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3.0 MAINTAINABILITY INDEX MODEL (MIM)

The prediction tool used to determine two-digit WUC maintenance valu~e
involves the use of a Maintainability Index Model (MIM). The MIM projects
realistic maintainability estimates for Navy Fighter, Attack and ASW aircraft
for use during conceptual and development design. The model 1is based on
regression analysis techniques which relate historical maintenance data (MMH/FH
and MA/FH) to design and performance paramsters, 1.e. welght, thrust, speed,
aetc. Thi$ technique was used succcssfully by the Northrop Corporation in a
report on maintenance characteristics of United States Air Force tactical
fighter airecraft (Reference 11). Technigues from that study were modified and
expanded to include additional maintenance data. The result is that the MIM and
its complete set of index equations provides the Navy with a unique capability
to rapidly evaluate and predict new aireraft maintenance requirements.

3.1 GENERAL DESCRIPTICN

This section discusses cthe procedure used to predict MMH/FH, MA/FH, MMH/MA,
EMT/MA ana MEN at Organlzational ("O") and Intermediate (*1I") levels for a 3-M
(Class 1) and FSE (Class 3) environment. A logic flow diagram depicting the
darivation and operation of the MIM i3 presented in Figure 3.1. Section 3.0
also contains sample calculations and model validation.

3.2 MCDEL DERIVATION

The maintainability characteristics of tactical fighter/attack aircraft are
directly related to design and performance parameters (Reference 10)}. Selection
of these parameters along with a valid maintenance data base was the first step
in developing the MIM, s

3.2.1 Alrcraft Parameters

It is recognizei that increased performance of mcdern aircraft results in
intreased maintenance requirements. Although the increase in maintenance 1is
probably due to increasing system complexity. accurate measure -of complexity is
Aifficult to derive and tou apply consistently. Through considerable research ]
and trial and error, a viable procedure which can accurately and consistently f
measure system coarplexity was developed. This procedure, which is used in this
rext, 1involves the use of design and performance parameters to establish a
rlationahip between increases in complexity and maintenance requirements.

b ik X i e oA

The Fignter/Attack/ASW aircraft considersd in the correlation analysis were
chosen because they provided a broad historinal data base. Availability of main-
tenance data and design parameters were the main factors in the selection of
these late model aircraft. Listed below are the airecraft used in the two-digit
WUC analysis by type aircraft and year of first Fleet delivery:

DT S N

A-Ui4 1971 F-4J 1966
A-6E 1971 F-84 1968
A-TE 1969 F-144 1973
AV-8A 19T1 3~3A 1974

These aircraft possess the range and variation of desigr characteristics 3
necessary Lo produce vaild estimating rela’ionships. The empty weliht of the j
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aircraft range from 10,400 pounds to 38,200 pounds; the marxioum 3speed ranges
from 400 to 1300 knots and thrust ranges from 11,200 pounds to 41,800 pounds.
Selected ailrcraft are evenly distributed with respect to crew aize (four
single-seat, thres two-geat and one four-seat) and number of engines (four
single-engine and four twin engine).

Table 3.1 presents a liist of those parameters that were found to be most
i representative of an aircraft's design charactsristics ard were proven to be
% statistically valid. Values shown were extracted from the following docuuents:

o (3N Standard Alrcraft Characteristics Charts
0 Weigat and Balanca Reporcs generated by each contractor

Other aircraft parameters that were considered, but rejected by the regression
analysis program because of poor correlation include:

o Weight, Environment Control System (ECS)
o Weight, Engine

© Speed, Minimum Landing

0 Thrust per Aireraft

¢ Number of Fuel Tanks

o Fuselage Volume

o Service Ceiling

o Maximum Payload

o Utilizatior Rate

o Welght, Useful Load

3.2.2 Two-Digit Work Unit Code (WUC) Data Base

A 4 to 12 month FMSO data base was selected for use in the system analysis.

Raw 3-M data tapes obtainea from FMSQO were processed by computer programs into

four output reports: three ccncerning unscheduled maintenance and one concern-

ing scheduled maintenance. Each of the three unscheduled reports identified one

of the three classes of malntenance established ‘n the previocus section,

/ paragraph 2.3. The scheduled report identified scheduled maintenarce for the
three classes of maintenance in one report.

6 FRUMS Report. The Fleet Reported Unscheduled Maintenance Summary
- (FRUMS) Report depicted Class 1 malntewnance. Tt identified historical
maintenance data as reported in an oparational environment.

o GCRUMS _Report. The Contractor Responsible Unscheduled Maintenance

Summary (CRUMS) Report was derived from the FRUMS Report with davy

i responsible nalfunctions (Table 2.2) deleted. CRUMS data depicted Class
2 maintenance,

o GQRUNMS Heport. The <Contractor C(Controllable Unscheduled Maintenance
Summary (CCUMS) Report was derived from the CRUMS Report wich Navy
controllable maintenance time (Figure 2.4) deleted. CCUMS data depicted
Class 3 maintenance.

.

o JCHED [eport. The Scheduled Mainterance Summary Report was derived from
the raw 3-M dava taces. [t {dentifled scheduled maintenance and support
by ail three classes of maintenance.
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Data from these reports were put into a Standard WUC Matrix (Appendix B) and
programmed into a Standard WUC Summary Report (Appendix A). Identification of
the time frame for the FMSC data base by type aircrart and corresponding flight
hours is presented in Table 3.2.

TABLE 3.2 MIMOUATA BASE

} AIRCRAFT TIME PERIOD MONTHS FLT HRS
A-4M DEC 75 - MAR 76 4 7,160
A-6E DEC 75 - MAR 76 4 19,802
A-TE JAN /8% - DEC 75 12 106,225
Av-8A OEC 75 - MAR 76 4 5.944
F-4J DEC 75 - MAR 76 4 26,238
F-8J JAM 73 - AUG 73 8 14,087
F-14A DEC 75 - APR 76 5 12,133
S-3A JAN 75 - DEC 75 12 22,820

Selection of the two-digit WUC data base differed fror the five-digit WUC
data base bdecause of data avallability. The 4 to 12 month data base was readily
avallable at the start of this Eandbook from a previous Vought Research and
Deve lopment study. Acquisition of a more current and larger data base was
originally planned but had to be rejected in order to insure 2ompletion of this
Handbook in a timely manner.

j To verify that the 4 to ‘12 month data base was representative of mature
! aircraft in an coperatiornal enviromment, a correlation test was performed which
compared sample data with a larger six year data base (Table E-1 of Appencdix E).
The test was made using total weapon system unscheduled MMH/FH (WUC 11-97) as a
function of empty welght, one of the primary aircraft parameters that effects
maintenance. FResults inJdicate that the 4 to 12 month data base was representa-
tive of a-six year data base when taken collectively over the eight aircraft.
Figure 3.2 shows the results of this correlation.

A slightly lower degree of confidence existed at the system level where
more pronounced variations in system malntenance coccur as a function of time.
However, the RFP requirements are made at. the total weapon system level and not
' h at each two-digit WUC. Accuracy of system level predictions need not be exact
’ : as long as the predictiocns are in the "balipark” and thelr summation resulcs in
, realistic weapon system estimates. The 4 to 12 month FMSO data base used

vy provided this required accuracy.

3.2.3 Standard Work Unit Codes

Individual aircraft WUC's were converted to a 3tandard WUC format based on
guidelines presented in MIL-STD=780 (Reference 14) and NAILST Fquipment Cross.
. Index Program (ECIP), (Reference 12). This was necessary to insure an adequate

two-digit system level compsrison amcng the different alrcraft. An example of
the variation in aircraft WUC systems is the Fuel Quantity Indicating Subsysten.
The A-4M, A-TE, and F-4J 1ist the Fuel Quantity Indicatipg Subsystem in the Fuel
System (WUC 46), while the A-tE, AV-34, F-14A and 3-3A list {t under Instrumenta
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(WUC 51). Furthermore, MIL-3TD-780 lists fuel quantity under WUC 51 while ECIP
lists it under WUC 46. Differences such as these are resolved by using
MIL-STD-780 as rpreferred. Appendix B presents a Standard WUC Matrix developad
apecifically for this Handbook. Standard WUC's are presented to the third digit
for the eight Navy aircraft discusged in the system analysis.

The establishment of standard codes for support actions was based on
Support Action Codes defined in Reference 18. A further breakdown of these basic
codes to the third digit was made using a local command bulletin (Reference 31).
A review of the 3-M data indicates most commands are using this bulletin to
identify wanhours expended in these specific categories of support type work.
All total, forty-five work unit and support action eodes! were condensed into
thirty-two atandard codes2, Condensed groupings were necessary to permit a valid
statistical analysis of the data.

3.3 MAINTENANCE INDEX ESTIMATING RELATIONSHIPS

The MIM uses a set of estimating relationships called Maintenance Index
(MI) equations developed through regression analysis techniques. These aqua-
tions are used to determine system Class 1 Organizational level MMH/FH as a
function of applicable aircraft design and performance parameters.

A statistical ranking order was used to identify those aircraft parameters

that reflect the highest coefficient of correlation and the lowest Standard

Error of Estimate(S) {References 5, 10). Parametars were selected based on

several facteors: (1) the most statistically valid parameter, (2) tae most valid

aircraft parameter and (3) the selection of two parameters for multiple

. regression. This approach resulted in a set of equations which provided good

! correlation with actuali data. An example of the statistical approach for
! determining MI equations is presented in the following paragrach.

