 

Overhaul 21 585.1 261,192 

Other  Removal  Reasons 2889 539.5 1,899 
No  Failure  Causes 1509 536.9 3,635 

No  Defect 1348 553.2 4,069 
To Facilitate Other Maint. 81* 413.2 65,298 
Cannibalization 77 386.7 71,234 
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TABLE CI.     (Cont'd) 

Reason For Removal 
Records With 

Part Time 

Number MTR 
(Hours) 

MTBR 
( Hours) 

Other Scheduled Maintenance 

Unknown  Causes 

675 

705 

612.0 

^75.7 

8,126 

7,780 
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TABLE  Gil.     REASON  FOR REMOVAL/MTR/MTBR ANALYSIS               i 
1                                              OF T/R DRIVE  SHAFT HANGER ASSEMBLIES 
1                                                FROM RAMMIT MIRF REPORT DATA 

Aircraft Model(s):      AH-1G Part N o. 2OA-0i4O-6O0-9        j 

Records With 
'       Reason  For Removal Part Time 

MTBR Number ,    MTR, 
(Hours) (Hours )| 

All Causes 2 515 i435.2 435 

Unscheduled Maintenance 1679 ^30.^ 652 
Material Failures 1378 i^l.l 794 

1                Excessive Wear 832 ^09.8 1,316 
I                Bearing  Failure 2 57 47^.4 4,2 59 

Leaking 23^ 341.6 ^.678 
Contamination 2k 475.1 45,606 

I                Internal  Failure 15 343.6 72,970 
1                Overheats 7 680.7 156,36 5 

Broken 6 291.1 182,426 
1                Corroded 2 261.5 547,278 
1                Unbalanced 1 471.0 1,094,556 

External   Failure Causes 301 381.2 3,636 
Accident/Crash  Damage 105 433.8 10,424 
Sudden  Stop 100 350.8 10,946 
Maintenance  Induced Ul 554.3 26,696 
Overstressed 16 134.6 68,410 
Battle   Damage 15 199.8 72,970 
Cut/Nicked/Gracked/Torn 10 307.4 109,456 
Burned/Heat  Damage 9 199.2 121,617 
Overspeed 
Foreign  Object  Damage 1 

286.0 
232.0 

273,639 
1,094,556 

Overhaul k 375.7 273,639 

j       Other  Removal Reasons 832 445.2 1,316 
j            No  Failure  Causes 365 375.1 2,999 
!                 No  Defect 339 376.2 3,229 
1                To   Facilitate Other Maint. 17 199.7 64,386 
1                Cannibalization 9 665.8 121,617 

|            Other Scheduled Maintenance 2kk 54 5.0 4,486 

Unknown Causes 223 465.6 4,908 
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APPENDIX III I 

UH-l/AH-1  TAIL ROTOR SYSTEM 
MISHAP/ACCIDENT DATA 

MATERIAL  FAILURE ANALYSIS 

The  results  of the analysis  are  presented  in two groups  of 
tables.     The first group  (Tables  CHI through CVI)  presents 
the failed  item and/or mode by tnishao classification.     The 
second  group (Tables  GVII  through OX}  presents   the failed 
item and/or mode by  the aircraft model for which it was 
reported. 
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APPENDIX  IV 

UH-l/AH-1 TAIL ROTOR  SYSTEM 
FAILURE MODE ANALYSIS 

The  tables  in this appendix are   the details of  the failure 
mode analysis  presented  in Section 10.     Included are all 
occurrences  from  the M&R program  data which resulted in 
unscheduled maintenance on the  tail  rotor system. 
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APPENDIX V 

TAIL ROTOR HUB AND BLADE ASSEMBLY MAINTENANCE PROCEDURES 
 DIRECT/GENERAL SUPPORT LEVELS 27, 28, 29  

Model UH-1D/H 

A.  Tail Rotor Blades 

NOTE 

The  special  tools  required  to 
perform maintenance functions 
of  the  tall  rotor hub and blade 
are  listed below: 

Special Tools  Required 

PART NUMBER NOMENCLATURE 

T10U12 Grip Spacing Tool 

T101^07 Seal  Bearing Tool 

7HEL065 Kit,   Blade  Balancing 

7AU50 Kit,   Blade  Balancing 

7HEL0153 Kit  Balancing 

1. Removal 

a. Remove hub and blade assembly.  (Refer to 
Appendix I, Page 1^9.) 

NOTE 

Observe and note colcr coding 
on blades and grips. 

b. Remove nuts, washers, and bolts attaching tall 
rotor blades to blade grips, and remove blades. 

c. Loosely Install bolts, washers, and nuts In 
grips as removed, if same blades and hub are 
to be reassembled.  If blades or hub are to  be 
replaced, bolts, washers, and nuts need not 
be saved. 

2. Repair or Replacement - Tall Rotor Blades.  (Refer 
to Appendix I, page 1^9.) 
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a.     Inspect blades  according  to  the  following 
criteria: 

NOTE 

Tall  rotor blades  damaged  to  the 
following extent  should be   "con- 
demned and demilitarized" locally 
rather  than  returned to an over- 
haul  facility. 

(1) Water  In  the  honeycomb area. 
. 

(2) Any  blade   that has  reached maximum service 
life  or has  less  than 200 hours  remaining 
service  time. 

(3) If one or more cracks develop and extend 
from a previously repaired area. 

(J*)    Holes  In  the  skin larger  In area  than 
f allowed for patching. 

(5) Any corrosion that penetrates entirely 
through the skin larger In area than 
allowed for patching. 

(6) If the abrasive strip Is worn completely 
through at the tip. 

(7) Edge voids deeper than 0.50 Inch at the 
tip end of any of the root end doublers 
or grip plates. 

(8) Edge voids In the leading edge or trailing 
edge of the doublers that are 0.2S Inch or 
more In depth and show Indications of 
corrosion In the void. 

(9) Any crack In any location In the main 
bonded part of the blade unless within 
area of allowable patches and within 
limits.  (See NOTE under Paragraph A.3.e.) 

(10) Bond separations on any part of the blade. 

NOTE 

A void Is defined as an unbonded 
area that  Is  normally bonded.    Many 
sub-defInltlons of voids are given , 
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such as lack of adhesive,  gas pocket, 
misfit, etc.    This manual shall make 
no distinction among these, but shall 
group them In  the one general term. 
Void.    All dimensions are In inches. 

WARNING 

If one blade of a pair has been 
damaged badly enough that metal 
has been torn or any bond lines 
have separated,  both blades must 
be replaced. 

(11) Movement of the  tip or root end weights. 

(12) Cracks or dents  In the abrasion strip 
unless within area of allowable patches 
and within limits. 

b.    Replacement of blade Is necessary If the 
following defects or damage is found, 

NOTE 

Refer removed blades to higher 
maintenance activity for evalua- 
tion. 

(1) Void exceeding 0,25 inch wide between the 
abrasive strip and the inner doubler along 
the centerllne, 

(2) Edge voids in any single bond line at the 
butt end around the edges and the grip 
plates exceeding 10% of the total peri- 
phery of that bond line. Single-edge 
void exceeding 0.06 inch in depth by 
2.0 inches in length. 

(3) Void between skin and trailing edge under 
the doubler rear "fingers" at the butt end. 

(4) Void between skin and inner doubler under 
the front "fingers" at the butt end. 

(5) Void between the tip block and the 
trailing-endge extrusion. 
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(6) Void between skins and trailing edge at 
the tip in the outboard 1.0  inch. 

(7) Void In  the  blade body between  the ends 
of the blade between  the skin and the core 
exceeding 0.20 Inch wide chordwise by 
0,50 Inch long spanwise or if spacing 
between centers  is less than 2.0 inches. 

(8) Void in the  blade body between  the ends  of 
the blade between the  skin and  the  inner 
doubler exceeding 0,50 inch wide chordwise 
by 1.0 inch long spanwise or if spacing 
between centers  is less than 3.0 inches. 

(9) Void in the blade body between  the core 
and the inner doubler exceeding 0.50 inch 
chordwise by 1.5 inches spam;ise or if 
centers are less than 3.0 inches. 

(10) Looseness of either retention bolt hole 
bushing. 

(11) Inside diameter of retention bolt hole 
bushing exceeds  0.4380 inch. 

NOTE 

Any void not specified In para- 
graphs (1) through (11) will 
require blade replacement, 

(12) Sudden stoppage or overtorqulng. 

(13) Blades that have been subjected to an 
overspeed condition that do not meet 
limits of Special Inspection. 

c.  Repair Tail Rotor Blades 

NOTE 

Installation of blade on grip or 
removal from grip must be per- 
formed by direct support mainte- 
nance activity. 
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CAUTION 

Damage exceeding the limits of 
steps (1) through (4) requires 
replacement of blade. 

(1) Polish out all  nicks and scratches  on 
the  surface  of  the blade  that are  0,008 
Inch deep or  less using abrasive cloth 
(180 grit or finer).     Polish to a sur- 
face  finish of  63 RMS  or better,  removing 
only enough material  to remove  scratch 
or nick.    Aluminum wool may be  used on 
aluminum surfaces,  and steel wool may be 
used on  the  abrasive strip to polish out 
defects. 

(2) Polish out  nicks  and  notches  in  the ex- 
treme  trailing edge of  the blade  that 
are 0.050 inch or less  in depth to a 
distance  of  at least  2.0 Inches on each 
side of  the  nick or  notch using abrasive 
cloth.     Depth of polishing to be minimum 
necessary  to  clean up all evidence  of   the 
nick or notch, 

(3) Polish out all nicks  or scratches   in 
dents  that are 0.008  or less  in depth 
using abrasive cloth (180 grit or 
finer),    Polish  to a surface  Irinish of 
63RMS or better,  removing only enough 
material  to   remove the nick or scratch. 
Aluminum wool may be used on aluminum 
surfaces,  and steel wool may be used on 
the abrasive strip to  polish out defects. 

(^O    Polish out pits  not exceeding  0,008 inch 
in depth using abrasive cloth  (600 grit) 
or aluminum wool,  rubbing spanwise  to  re- 
move sanding marks.   Finish to  32 RMS or 
better. 

d.   Repair and Touch Up Blades 

Cl)    Burnish out any  scratches which are 
within allowable  limits,     (Refer to  Para- 
graph C) 
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(2) Burnish out any pits which are within 
allowable  limits.     (Refer to Paragraph C) 

(3) If entire  blade  is   to be refinished;   strip 
paint from area to  be reflnished using 
methyl-e i.nyl-ke tone. 

CAUTION 

DO  NOT  IMMERSL  BLADES   IW STRIPPING 
SOLUTION.     Use  ONLY methyl-ethyl- 
ketone for  stripping finish from 
blades  to prevent damage   to adhesive 
bonded areas. 

(^4)    Plug  the  retention  bolt holes   to prevent 
entry of finishing  materials. 

(5) Remove all surface  oxides and chemical 
conversion  coatings  using Scotchbrite 
from all nare  aluminum surfaces. 

(6) Wash blade  using cleaning comoound. 
Achieve water-breakfree surface which 
will be evident by  continuous  unbroken 
film of water on  the  surface after  thor- 
oughly rinsing all   traces of cleaning 
compound from  the  surface. 

NOTE 

Following achievement of water 
breakfree surface  through final 
paint,  do not touch blade with 
bare hands. 

(7) Spray or brush a solution of 
alodine on all bare  aluminum surfaces. 

(8) Apply one coat of primer  to the  touch-up 
areas only,  and allow to air-dry a minimum 
of 30 minutes and a maximum of 4 hours. 

NOTE 

If primer is allowed to dry more 
than 4 hours before the first 
coat of lacquer, the lacquer will 
not adhere properly. 
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(9) Apply one coat of lacquer and allow to 
dry  1 hour, 

(10) Apply second coat of lacquer and allow to 
dry 1 hour. 

(11) Apply one coat of lacquer to tip area and 
allow to dry 1 hour« 

(12) Apply second coat of lacquer to tip area 
and allow to dry 1 hour. 

(13) Air-dry blade 3 hours before handling, 
and dry a total of 48 hours before flying, 

NOTE 

If a fast cure  is  desired, air- 
dry part for 1 hour,  followed 
by an oveu-dry at  180°  to 190oF 
for I hour.     Finish will then be 
completely cured, 

(14) Remove  the plugs  from the retention holes, 

(15) Apply a coating of  corrosion preventive 
to  the inside  surface of the  bushings. 

e.     Patch Repairs   - Tail Rotor Blades 

NOTE 

Scratches,   nicks,   dents,  gouges, 
holes or other damage  to  the 
skin of the tail rotor blade  that 
exceed allowable limits   that are 
in the outboard of  station 34.0 
but 1.7 5 inches minimum  in- 
board of  the blade   tip,   1.0 inch 
minimum forward of  trailing 
edge of the blade,  and 1,0 inch 
aft of the aft end of abrasive 
strip may be  repaired by patching 
and returned to service. 