3.3.1 Statistical Airframe/Fuselage Maintenance Manhours per Flight Hour

03, 04, 0%, 08, 07, 08, 09.

(MMH/FH)
Statistical Airframe/Fuselage (WUC 11, 12) MMH/FH at the Organizational
. level is estimated by Equation (Eq.) 3.1. Data used in its derivation and
. R equation results are shown in Table 3.3.
i
; | MI = -0.2180 + 0.5692 1n (WTMT) -- 0.8394 1n (VMAX) Eq. 3.1
r = 0.97
. S = 0.17
' ”j 25 = +0.34
B
| T 11, 12, 13, 14, 23, 24, 27, 29, 41, 42, uu, U5, 46, 47, 49, 51, 56, 57, 62,
{ 63, 64, 65, 66, 67, 69. 71, T2, 73, T4, 75, 76, 77, 9!, 93, 96, 97, 01, 02,

2. 11/12, 13, 4, 23, 24, 29, 41, 42, 44, us, ue, 47, 49, 51, 86, ST, 60,
71/72/73/T4%, 75, 76, 0, 01, 012, 016, 02, 03C, 03D, 03G, 03S, 03Z, 04, 0S.
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TABLE 13 AIRFRAME/FUSELAGE ACTUAL AND EQUATION MMIH/FH
MRMH/ AH
ACSKT WTMT VMAX ACTUAL XQUATION
A-tM 10.4 a.837 0.400 0.892
A% 8.0 C.4%0 1.1 1.037
AT 18.9 o.508 1.07 0.383
AV-BA 120 0.5253 0.741 0,588
u 303 1.230 2.075 1.907
g 19.8 0.989 1.499 1.472
£.14A 32 1.314 1.902 2.084
$3A 8.8 a.410 0.8 0901

The following definitions are presented to provide additional insight intc the
nomenclature used:

o Maintenance Index (MI) is defined as the amount of MMH/FH for the given

system as measured at the Organizational leval.

¢ Weight Empty (WIMT) is one of the applicable aircraft parameters for
this system as measured in thousands of pounds. Care should be taken
when 3olving the MI equation insuring that the prcper decimal point
location is observed.

¢ Maximum Speed (YMAX) is the second applicable parameter for this system

as measured in thousands of lnots. Correct decimal point location must
be observed when solving the MI equation.

o GCorrelation Coefficient (r) is defined as the relative measure of

sensitivity between the dependent variable and the independent variable
as measured from 0 to 1. The higher the coefficlent, the closer "pro
approaches 1, the better the data fit. Some& systems required numerous
regression programs to be run in order to achieve the highest "r" wval ie
possible. Values between 0.95 and .99 indicate a very high degree of
corrélation.

o JStandard _Error _of Estimate (S) measures the average amount of

",...dispersion of the Y...[values] away from the line of relationship
between the X and Y...[variables]...3". The standard error alsoc serves
to measure the amount of error in an individual estimate. Assuming that
errors conform to a normal distribution, 95% of the errors would fall
within +2 standard errors of the predicted value. Thus a 95% confidence
level can be found by using +23S which for this example is +0.34 MMH/FH,

Figure 3.3 presents a complete 1list of the asystem Maintenance Index
equations developed for this Handbook. Aircraft parameter symbols liated are
defined in Table 3.5. A graphical presentation of each MI equation is presented
in Section 5.0.

The predicted value calculated by each MI equation i1s a "baseline" estimate
based on the maintainability characteristics of existing inventory aircraft. For
a new Wweapon system, a "predicte ' estimate made by the contractor should be
less than the "baseline" eatimate depending on the additional maintainability
features implemented in the design. The measurement of the delta improvement ig
discussed in paragraph 2.5.3.

3. H. L. Balsley, Statistical Method, Littlefield, Adams and Co., p. 179.
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T 5TY
wuc SYSTEM MAINTENANCE INDEX EQUATIONS
1,12 AIRFRAME/FUSELAGE M s .-0.2180 + 15692 .n (IWTNM'T) + 0.8394 (n (VMAX)
13 LANDING GEAR M= 01728 + 0.0241 IWTLAND)
14 FLIGHT CONTROLS M 2 -0.3963 + 0.0274 (WTMT) + 0.8036 (VMAX) + 0.569 IKWING)
23 ENGINE Mi = -0.3960 » 0.0467 (THRUST) + 0.3414 (ENGQTY)
24 AUXILIARY POWER PLANT M= 0,192 (KAPU)
29 POWER PLANT INSTL Ml = —0.0943 + 0.0059 (THRUST) + 0.1174 {ENGQTY)
41 AIR-CONDITIONING Ml 2 -0.0717 + 0.0103 (WTMT} + 0.0364 (WTAVIN) + 0.166 (KBLCI
12 ELECTRICAL M = ~0.1419 + 0.0289 (WTMT) -0.0485 (GENKVA)
44 LIGHTING Ml = —0.2305 + 0.1852 (WAREA) +0.6472 (FUS'..EN)
45 HYDRAULICS MI = —0.1260 + 0.0066 (WTMT) + 0.3671 {(VMAX)
46 FUEL Ml = .0.2947 +» 0.1138 (FUEL) + 0.6060 ivMAX)
47 OXYGEN MEos 0.034
49 MISC UTILITIES Ml = --0.0275 + 3.0028 (WTMT)}
51 INSTRUMENTS Mi = (3.0465 + 0.2906 (WTAVUN)
56 FLIGHT REFERENCE Mi = —~0.0890 + 0.2182 (WTAVIN)
57 INTEG GUID/FLT CONTROL | MI = _(3.3225 +0.1783 :n {(WTMT}
60 COMMUNICATIONS ME = 0.0428 + 0.0104 ‘WTMT) + 0.0460 (WTAVIN)
71,72 NAV/WEAPON CONTROL Ml = 13541 « 0.8715 in (WTAVUN;
73, 74
7% WEAPON DELIVERY Ml = —Q.1563 + 0.0040 (WTMT) + 0.0367 (PYLQTY!} + 0082 (KGUN!
76 ECM Mt = --0.0645 + 0.0104 {WTMT)}
jelo] MISC EQUIPMENTS Ml = 0.0272 -0.0012 (WTMXTOQ) + 0.0431 (CREW) + 0.014 (KCHUTE!
01 OPERATIONAL SUPPORT Ml = 79012 +5.3533 In (WTMT) - 1.3394In (SL)
012 SERVICING MI = 1.3441 + 0.0046 (WTMT} - 0.2573 (SL.)
[eA N1 TROUBLESHOQT LAUNCH
AIRCRAFT Mi = --3.3681 + 1 3259 In IWTCOM
02 CLEANING Mt = 0188
03C TURNARQUND/PREFLIGHT | Ml = -0.0282 + 0.0346 (WTCOM)
03D DAILY/SPECIAL Mi= 23571 +0.0948 (WTMT) - 1.1568 (5L}
03G PHASE Ml = 0.1455 + 0.0186 (WTMT) + 0.2962 (T/W)
Q3s CONDITIONAL MI = --0.4856 + 0.0228 (WTMT) + 0.0224 (DEN) -
232 OTHER Ml = —-(Q.4068 + ().3538 (FUSWET) + 0.5392 (T/W) @
04 CORROSION PREVENTION Ml = ~2.6456 + 2.68493 (FUSWET) + 1.5454 (T/W) 3
0ns SHOP SUPPORT Mi = ~0.3510 +0.3613!n (WTMT) + 00,4916 In (T/W) é

Fiyure 3.3 Basefine 0 Level MMH/FH Estimating Relationships

3.4 FREQUENCY INDEX ESTIMATING RELATICNSHIPS

In addition to the MI equations previously discussed, the MIM uses a second

- set of estimating relationships called Frequency Index {(Fl) equations. These

equations are used to determine system Class 1 MA/FH at the Organizational level
as a function of applicabie aircraft design and performance parameters. The same
regression techniques used to develop MI ecuations were used to develop FI
eqguations. An example of the statistical approach for determmiring a system
Frequency Index follows.

:.4.1 Stati-tical Airfrarie/Fuselaee Maintenance Actions per Flieght Hour (MA/Fh)
Statistical Airframe/Fuselage MA/FH at the Crvanizational level is esti-

mated by Eguation 3.2. Pata used in its derivation and eonaticn results are
shown 1n Taole 3.4,

FIo2 20,2931 « 0.74600 1In (WTMT) +0.0525 1n (VMAX) g, 3.2
ro= 0.371
S o= 0.0Z2¢
2% = +3.0%0
3-9
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TABLE 34 AIRFRAME/FUSELAGE ACTUAL AND EQUATION MA/FH

MA/SH
. ACST WTMY VMAX ACTUAL EQUATION
A-dM 10.4 0.837 Q.08 .038
A-88 8.0 0.490 Q0.233 0.200
ATE 189 A%y 0.283 0.288
AV-8A 128 Q.828 Q128 0.120
B4 e $ 1.33¢ .34 0.338
[l ] 19.2 .93 0.333 Q.343
£04A 32 1314 o371 Q.377
$3A 8.6 Q.410 ana 0.250

Figure 3.4 presents a complete 1list of the system Frequency Index
equations. A graphlcal presentation of each FI equation is presented in Section
5.0. As with the Maintenance Index, the predicted value calculated by each FI

equation ia a "baseline" estimate. . .
ST
wuc SYSTEM FREQUENCY INDEX EQUATIONS
1.2 AIRFRAME, FUSELAGE Fl - -0 2931 » 0.1800 0 \WTMT) - 0 0525 In (VMA X)
13 LANDING GEAR Fio= 0.1019 ~ 0.1850 'KE!
13 FLIGHT CONTROLS Fio= 8.0112 « 01183 {WMAX) = 0 022 {KWING!
23 ENGINE Ft = -0.0154 - (0023 (THRUST! - 00340 IENGQTY!
2a AUXILIARY POWER PLANT FI = 0.037 IKAPU)
29 POWER PLANT INSTL Fi - -0.0069 - 0.0023 {THRUST) - 3.0028 (ENGCTY)
S i 41 AIR-CONGITIONING Fl 0.0019 » 0.0013 (WTMT) » Q.0072IWTAVIN) « C.016 .KBLC)
e a2 ELECTRICAL Fl ~0.0100 - 0.0027 (WTMT! - 0.0092 'GENKVA)
SR a4 LIGHTING FI = -0.1458 -0.0332 (WAF EA) « 0.4444 (FUSLEM
R 45 HYDRAULICS Fi o 0.0191 = 0.0361 (VMAX)
e 18 FUEL Fl = 0.0056 + 0.0465 (VMAX)
i ' a7 OXYGEN Fi - 0.019
2N , 49 MISC UTILITIES FI = —0.0036 « 0.0004 (WTMT
B } - ; R 51 IMSTRUMENTS Ft » 0.0360 * 0.0467 (WTAVUN)
fooo ! 36 FLIGHT REFERENCE Fi = -0.0106 + 0.0483 (WTAVIN)
% - ' ‘ 57 INTEG GUID/FLT CONTROL | £i = 0.0376 « 0.0201 tn (WTAVUN!
AR ) ’ 60 COMMUNICATIONS Bio= 0.0194 + 2.0037 (WTMT) + 0.0190 (WTavIN)
‘e 71, 72 NAV/WEAPON CONTROL Ft + Q36816 + 02379 LN 'WTAVUN;
’ 73,74
SRR . ",3 75 WEAPON DELIVERY Fi = —(.0087 + 0.0006 (WTMT) « 0.0034 1PYLATY) +9.017 (KGUN)
L : . 76 ECM FI = -.0.5049 + 0.0016 (WTNMT)
! 90 MISC EQUIPMENTS Fl 2 —0.0057 -0.0003 ONTMXTO ~ 0.0267 (CREW! - 0007 (KCHUTE)
va 01 OPERATIONAL SUPPORT 21 = 1.8159 + 1.5686 (FUSWET) + 0.4695 (SL)
Y 012 SERVICING FI s 1.2895 — 04381 in(SL) + 02970 1n (VMAX)
316 TROUBLESHQCT LAUNCH
' AIRCRAFT FI - ~Q0378 + 01339 'WTAVING » 04877 (V. )
02 CLEANING FI = Q2397
03¢ TURNAROUNOIPREFLIGHT | Fi « Q5305 « 20208 (WTMT) - 1353 'SL)
03D DAILY “PECIAL Fio= -0 5132 + Q7166 (FUSWET! » C 7052 U0 ‘W)
5 03G SHASE FI « 0025
138 CONDITIONAL Fioo -1 « 30581 LN IWTMTY « 00701 N (OENS “
032 OTHER Filo= 00760 ~ 0.02454T W - 00074 (DEM ?}
q CORRGSION PREVENTION Fi o= 3948 « U 3130 in 1FUSWET) b
* s} SHOP SUPPORT Flos w0318+ 001 (IWTRAT - 51875 1T W) 2

Figure 3.4 Baseline § Level MA/FH Estimating Realaticnships
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3.5 MODEIL OPERATION

The Maintainability Index Model (MIM) is a mathematical tool for estimating
maintenance requirements for a new weapon systen. Execution of the MIM is
accomplished by solving 2 set of index equations and general mathematical rela-
tionships. Inputs include applicable aircraft design characteristics, system
constants and contractor predictions. Qutputs include MMH/FH, MA/FH, MMH/MA,
EMT/MA at 0 and I levels for a 3-M (Zlass 1) and FSE (Class 3) environment. A
logic flow diazgram depicting the operation of the MIM Js shown in Figure 3.1. A
discussion on model operation folilows.

3.5.1 Aircraft Design and Performance Parameters

As the physical size, performance and capability of a weapon system varies,
s¢ does its maintenance requirements. The MIM is bullt around a set of 27 air-
craft parameters that were deteruined to be the primary design characteristics
that effect aircraft maintenance. In addition, values for these paramelsurs are
readily available during conceptual and development design phasges. Table 3.5
presents a list of those parameters along with F-18A predicted values used as an
example.

Table 1.5 Aircraft Parameters

SYMEOL AIRCRAFT PARAMETERS EXAMBLE
FUSWET Area, Fuselage Wetted — 103 feet? 0.840 I
WAREA Area, Wing — 103 tewtd 1.290
KAPY i Auxidiary Power Unit Facror® !
K8LC . Boundary Layer Conurol Factor® 3
CREW ‘ Craw Size 1
DEN Density (WTMT = FUSVOL) ~ Ib/feer3d 18313 |
KCHUTE Drag Chute Factor” )
FUEL Fual Capacity, Intemal ~ 104 gal. 1.618%
GENKVA Gansrator Electiical Power — 102 K VA 0.80
KGUN Gun Factor® 1
KE IoKinane Energy iIWTLAND x VMING = 109 'H.knots< 0.348
FUSLEN i Length, Puselians - 102 tent 0.56
ENGQTY Numbg: at Engiras 2
PYLQTY ] Number o1 Byions ! 9
SL ! Sorne Langth - nr , 1.35 l
VMA X I Speed, Ma.omuey at Altitute - 103+ aors ‘ 1 08%
VEIALN | Spesd, Minrum Tarcier Apgroser - 103 kaer | 0.130
THRUST Trorust pe $ngine - 1031y 16.000
TW Torust/Wiight Bar o 1 555
FUSWIL Volume ©onmlage -~ 103 tew 1117 I
WTAVIG | Wagnt Swarcs (nstatiea - O ] 1293
WUAVUN | Weight, Aviaaes tnmstatled -« 10 o ! 1 06V
WTCOM Neight. Combat - 1045 I 33000
WTMT | Wagnt, Emory - 1030 I 20593
WTLAND ; Arght Laoea g Clean - 03y | 23.063 o4
WTMXTO ‘ Seegnr Adasxomum Taxeort 109 n i S 064 f;
KWING ‘[ Nirg & oneo Facror ™ , U :
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The first step in analyzing the maintenance rejuirements of a weapon system
is to complet2 a worksheet for the weapon system under consideration, similar to
Table 3.5, using the aircraft parameters cited therein. After that, maintenance
estimates (baseline and predicted) for each system can be determined using
techniques presented in Sectiocn 5.0.

3.5.2 Systam Constants

Class 1 O=level MMH/FH and MA/FH are the two maintainability parameters
determined through regressicn analysis techniques. The remaining parameters are
calculated using general mathematical relationships and system constants where
regression analysis techniques were considered but rejected because of invalid
correlation results and to minimize handbock complexity.

System constants are averages based on historical mzintenance data concern-
ing past performance. "...The assumption is made that the elemental activities
for a new system will closely resemble the systems for which data was
collected" !, That is, if a given system averages 1.5 Men per Maintenance
Action, then the same number cof men will be required for the new system.
Exceptions require maintainability documentation. Definitions of system
constants plus sample calculations follow.

Manning Raulo (MR) is defined as the average number of men required per
unscheduled maintenancze action. For each system, a Class 1 MR is determined by
averaging individual aircraft Class 1 MEN per Equation 3.3.

MR = ZMENi Eq. 3.3

) =1

n
where,

MR = Average number of men per maintenance action per given system

MEN = Average number of men per maintenance action per aircraft
n = Number of aircraft used in the raegression analysis
1=1,2, 3..... n

Class 1 MR s used in the MIM to determine EMT/MA for a new aircraft as
shown by Equation 3.4

EMT/MA = MMH/MA > MR Eq. 3.4

Maintenance Index I-Level Ratig (MIIR) is defined as the ratio of I-level MMH/FH

to O-level MMH/FH. Individual aircraft MIIR's are summed and averaged as shown
in Equation 3.5.

“ MMH/FHI

) —

daad . .

;-] AMH/ E‘H(: 4
MIIR = o £Eq. 3.5
a4 D. 5. Gregor, Donna F. Harmon, Patricia A. Pate, "Maintainabilivty EZstimating
Aelatlicnghips”, p.20.
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where,

MMH/FHy = MMH/FH at O level
MMH/FH1 = MMH/FH at I level

{
t
!
}
‘;
|
\t
:

Using the Airframe/Fuselage System (Table 3.6) as an example, Class ! MIIR was
calculated as follows:

MMH/FH, . ME/TE . Ma/TH v ... s WG/FH
MMH/FE M/ FH MM/ FH MMH/FH
A-UM A=6E | A-TE 5--3A
MIIR, 12 ® : '
n

0.022 + 0.043 4+ Q0.151 + .... + 0.05C

. 0.400 1.011 1.071 0.83%
8

_0.055 + c.0k2 o+ 0.k o+ + 0.060

= 0.0k

Class 1 MIIR is used in the MIM tc determine I-level MMH/FH for a new ‘
system desizn as shown by Equation 3.6.