(1)    Remove all  the paint in  the area  to be 
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patched using abrasive cloth (120 grit). 
Polish area using abrasive  cloth  (2 50 
grit). 

(2) Cut out the defect  using a hole  saw or by 
scribing  through the  skin with a sharp 
instrument.    The maximum cutout must not 
exceed 1.50 inch in diameter, 

(3) Remove skin in   the  cutout area,  disturbing 
the core as little as possible.     It  is 
desirable   to heat  the cutout disk to 
200 F maximum and to  lift out the disk of 
skin while heated, 

(^4)     Deburr  the edges  of   the  hole, making  sure 
the skin is  free of  scratches and nicks. 

(5) Prepare a patch of  aluminum alloy.     The 
patch must be  large  enough to overlap at 
least 0.7 5 inch around the perimeter of 
the hole. 

(6) Using fine  abrasive  cloth,  polish  the side 
of  the patch that will be bonded. 

(7) Wipe  the patch and  the  surface around 
the hole  in  the blade with a clean 
cloth dampened with methyl-ethyl-ketone. 
Wipe dry with a clean cloth. 

CAUTION 

Do  not allow methyl-ethyl-ketone 
to enter  the blade, 

(8) Apply adhesive   to bond areas of  the patch 
and blade. 

(9) Apply  the  patch to  the blade.    Move  the 
patch slightly back and  forth while  apply- 
ing pressure  to expel air pockets  in  the 
adhesive.    Blend out excess adhesive 
into surrounding area, 

(10)    The patch may be  held in place,  while 
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curing, with rubber bands made from an 
inner tube, or by other mechanical means. 
If epon 93^4 is used, cure at 75 F minimum 
for 5 days, or at 180 F for 60 minutes. 
If using roetalset Ai*, cure at 70 to 90oF 
for 21* hours, or at 1^5 F to 1550F for 30 
minutes. 

(11)    Refinish the area. 

3.     Preparation of Repairable  Blades for Shipment 

a. Remove foreign matter  from entire exterior 
blade surfaces using cheesecloth or clean 
rags dampened with naphtha. 

b. Tape  all holes  in  the  blade  surface  to protect 
interior of  the blade. 

c. Apply a coating of wax to all exterior surfaces 
of the blade except the  retention bolt holes. 
If wax is not available,  coat entire exterior 
surface of the blade with oil or grease. 

d. Apply a light coat of grease  to retention bolt 
holes. 

e. Place blade in shipping container. 

WARNING 

Include detail records  to simplify 
overhaul requirements   (Form  DA 2^10 - 
Component Removal and Repair/Over- 
haul Record)    in container. 

'4.     Installation of Tail Rotor Blades in Grips 

a.    Clean paint or foreign material out of blade 
holes in grips and blades. 

NOTE 

Observe color coding on blades and grips. 
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CAUTION 

Do not attempt to align bolt hole:, 
by striking the blade with any too".. 
Back up the grip at the bolt hole 
with a wooden block while carefully 
tapping bolts into place, 

NOTE 

Coat bolts with corrosion  inhibitor 
before   installation, 

b. Insert blade into grip with leading edge of 
blade  on same side of grip as pitch horn. 
Align one bolt hole and install bolt, washers, 
and nut. 

c. Align second bolt hole  and install bolt, washers, 
and nut  in the same manner.     Torque bolts  270 
to  300 inch-pounds adjacent to grip bushings. 

NOTE 

Blade bolts may be installed with 
heads either inboard or outboard, 
but  all four bolts must be installed 
the same. 

d. Repeat steps a through c to install 
opposite tall rotor blade. 

e. Balance tail rotor hub and blade assembly. 
(See Paragraph B) 

f. Install and rig tail rotor.  (Refer to 
Appendix I, page 150) 

B.  Balancing Veil Rotor Assembly 

1. Assemble workstand and hoist kit 7A050 (Figure 11). 
Place fixture (2) recessed side downward on table 
of stand as shown in view A, 
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vii« A 

Kit) Stand Table ( 7A05 
Fixture Assembly 
(2532,   7HEL0153 Kit'» 
Bar Pair (11  sets) 
2940  thru 2950,  7HEL065 
Post Assembly (2) 
(2939,   7HEL0153 Kit) 
Tail Rotor Hub and 

.Blade Assembly 
Plate,  Special Tool 
(2586,   Procure) 
Bushing 
(2533,   7HEL0153  Kit) 

Kit) 

Models  UH-1G 
and  AH-1G 

Models 
UH-1C/D/H 
and AH-1G 

Models UH-1G 
and AH-1G 

»H» ■ I— I. —* 

8. Balancing Arbor 
(2516,   7HEL0153 Kit) 

9. Arbor Scale 
10. Bushing  Set Screw 
11. Pilot Bushing 

(2529,   7HEL0153  Kit) 
12. Lower Fixture Set Screw 
13. Post Thread 
14. Movable Index Section 
15. Index Pin-Set Screw 
16. Tail Rotor Attaching Nuts 
17. Tail Rotor Attaching Bolts 

Figure 11. Balancing -  Tail Rotor Hub and Blade, 
Models UH-1G/D/H and AH-1G. 
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NOTE 

If workstand is not available, 
auxiliary support blocks may be 
used to act as a support stand. 

2. Prior to installing post assemblies (4), adjust 
movable index pin (15) of the positioning post to 
a dimension of 1-11/16 inch (length L in view B). 
Tighten the locking set screw in index pin (15) 
using 3/32-inch hex wrench to maintain proper 
setting. 

3. After adjusting post assemblies properly, install 
post assemblies CO into holes of fixture (2), 
shown as holes A in fixture (view C), 

A.  Locate pilot bushing (11) large end down, centrally 
on top of fixture bulb. 

5. Remove or loosen nuts (16) from tail rotor blade 
attaching bolts (17). Drive bolts partially out 
of yoke assembly to obtain an approximate 9/32- 
inch gap under bolt heads as shown in view A. 

6. Set tail rotor on fixture (2) so that blade shank« 
clear posts CO; flat surface of hub is upward, and 
inside diameter of rotor splined trunnion fits over 
diameter of pilot bushing (11). 

7. Install bushing (7), flange end downward, on balanc- 
ing arbor (8) so that top surface of bushing aligns 
with 7-l/'4-inch or 7-3/8-inoh position on arbor 
scale (9), depending on the yoke configuration. 
Lock bushing in this position by moderate and uni- 
form tightening of bushing set screws (10), using 
3/32-inch hex wrench. 

8. Place plate (6) centrally on top surface of rotor 
hub as shown in top view of assembly , and insert 
lower end of balancing arbor (8) downward through 
plate (6), bushing (11), and hub of fixture (2). 
Seat assembly firmly together by pressing downward 
on bushing (7), and lock in this position by moderate 
and uniform tightening of two lower fixture set 
screws (12), 

9. Rotate the rotor hub on fixture, positioning the 
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index pins   (15) of the  two post assemblies  (^) 
until   the  indexing pins enter pitch linkage holes 
in grip arms  to  their full depth. 

10. From  the matched sets of positioning bars   (3)  (P/N 
29^40  thru 2950,   7HEL065 kit),  select  the pair  (set) 
identified as having the lowest part  number  (29^0). 
Make  sure each bar bears  the  same  matched pair 
serial number and the same part  number.     Trial in- 
stall  the matched set of bars,  blocks upward, 
between opposite blade attachment bolts,  contactlig 
shanks underneath the bolt heads.     If bars are short, 
continue   the  trial installation using  increasingly 
longer bar sets as necessary until  the  longest 
matched pair  that can be  installed between  the bolts 
without force  has been established.     Once  this set 
and length have been established,   select  the  next 
higher part number bar pair.     This  is  the matched 
pair bar set  that sh^ll be used during  the balance 
operations.     Be certain  that  the  pair is identified 
correctly. 

11. Carefully lift upward on both rotor blades at the 
tips  simultaneously to produce  increase  span dis- 
tance between  the blade bolts;   install the properly 
matched pair of bars described in  Paragraph 10 
above.    Then,   release blade  tips,   allowing bolts 
to rest firmly on bar ends.     Move bars  into final 
position by pressing upward to seat block sections 
against rotor grip bushing face  surface an^ inward 
to set tang of bars against bolts.     See  v:'*w D. 

12. Check to make sure  that the positioning post 
index sections are engaged in grip pitch arm holes 
and that  the erbor  (8) with bushing  (7)  is  tight 
against  the  roror hub. 

13. Sight beneath the rotor hub across  the positioning 
bars   (3)  to make  sure  they are  in  the  same plane. 
Correct,   if required,  by readjusting  the  index 
section of each positioning post on  its mounting 
rod and equal mount. 

Ik,     Install quick-disconnect coupling   (7HEL053 kit or 
7A050 kit) on arbor suspension coupler,  and suspend 
entire assembly free of interference.    Note balance 
condition indicated by black Indicator disc at top 
of balancing arbor. 
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NOTE 

Balancing must be done In an ab- 
solutely draftless area.     A maxl- 
tnuro of six washers of any combina- 
tion  is allowed on each bolt.     Do 
not remove  or rework blade assembly 
weights.     Use a combination of 
AU960-716  and -716L,   20i4-011-708-l 
and 2014-011-708-3 washers, with 
heaviest washers  next  to grip.     Use 
bolts  AN177-35A (minimum length) to 
AN177-i40A  (maximum length) to accommo- 
date balance washers. 

15.    Balance blades  chordwise  and spanwise by adding 
washers  to one  or more of  the blade  grip bolts 
until  the  Indicator bushing is as  near center as 
possible. 

C.     Tall Rotor Hub Assembly.     (P/N 20t4-011-801) 

1.    Description 

a. Tall  rotor hub assembly,   Part No.   20i<-011-801, 
has a production eftectlvity on  UH-1H heli- 
copters Serial No.  68-16050 and subsequent. 

b. It will also be supplied as all future spares 
and will eventually,   through attrition,  become 
effective  on all UH-1 series helicopters. 

c. This hub is delta-hinge mounted on a trunnion 
which is spllned for mounting on the gearbox 
output shaft. 

d. The hub utilizes a grooved yoke  and split cone 
arrangement inboard of the retaining nuts to 
hold  the  pitch change bearings  in place  and 
to route the centrifugal and oscillatory loads 
into the yoke at the groove rather than at the 
retaining  nut threads. 

e. A preload spring assembly is provided to main- 
tain  hub  and blade alignment in  the   static 
condition. 
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2.  Disassembly 

a. Secure hub assembly In vise, using T101i4l2 as 
a holding fixture.  Secure with flat side of 
yoke down, 

b. Cut lockwlre and remove screws (2V   Figure 12), 
washers (3). and lockplate (4) from grip 
assembly (l). 

c. Back off adapter nut (22) and remove grip 
assembly (1). 

d. Remove shim (5). 

e. Remove plug (6) and shims (7) from spring 
assembly (8). 

f. Remove spring assembly (8) from yoke (2k). 

g. Disassemble soring assembly (8) by removing 
cotter pin (9 K pm (10), and washers (11) 
from case (12). 

NOTE 

Tag Belleville washers   (11) as 
removed for reassembly In  the 
same position.    A total of U? 
washers,  consisting of 14 stacks 
of  three washers per stack,  are 
required. 

h.    Cut lockwlre  from around  nut   (14).     Remove 
two spring pins   (13) and remove  nut from yoke 
(2iO. 

1.    Remove  shim  (15),  ring  (16),   split cone   (17), 
bearing set  (18),  shim  (19) and spacer   C?0). 

NOTE 

Keep bearing set  (18) and shims   (19) 
together as a set  for reasssubly on 
same spindle of yoke. 

j.     Remove  seal   •/!    from spacer   (20). 
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cr^M 

1. Grip Assembly 13. 
2 . Sc rew 1^ . 
3. Washer 15. 
U. Lockplate 16. 
5. Shim 17. 
6. Plug 18. 
7. Shim 19. 
8. Spring Assembly 20. 
9. Cotter Pin 21. 