MMH/FH1 = MMH/FHgy X MIIR Eq. 3.6

Frequency Index I Level Ratio (FIIR) is defined as the ratio of I-level MA/FE to
O-level MA/FH. Individual FIIR's for each aircraft are summed and averaged per
Equation 3.7.

[T ——

" MA/FH{
-

ya
Iy MA/FIO b
) , FIIR = Eq. 3.7
’ : n

. Using the Airtrame/Fuselage System as an example, Class 1 FIIR was calculated to
he 0.07.

Class 1 FIIR i3 used in the MIM to determine I-level MA/FH for a new system

P

using Equation 3.3.

; MA/FHp = MA/FHy X FLIR Eq.

At
[$9)
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‘Maintenance Index Defeci Ratio (MIDR) is Jdefined as the ratio of Class 3 O-level
MMH/FH to Class 1 O=level MMH/FH. T+ identifles that portion of Class 1 mainte-
natce considered contractor controllable through design. A MIDR is determined
for each system by summing and averaging the individual aircraft MIDR's per
Equation 3.9.

ji Class 3 Q- Lsvel MMH/FE -
ot Class 1 O-Level MMH/FH i
MIDR = Eq. 3.9
n

Using the Airframe/Fuselage System (Table 3.6) as an example, MIDR was
calculated as follows:

,_JF% 0 . mmNﬁzo . . ME/FH,

MW/ FE) o MMH/FR, MVAFHy
- A-lUM A-GE S-3A

MIDR); 1o
¢

9.200 + 0.524 + + 0.37k

, 0.500 1.0 0.334
8
L0500 = 052 o+ T +  0.s
8

= 0,54

The MIDR is usea to determine the Design Maintenance Index scale for the MI
graphs of Sectiorn 5.0.

Erequency Index Defect Ratic (FIDR) is defined as the ratio of Class 3 O-level
MA/FH to Class 1 O-level MA/FH. It identifies that porticn of Class 1 mainte-
nance actions classified as Design Induced Malfunctions. A FIDR is determined
for each system by summing and averaging individual aircraft FIDR's per Equation
3.10.

N Clasp 3 O-Level MA/FH

2; Class 1 QO-Level MA/FH {

F1DR = . Eq. 3.10




N SRR, o N

REV A

; Using the Airframe/Fuselage System as an example, FIDR was calculated to be
] i 0.79. This means that 79% of the reported 3-M data is considered contractor
b

centrollable through design. The remaining 2% is primarily attributed to no
. defect, cannibalization and missing fastener maintenance actions and Iis
considered Navy controllable. The FIDR is used tc determine the design

Frequency Index scale fcr the FI graphs of Section 5.0.
3.5.3 Technolegy Improvement Index

"Maintainability estimating techniques must Dbe responsive to design
technology advancements as well as design parameters and historical maintenance
_data"5. The MIM calculates baseline maintenance requirements reflecting i
state-of-the~art technology and its corresponding R&M effort. The model is also
receptive to advances in design technology. Inherently, an increase in aircraft
performance results in an increase in maintenance requirements. To minimize or
reverse this trend, greater emphasis must be placed on R&M through technology
improvements. This relationship is shown in Figure 3.5.

MAINTENANCE REQUIREMENTS ~—

TECHNOLOGY IMPROVEMENT —mam- 7

Figure 3.5 Maintenance Requirements (Ref. 12

Engineering improvements wnich reduce wmaintenance resources and frequency
of masintenance in a new cesign are measured by the Tecnnology Inder (TI). Using
data from the MIM and predictions made by thz2 contractor, & Technology Index can
be calculated for each system per Equation 3.11.

EMMH/FH - PMMH/FH Eq. .1
Tl = BMMH/ FH x 1004
!
: 2 where,
; TI = "achrolegy Improvemsat Index
{ PMMR/FH = Predictaed MMH/FH
E SMMH/FH = Baseline MMH/FH
|

v f 3’ﬁ




REV A

Using the Airframe/Fuselage System as an example, Class 1 O~level MMH/FH
Technology Index for the F-180 was found to be 53%.

x 100% = 53%

TI «§1.572 - Q.746
1.572

where 0.T46 {3 the 3-M equivalent MMH/FH of the contractor's predicted 0.403
value. {Refer to Section 5.0, paragraph 5.1.3 for additional information.)
This indicates that the contractor predicts the F-184 Airframe/Fuselage System
to be 53% better than a comparable state-of-the-art desaign. Substantiating
documentation for achieving thig prediction should bte presented through
qualitative maintainability feacures in the contractor's proposal.

Technology Indexes for MA/FH, EMT/MA and MMH/MA are determined in similar
fashion and are discussed in Section 5.0, paragraph 5.1.3.

3.6 MODEL VALIDATION

The purpose of the MIM is to Jetermine the maintenance requirementa for a
Ziven sized aircraft as a funcvion of design. The model was deaigned to be
independent of 3system maintenance veculiarities unigque %to a given aircraft.
Cround rules for a system regression analysis permitted excluding those aircraft
which exhibited abnormal maintenance. If a satisfactory regression analysis
could not be obtained using all eight aircrafl, those aircraft in the minority
were deleted from the system analysis. To include them would have distorted the
trend for a majority of the aircraf:, lowered system regression correlation ana
decreased the offectiveness of the modezl. The relationship between design and
maintenance would be degraded.

An effort was made t¢ determine why certain aircraft exhibited bigher or
lower reported maintenance than the rssultant calculated value. These findings
are noted [n Section 5.0 when available. Unfortunately, not all cases could be
resolved because of insufficient data.

Validation of the MIM was made at both the aystem and wioapon system level
using the parameters MMH/FH, MA/FH and EMT/MA. Individual systs=m validation i3
presenced in Secticn 5.0 by two-digit WUC. Most all systeas axhibited correla-
tion coefficients in the high §0's indicating excellent data norrelation. Total
weapon system validation is shown in Table 3.7 and figure 3.6. Results show good
correlation bvetween actual and calculated data with the model slightly under
predicting baseline aircraft maintenance.
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TABLE 3.7 MODEL VALILATION - CLASS 1 MAINTENANCE

TOVAL UHSCHEDULED Q-LEVEL
MM/ FH :
AIRCRAFT MM/ P MA/FH ENT/MA
ACT CAL ACT CAL ACT CAL ACT CAL
AwdH 14.8 14.6 4.1 4.2 1.0 1.0 2.1 2.1
A-6E 29.7 30.2 8.5 9.1 2.0 1.9 2.2 .4
A-TE 25.0 23.2 7.2 7.0 1.6 1.5 2.2 2.3
AY-8A 23.1 20.1 6.4 4.8 1.4 L9 | 2.4 2.2
-4y 4.7 38.3 14.2 12.6 2.4 2.3 3.0 2.7
F-8J 35.3 26.4 10.4 8.1 2.0 1.5 2.8 2.6
F-14A 5.2 45,7 18.2 15,1 2.9 2.7 2.6 2.9
$=3A 28.¢ 0.5 3.8 10.4 2.9 2.3 2.2 2.3
50
F-14A
45 - 7/ ©
40 b
Q
Fed
LI
ol
=
£+
=1
poed
€
\ s 25 b=
4 ]
3, L
5 -
A-4M
! 10 - /
; E ..../
\ H 4 )i | | | { | ! !
b] 9 10 15 20 25 30 38 40 45 50

ACTUAL MMM/ FH

FIGURE 3.5 MODEL VALIDATICN - CLASS ) TOTAL AIRCRAFT MMH/FM
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5.0 SYSTEM ANALYSIS

This settion of the Handbock presents the methcdolocy and techniques used
to evaluate a contractor’s quantitative maintainability predictions at the
two-digit WUC level. In addition. the user can apply these techniques to
establish system goals wnd total weapon system requirements by specifying
desired design technology improvements.

The Handbook is arranged nimerically with Standard Work Unit Caodes 11-90
identifying aircraft "systems and Standard Support Action Codes 0105 {denti-~
fying support action tasks. For the sake of continuity, the term system is
defined to include uyupport action tasks and the term WUC is defined to include
Support Action Codes.

The methodelogy used to evaluate the maintenance requirements of a new
weapon system encoampasses using hiatorical data, regression analysis tech-
niques, graphical techniques, «contractor predictions and an evaluation
worksheet. For cach system, a series of tables and figures consistent in title
and numbering are presented. To aid in understanding the methodology
pragsented, the F-184 contractor predictions (Reference 8) are included as an
example. Where F-18A predictions are not available (i.e. support actions),
baseline values are shown. A brief discussion on the content of the tables,
graphs and woriksheet follows. Refer to the Airframe/Fuselage 3System, paragraph
5.1, for sample formats and a more detailed explanation.

o} TWO-DIGIT WUC MAINTENANCE DATA SUMMARY (TABLE 5.1-1)

This tahle contains historical maintenance data extracted from Appendix A
and used in the system analysis. Data is broken down into two classes of main-
tenance and two levels of maintenance for five parameters. All total, 22 gquan-
titative values are shown which describe the basic maintenance requirements of
these aircraft. When the two-digit evaluation for a new system iz completed,
the information provided in this secticn wiil enable its user to generate a
similar set of walues,

O REGRESSICH .WNALYSIS SUMMARY (TABLE 5.1-2)

Tris table summarizes the results of a regression analysis program used to
correlate aircraft -esign and performance characteristics with historical main-
tenance data. For each gystem, or group of asystems, one or two applicable
design/performance parameters were correlated with Clags 1 O-level MMH/FH
(Maintenance Index). A similar treatment was performed for Class ' O-level
MA/FH (Frequency Index). Statistical parameter results are included for each
index equation.

&
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o SYSTEM MAINTENANCE INDEX GRAPH (FIGURE 5.1-1)

The Maintenarce Index (MI) graph ashows the relationship between baseline
and predicted O-level MMH/FH requirements for a givan design. The baseline
curve was developed from the regression equation presented in Table 5.1-2 using
graphical - techniques. The advantage of the graph ia that it converts an
abstract equation Into an easy to understand visual picturse. The sensitivity
of system maintenance s shown as a function of aircraft speed, welight, thrust,
etc. Each graph has two MMH/FH scales. The upper scale called Design MI
identifies Class 3 maintenance. The lower scale called 3-M MI jdentifies Class
1 maintenance. Converaion between the two scales 13 determined through the
Maintenance Index Defect Ratio which is unique for each system. Solution of
the graph enables the user to (1) identify the minimum acceptable maintenance
expenditure for the given design as measured in an operational enviromment, (2)
convert contractor predicted MMH/FH to a 3-M equlvalent and (3) identify the
predicted improvement or degradation over a baseline design. See paragraph
5.7.1 fer a more detailed explanation on the procedure for evaluating a system
Maintenance Index.

) SYSTEM FREQUENCY INDEX CRAPH (FIGURE 5.1-2)

This illustration is similar to the Maintenance Index graph axcept MA/FH
is plotted instead of MMH/FH. See paragraph 5.1.2 for details.

) WORKSHEET FOR EVALUATING SYSTEM MAINTENANCE REQUIREMENTS (FIGURE 5.1-3)

This worksheet 1i= used in evaluating system quantitative ma atenance
estimates for a new design. To simplify use of the worksheet, it is divided
into three parts. Part I calls for RFP response data. From the contractor's
maintainabllity proposal, the user must extract predicted MMH/FH, MA/FH (or
MFHBMA) and EMT/MA estimates by two-digit WUC at O and I levels. In addition,
design/psrformance parameters applicable to each system are required. Te
simplify this task, the user may requast the contractor submit a list of
desigr/performance parameters (Table 3.5) 4in his maintainability proposal
volume . Partv II identifies system constants applicable to each 3system.
Baseline constants were determined from the system historical data base.
Predicted constants must be determined using contractor estimates.

Part III of {he worksheet presents the system analysis evaluation proce-
dure. The methodology shows how each maintenance parameter can be calculated
for baseline and predicted criteria plus identification of technclogy improve-
ment factors. Full or partial completion of this part of the worksheet i{a left
to the discretion of the Handbook user. All, o~ just a few parameters can be
nalculated depending on the depth of analysis quired. See paragraph 5.1.3
for a more detailed procedure on the calculation of system maintenance require-
ments. The net output from this worksheet will anawer the following questions:

1. Are the contractor's estimates in the "ballpark"?

2. How much maintainability dimprovement, in percent, is the contractor
predicting?

3. Do qualitative maintainability features presented in the contractor's
proposal substantiate these estimates?

5-2
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5.22 OPERATIONAL SUPPORT - WUC 01
selected Parameters: Weight empty, sortie length, and fuselage wettad area.
Mugber of Regression Equations Rupn: 7
Parameters Considered and Rejected: Weight combat énd weight maximum takeoff.

comments: Support Action Code 01 accounts for the largest expenditure of
reported aircraft maintenance. Approximately 70% of Class 1 Suppert MMH/FH and
27% of Class 1 Total Aircraft MMH/FH is reported against %his code. Operational
support is generally considered a Navy responsible task because of the numerous
routine 2nd repetitive subetasks performed under code 01. OPNAVINST U4790.24
(Ref. 18) does not breakdown code 01 to the 3rd digit. However, a review of the
data indicates mcst commands are using a three-digit code breakdown published by
CCMNAVAIRPAC (Ref. 31):

Operational Support (010) Manning Standby Airecraft (01%8)
Ground Handling (011) Troubleshoot Launch Aircraft (01€)
Servicing (012) Inertial Navigation System (017)
Mission Configuration (013) FOD Walkdown (018)

Ground Safety (014) Other (019)

Frem a contractor's standpoint, only two of these sub-tasks are considered
design related: Servicing (012). and Troubleshoct Launch Aircraft (016).
Additional data on these sub-tasks is provided in paragraphs 5.22.1! and 5.22.2.

wWeight empty, sortie length and fuselage wetted area were the design
parameters selected by the regression analysis program as having the greatest
effect on Operational Supoport. For the Maintenance Index equation, the
relationship was directly proportional to weight empty and inversely
proportional to sortie length. For the Frequency Index equation, the
relationship was directly proportional to fuselage wetted area and sortie
length. Fighter aircraft required more maintenance (support) than attack
aircraft because of their design characteristics as illustrated in Figures
5.22-1 and 5.22-2.

The A-7E and F-8J were eliminated from the regression analysis because of
unsatisfactory regression correlation. To include them would have distorted the
trend for the majority of the aircraft.

Completion of code C1 index graphs requires the user to complete Part I of

Figure 5.22-3. Data for this worksheet must be extracted from the Servicing and
Troubleshoot Launch Aircraft worksheets.

5129

R A - AR M Ry © 1

-

L O "L St i T A AL bt bt P e el L
B > o ':N
L4 ~




N

5-130

' 94571 - - Lz A A 850" - - 96" 685°1 815°'1 VES
¥82°2 - - be' 09%° IS51° - - v0°' 1 050°2 { 2U°2 | vpi4
622°2 - - 62" L00° 200° - - 86" 29272 | 1222 £84
200°1 - - 0s° 200" 100° - - £9° 185°1 100°1 Cpd
1L - - - - - - - L9’ i1 1/t YBAY
LE2°1 - - - - - - - £0°1 661°1 €271 31y
160°1 - - - - - - - 01°1 £66° £60°1 oV
906" - - - - - - - LS 9861 906" WhY

INITVAINDI NBiS3IT - JINYNIINIVW € SSY1)
890°8 - - 65" 612" OEt” - - 09°1 0S6°F | 8E6°( VES
LSp° 1T - - 59° 686" 28¢" - - A Ok 0€2°S | SZO°TT| V14
29811 - - 00°1 600" 600° - - 50°2 £62'S | €£18°11 r84
955°6 - - GE'E 020° 890" - - 05°2 (18 | 0£s°6 £b4
£25°6G - - ov'2 500" 210" - - £6°1 186°¢ 115°S | vBAY
¥80°8 - - ¥5°1 50¢° 800" - - v8° 1 00b'v | 9/C°8 3oy
£L0°8 - - Gh°1 vo° 190" - - £1°2 ¥S1°€ 210°8 39y
2iL’e - - 08°¢ 200° L00" - - 12°1 LS0°E | sOL°¢ WV

Ha/H0 NIW | VW/INI | W/t | HA/WVW | He/H NIH | YW/INI | VW/HWW | H4/VH } HA/HEM

Wil 1A 1 RELERIRY 140¥
WE - JONYNIINIVW T SSY1D
140ddNS TYNOTLVY¥3dO *WILSAS 10 0N
AYVIWAS VIVO JONVNILNIVW O0M LI9IG-OML  1-22°S 31gvi

g

L & e




WUC:

e e R e I T s e o)

LADLE D, Z2-¢ RELREIJLUN ANALTILY JSUMMAR!

01 SYSTEM: OPERATIONAL SUPPORT

MAINTENANCE INDEX ESTIMATION - MMM/FH O LEVEL

REV A

M Ml WEIGHT.EMPTY SORTIE LENGTH

ACFT I ERROR X 103 18s HOURS

ACTUAL CALCULATED (WTMT) (L)
AGM 3.705 3.785 -.080 10.4 1.550
A6E 8.012 8.368 -.356 26.0 1.830
AV8A 5.511 5,307 .204 12.0 1.050
FaJ 9.530 §.823 -.293 30.8 1.380
F14A 11.075 10.738 .337 38,2 1.560
S3A 7.938 7.751 .187 25.6 2.680

STATISTICAL PARAMETERS:

REGRESSION EQUATION MI = .7.9012 + 5.3533 n (WTMT)
=1.9394 1n (SL)

CORRELATION COEFFICIENT r = 0.9942

STANDARD ERROR QF ESTIMATE S = 0.4998

CONFIDENCE LEVEL, 95% 25 = *0.8156

NUMBER OF OBSERVATIONS N= 6

FREQUENCY INDEX ESTIMATION - MA/FH O LEVEL

M FI FUSELAGE wngsg SORTIE LENGTH

ACFT ERROR | AREA X 109 FT HOURS

ACTUAL CALCULATED (FUSWET) (5L)
AGM 3.057 3.308 -.251 .487 1.550
AGE 3.754 4,253 -.499 1.106 1.830
AVBA 3.587 3.158 .429 .541 1.050
Fad 3.817 3.396 -.079 .913 1.380
F14A 5.230 5.132 .098 1.647 1.560
S3A 4.950 4.649 .301 1.004 2.680

STATISTICAL PARAMETERS:

REGRESSION EQUATION FI = 1.8159 + 1.5686 (FUSWET)
+0.4695 (SL)

CORRELATION COEFFICIENT r = 0.9110

STANCARD FRROR QF ESTIMATE S = 0.6028

CONFIDENCE LEVEL, 95% 25 = *+1.20%6

NUMBER 0F 0OBSERVATIONS N =
5131
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REV A
wuUC: — — CONTRACTOR:
SYSTEM: snepavisaal Sumoors AIRCRAFT MQOEL.
PART | COMTRACTOR RDATA
CONTRACTOR PREDICTIONS -
CLASR 3 "ESIGN MAINT, REQ. PART It SYSTEM CONSTANTS
ML MM/ R Ma, R MMM /A | EMT/MA
= . PARAMETER assg PRED
! MEN, | AVG NO. MEN - O LEVEL —en
MEN, | AVG NC. MEN - | LEVEL o
1 .
DUSIGN/PERFORMANCE PARAMETEARS MR MBAR/FH | LEVEL RATIO (28
BN MA/fH | LEVEL RATIO .03
‘eight Impty, lbs.