10. Pin 22. 
11. Washers 23, 
12. Case 2U. 

Spring Pin 25. 
Nut 26. 
Shim 27. 
Ring 28. 
Split Cone 29. 
Bearing Set 30. 
Shim 31. 
Spacer 32. 
Seal 33. 
Adapter Nut 3U. 
Radius Ring 
Yoke 

Bolt 
Washer 
Thrust Cap 
Thrust Washer 
Packing 
Shim 
Housing 
Bearing 
Trunnion 
Cork Seal 

Figure 12. Tail Rotor Hub Assembly  (P/N 20i»-011-801)l 

Models UH-1C/D/H. 
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k.  Remove adapter nut (22) and radius ring (23) 
from spindle of yoke (2^0. 

1. Repeat steps (b) through (k) for disassembly 
of parts from opposite yoke spindle. 

CD. Cut lockwlre and remove four bolts (25), 
washers (26), and thrust cap (27). 

n. Remove thrust washer (28), packing (29), and 
shim (30). 

o. Remove housing (31).  Use seal bearing tool, 
1101^07, to press bearing (32) from housing. 

p. Repeat steps (m) through (o) to remove parts 
from opposite side of yoke. 

q. Remove hub assembly from holding fixture and 
remove trunnion from yoke. 

3.  Cleaning 

a. Clean all parts with cleaning solvent. 

b. Dry wit'i filtered compressed air. 

A.     Inspection 

a. Visually Inspect all componentn for damage, 
excessive wear,  or corrosion,     (See Figures 
12-15) 

NOTE 

Any nicks,  scratches,  and sharp 
dents  not exceeding the maxlnaam 
damage  limits   will be dressed 
and blended into the surrounding 
areas. 

b. Check bearings for smooth operation. 

c. Inspect splines  in trunnion for chipped or 
worn  teeth. 

d. Inspect »11 components dlmenslonally for 
excessive wear,     (Figure 13) 
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0   9 

ITEM NOMENCLATURE MIN. MAX. REPLACE 

I 
2 
3 
4 

Clip Liner 
Yoke, Beating Seat 
Trunnion Spindle 
Bushing, Pitch Link 

ID 
OD 
OD 
ID 

2.4410 
1.3771 
1.124« 
0.249S 

2.44 IS 
1.3780 
1.1250 
0.2500 

2.442S 
I.37SO 
1.1230 
0.2S2S 

Nut 
Nut 

In. Lb. 
In. Lb. 

TORQUE 

500 
100 

600 
125 

Figure 13, Tall Rotor Hub Limits 
(P/N 2014-011-801), 
Model UH-1D/H. 
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^psff^ri-c 

^^J-c 
0.250 

TAIL ROTOR GRIP P/N 204-011-721 

TYPE OF DAMAGE AREA A AREA B AREAC 
AS SHOWN n MAXIMUM DEPTH 

NICKS. SCRATCHES 
SHARP DENTS 

0010 0005 0.020 

CORROSION 0.005 0.002 0.010 

AREA OF FULL 
DEPTH REPAIR 

0.10 INCH 
SQUARE 

0.20 INCH 
SQUARE 

0.J0 INCH 
SQUARE 

NUMRER OF 
REPAIR AREAS 
NON OVERLAPPING 

TWO TWO TWO 

1. DAMAGE TO THREADS LESS THAN ONE THIRD 
OF THE THREAD DEPTH MAY BE CLEANED UP 
TO EXISTING DEPTH FOR A TOTAL LENGTH OF 
ONE INCH. 

2. COAT REPAIR AREAS ON ALUMINUM WITH 
BRUSH ALODINE OR ZINC CHROMATE PRIMER. 

3. ALL EDGES MAY BE RADIUSED OR CHAMFERED 
LOCALLY TO DEPTH OF 0.030 INCH TO REMOVE 
NICKS OR DENTS. 

4. ANY NICKS. SCRATCHES. AND SHARP DENTS 
NOT EXCEEDING THE MAXIMUM DAMAGE 
UMITS. WILL BE DRESSED AND BLENDED 
INTO SURROUNDING AREAS. 

Figure LU.  Tail Rotor Hub Grip Damage Limits 
(Hub P/N 204-011-801), Models UH-1D/H. 
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YOKE ASSEMBLY P/N 204-011-722 

0 MR TYP I PLACCS 

TYPE OF DAMAGE 

NICKS, SCRATCHES, 
SHARP DENTS 

CORROSION 

AREA A 

0.005 inch 
Max. Depth 

0.002 inch 
Max. Depth 

NOTES 

AREA B 

0.010 inch 
Max. Depth 

0.005 inch 
Max. Depth 

AREA C 
&& 

Refer to Wear 
Limits Charts 

1. Inspect damage inside roll pin holes with a five (5) to ten (10) power magnifying glass. 

2. Local gouges 0.005 inch or less in depth at thread root inside roll pin hole may be cleaned up using a round 
Jewelers file. Clean up area length is 20 percent of hole depth. Minor damage to the peak of the thread sur- 
rounding the pin holes requires no clean up unless during installation interference is encountered. Should 
interference occur, the thread may be dressed using an India-stone, providing peak thread damage is less 
than 30 percent of the thread depth. Damage to thread in excess of above limits is cause for scrapping yoke. 

3. Gouges inside roll pin boles beyond thread root, do not affect useabillty of part. 

4. Inside diameter of spindles in area of thrust unit Is not a critical area.   However, roll pin holes 
at (his location and surrounding surfaces shall be cleaned up.   Damage limit Is maximum depth 
of 0.020 inch.   Repair will be blended Into surrounding area. 

5. Scratches In trunnion housing bore may be polished out if less than 0.002 inch in depth. 

6. Repair areas on cadmium plated surfaces, should be touched up with cine chromate 

* 7.    all edges In Area B may be radiused or chamfered locally to a depth of 0.03 inch to remove nicks or dents. 

*    This  note reters  to Models UH-1D/H only. 

Figure IS.     Tall Rotor Hub Yoke Damage Limits 
(Hub P/N 204-011-801), 
Models UH-1D/H and AH-1G. 
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Inspect the following parts by magnetic 
particle method (M)   or fluorescent penetrant 
method  CF),     Item nucnbers  apply to  Figure 12, 

TEM NOMENCLATURE CODE 

1 Grip Assembly F 

m Nut M 
16 Ring F 
22 Adapter  Nut M 
2U Yoke M 
33 Trunnion M 

NOTE 

All parts must be demagnetized 
after magnetic particle Inspection. 

f.  Special magnetic particle Inspection criteria 
have been established for the yoke (2^4, 
Figure 12) as follows: 

(1) Each yoke shall be Inspected by all of 
the following steps, using the wet 
continuous method.  The true length of any 
indication shall be determined by the 
residual method of magnetization. 

(2) Magnetize the part by positioning it so 
that the yoke arms contact the gauze con- 
tack heads of the machine, and pass 1400 
amperes DC or 1100 ampers AC through the 
part for indications. 

(3) Magnetize the part by placing it inside 
a coil so that the long axis of the part 
(yoke arms) is approximately 90 degrees to 
the direction of the current flow in the 
coll, and pass 1400 amperes DC or 1100 
amperes AC through the part. Inspect the 
complete part for indications. 
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NOTE 

Do  not exceed 1*200 amperes  turns. 

(4) Indications Interpreted as cracks,  seams, 
laps or shuts are cause  for rejection. 

(5) Indications of stringers  or nonmetalllc 
Inclusions will be acceptable provided 
they do not exceed  the  following limits. 
Indications below 0.01562 5 Inch In length 
are  not considered rateable, 

(a) Indications of defects parallel  to 
the  long axis of  the  yoke arms   (plus 
or minus  15 degrees) are acceptable 
provided  they do not exceed 0.500 
Inch In length and do not extend 
Into  the  radius.     The length cf all 
rateable  inclusions  shall not exceed 
1,0 inch total aggregate length, 

(b) Indications of defects parallel to 
the long axis of  the yoke arms  (plus 
or minus 15 degrees) which extend 
into  the  radius are cause for rejec- 
tion, 

(c) Indications of defects in the yoke 
arms  that are more  than 15 degrees 
off the  long axis,   transverse or 
circumferential,  are cause for rejec- 
tion. 

(d) Indications of defects on  the outer 
surface  of  the yoke   (excluding  the 
yoke arms) are acceptable provided 
residual particle   buildup does not 
indicate defects of  the type mentioned 
in Paragraph ^.d. 

(e) Indications which are  caused by a 
sharp change in section are acceptable, 

(f) Strong magnetic indications where con- 
siderable buildup of particles is 
present,  indicating the defect has 
considerable depth and/or cross  sec- 
tion,  shall be cause  for rejection. 
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regardless of  length,  size or direc- 
tion. 

(g)     Indications  of  defects extending  into, 
or  in,   threaded holes,   threads or 
delta-hinge  holes   (1.875 inches  diann- 
eter) are cause  for rejection. 

NOTE 

Demagnetize part after comple- 
tion of inspection and check 
to assure  demagnetization. 

5.     Repair or Replacement  (Figures  lU  and IS"» 

NOTE 

Refer to Table CXIV for tail 
rotor hub and hub components 
usability criteria. 

a.  Criteria 

(1)    Dimensional  replacement limits apply  to 
the physical item,   "bare metal", prior   to 
the application of any corrosion protec- 
tion   treatment,  such as cadmium plating, 
dry-film lube,  etc. 

(2) Longitudinal scratches noted on the tail 
rotor yoke spindle which are not deeper 
than 0,002 inch, need not be completely 
removed; however,  surface burrs should 
be removed using crocus cloth, 

(3) Should the  dry-film lube and/or  cadmium 
plating require  removal for any  reason, 
it may be  accomplished using abrasiva 
cloth (Scotch Brite)  saturated with 
methyl-ethyl-ketone, 

(^)    Whenever the cadmium  plating or dry-film 
lube has been removed,   it should be  re- 
applied at  the  authorized echelon level 
in accordance with existing directives. 
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TABLE GX1V. TAIL ROTOR HUB AND HUB  COMPONENTS, 
USABILITY CHART (HUB  P/N  20i*-OU-80I-5 AND -9) 

No.  of Items 
Per Hub For 
Dash    Number 

Nomenclature Detail  Part Numbers 

'•rs—pnF7<j 

Trunnion 

Housing 

Thrust-Washer 

Thrust Cap 

Shim 

Yoke Assembly 

Grip 

20^4-010-785-1  or 
204-011-737-1 

204-011-737-1 

204-010-786-1 

204-010-787-1 

204-010-788-1 

204-010-789-1 

204-011-722-1  or -5 
204-011-722-5 

204-011-728-19 
204-011-720  1  or  -19 

2 

2 

2 

2 

1 

2 

2 

2 

2 

* The -5 configuration incorporates uniform static  stop 
points  of contact for the tail  rotor hub and blade 
assembly for  left-side  installation only. 

** The -9 configuration incorporates uniform static  stop 
points  of contact for the  tail  rotor hub and blade 
assembly for either left-or  right-side   installation. 
Thif  configuration was  created  to make  one universal 
hub assembly  for use on certain commercial helicopters 
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b. Repair or replace,  as  applicable,  any parts 
which are not within  tolerances,  or show 
evidence of  failure,  when  Inspected to  the 
criteria outlined in Paragraph U. 

c. Replace all packings and seals on reassembly. 
Replac   all unserviceable parts, 

d. Dress  splines and  threads with a fine  India 
oilstone if burrs or scratches are visible. 

e. Repair  tall  rotor grip assembly  (1,  Figure 12) 
to   the llinlts shown  in  Figures 13 and 1^. 

f. Repair  tail  rotor yoke   (2i|,   Figure 12) to  the 
limits  shown  in  Figures 13  and 15. 

g. Reflnish tall  rotor grip assemblies  (1,  Figure 
12),    Apply one ocat epoxy polyimide and two 
coats acrylic lacquer on all external surfaces. 
Do  not paint holes or bores. 

6. Lubrication 

a. Line grip assembly cavity with grease prior  to 
reassembly. 

b. At reassembly,  lubricate all mating surfaces with 
lubricating oil. 

c. Use  corrosion preventive cotrpound on mating 
threads of dissimilar metals. 

7. Reassembly 

a. If cork seals (3^4, Figure 12) were removed 
from yoke, apply shellac to new cork seals 
and Install Into yoke while wet. 

b. Use seal bearing tool, 1101^07, to press 
bearing (32) into housing (31). Position 
trunnion (33) in place in yoke (2^). Push 
housing, with bearing, Into yoke and on 
trunnion, 

c. Repeat Steps a and b to assemble parts on 
opposite end of trunnion. 

d. Center trunnion (33) In yoke (2i») as follows: 
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(1) Secure holding fixture,  T101412,   In a vise. 
Position yoke and trunnion onto   tool with 
flat side of yoke down. 