Jor<ie Tangtd, Irs, 2
Tugelage Wetted Arsa, 7%

PART 111 SYSTEM ANALYSIS

: IMPROVEMENT
%&s",‘ "c',,i',cffo (D% IRATATION)
1M DATA 3N CATA &
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Figure 5.22-3 Workshest for Evaluating Syssm Mantenance Requiraments
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REV A
§.22.1 SERVICING - WUC 012
selected Parageters: Weight empty, sortie length, and maximum speed.
Number ol Regression Eguations Run: 8
Parapeters Conajdered and Rejected: Thrust/weight ratio, weight combat, and

vWe ight maximum takeoff.

Gomments: Empty weight, sortie length, and maximum speed were the three design
parameters selected by the rsgression analysis program as having the greatest
effect on servicing. )

Analysis showed that sortie length was a significant driver of servicing
maintenance. Index graphs for both MI and FI equations show a negative slaore
indicating servicing wmaintenance is inversely proportional to sortie length.
Aircraft with higher sortie lengths exhibit lower MI and FI values. For
example, doubling the AV-8A sortie length from its current 1.05 hour average to
2.10 hours would reduce the MI 23% and the FI 30%, respectively.

A Maintenance Index Defect Ratic (MIDR) of 0.67 was established based on an
analysis of 4-7A and F-14A4 demonstration data. The analysis indicates that 679
of the 3-M reported servicing time is design related. Since all servicing tasks
are considered design ralated, Frequency Index Defect Ratio (FIDR) = 1.0.

The F«8J and F-144 were eliminated from the MI regression analysis bacause
of unsatisfactory regression corrslation. For the FI analysis, the F-8J was
cmitted. Actual MI and FI values exceedecd the norm.
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TABLE 5.22.1.2  REGRESSION ANALYSIS SUibs:)

REV A
WUC: o1z SYSTEM: _ SERVICING
MAINTEN/NCE INDEX ESTIMATION - MMH/FH 0 LEVEL
M MI WEIGHT EMPTY SORTIE LENGTH !
ACFT ERROR X 10° LBS HOURS |
ACTUAL  [CALCULATED (WTNT) (5L) i
ASM 985 | .993 -.038 10.4 1.550 '
AGE 1.022 1992 .030 26.0 1.830
ATE 1.033 -386 \u47 18.9 1.730
Av8A | 1.136 1.129 .607 12.0 1.050
F4J 1.100 1.130 -.030 0.8 1.380
$34 760 776 -.016 26.6 2.680
STATISTICAL PARAMETERS: »
REGRESSION EQUATION MI = 13441 + 0.0046 (uTHT) ' j
-0.2573 (SL)
CORRELATIUN COEFFICIENT rx 0.9672
STANDARD ERROR OF ESTIMATE S =~ 0.0058
CONFIDENCE LEVEL, 95% 25 = £0.0115 ;
YUMBER QF OBSERVATIONS N= & %
FREQUENCY INDEX ESTIMATIGH - MA/Fi O LEVEL
M FI SORTIE LENZTH AAXIMUM SPEED
ACFT — ERROR HOURS X 103 KkNQTS
ACTUAL  |CALCULATED (L) {(VMAX)
AdM 1.910 .913 097 1.550 537 3
A6E 655 .813 -.128 1.830 -430 3
ATE 713 847 -.134 1.730 -506 ]
avea | 1.140 1.077 1063 1.050 .525
F4J 1.208 1.210 -.302 1.380 1.230
F14a | 1.130 1.176 014 1.560 1.31a
$3A Lz 1593 .19 2.680 1410
STATISTICAL PARAMETERS: _ :
REGRESSION SQUATION 1 = 1.2895 - 0.4281 1n (5L) _
+0.2970 1n (ViA/) :
ORRELATION COEFFICTENT rs  0.8975 1
STANDARD ERRQOR CF ESTIMASY S = 0.0707
CONFIDENCE LEVEL, 35% 2« Iu.l414
NUMBER NF OBSERVATIONS Vs 7 i
g
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\ . |
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REV A

1.0¢.2 TROUBLESHOQT LAUNCH ATRCRAFT - WUC Q16
salected Parameters: Weight combat, weight avionics installed, and

thrust/waight ratio.
Nuagbar of Regression Equations Rup: 4

Parageters Copsidered and fejected: Weight ampty, weight maximum takeoff, and
wvetied area.

Copmenta: Support subetask Troubleshoot Launch Aireraft {s considered design
related since it 1s a function of equipment rellability and fault {solation
ability. Combal welight, installed avicnies weight and thrust/weight ratio were
the parameters selected as having the greatest lzmpact on this task. Regression
analysls results are shown in Figures 5.22.2-1 and 5.22.2<2.

Tha A-GE, AV-84 and F-8J were deleted from the ragression analysis because
actual MMH/FE and MA/FH values were guch lower than caloulatad values. A
correlaticn bacveen aircraft design and maintenance expenditdre was no% shown
for these aircraft.
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IABLE  D.44.4-¢

REGRESSION ANALYSIS SUMMARY

REY A

WUC 016 sySTEM:  TROUBLESHOCT LAUNCH A/C
MAINTENANCE INOEX ESTIMATION - MMH/FH O LEVEL
M MI WEIGHT. COMBAT
ACFT ERROR X 103 LBS
ACTUAL  [CALCULATED (WTCOM)
AdM .406 .434 -.028 17.6
ATE 814 '947 -.133 25.9
F8d 1.158 1992 -166 26.8
Flea | 1.749 1.805 -.056 49.5
$3A 1.513 1.462 -051 38.2
STATISTICAL PARAMETERS: .
REGRESSION EQUATION M[ = -3.3581 + 1.3259 Tn (WTCOM)
CORRELATION COEFFICIENT FT 0 9773
STANDARD ERROR OF ESTIMATE S = g 0sia
CONFIDENCE LEVEL, 953 25 = +'303¢
NUMBER OF GBSERVATIONS N g

SREQUENCY INDEX ESTIMATION - MA/FH O LEVEL

+0.4677 (T/W)

M FI WEIGHT AVIONICS THRUST/WEIGHT
ACFT ERROR INSTALLED RATIO
ACTUAL  jCALCULATED X 10 LBS (WTAVIN) (T/W)
A4M 576 .547 .029 .612 1.078
A7E .486 .513 -.027 1.347 .793
F14A .860 .881 -.021 3.039 1.094
S3A .873 .854 019 4 223 .697
STATISTICAL PARAMETERS: ) , .
REGRESSION EQUATION F7 = -0.0378 + 0.1339 (WTAVIN)

CORRELATION COEFFICIENT r o= 0.9868
STANDARD ERRQOR OF ESTIMATE S = 0.0024
CONFIDENCE LEVEL, 95% 28 = t0.co4a
L‘ NUMBER OF OBScRVATIONS Now 4
5-143
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REV A

wug: 018 CONTRACTOR: ——
SYSTEM: Trevhlesiege Cgumak o doeey > - AIRCRAFT MODEL:

PART | CONTRACTOAR DATA
CONTRACTOR PREDICTIONS —

CLASY 2 DESIGH MAINT. AEQ, PART 1 SYSTEM CONSTANTS
MY MMM/ % MA /B Mid /M | EMT/MA w{
~ PARAMETER RASE PAED
! MEN | AVG NG MEN - O LEvEL -
MEN, | AVG NO. MEM - | LEVEL o
R&ATH L0
DUSIGN/PEREORMANCE PANAMETENS MR | MMK/RR | LEVEL RATIO
PilR MAa/BH | LEVEL RATIO 0
alght Jaoobwe, lbg,

elght Avionies Tagtalled, lhs.
Tuase/Neight Tatio

PART 111 SYSTEM ANALYSIS

, i EMENT
| mor |
3M DATA 34 DATA

PARAMETER CALCULATION (A) 8 A R
ey | e S T T
3ASELINE Lo |
o PACDICTE0 s | )
wasmag | FREQ INDEX GRaPM %Wf/ /}z/{z/:/% 0 v 0
. - BASELINE 2 _ [ ]
e 7777777777 , I .
MMM MMPH/PH 7 MARH, {',%/M%/////W///f// 7 47//7//7 G
N + g
* éz // /// 1,//’// ’'a
P Ll LN 8 e
¥ A
o , B e,
MM/ BH, l MMMV XCMIR L //7//755’7/":/ s 1//7'7/“l
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Fiqure  222-3  Worksheat for Evaluating System Mainvtenancs Regquiramants
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REV A

5.23 CLEANING - WUC n2
Sglected Parageters: Index coustants ware established for Cleaning.
Number of Fezression Equations Bun: 9
Zarznetecs Considersd and Relected: Nene
Cominents: Alircraft Cleaning is considered a Navy responaible support action
taak. Randumriess of the Jata prevented a satisfactory regression analysis from
being nerformed. A3 3 result, index constants Wwere aatablished.