NOTE 

Ensure that I.D. of yoke and trunnion 
are properly aligned and seated on 
tool. 

(2) Install and tighten locking nut of tool 
onto assembly. 

(3) Install thrust washer (28) and thrust cap 
(27) in place on each side of trunnion 
(33). 

NOTE 

Do not install shims (30) and 
packing (29) at this point of 
assembly. 

m)    Temporarily install washers   (26) and 
bolta   (2 5/,    Tighten evenly and lightly. 

(5) Use a feeler gage to measure gap between 
thrust  cap (27) and mating surface of 
yoke   (2U) on one side of  trunnion  (33). 

(6) Prepare a shim (30) to thickness deter- 
mined in step (e)( above. 

(7) Remove  0.002 inch from shim  to  provide a 
total of 0.001 to 0,004 inch pinch fit 
on trunnion (33). 

(8) Remove  thrust cap (27),  bolt  (2 5) and 
washers   (26) from meastired side of 
trunnion  (33). 

(9) Install  thrust washer  (28),  with groove 
outboard,  packing  (29) and previously 
prepared shim  (30).     Install   thrust cap 
(27),  bolts  (25) and washers   (26). 
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NOTE 

Observe  locations of lubrication 
fitting  in thrust cap (27) at 
time  of  installation.     Do not 
tighten bolts (25)  at  this   point 
of  installation. 

(10) Prepare and Install shim   (30) for opposite 
side  of trunnion  (33) by  same procedure 
outlined in Steps  (3)  through  (9). 

(11) Torque bolts  (2 5) 20  to  2 5 inch-pounds, 
and lockwire bolt heads  in pairs. 

e.     Determine  for shimming,  shim  thickness  for 
split cone clamp-up as follows   (Figure 16): 

(1) 

(2) 

(3) 

BEARING 
204.010-704» 

Identify spindle  side,  which is being 
evaluated for shim installation. 

Position rad-f /a  ring onto   the  yoke 
spindle. 

Install thrust bearings   (with thrust 
sides inboard),  apex identification 
facing outboard,  onto  the  yoke spindle, 

<■ OUTBD 

bry^mttiil   \_ 
-CONE SET 
20401  -720-1 

RADIUS RINQ 
204-011-732-1 

Figure 16.     Shimming Tail Rotor Yoke , 
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CAUTION 

To ensure proper  stackup of bearings, 
"V" markings  on  O.D, of bearings 
must line  up.     As  a further check on 
proper alignment  prior to assaiibly 
on  yoke,  each outer race  Is marked 
"THRUST HERE" on   Inboari side of 
bearing outer  race.     Assemble on 
yoke  spindle with  "V" pointing out- 
board.    The word   "OUT'  BD" should 
then  appear  on  OUT'   BD face  of  OUT' 
BD Inner  race. 

(^) Place the split cone set Into the groove 
provided on the yoke spindle, and retain 
In position with a small  piece  of   tape. 

(5) Apply  finger pressura   to  the  bearing  sat, 
In an  outboard direction.     Insert   two 
feeler gages between  the   radius  ring 
and  the   Inboard bearing Inner race  ISO 
degrees  apart.    Record gap dimension 
obtained. 

NOTE 

In obtaining the above dimensional 
gap, tight feeler gage readings 
(heavy drag) are preferred. 

(6) Take average of two readings obtained In 
Step (5).  Add 0,002 to 0.00^4 Inch to the 
dimension recorded. This figure will 
represent the shim thickness required. 

(7) Remove the split cone set. bearing set, 
and radius ring and Identify for re- 
Installatlon on that spindle side. 

(8) Repeat Steps (1) through (7) on opposite 
yoke spindle. 

f.  Complete assembly of voke spindles as follows: 
(Figure 12) v 
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CAUTION 

Shims, bearings, and radius rings 
must be installed on sane spindle 
as determined In Step e. 

(1) Position radius ring (23) and adap^.vr nut 
(22) on each spindle of yoke. 

(2) Install seal (21) into spacer (20) and, 
with shim (19), slide Into place on each 
spindle. 

(3) Install bearings (Id) with face itiarked 
"OUT' BD" positioned toward outboard 
side of yoke spindle. 

(*0  Install split cones (17)t ring (16) and 
shims (15) on each side as required to 
?ermlt installation of spring pins for 
ocking nut. 

NOTE 

During installation of the split 
cones,  a noticeable  snap fit 
should be present, which will  show 
that correct shim installation 
has been achieved. 

Should either of  the  two following 
conditions be noted,  incorrect 
shimming has been accomplished and 
Steps  (1) through (7), under Para- 
graph (e),  must be  repeated: 

1-Split cone  set will not properly seat. 

2-Radius  ring will  rotate  during grip  rotation. 

(5)    Install  nut  (14) and torque 100 to 12 5 
inch-pounds.     Install spring pins   (13). 
Adjust shim  (15), as necessary,  and safety f 
wire spring pins in place on each spindle. v* 
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NOTE 

Prior to attempting to Install 
spring pins, It Is necessary 
that positive alignment be 
established to ensure damage- 
free assembly. 

g. Assemble spring assembly (8) as follows: 

(1) Stack washars (11) (Figure 12) (1*2   re- 
quired consisting of l5 stacks of three 
washers per stack) and Insert pin (10) 
with washers Into case (12). 

(2) Lock In place with cotter pin (9). 

^ Install shim (7) Into open end of spring 
assembly; a maximum of 12 shims may be 
used for complete hub assembly.  Install 
thrust plug (6) on top of shim (7); ad- 
just thickness of shims as necessary to 
maintain 0.275 inch protrusion of thrust 
plug (6) above shoulder of spring 
assembly (8).  (Figure 12) 

h.  Install adjusted spring assembly (Figure 17) 
Into each end of yoke. 

Shim as req'd 

Figure 17. Shimming Tail Rotor Hub Spring Assembly 
(P/N 20^-011-801). 
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i. Install shim (5) (Figure 12) on shoulder of 
sleeve In grip, which will rest against outer 
race of duplex bearings (18). 

j. Install grip assembly (1) in place; align and 
screw adapter nut (22) into grip assembly. 

NOTE 

Line grip cavity completely with 
grease (MIL-G-2 5537) prior to 
assembly. 

k. Torque adapter nut 500 to 600 inch-pounds. 
To overcome resistance of the assembly to 
seating properly, the adapter nut (22) must 
be torqued, backed off, and retorqued. 

i»  Position hub assembly on arbor portion of 
T1014L2 or T101U57 tool, with flat side of 
hub down over flange of tool.  Secure with 
wing nut.  Install shim setting tool (gage 
assembly) in blade mounting holes.  Check 
distance between pointer and shaft of tool 
on each side.  Distance should be within 
0.002 inch of each other. 

ro. If adjustment is necessary. Remove grip and 
adjust shim (5) as Installed in st.?p (i) and 
reassemble, 

n. Install lockplates 00, washers (3) screw (2) 
on grip (1) shear flange Into notch of nut 
(22). Lockwlre In position. 

o. Lubricate hub assembly at fittings provided on 
thrust caps (27) and grip assemblies (1) with 
grease. 

NOTE 

If thrust cap will not take grease check 
for proper assembly. 
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Model  UH-1C 

A. NOTE:    See UH-1D/H and add special part number 
7HEL053,  Balancing Part,   to special  tool  list. 

1. Removal 

See   UH-1D/H 

2. Repair or Replacement 

(Refer to Appendix I,  pages 155 and 159 for 
inspection) 

See  UH-1D/H except: 

a. NOTE appearing after  Item  (10) does  not appear 
in UH-1C manual. 

b. See UH-1D/H except: 

(11)  Size of  inside diameter is not specified 
in the UH-IC manual. 

c. Patch Repairs 

See UH-1D/H except Item (10)  reads: 

(10)   the patch may be held   in place while 
curing with rubber bands made from an  inner 
tube or other mechanical means.     If epon 934 
is used,  cure at 75 F for a minimum of  5 days 
or at 180 F for 60 minutes.     If metalset A^   is 
used,   cure at  70     - 90     for 24 hours   or at 
145° -  1550F for 30 minutes. 

3. Preparation of Blades  for Shipment 

See UH-1D/H 

U.     Installation 

See UH-1D/H 

B. Balancing Tail Rotor Assembly 

See UH-1D/H except: 

7.    Add   this note fjllowing this  paragraph: 
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NOTE 

The 204-011-801  hub uses  half 
moon  "beefed-up" center  rings, 

C.     Tail Rotor Hub Assembly   (P/N 204-011-801) 

See  UH-1D/H except: 

1. Description 

See   UH-1D/H except: 

a.     Delete 

2. Disassembly 

See   UH-D/H 

3. Cleaning 

See   UH-1D/H 

4. Inspection 

See   UH-1D/H except: 

Refer  to Figures 12  and 18 -  20. 

a.     NOTE following  this  paragraph does  not  appear 
in UH-1C manual. 

e.     Add the following  to  the  NOTE following   this 
step: 

If magnetic indications  are evident on  the  yoke 
assembly  (24),   only  the  yoke  assembly and grip 
assembly require  replacement. 

5. Repair or Replacement 

See   UH-1D/H except: 

a.     Criteria 

This  paragraph and the  NOTE preceding it do  not 
appear in the UH-1C manual. 
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ITEM NOMENCLATURE MIN. MAX. REPLACE 

1 
2 
3 
4 

Grip Liner 
Yoke, Bearing Seat 
Trunnion Spindle 
Bushing, Pitch Link 

ID 
OO 
OD 
ID 

2.4410 
1.3771 
1.1246 
0.3120 

TORQUE 

2.4415 
1.3780 
1.1250 
0.3125 

2.4425 
1.3763 
1.1230 
0.3155 

5 
6 

Nut 
Nut 

IN. IB 
IN.L3 

500 
100 

600 
125 

Av oonot 

Figure 18. Tail Rotor Hub Limits 
(P/N 20U-011-801-5), 
Model UH-1C. 
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SS^gjjg 

7 
sfe^sifc 

^^o.» 
TYP 

e.M« 

TYPE OF DAMAGE 

NICKS, SCRATCHES, 
SHARP DENTS 

CORROSION 

AREA  A 
[ZZ] 

0.005 Inch 
Max. Depth 

0.002 Inch 
Max. Depth 

AREA B AREA C 

C.Ü05 Inch 
Max. Depth 

0.020 Inch 
Max. Depth 

0.002 Inch 
Max. Depth 

0.010 Inch 
Max. Depth 

NOTES 

1. ANY DAMAGE TO THREADS D IS CAUSE FOR SCRAPPING THE PART. 

2. SCRATCHES IN BUSHING BORES MAY BE POLISHED OUT IF LESS THAN 0.002 
INCH IN DEPTH. 

3. MAXIMUM REPAIR AREA OF AREA A B 20% WITHIN 0.6 INCH OF BOLT HOLE 
CENTER LINE. 

4. MAXIMUM REPAIR AREA OF AREA B NOT TO EXCEED 5% OF TOTAL SURFACE. 
MAXIMUM SINGLE REPAIR AREA SHOULD NOT EXCEED 0.10 SQUARE INCH. 

5. REPAIR AREAS ON ANODIZED SURFACES SHOULD BE RECOATED BY BRUSHING 
WITH ANODINE SOLUTION. 

6. MAXIMUM SINGLE REPAIR AREA OF AREA C SHOULD NOT EXCEED 0.2S SQUARE 
INCH AND 0.60 INCH IN WIDTH. 

Figure 19, Tail Rotor Hub Grip Damage Limits 
(P/N 204-011-801-5 and  204-011-701), 
Model ÜH-1C . 
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O.MR TYP I PLACI« 

TYPE OF DAMAGE 

NICKS, SCRATCHES, 
SHARP DENTS 

CORROSION 

AREA A 
EZ3 

0005 Inch 
Max. Depth 

0002 inch 
Max. Depth 

AAEAB 

0.010 Inch 
Max. Depth 

0.005 inch 
Max. Depth 

AREA C 

Refer to Wear 
Limit« Charta 

NOTES 

1. ANY DAMAGE TO SPINDLE THREADS B CAUSE FOR SCRAPPING THE YOKE. 

2. SCRATCHES IN TRUNNION HOUSING BORE MAY BE POLISHED OUT IF LESS 
THAN 0.002 INCH IN DEPTH. 

3. REPAIR AREAS ON CADMIUM PLATED SURFACES SHOULD BE RECOATED 
BY BRUSHING WITH CADMIUM PLATING SOLUTION. 

Figure 20. Tail Rotor Hub Yoke Damage Limits 
(P/N 204-011-801-5), Model UH-1C. 
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e. Refer  to Figures  13 -   20. 

f. Refer  to Figures  19 and 20. 

g. Replace with the  following: 

Refinish tail rotor grips.     Apply  two coats  of 
catalyzed epoxy paint   to   the exterior,  fit bushings, 
and interior  tangs  of  the  grips.     After completion 
of  1 hour air-dry,   the applied coating will be 
cured for 10 minutes at 300oF, 

6. Lubrication 

See  UH-1D/H 

7. Rcasseinbly 

See  UH-1D/H except: 

f.     (2) Add  the  following: 

NOTE 

Shim  (19) as  required  to maintain 
a 0.002  to  0.00^4  inch pinch fit 
with split cone set   (17)  contacting 
the  outboard surface  of   the  radius 
on yoke spindle. 