A Mainterance Index of 0.188 MMH/FH was determined by averaginrg Class 1
O-lavel MMH/FH. A Frequency Index of 0.007 MA/FH was detarmined by averaging

Class ' Qwlevel MA/FH. Given these two coustants, the resaining Class 1
baseline parameters can be calculaterd. Results are shown in Figure 5.23-1.
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: WUC: 32 CONTRACTOR:

; SYSTEM: cleantag AIACRAFT MQDEL:

PART | CONTRACTOR DATA

, CONTRACTOR PAEBDICTIONS -

: CLASS 3 DESIGN MAINT. REQ. PART 1l SYSTEM CONSTANTS

f ML MMH/F MAFH MMHMH/MA | EMT/MA P i

| PARAMETER BASK PRED

Q P —asm —om P

MENO AVG NQ. MEN - O LEVEL on-

MEN' AVG NQ. MEN - ! LEVEL hihd
OESIGN/PERFURMANCE PARAMETERS MIIA 1 MMR/EH | LEVEL RATIO -8
FHR MA/PFM | LEVEL RATIO J12

e it

PART il SYSTEM ANALYSIS

IMPROVEMENT
“gf};.‘“,‘ “c',o,'ssafn (DEGRADATION)
3IMDAaTA 3-M JATA ’C‘
PARAMETER CALCULATION (Al @ <
MMH/EH MAINT INCEX GRAPH ;’/W 0 ,7,»/7/”%////7, 7 // ////1’7//
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. o PREDICTZD L
N gy,
: IV FREL INOEX GRAPH ////,Wﬂ 7 //////// e
“ Ty 3ASELING i ///A/Zréw
. ' 2
FREDICTED W// 2% v _ .
vmiang | MRS C AR, A
_ 138 = o7 1.0k v
o = P
( EMT/MA MMHIMA = MEN S A A
f o R - Ui,
| : 77707,
MM/ MMH/FH X MITA 7({//’/2/‘;/"//‘/{7}/ 7
5 a8 X 8 oL
x Vi aa A
¢ " A/ PH, MA/RH., X RHA /// Sy /////,i/// e
ey X% .
‘@) 2. 28 x,
‘ x ’/ e //? 7%
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REV A

5.24 INSPECTION - WUC 03

Support dction Code (WUC) 03 ide.tifies maintenance expendad fu. scheduled
ailreraft inspections. A further breakdownn to the third and subsequent digit
procved to complicated because of ths numerous types of inspections reported and
the manner in wh'ch they were docunented. instead, a grouping of 03 coded data
by Type Maintena :8 Codes was selectd:

STANDARD TYPE MAINT.
e INSUUTION. I CODE
Turnarcun./Prefiight (s C
Daily/Spec¢ .al 0. D, M, N
Phase 053G G, J, X, P, 0O
Conditiona: WEN N
Qtlier 037 A, E, F, L, T, U

5.24.1 TURNAROUND/PREFLIGHT INSPECTION -~ WUC C3C

Selected Parameters: Weight combat, weight empty, and sortie length.
Number of Regression Zguations Run: 6

Parameters considered and Beiected: Weight maximum tabeoff

Commentad: Turnaround/Preflight Inspection i= considered a design relatsd support
action task (FIDR =z 1.0 and MIDR = 0.67). Data repurted under Standard Work
Unit Code (SWUC) Q3C is grouped by Support Action Code G3 (Inspection) and Type

o~

Maintenance Ccde ¢ (Turnraround, Preflight Insvecticons).

Regression analysis showed that combat weight, weight enpty and sortie
length had the greatest effect on this task. As expented, larger aircrart with
noie surface area required more turnaround and preflight scheduled amairtenance.

The A-6E and F-8J were exnluded from the FI regression analysis because of
low regression correlation. Actual values for hoth aireraft were about 273
below the noraz. Specific reasons for this could not be determined .sing the
data.
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TABLE §.24.1-2  REGRESSION ANALYSIS SUMMARY

REV k
WG 03¢ SYSTEM: TURNAROUND/PREFLIGHT INSPECTION
MAINTENANCE INDEX ESTIMATION - MMH/FH O LEVEL
B ™ M ~ T WEIGHT COMBAT
ACFT ERROR X 103 LBS
ACTUAL CALCULATED (WTCOM)

ALM .593 ,530 .013 17.6
AEE 1.615 1,545 .70 45.5
A7E .756 v, 867 -.111 25.9
AV8BA .826 .646 .180 19.5
FiJ 1.428 1.414 .014 41.7
FaJ .679 .898 -.219 26.8
F14A 1.612 1.683 -.071 49.5
S3A 1.417 1.293 124 38.2
STATISTICAL PARAMETERS:

REGRESSION EQUATION MI = .0.0282 + 0.0346 (WTCOM)

CORRELATION COEFFICIENT r=  Q.9554

STANDARD ERRJR OF ESTIMATE S= (.1188

CONFIDFNCE LZVEL, 95% 25 = +0,2376

MUMBER QF OBSERVATIONS N= g

FREQUENCY INOEX ESTIMATION - MA/FH O LEVEL
M FI U WEIGHT EMPTY | SORTIE LENGTH
ACFT ERROR X 105 LBS HOURS
ACTUAL  [CALCULATED {WTMT) (5L)

A4M .591 .537 .054 10.4 1.550
ATE .554 .650 -.136 18.9 1.730
AV8A .641 638 .003 12.0 1.050
F4d 1.069 .985 .084 30.8 1.380
F14A 1.074 1.115 -.041 38,2 1.550 |
S3A 757 721 ,038 25.6 2.680

STATISTICAL PARAMETERS:

REGRESSION EQUATION FT = 0.5306 + 0.0208 (WTMT)
+0.1358 (sL)
CORRELATION COEFFICIENT roa 0.9417
STANDARD ERROR QF SSTIMATE § a  (3.0313
CONFIDENCE LEVEL, 957 25 = t0.0626
NUMBER OF OBSERVATIONS N f
-y
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| CONTRACTUR PREDICTIONS ~ .
i CLASY 3 OXSIGN MAINT. RBQ. PART {1 SYSTEM CONSTANTS
' Mb, | MMMIFH ] MAIEM ] MM AA | EMT/MA
g n’h PARAMETER BASE PASD
i ! MENG | AvG NO. MEN - O LEVEL - l
? M, AVG NO. MEN - | LEVEL —ne l
KA MMH/FH | LEVEL RATIO .00
SOAMLNCE PARAMETERS I
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REV A

5.24.2 DAILY/SPECIAL INSPECTICN « WUC 03D

Saelected Parametaers: Weight empty, sortis length, wetted area, and
tarust/weight ratlio.

Nunbar of Regression Equationa Run: 10°

Parameters Copnsidered and 'leje-;e-: Maximum speed, weight combat, and weight
maximum takeoff.

commenta: Daily/Special Inspection Is considered a design related support
action task. All wmaintenance actions reported against this code are the
responsibility of tha contractor (FIDR =2 1.0), while only 67% of the maintenarnce
time is contractor controllable (MIDR = (.67). Dat: reported under SWUC 03D {s
grouped by Support Actien Code 03 (Inspection) and the following Type Mainte-
nances Codes: . :

D Daily/Postflight, Daily Special Inspectiocn
M Hourly Special Aircraft Inspections
N Cycle/Event Special Airceraft Inspections

The higheat wmaintenance expenditure for scheduled aircraft inspections in
this grouping was reported for Daily/Special Inspections. MI values frem 1.4 to
4.0 MMH/FH were reported in the data bhase.

The Maintenance Index regression analysis was found to be directly oro-
portional to weight empty and inversely proportional to sortie length. The
Frequency Index equation was found to be dinectly proporticnal to fuselage
wetted area and thrust/weight ratio.

The A-UM and F-3J were doleted from the Frequency Index regression analysis
because of unsatisfactory correlation. Actual values for both aircraft excueded
calculated values by a factor of two. Average inspection time measurad in
MMH/MA was much lower for these aircraft than the other aircraft.
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TABLE 5.24.2-2 REGRESSTON ANALYSIS SUMMARY

WUC: Q30 SYSTEM: DAILY/SPECTIAL INSPECTION

MAINTENANCE INDEX ESTIMATION - MMH/FH O LEVEL

M MI P “TH
ACFT ERROR WiIfg ESSTY SORgésRéEN(
ACTUAL CALCULATED (WTMT) (sL)
AdM 1.445 1.550 ~.105 10.4 1.550
ASE 3.061 2.706 .355 26.0 1.830
ATE 1.8%4 2.148 -.254 18.9 1.73C
AVBA 2.397 2.280 116 12.0 1.050
F4J 3.678 3.682 -.004 30.8 1.380
F8J 2.683 2.662 .021 19.8 1.360
F14A 4.038 4.175 =137 38.2 1.560
S3A 1.788 1.780 .008 26.6 2.680

STATISTICAL PARAMETERS:

REGRESSION EQUATION MI = 2.3571 + 0.0948 (WTMT)
-1.1568 (SL)