(3)    Add  the  following: 

CAUTION 

To  insure proper stack-up of bearings, 
both inboard and outboard faces of 
each bearing are marked.     Install 
each bearing onto spindle of yoke 
separately,   noting   "inboard" and 
"outboard" position. 

CO    Delete  the  note  following  this paragraph. 

D.     Tail  Rotor Hub  (P/N 204-011-701) 

1.     Disassembly  (see  Figure  21) 

a.     Remove  tail  rotor hub and blade assembly. 
(Refer to Appendix I,  page  155) 
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WITH DUPLE«  lEARINC 
AND THRUST  UNIT 
(MATCH  SET) 

1. Lockplates 
2. Blade Grip Retainer Nuts 
3. Grip Assemblies 
k. Bearing Retainer Nuts 
5. Bearing Set 
6. Shims 
7. Seals 
8. Radius Rings 
9. Thrust Cap Assemblies 

10. Trunnion Bearing Housings    21 
11. Trunnion Shims "22 

12. 
13. 
m. 
15, 
1.6. 
17. 
18. 
19. 
20. 

THRUST UNIT ASSEMBLY RKPLrtCES 
THIRD BEARING IN TAIL ROTOR HUB 
ASSEMBLY, 2W.011.701-1J. 

Preformed Packing 
Thrust Washers 
Bearings 
Trunnion 
Cork Plugs 
Yoke Assembly 
Outer Ring - Thrust Unit 
Thrust Washer - Thrust Unit 
Wave Washer - Thrust Unit 
Inner Ring - Thrust Unit 
Retaining Ring- Thrust Unit 

Figure 21.  Tail Rotor Hub Assembly (P/N 204-011-701), 
Model UH-1C, 
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b.     Cut lockwire and remove  screws and washers 
attaching lockplates   (1)  to grip assenblies. 
Remove  lockplates.     Back off blade grip re- 
tainer nuts  (2) and remove grip assefnblies 
(3).    Remove pins and bearing  retainer 
nuts   CO fronn yoke assembly spindles.    Removn 
bearing sets   (5) and shims   (6). 

CAUTION 

Remove  roll pins from bearing  re- 
tainer nuts by driving pins from 
the inside of  the spindle  area in 
an outboard direction. 

CAUTION 

Keep bearing sets   (5) and shims 
(6) together in sets when and as 
removed. 

NOTE 

Tail rotor hub assembly, 20^- 
011-701-13, has a thrust unit 
asaanbly with duplex bearings 
instead of triplex bearings as 
indicated on Figure 21. Dis- 
assembly procedure is the same. 

c. Remove blade grip retainer nuts (2, Figure 21) 
and use seal and bearing tool T101A07 to 
remove seals (7) from retainer nuts (2). 
Remove radius rings (8). 

d. Cut lockwire, remove bolts and washers 
attaching thrust cap assemblies (9) to trunnion 
bearing housing (10;, and remove cap assemblies. 
Remove trunnion shims (11), O-rings (12), and 
thrust washers (13). 

e. Remove bearings (14) from trunnion bearing 
housings (10) with seal and bearing tool, 
T101407.  Remove trunnion (15) and cork plugs 
(16) from yoke assembly (17), 
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2. Cleaning 

See  Paragraph C.3. 

3. Inspection 

a. Visually Inspect all parts  for daroagü,  excessive 
wear,  or corrosion.     Check bearings for smooth 
operation and general condition.     Inspect 
splines  in  trunnion  for chipped or worn  teeth. 
Inspect component of  thrust  unit assembly. 

b. Inspect  the following parts  by magnetic particle 
method  (Code M) or fluroescent penetrant method 
(Cede  F).     Item numbers  are  applicable  to 
Figure  21. 

ITEM NOMENCLATURE  CODE 

2 Blade Grip Retainer Nut M 

3 Grip Assembly F 

^             Bearing Retainer Nut                          M 

15 Trunnion M 

17 Yoke   Assembly M 

Grip Assembly Inner Liner M 

NOTE 

If magnetic indications  are  evidenl- 
on  yoke assembly   (17),  only  the yoke 
assembly and grip assembly  require 
replacement, 

c. Inspect  parts for mechanical  and corrosion 
damage.     (See Figures 19,  20,  and  22) 

d. Inspect parts dimensionally.     (see  Limits 
Chart,  Figure 23) 

i4.     Repair or Replacement 

See Paragraph C,5(c) and  (e). 

Reword Paragraph C.5(d)  to  read: 
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TYPF OF DAMAGE AREA A AREA B 
I"1 

AREAC 

NICKS, SCRATCHES, 
SHARP DENTS 

0005 Inch 
Max. Depth 

0.010 Inch 
Max. Depth 

Refer to Wear 
LlmlU Charta 

CORROSION 0.002 Inch 
Max. Depth 

0.005 Inch 
Max. Depth 

Non 
1.     Dtmagi cauMd by removing roll pint m«v bt rtp«ir«d Min« tht foHowing llrnltt: o«h«r 
duntfll it MUM for rtitction. 

l. Roll pint UMd to ttcurt tht Mil rotor thru« bttrino r 
IheuW be nmewd by driving the pint from tht lietde ot t 
dirtctlon. Due to 'ht dttign of tht nut, it it powiblt to drive tuflicitnt mtul from tht nut 

a retaining nut PIN 2Q4-01O7113 
i from tht intidt of tht tptndlt trte In tn outboard 

wdMionot 
dcmnwerd on to tht thrttdtd portion of tht tptndlt «thieh «rill prwant demtgrfrae itmovtl 
of the nut thould tht tbovt mtthod not bt adhtrad to. 

b.    Minor dtmagt to tht pttk of tht thrttd turrounding tht pin hoi« rtquirtt no cltanup un- 
it« during nut inttdlttion Inttrfertnet it meounttrtd. Should thit occur, tht thrttd mav bt 
drtMtd uttng an Indtatont, providing pttk thrttd danugt It ItM than 3m of tht thrted 

e. Should local gougN be dtttettdtt tht thrttd root itMlfwhthintfie holt provkM for the 
rullpin, thtymay Dtelttnaduptotnuxiinuffldtpthef ,005 Inch utlng • round nvla pttttrn 
litiMf «it file. 

d.    The dtptfi of nickt, «ralehtt or gougH It llmltad tot maximum of .C20 inch on ttM 
eytlndrical ponton of tht intidt ditmtttr of d«tiplndlt outboard of the cork It will bt ntettt 
try to Mtnd ell rtptln uting a gmtrout radii into tht turrounding arte. 

t. Prior to attempting inttallttion of tht roll pint, it It mandatory that potittvr atlgnmant bt 
tttaWWitd to Inturt dtmagt f rat atttmUy. 

2.    Scratehetin trunnion houting bore may btpolWttd out if It« than O.002 inch In dtpth. 

Figure 22. Tail Rotor Hub Yoke Damage Limits 
(P/N 204-011-701), Model UH-1C. 
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ITEM NOMENCLATURE MIN. MAX. REPLACE 

1 Blade Grip Liner 
2 Beurlnf, Throat (2 Required) 

9 Yoke Throat Bearing Seat 
4 Link Attachment Hole 
5 Trunnion Spindle 

ID 
OD 
ID 
OD 
ID 

2.4410 
2.4404 
1.3776 
1.8773 
0.24W 
1.1246 

2.4415 
2.4400 
1.3780 
1.3778 
0.2500 
1.1250 

2.4423 
2.4305 
1.3700 
1.3750 
0.2525 
1.1230 

6 Nut 
7 Nut 

IN./LB 
IN./LB 

TORQUE 

300 
300 

«00 
800 

Three (3)  required for the -13 hub assembly 

Figure 23. Tail Rotor Hub Limits 
(P/N 204-011-701) 
Model UH-1C. 
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d.  Remove burrs and sharp edges on thrust unit 
inner ring caused by spring tension. Remove 
minor nicks and scratches which are not deeper 
than 0,005 inch using a fine India oilstone, 

5, Lubrication 

See Paragraph C.6. 

6. Reassembly 

Refer  to  Figure  21, 

NOTE 

Prior  to  performing reassembly 
procedures,   thoroughly  degrease 
bearing  retainer nut  CO and 
exposed  threads  of yoke assembly 
(17) spindle.     Apply coating of 
primer  to   threaded surfaces  of 
retainer nut and spindle. 

a. Install  cork plugs  (16) in yoke  assembly  (17) 
spindles  and secure with shellac.     Use   seal 
and bearing tool,  TI01407,   to press bearings 
(1^0  into  trunnion bearing housings   (10). 
Position   trunnion   (15)  in place  of yoke  assem- 
bly  (17),  and insert bearing and housing assem- 
blies  into yoke assembly (17) and on trunnion 
(15). 

CAUTION 

Press bearing (HO Into housing 
(10) so that seal will be inboard 
when bearing and housing are assem- 
bled on trunnion (15), 

b. Position trunnion (15) on threaded end of grip 
spacing tool, T101412, with flat side of hub 
down In place on flange of tool, and tighten 
nut against yoke assembly (17).  Install thrust 
washer (13) with grease fitting groove against 
thrust cap assembly (9). Position thrust cap 
assembly (9) on trunnion bearing housing (10). 
Hold cap assembly (9) and housing (10) together 
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and move  Inboard until cap assannbly bottoms 
against thrust washer  (13).    With cap assembly 
and housing held  together, measure gap betw»£i 
cap assembly  (9) and housing  (10).     Shim as 
required to provide  0.000 to minus  0,002 inch 
pinch on  trunnion. 

c. Repeat step b on opposite side. 

d. Install preformed packing (12) in cap assembly 
(9) with four bolts, with thin washers under 
bolt heads.     Assure  correct positioning of 
lubrication fitting   (Refer to Figure  21) 

e. Repeat procedure on opposite  trunnion. 

f. Check for freedom of  turning of yoke and 
trunnion on  the  tool.    Trunnion should  now be 
centered 0.001  to 0.004 inch pinch fit, 

NOTE 

If trunnion is not centered, the 
yoke will bind on flange of tool 
(T101412). This condition will 
occur if the pinch on one side 
is not approximately equal to that 
on the other.  If binding occurs, 
repeat steps b thru f above. 

g. Lockwire four bolts in pairs when binding is 
eliminated, 

h. Use seal and bearing tool, T101407, to press 
seals (7) into blade grip retainer nut (2) 
with metal side of seal against shoulder in 
nut.  Install radius ring (8) on yoke assembly 
(17) spindle, with radius of ring mated to 
radius of spindle.  Position retainer nut (2) 
and seal (7) assembly over radius ring (8). 
Install shim (6) next to radius ring (8). 
Install bearing set (5) on spindle with apex 
marks aligned.  (See View A, Figure 21) 
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NOTE 

When necessary and conditions 
warrant, bearing assemblies 
P/N 20A-010-70i4-l (triplex) 
or P/N 20A-010-709-1 (duplex) 
need not be Installed In 
serialized sets.  Serviceablet 
used bearings may be mix- 
matched, providing apex in- 
stallation marks are main- 
tained.  (See Figure 2U,) 
The preloaded bearing 
(bearing most Inboard) must 
be retained In Its original 
position with the apex pointing 
outboard«  New bearing will re- 
main in matched sets and will 
be installed in accordance with 
existing technical manuals. 

1.  Apply sealing compound to threaded portions of 
retainer nut CO and yoke assembly spindle. 
Install retainer nut on yoke assembly spindle 
next to bearing set (5), with thin side of 
retainer nut outboard. 

NOTE 

To assure proper thread engagement 
of nut (2) to threads of yoke (17), 
use a minimum shim (6) thickness to 
allow nut to set flush with, or 
below, end of yoke. 

Use a suitable spanner wrench and tighten nut 
to a torque of 300 to 800 Inch-pounds. Align 
holes and Install two pins through holes at 
positions 180 degrees apart.  Allow Loctlte 
to cure 4 5 minutes before Installing grip and 
blade assemblies. 

NOTE 

The application of Loctlte does not 
apply to tall rotor P/N 204-011-701-19, 
as roll pins are installed and not cotter pins. 
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M 
N 

> 

^^" n \ 
T8 > 
r / 

OUTBOARD 

5    ^N 
St 11 xa >> 

Bf ARIMC SET P/N 2M-OIO-7(M.f 
INSTALL WITH APEX MARKS AS SHOWN 

OUTBOARD 

|s ^ 

Js 

•i >> 
e ̂

 _J 
BEARING SET P/N 204-010-704-1 

INSTALL WITH APEX MARKS AS SHOWN 

NOTE: 
THRUST UNIT MAY BE SUBSTITUTED 
FOR INBOARD BEARING 

Figure 2U.  Tail Rotor Hub Bearings - Apex Alignment Mark 
(P/N 204-011-701),  Model UH-1G. 
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k.    Repeat step« f, g,   and h on opposite  side. 

1, Install grip assemblies (3) over bearing sets 
(5). Align and screw blade retainer nuts (2) 
into grip assetiblies. Torque nuts 300 to 600 
inch-pounds, 

m.     Check grips  for equal  spacing,  using TlOl^l.? 
tool set. 

(1) Secure  shaft of  tool upright in  a vise, 

(2) Position hub trunnion on shaft with flat 
side of hub down.     Install wing nut on 
shaft, 

(3) Install gage  assembly of tool on either 
grip with studs  in blade mounting holes. 
Use  a feeler gage  to measure gap betwein 
gage  rod and tool shaft. 

(*♦)    Move gage  to opposite  grip and ircpeat 
measurement. 

(5) Compare measurements,   to be  equal within 
0,004 inch.     If not within  tolerance, 
disassemble  the grip with greatest 
dimension and peel shim (6,  Figure  21) 
as  required.     After reassembly,   repeat 
gaging procedure. 

(6) When check is  satisfactory,   remove  tools. 

n.     Install  new lockplates   (1) on grips  in position 
shown on  Figure  21,     Install attaching washers 
and screws.     Using suitable punch, bend lockplate 
in, engaging  retainer nut   (2).     Lockwire 
attaching screws. 
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Model   AH-1G 

A. NOTE:     See  UH-1D/H and add  to  special  tool  list,  part 
number T101361,  external spline assembly wrench. 

1. Removal 

See  UH-1D/H except: 

a.     Refer to Appendix I,    page 156 

2. Repair or Replacement 

See  UH-lD/H except: 

a. The  NOTE following Paragraph  (10)  does  not 
appear In   the  AH-1G manual. 

b. Replace   Paragraph  (10) with  the  following: 

(10) Temporarily secure patch in 
place using rubber bands cut  from 
an  inner  tube  or by  other nnechanical 
means.    Cure at 70°   to 90oF for 24 
hours or 140°  to 155  F for 30 minutes, 

3. See  UH-lD/H and add  the  following to  the WARNING 
following Paragraph e: 

Attach a properly filled out DD form 
1577-2 (Unserviceable/Reparable) Tag 
to blade. 

k,     Sae  UH-lD/H except: 

NOTE preceding Paragraph b  does not appear in 
AH-10 manual, 

B, Balancing Tail Rotor Assembly 

See   UH-lD/H except: 

Delete NOTE following  Paragraph 14.    Replace Paragraph 
15 with the following: 

15,    Final balance   tail  rotor 
assembly within 20 inch-grams, 
spanwise and chordwise as follows: 
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NOTE 

Do not remove or rework blade 
assembly weights. 

a. Determine light side of tail rotor assembly 
spanwise and chordwise. 

b. Balance hub and blade assembly by using a 
combination of washers (AN960-716, 20i4-011-708-l, 
and -3) added to blade bolts on the light side 
of assembly under nuts. 

c. Do not use over six washers of any combination 
on -800 assemblies. 

d. Select proper-length blade bolt from acceptable 
lengths (AN177-35A through ANl77-i40A), to 
accommodate washers. 

NOTE 

Blade bolts may be assembled with 
heads eirher inboard or outboard, 
but all four bolts are   to be  In- 
stalled the  same. 

e. Assemble balance washers with heaviest washer 
adjacent  to blade grip. 

f. Torque nuts on blade  bolts  to 270 to 300 inch- 
pounds when hub and blade assenbly is  in 
balance, 

C.    Tail  Rotor Hub Assembly   (P/N 20^-011-801-3) 

See   UH-1D/H except: 

Refer   to Figure 25 

1. Description 

Delete Paragraphs  a and b, 

2. Disassembly 

a.    Replace with the following: 

Secure hub assembly in  vise using T101^12 or 
Tl01i4 57 as a holding  fixture with flat side of 
yoke down. 
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^r^u 

1. Grip Assembly 12. Housing 23. Radius Ring 
2. Bolt 13. Spring Pin 2H. Yoke 

l 3. Washer 14. Nut 25. Bolt 
'. k. Lockplate 15. Shim 26. Washer 
i 5. Shim 16. Ring 27. Housing 

6. Plug 17. Split Cone 28. Thrust Plug 
7. Shim 18. Bearing Set 29. Shim 
8. Spring Assembly 19. Shim 30. Bearing 
9. Cotter Pin 20. Spacer 31. Trunnion 

10. Pin 21. Seal 32. Cork 
11. Washers 22. Nut 33. Bearing Inner Race 

Figure 25.     Tail Rotor Hub Assembly ( P/N 204-011-801), 
Mc^el AH-1G. 
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g.     NOTE 

Delete the phrase   "for reassembly in  the  same 
position." 

in.    Replace with the   following: 

Cut lockwire and remove four bolts  (2 5), 
washers  (26),  and housing  (27), 

n.     Replace with the  following: 

Remove  thrust plug  (28) on  shims  (29).     Index 
shims  for installation on  same  spindle  from 
which removed. 

o.    Replace with the  following: 

Remove housing  (27) and extract bearing   (30) 
from housing using a suitable bearing puller. 

3,    Cleaning 

See  UH-1D/H 

^4.     Inspection 

See  UH-1D/H except: 

a. Refer to Figures   25 -  27  and  15. 

b. Refer to Figure   25. 

c. Refer to Figure   26. 

d. Replace Paragraph e   with the following: 

Inspect  the  following parts  by Magnetic 
Particle  (Code M) method MIL-I-6868 or 
Fluorescent Penetrant  (Code   F) MIL-I-6866  as 
required.     Remove  inner race   (33,  Figure  25) 
from trunnion  (31) for i'ispection.     Install 
race on trunnion after inspection,  if both 
the race and  trunnion are  acceptable. 
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TAIL ROTOR ORII» 
m 204-011-72S-S 

^D 

TYPE OF DAMAGE 

ORIP ASSEMBLY P/N 2044)11-72»S 

AREA B 
AS SHOWN 

MAXIMUM DEPTH 

AREAC 

CUD 
NICKS, SCRATCHES 
SHARP DENTS 

0.010 0.005 0.020 

CORROSION 0 005 0.002 0.010 

AREA OF FULL 
DEPTH REPAIR 

C. 10 INCH 
MOUARE 

0. 20 INCH 
SQUARE 

0.30 INCH 
SQUARE 

NUMBER OF 
REPAIR AREAS 
NON OVERLAPPING 

TWD TWO TWO 

Notts 
1. Damage to threads less than one third of the thread depth may be 

cleaned up to existing depth for a total length of one inch. 
2. Coat repair areas on aluminum with brush alodine or sine 

chromate primer. 
3. All edges may be radlused or chamfered local * to depth 

of 0.030 inch to remove nicks or dents. 

Figure 27. Tail Rotor Hub Grip Limits 
(P/N 20/4-011-801), 
Model AH-1G. 
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ITEM NOMENCLATURE CODE 

1 Grip Assembly F 
U Nut M 
16 Ring F 
22 Nut M 
2*4 Yoke M 
31 Trunnion M 

e.     Refer  to Figure  30. 

5, Repair  or Replacement 

See  UH-1D/H except: 

Refer  to  Figures   27 and  15. 

a. Delete  this  paragraph, 

e. Refer to Figures   25,   26,  and  31  respectively 
instead of those Indicated in UH-1D/H section. 

f. Refer  to Figures   25,   26,  and  15 respectively 
Instead of  those  Indicated In  UH-1D/H section. 

g. Delete 

6, Lubrication 

See  UH-1D/H except: 

b. Delete 

7, Reassembly 

See  UH-1D/H except: 

Refer  to  Figure  29 and replace  Index numbers with 
those  indicated below.    Where more  than one  number 
appears  in one paragraph,  they are listed in the 
order in which they are to be used. 

a. Replace Index number with 32. 

b. Replace  Index numbers with 30,   27,  31,  2*4. 
Also,   add the following: 
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/ 
/ 

/ 

Use enough shira to produce a 
gap between housing and yoke. 
Ensure   that all parts are 
seated. 

c. Add the  following   to this paragraph: 

Install bolts   (25) and washers   (26). 

d. Replace  Paragraphs   (3)  through  (11) with the 
following: 

(3)    Using a feeler gage,  measure  the gap 
between housing (27) and mating  surface 
of  yoke   (2^0,  and racori, 

(*0    Remove bolt (25), washers   (26),  housing 
(27),  plug  (28) and shims   (29) from 
measured side of  trunnion.     Peel shim  (29) 
to  close gap  to 0.000 to  0.002  inch.    The 
total  amount of shim removed may  not be 
greater than the width of the gap measured 
in step c above. 

(5) Install prepared shira   (29),  plug   (28), 
housing  (27),  bolts   (2 5),  and washsrs 
(26) on trunnion. 

(6) Prepare  and install shim for opposite side 
of  trunnion following- steps   (3)  through 
(5)  to provide a tool of 0.00L   to O.OO^ 
inch pinch fit on   trunnion. 

(7) Torque bolts   (2 5) 20 to  2 5 inch-pounds, 
and lockwire bolt heads  in pairs. 

e. Delete  figure reference. 

(3)     Delete CAUTION    following this  paragraph. 

Add  the  following paragraph; 

(9)    Reassenble the  tail  rotor hub assembly in 
accordance with existing instructions 
contained in   the appropriate maintenance 
manual. 

f. Change figure reference to Figure 25. Delete 
CAUItOM preceding Paragraph (1). Delete NOTE 
following  this paragraph. 
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g. Change figure reference to: 

(3) Figure 25 

i. Change figure reference to: 

Figure 25 

o.  Delete NOTE following this paragraph. 
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APPENDIX VI 

MTBF AND MTBR PREDICTIONS FROM MIRF REPORT DATA 
U^ING WEIBULL DISTRIBUTION ANALYSIS TECHNIQUES 

1.0     THE ANALYSIS OBJECTIVE 

Section 6 and Appendix  II  present the  results  of analyses 
of  tail  rotor system component data obtained from Major Item 
Removal Frequency (MIRF)   reports.    The analysis   results   in- 
clude MTR/MTBR and MTBF predictions.     In addition,   the 
analysir  includes an estimate of the component MTBR  that 
would be achieved  if all   the components  removed prior to 
time chinige for nonfailure-caused removal reasons were re- 
installed and operated until   ^'I^are or time change required 
their removal.     This MTBR estimate is  based on the considera- 
tion that  the component's  failure rate is  exponential. 

The  objective of  this  appendix  is  to show another analysis 
approach that may be used  to  predict the component MTBF and 
MTBR values from  the MIRF  reports if the component failure 
rate is Weibull  rather than  the classical exponential.     The 
effect on the estimated MTBR value of off-aircraft  repair 
(not including overhaul)   to a percentage of  the failed com- 
ponents  is also examined using equations developed during 
this program. 

2.0 THE ANALYSIS APPROACH 

This analysis procedure takes  the MIRF data,  plots   it on 
Weibull graph paper,  determines  the characteristics  of  the 
distributions,  predicts  comparable exponential distributions, 
and  identifies MTBF values  from which MTBR values  can be 
estimated. 

2.1 The Weibull  Equations 

The Weibull  reliability equation used in this analysis  is 
tv/3 

mi) , .-(*)' 

where R = the reliability at time t 

0  = the characteristic  life of a Weibull 
distribution with a shape parameter  ß 
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The distribution frequently called the exponential distribu- 
tion is a special case of  the Vfeibull distribution where ß 
is  equal  to one. 

The characteristic life  0 is   the time t when the fraction 
that failed is  equal  to 1  -   e-1-  or .632.     This  is   true  regard- 
less of  the shape parameter.     In an exponential distribution 
the characteristic life is  also the mean value.     The mean 
value of the Weibull distribution is determined from  the 
following equations: 

* = e   r (i + 1/0) (49) 

and 

F (M)   = 1 exp (M/Ö) ß = 1 -  exp fU  + 1-//3) (50) 

where    M = the mean of the Weibull distribution 

F (M) = the fraction failed at t = A* 

r(x)= / 
00 

ux"     e "u du is  the gamma function 

A curve  relating the fraction failed F(M) at the mean to  the 
shape parameter ß over the ß range observed in th«» analyses 
is  shown in Figure 28. 

2.2    Weibull Graph Paper 

Figure 29  is a form of Weibull graph paper developed  by Mr. 
James R.  King of a company called Technical and  Engineering 
Aids for Management (TEAM)  of Tamworth, New Hampshire.     It 
is  similar to other Weibull  graph paper except for some 
features.    The paper has a log scale along the horizontal 
time axis and a Weibull  probability scale along  the vertical 
axis.    Points of accumulative percentage of failure are plotted 
against elapsed time.     If  the points approximate a straight 
line and a line is  so drawn through them,   this  represents 
the Weibull distribution of  the plotted points.     The inter- 
section of the line and  62.3 percent failures will locate 
the time that is equivalent  to  the characteristic life ß, 
A line parallel   to the distribution passing through  the 
origin of the small beta estimator will  identify  the ß param- 
eter of the distribution.    Other characteristics of the 
paper are described in Reference 30. 
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2.3    Characteristics of the Data 

The Major Item Removal Frequency (MIRF)  reports are prepared 
by the Reliability and. Maintainability Management Improve- 
ment  Techniques (RAMMIT)  System of  the Systems  Performance 
Assessment Division,  Product Assurance Directorate,  Army 
Aviation Systems Command,   St. Louis, Missouri.     The MIRF 
reports contain a breakdown by failure code of  the initial 
removals per 100-hour flight-hour interval for  those com- 
ponents which are included in the DA Form 2U10   reporting 
system.    This information is  tabulated for each specific 
Federal stock number/part numbered component and is  reported 
by aircraft model.    Listings  for those components with no 
prior overhauls and those with one prior overhaul are in- 
cluded.    The total number of  removals as well as  the percent- 
age of total removals is shown for each 100-hour flight- 
hour interval.    The report is  further divided with respect 
to failures  (actual failed components) and nonfallures ^ 
(time change removals, removals to facilitate other mainte- 
nance,  etc.). 

Since the distribution of  first removal times of new items 
included both removals for failure and nonfailure causes,an 
approach must be made to determine the percentage of failure 
cause removeti.3 which recognises the diminishing population 
due to the nonfailure cause  removals as well. 

2.U    Determining Percentage of Failure From Multicensored Data 

The fraction of components  that have failed F( t)  through 
time interval t is expressed by the following equation: 

F(t)  =  :L-P(t) (51) 

where P,   .  = the probability of survival through time  inter- 
^   '      val t 

Pt values  are formed by multiplying  together a sequence of 
estimates  of conditional probabilities ?J of survival   through 
intervals  0 to 99 hours,   100  to 199 hours,  etc.    A typical 
factor p of this sort can be estimated several ways,  where 
the number of items n at  the beginning of the interval  is 
known to be reduced by nf failures  and T^f nonfallures within 
the interval but the order in which  these occur is not known. 

n - n^. 
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could be used if all  the failures were known to precede all 
the nonfailure removals, 

n -  nf -  nnf 

*--        - " %f (53) 

could be used if all the nonfailure removals preceded all 
failure  removals.    However,   here it is  evident  that 
p ^_ PJ  <  p.     An equation for an intermediate value for p  is 
provided in  reference 31, 

n,.  -  ntf    -  n,^    /, 
(54) 

ni "  nf,   -  nnf,/2 
i n.  - 

^i/2 

where 50 percent of the nonfailure-caused removals occur at 
the beginning of the interval and 50 percent at the end of 
the interval.    Since, except for the initial interval, the 
100-hour periodic inspections appear at the beginning and 
end of each 100-hour interval and since the periodic in- 
spection time is the most probable time to remove nonfailed 
components,  this equation appears to provide the best approach 
to the multicensored data analysis. 

The n^  values are determined for each interval.     For the first 
interval,  0  to 99 hours,  n,   equals  the total number of units 
n.   in the analysis.    For tne second  interval,  100 to 199 hours, 
n«  equals nt minus the number of failures n^    and the number 

of  nonfailure-caused removals  n-f    in the first interval.    For 
1 

the  third interval,  200  to  299 hours,   n« = nt minus   the 
number of failures n*    and  the number of nonfailure-caused 

removals n ^    through the first two  intervals.     This  expressed nti 

as  an equation is 

i=r-l 
nr =  nt -   2     %  + nnfi 

(55) 

i=l 

where n    =  the number of assemblies at the beginning on inter- 
r      val  r 
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The probability of survival  is determined for each 100-hoar 
interval  using  the data and  the above  equations. 

The accumulative probability of survival  Pr through time 
interval   r is  determined for each interval using   the following 
equation 

i=r 

pr=n pi ^6) 
i=l 

The accumulative fract:   n of  components   that have failed Fr 
through  time  interval  r is determined using equation (51). 

The  resulting set of accumulative failure values is plotted 
on the Weibull graph paper,   and a straight line is drawn 
through  the points  to represent  the Weibull distribution. 
The characteristic life  ö»   the slope parameter ß,  and the mean 
of  the projected distribution M are determined as previously 
described. 

2.5    Determining the Characteristics  of an Exponential 
Distribution Which Has  Correspondence With the Weibull 

The slope parameter j3 in a Weibull distribution identifies 
the characteristic of the failure  rate.    When ß equals  one 
for the special case where  the Weibull distribution is  also 
the exponential distribution,   the failure rate is a constant 
for different  time values.     Whpre  ß is less  than one,   the 
failure  rate of the distribution decreases with increasing 
time; when j8 is greater than one,  the failure rate in- 
creases as  time increases.    For most dynamic components 
which have an assigned  operating period of time  to  removal 
for overhaul  or retirement,   the ß values are slightly greater 
than one.     This  indicates  that  there is  a slight wear char- 
acteristic which causes an increased frequency of  removal  as 
the components  approach time change. 

In general,   the desirable  time to be established  for time 
change is  a  period just prior to where  the wear rate would 
appear to accelerate (i.e.,  where secondary damage may 
become significant). 

Since the exponential  equations  are used most frequently 
in reliability computations  and since  the ß for the Weibull 
distributions of most dynamic components are close to one, 
it is desirable to determine an exponential distribution 
which has a correspondence with each Weibull distribution, 
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This is accomplished graphically by drawing a line with a ß 
slope of one through the point where the Weibull distri- 
bution line intersects a time equal to the time change. 
The rationale for selecting this point is that both the 
Weibull and exponential distributions so drawn have the 
same percentage of assemblies which survive to time change. 
The characteristic life which is the mean of the exponen« 
tial distribution is obtained by observing the time value 
where the exponential distribution line intersects 62,3 
percent failures.    This mean is the MTBF value which will 
be used to estimate the MTBR values described in the 
following subsection. 

In the erample  presented in Section 4.0  of  this  appendix,   the 
exponential distribution has a  larger percentage of failed 
components  at  the end of each 100-hour interval  than the 
Weibull distribution up to  the point of   time change.     The 
effect of using  the exponential  distribution instead of  the 
Weibull distribution for spare component  requirement esti- 
mations  is   that although the same number of premature re- 
placements are required,  the exponential analysis would indi- 
cate  that a larger number would be  required earlier. 

Note that beyond time change,  both distributions are truncated 
and  spares  would be  required  to  replace  the  remaining compo- 
nents   removed at  that  time. 

2.6    Estimating Mean-Time-Between-Removal Values Using  the 
Exponential Mean (MTBF) 

In Section 6 of the report, equation 27 was developed which 
estimates the MTBR of an exponential distribution truncated 
at time change Tc: 

MTBR     = MTBF e 

This  equation shall  be used to  estimate  the MTBR for the 
exponential  distribution plotted on the Weibull graph paper. 

2.7    Adjusting the Estimated MTBR for Repaired Items Recycled 
Into  the  Inventory 

It was  observed  in Section 7  of  the report that a fraction of 
the components   removed for failure are repaired (not over- 
hauled) locally and are later reinstalled to continue 
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operating until they either fail again or are removed for 
time change.    Note that  the  repaired components are not set 
back  to zero  time as are overhauled components.     Their 
accrued  time on reinstallation is   the same as  the  time 
accrued when they were removed for failure.    The repaired 
components  are in effect a set of short-life components 
which have the same MTBF as the nonrepaired components  but 
which also have a new potential   time-to-removal life span 
of  time change T    minus  the accrued  time at failure Tf. 
Failures  end subsequent  repairs  can occur and reoccur.     The 
MTBR of a distribution which includes  both repaired, and non- 
repaired components is  lower than the MTBR of the distribu- 
tion which contains only   the nonrepaired assemblies.     This 
analysis  considers onl^ two  repair cycles.    Computations  of 
additional cycles have shown but little additional change in 
the  total  MTBR. 

For this analysis,  the K factor^representing the fraction of 
failed components  that are repaired,  assigned to each type of 
component,   is the largest value shown in Section 7 of the 
report for that component  regardless  of part number or 
aircraft model.    This approach was   taken since there is  a 
large percentage of  the components  for which the action 
taken on  the  removed component is  not  identified. 

The K values  assigned are: 

Tail   rotor hub .15      90-d.egree gearbox .05 
Tail   rotor blade .08      Hanger assembly .04 
U2-degree gearbox .07 

The equations developed to estimate the MTBR of a distribu- 
tion with a population that includes the initial removals 
for failure and time change and a group of repaired failed 
assemblies which are subsequently removed for a second or 
subsequent failures or time change, were the result of a 
coordinated effort between Bell's Project Engineer for the 
program and the Government's Technical Representative for 
the program.    Where the distribution contains one repair 
cvcle (i.e.,  initial failures, repair,  and second failures), 
the mean-time-between-removals has been identified as MTBR', 
MTBR" similarly corresponds to a distribution containing, 
in addition to the assemblies in previous distribution, 
assemblies having a second repair cycle. 

The MTBR'   and MTBR" equations are based on two assumptions: 

a.     The mean-time-to-removal for the failed assemblies 
(MTR-)  is equal  to the MTR of  the repaired assemblies. 
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Since there are criteria which would preclude the 
repair of assemblies which fail near time change, 
the true MTBR' and MTBR" values would probably be 
higher than those obtained using the equations of 
this analysis. 

b.     The MTBF for  the initial population and  the groups 
of  repaired components  is constant. 

The following shows   the development of  the equations. 

MTBR'   is  determined  by summing  the  total   time  to  removal  for 
failure and  time change for a population of  n components 
having a known MT3F with the additional   total   time to 
removal for failure or time change of a  smaller group of n' 
repaired, components which have a potential life to time 
change TC-MTR£   ,   ^nd dividing the result by the sum of n 
and n'. 1 

MTRf     is determined  by subtracting from  the product of MTBR 

and n the product  of Tc and  the nuniber of components n-, 

which are  removed for time change,   apd dJviding the result by 
the number of component removed  for failure (n-np ). 

c 

MTBR"  is  determined, by summing the product of MTBR*  and 
(n'^n') with the additional total  time to  removal for failux'e 
or time change achieved by a still  smaller group of n"  re- 
paired components  (a fraction of the n'   group failures)  which 
have a potential life to time change of T    - MTRf   ,  and c t2 

dividing  the result by n + n1   + n". 

MTR^   i   the me an-time-to-removal of  the components that failed, 
2 

were repaired,   and which failed a second time,   is determined 
from n'   population in the same manner as MTRf    was determined 
from the n population. 1 

339 

J 



The following are  the derivations and the resulting equations 
for MTR.    and MTBR': 

tl 

R = e 

t 

Area   L—Z = N x MTBR    = N MTBF\1  -  e 

Tc   > 
HT5F 

R = e 

t 
RTSF 

Area ^ 

Area 

^1 
Up    x Tc = N\e 

Tc 
HTSF 

42   -  Area b^N 

MTR, 

= MTRf    / N - nT   \ = Area LZ^«   -  Area L 

Tc \1 /  _    T 
MTTJt? J I J3 

MTBF \ 1 -  e N 

= MTBF 

-  N Ve" M^K 

N -  N 

[          Tc   1 
- MTBF e 

.i-e'H 

V 
TBF 

rrrsF 

(57) 
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0    T -MTRf T 
C fn C 

N'  = N + /N - nT   \ K 

Areab=a= MTBR*   x N*  = Area 0 ^3+ Area 

where 

N 

0 

and 
N, 

0 

R = e 

t 
HTEF 

T    - MTR, 
c ti 

Nrt = / N - o 

Area 

MTBR 

Op   \ K 
c / c 

= MTBR f/R,   x No 

f/R,  - Mean-Time-Between-Removal for components 
that failed, were repaired and were put back 
into the system. 
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MTBR' =   

N x MTBRR + MTBRf/R x N0 

N 

N x MTBF \ 1 - e 
V 

+ MTBF \ 1 - e 

T - MTR. 
_c h 
 HTSF— N - N\e HTSF. K 

N + N - N\ e 

Tc ^ 
HTEF K 

MTBR + MTBF e 1 - e 

T - MTR^ 
_^ ^1 
 HTBF  1 - e 

T c 
HT5F K 

1 + 1 - e 

Tc 
RTBF K (58) 

Following the same derivation procedure the equations for 
MTR. and MTBR" results as follows: 

t2 

MIR-  = MTBF 
r2 

T -MTR_ 
j: ^i 
MTBF (T -MIR^ | 

1 - e 

T -MTR- 
J fJ 

'   MTBP 

(59) 
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MTBR     ♦ MTBF 
e 

1  -   e 

Tc-MTOf]- 
Tc 

MTBR"  = 
MTBF K 

t 

.l  -  e 

f -MTR-   -MTR. 1 
f1          f2| 

1 
Tc 

[l  -   e
,MTBFJ 

T  -MTR, 
fl 

+ MTBF MTBP [l   _   e       MTBF 

1  + 

T 

I  .  e MT^ K + 

r                  i 
Tc 

1   _   e-MTB?| [l   - 
T  -MTR.  ' 

K2 1 MTBF 
e 

3.0    THE RESULTS OF THE ANALYSIS 

(60) 

The analysis results consider both the Weibull distribution 
of failure-caused removals versus time and the Weibull dis- 
tribution of all cause removals versus time. 

3.1 The Weibull Distribution Characteristics 

Table CXV presents the tail rotor system components1 Weibull 
distribution characteristics, /3, $,  mean and percentage of 
failures at time change (TBO), and the MTBF of the exponential 
distributions which have the same percentage surviving to time 
change as the Weibull distributions.  The table shows that 
except for some of the tail rotor hubs and one of the hanger 
assemblies, the ß  slopes of the Weibull distribution of fail- 
ure-caused removals are less than 1,20. This is comparatively 
close to an exponential distribution. 

A comparison of the ß  slopes of the two sets of Weibull 
distributions indicates that while there is a slightly in- 
creasing failure rate for most of the distributions of fail- 
ure-caused removals, the distribution for removals for all 
causes is very close to or slightly less than 1.0. This 
means that the distribution of nonfailure-caused premature 
(prior to time change) removals must have a fai'ly signifi- 
cant decreasing removal rate.  This condition is most pro- 
nounced for the tail rotor hub assemblies. During the data 
period, special inspections were introduced on the hub assem- 
blies that resulted in premature removals at scheduled times 
so that prescribed examination processes could be conducted. 
This may have introduced a distortion to the data that is 
not observable in the MIRF reports.  It may well be that the 
earlier-calendar-date premature removals were primarily for 
failure cause, while the later date removals were for non- 
failure, inspection purposes. 
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Comparison of the MTBR Values Estimated by This 
Analysis Procedure and the MTBR Values Estimated in 
Section 6 

Table CXVI presents the Weibull distribution mean values, 
the MTBF values of the exponential distributions that were 
created on the basis of the same percentage of components 
having failed at time change, and estimated MTBR values that 
were computed using the MTBF values and equation 27.  The 
MTBF and MTBRe values that were presented in Section b for 
the same components are shown for comparison. 

The relationship between the Weibull mean and the exponential 
MTBF generally depends on the percentage of failures at time 
change and the /3 slope. As shown in Figure 30, if the per- 
centage of failures at time change is less than 62.3 and if 
the ß  is less than 1,0, then the mean of the Weibull distribu- 
tion is always greater than the exponential MTBF. Also, if 
the percentage of failures at time change is less than 62.3 
and if /3 is greater than 1.0, then the mean is always less 
than the exponential MTBF.  If, however, the percentage of 
failures is greater than 62.3 and /3 is either less than or 
greater than 1.0, the mean can be either greater than or less 
than the exponential MTBF or approximately equal to it. 

Except for the hanger assembly, nearly all of the MrBF/MTBRe 
values computed for the components using the procedures of 
this appendix are less than the comparable MTBF/MTBR values 
obtained in Section 6, 

Table CXVII compares the means of Weibull distributions and 
exponential distributions which consider removals for all 
causes. The relationship between these means is also as 
shown in Figure 30, described above. The MTBR estimated 
using the exponential mean and equation 27 is compared with 
the MTBR/MTR values for removals for aJ I causes shown in 
Section 6. The differences between tuese values vary from 
zero to 47 percent. The greatest difference appears for 
the rotor hub, hanger assembly, and one of the 42-degree gear- 
boxes. The maximum difference is about 9 percent for the 
olades and 5 percent for the 90-degree gearbox. 

3.3 MTBR Adjustments Due to Off-Aircraft Repair 

Table CXVIII shows how the MTBR reduces as a fraction of the 
failed assemblies are repaired and are used as replacement 
units. Since the fraction that is so repaired is small 
(4 to 15 percent), the percentage of change in MTBR from a 
single repair is also small—less than 3 percent. The addi- 
tional percentage of change in MTBR from the distribution with 
single repairs to one which also includes a second repair cycle 
is extremely small—less than 0.5 percent. 
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Tc 
< 62.3 

ß < 1.0 

ß > MTBF 

T       > 62.3% 
c 

ß   <    1.0 

T c < 62 .3 

ß > 1 .0 

H < MTBF 

T        >  62.3% c 

ß    >     1.0 

M <,   = or >MTBF 

* Percentage of failure at Tc is equal for both distributions. 

Figure 30.    Weibull Mean fi and  the Exponential MTBF 
Relationships . 
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For all assemblies,  the percentage of change shown was computed 
before the MTBR'  and MTBR" values were rounded to whole num- 
bers.    As a result,   there  is a percentage of change noted in 
Table CXVIII for  some components where MTBR'  values appear to 
be equal to the MTBR" values. 

U.O    TRACING THE ANALYSIS OF THE UH-IH.  90-DEQREE GEARBOX. 
PART NUMBER 204-0^0-012-13 AS AN  EXAMPOf 

Table CXIX,  extracted from the UH-IH MIRF report  (Reference 4), 
shows how the distributions of failure,  nonfailure 
new-item first-time removals are. presented in these data 
for the UH-IH 90-degree gearbox,  Part Number 204-040-012-13. 
The following paragraphs describe the analysis  performed on 
these data. 

The total number of assemblies removed is 2817. The proba- 
bility of surviving the first 100-hour interval is computed 
using equation t>4; 

P    -    I    fl"nnfl/2 „ 2817-206-99/2 _     Q,,„fic 
1 W   /2 2817-99/S -925565 

The percentage of failures through the first 100-hour interval 
is determined using equation 51: 

FU,)  = (I-P^. HOG = (1 -   .925565)100 = 7.UU35 
tl 

The number of assemblies  remaining at the start of the second 
100-hour interval is  determined using equation 55: 

i=r-l 
n2  = nT " X    nf.     + nnf.  = 2817-206-99 =  2512 

i=l      i i 

Again using equation 54,  the probability of surviving the 
second 100-hour interval is 

p    -  2512-1^-74/2 _    Qü1 R1 R p2 2512-714/2 .941818 
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The probability of surviving through the second 100-hour 
interval  is determined using equation 56: 

i=r 

X P2 = .925565 X .941818 = .871714 
pt2=n Pi = p1 

2  i=l 

The percentage of failures through the second 100-hour 
interval is determined using equation 5i: 

F(t0) = (l-P^. )100 = (1-.871714)100 = 12.8286 

This process continues until the percentage of failures 
through each of the first ten 100-hour intervals are deter- 
mined. Table CXX presents the values determined by using 
each of the equations in this procedure. 

1            TABLE CXX.    DETERMINING PERCENTAGE ( 3F FAILURE VALUES         | 

100-Hour 
1 Interval ni % 

V, P. 
i \ 

F(ti)     I 
Percent    1 

1 2817 206 99 .925565 .925565 7.44         j 

1         2 2512 144 74 .941818 .87171^! 12.83         1 

3 2294 150 74 .933540 .813780 18.62 

4 2070 194 41 .905343 .736750 26.32 

1        5 1835 180 56 .90C387 .663360 33.66 

6 1599 151 54 .903944 .599640 40.04         1 

7 1394 144 31 .895539 .537001 46.30 

8 1219 124 54 .895973 .481138 51.89 

1        9 1041 112 39 .890357 .428385 57.16 
10 890 101 46 .883506 .378481 62.15 

The F(t•) values are plotted on the Weibull graph paper as 
shown by the dots on F-Vure 31. The distribution of the 
total removals for all causes is plotted as inverted 
triangles using the values shown for the cumulative percent- 
age at the bottom of Table CXIX. A solid line has been 
drawn through the dots and a dash-dot-dot line has been 
drawn through the inverted triangles. These two lines repre- 
sent the two Weibull distributions. 
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The distribution of   failure-caused removals  has  the follow- 
ing characteristics: 

1.14 = /9,   the slope 

1079 hours = 6,   the characteristic life 

64.0 = Percentage of failures at 1100-hour time change 

The distribution of the components removed for all causes 
has the following characteristics: 

1.08 = ß,   the slope 

820 hours = 0, the characteristic life 

74.70 = Percentage of removals prior to the 1100-hour 
time change 

The mean values for the two distributions are determined 
by first, on Figure 32, determining the percentage of fail- 
ures at the mean for the two ß  values and then by deter- 
mining the Lime value where these values intersect the 
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respective distribution lines on the Weibull graph paper.     The 
mean values  so determined are: 

1031 hours =  the mean of  the distribution of failure-caused 
removals 

795 hours =  the mean of the distribution of the components 
removed for all causes 

The characteristics of an exponential distribution having 
the same percentage of failures at time change as the Weibull 
distribution are determined by drawing a line with a jS slope 
of 1.0  through the intersection of   the Weibull distribution 
line and 1100 hours.    This is  shown as a dashed line on 
Figure 31.     The characteristic life B (62.3% failures) of 
this distribution is 1076 hours.     0  is also the MTBF of  this 
exponential distribution. 

Using as  input to equations 27,   57,   58,   59,  and 60 an MTBF 
of 1076 hours,   a time change Tr  of  1100 hours,  and a K 
repair factor of 0.05,   the following values are computed: 

MTBR      =  689 hours 

MTEU      =485 hours 
tl 

MTR^.      =278 hours 
t2 

MTBR1     = 683 hours 

MTBR"    = 682 hours 

j.O    CONGLUSIONS AND RECOMMENDATIONS 

This approach provides a means of   rapidly predictiug MTBF 
values from histograms of failure-caused component removals 
and component  removals for nonfailur^ causes.     The data can 
be plotted on Weibull graph paper &<.   described,  or it can be 
used as  input  to computer programs which In turn will provide . 
answers   that are more accurate.     During this exercise,  both 
jechniques were employed. 

One of  the most significant advantages of  this  technique is v 
the ability of estimating the MTBF and MTBR values for a 
finite number of components initially installed on a fleet 
of aircraft based on the failure- and nonfailure-caused 
removals which occur during the initial 300  to UOO flight 
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hours.    The accuracy of the estimate will  increase as  the 
higher  time removals are included.     Particularly where  the 
distribution is Weibull with a ß greater than 1.0,   this 
approach will provide a much more accurate basis  for esti- 
mating spare component requirements  or life-cycle  costs 
than can be obtained by a  simple  computation of  the observed 
MTBF (total  time accrued/number of failures) at  the same 
time period. 

The  accuracy of  this approach depends either on having a 
large population of  removed assemblies or knowing  the  total 
number of components  installed of which the components   re- 
moved are a subset.    Most of  the MIRF data fall  into  the 
first classification since  the  installed component history 
is  unavailable.     Where MIRF data  contain only a small  number 
of component removals,   the analysis using  the Weibull  approach 
would be  inaccurate. 

A simulation program is   recommended where spare  requirements 
or support costs are desired for specific periods  of demand, 
changing demand  rates,  various  sizes  of aircraft groups, 
etc. 
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