CORRELATION COEFFICIENT r= (.9802

STANDARD ERROR QF ESTIMATE S= 0.2348

CONFIDENCE LEVEL, 95% 25 = %0.4696

NUMBER OF OBSERVATIORS Na 8

FREQUENCY INDEX ESTIMATION - MA/FH O LEVEL

M FI FUSELAGE wgm‘g THRUST/WEIGHT
i ACFT ERROR | AREA X 103 FT RATIO
ACTUAL  {CALCULATED ( FUSWET) (T/W)
AGE .689 712 -.023 1.006 715
A7E .502 .583 -.081 .749 93
AVSA 1.110 1.102 .008 .541 1./41
i F4J .981 .961 .020 .913 1.162
1 F14A 1.415 1.439 -.024 1.647 1.094
S3A .797 .698 .099 1.004 .697

STATISTICAL PARAMETERS:

, REGRESSION EQUATICN FI = -0.5131 + 0.7166 (FUSWET)
H +),7052 (T,/W)
CORRELATION COEFFICIENT r o= 0.0829
STANDARD ERRQR QF ESTIMATE S = 0.017%
, CONFIDENCE LEVEL, 95% 25 = *0.0358
NUMBER OF QASzRVATIONS N o= 5
‘ 5-158
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REV A

e T e e e T 2

WwWuC B CONTRACTQR:
SYSTEM: ihhaniieelel “agvestion AIARCRAFT MQDEL.
el N v
PART | CONTRACTCR DATA
VONTRACTOR PREDICTIONS -
! CLASE 1 DUSIGN MALINT. REQ. PART 1l SYSTEM CONSTANTS
| ML | MMW/ER | MA/FH | MIH/MA | Bt MA I ]
: % PARAMITER CASE PRED
i L) MEN, | AVG NO. MEN - O LEVEL | -
! MEN, AVG NG MEN - | LEVEL wue
! - " MU : SN 1 LEVEL RATI Ko
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REV A

5.24.3 FHASE INSPECTION - WUC 03G
Saelected Parameterse: Weight empty and thrust/weight ratio.
Nupiher of Regression Equations Pun: 6

Parameters Considered and Relacked: Sortie length, weight combat, density, and
waight maximum takecff.

Comments: Phase Inspection is a design related task addressing the look phase of
on-aircraft scheduled maintenancs. Data reported under this standard WUC is
grouped by Support Action Code 03 (Inspection) and the following Type Maiile-
nance Codes:

G Phased Inspection

Major Engine Inspection
Speciai Engine Inspecticn
Calendar Odd Inspection
Calendar Even Inspection

430 R <.

Regression analysis for the Maintenance Index equation showed that -weight
emnty and thrust/welght ratio were the most =statictically valid design
parameters. lLarger aircraft with higher thrust ¢*gines tead t¢ require more
scheduled maintenance.

Two aircraft were deleted frcm tne MI regression analvseis far the fcoilowing
reasons. The S«3A4 was excluded because actual MMH/FH was some oul less than cthe
calculated value. Cood maintainability design features {n the TF-34 sngine are
noted by an average repair time of less than 15 MMH/MA. The F-3J was sxcluded
banause actual MMH/FH was more than twice the caloulated value, Excesaivaly
higa repair time of almost 80 MMH/MA was reported for this older engine.

& Frequency Index constant of 0.025 MA/FH was established by averaging

Class ! O-level Ma/FH data. Regression analysis for FIl proved unsatisfactory
because all airecraft axhibited about the same MA/FH value.
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TABLE §,24.3-2 REGRESSION ANALYSIS SUMMARY

REV A
WUC : 036 SYSTEM:  PHASE INSPECTION
MAINTENANCE INDEX ESTIMATION - MMH/FH O LEVEL
. M M1 WEIGHT EMPTY THRUST/WELGHT
o ACFT ERROR X 103 tBS RATIO
. ACTUAL  |CALCULATED (WTNT) (T/W)
R AGM 645 .658 -.013 10.4 1.076

. ABE .380 .841 .139 26.0 .715

i ATE .621 .732 -.i11 18.9 .793

; AVBA .914 .884 .030 12.0 1.741

e FaJ 1.063 1.062 .001 30.8 1.162

] c14A | 1.133 1.180 -.047 38.2 1.094
S STATISTICAL PARAMETERS.
Lo REGRESSION EQUATION MI = 0.1865 + C.0186 (WTMT)
S +0.2962 (T/W)
ShE CORRELATION COEFF ‘CIENT r = 0.9210
PR STANDARD ERROR OF ESTIMATE  § =  0.0349
7] CONFIDENCE LEVEL, 95% 2s = %0.n63¢
SRR NUMBER OF OBSERVATIONS N= €

V"v’.: .: '

FREQUENCY INDEX ESTIMATION - MA/FH O LEVEL

M FI
| ACET ERROR
| ACTUAL | CALCULATED

NOT APPLICABLE

A
"
STATISTICAL PARAMETEIRS:
b REGRESSICON EQUATION FI =
CDRR&LATION COEFF 'C{E{I ~ =
. STANDARD ERROR OF ZSTIMATE S
i CONFIDEMCE LEVEL, 35* 25 =
| NUMBER OF OBSERVSTICONS N o
j
!
i
; 5-184
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REV A

wucC: PR CONTRACTOR:
SYSTEM: jnsfe ‘nctection AIRCRAFT MQDEL:
PART | CONTRACTOR DATA
CONTRACTON PREDICTIONS ~
CLASS 3 DESIGN MAINT, REQ. PART Il SYSTEM CONSTANTS
ML | MMER/ER | MA/BH | MME/MA | EMT/MA -
- . PARAMETER BASE PRED
e MEN, | AVG NO. MEN - G LEVEL oe-
MEr, AVG HO. MEN = | LEVEL -
CESIGN/PENFORMANCE PARAMITIRS MUR 1 MMH/EH ) LEVEL RATIO <37
LIRY: MA/EH | LEVEL RATIO Rey )
el at Impty, lbs.
Tt/ atghs Zatio
PART N1 SYSTEM ANALYSIS
" MPROVEMENT
age:gtv}t ""c‘gf?;g’?” (OBGRADATION)
1M DATA IM OuTa st
PARAMETER CALCULATION (A} 1@ . { %
W MAINT. INDEX GRAPH /W////'/[///%rf, Y ;4:7 /////7///%%;////2%/7////4
JASELING U I 1
“’ SREDICTIO o |
MA/EH FREQ INOEX GHAPM - W__/‘%J bt
PR A
PHEDICTED (L,
mwminaa | MRS T AN A L
i - L
~ - [z
e P 777 s A e A
(4 - s
- VL
MMH/EH, MMNIRR . XCMUR G 2
i x e, [
X a7 ;
waspy, RN 77/t Ao v i i
“ iy i
. x ) @iz
X 2]
MR /MA, MMRIRM S MAER A
” e T ]
: - % ozl !
aMT/MA, | ML T MEN, ¢ ,,,~:",/4i’3',/'//.44a-w7 A, ,j)
o) e o mesn :r e v ,F‘;/ZV L %
* e I | !
l ‘.wsw)v):w‘,m ‘,ﬁMH/Fv~1? « AN T b i t }

Figure 5.24.3-1
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REV A

§.24.4 CONDITIONAL INSPECTIGN - WUC 0238

Salected Paramuters: Weight empty and density.

Number of Regresszion hauations Bun: 3

Parameters Considered and Rajacted: Weight couwbat and wetted area.

Commerts: Conditional Inapection is considered a design related support action
task. All maintenance actions reported against this code are the [eaponsibilityv
of the contractear (FIDR = 1.0) while only 67¢ of the maintenance time is
contrantor controllable (MIDR =z 0.587). Data reportsd under this code is grouped
by Support Action Code 03 (Inspection) and Type Maintezanca Code S (Conditional
Inspection).

Regression analysis for both the Mailntenance and Frequency Index equations
showed that wsight empty and density were the most statistically valid desian
paramecers., Density i3 defined as weight empty divided by furelags volume.

Variations in conditiocnal inspection tasks betwesen alrceraft rasulted in 2
wide dispersal of the data. Certaia alprerafl were Jeleted from the regression
analysis because to include them would have distorted the %Zrand for the majority
of the aircraft.
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TABLE

9.24.0.2

- 2

REGRESSTON AMALYSIS SUMMARY

REV A

WUC: __ 03S SYSTEN: CONDITIONAL INSFECTION
MAINTENANCE [NDEX ESTIMATION - MMM/FH O LEVEL
3M NI WEIGHT EMBTY DENSITY
ACFT o - . ERRCR x 103 L8s L8/ FT4
ACTUAL  [CALCULATED (WTMT) (LEN)
AGE .478 .502 -.025 26.G 18.05
ATE .268 381 -.113 18.9 15,83
AVSA .257 379 .078 12.0 17.51
FaJ 752 .691 .061 30.8 21.56
FidA .633 .634 -.001 38.2 11.43
STATISTICAL PARMMETERS:
" REGRESSION EQUATION MI = -0,4957 + 0.0229 (WTMT)
+0.0224 (DeN)
CORRELATION COEFFICLENT ra  0.9376
STANOARD ERROR 0¥ ESTIMATE S =  0.0232
! CONFIDENCE '.EVEL, 95% 2$ = *0.0364
L_“ NUMBER GF QBSERVATIONS N= 5
i
FREGUENCY INDEX ESTIMATION - MA/SH N LEVEL
M Fl _ NEIGHT EMPTY DENSITY
ACET ERNOR v o103 Les LB/ FTS
ALTUAL CALCULATED LT o (DEN)
L AAM 017 .021 -.004 1C.4 17.45
ATE .083 .063 .020 18.9 19.89
AVBA {026 .031 . 005 12.0 17.91
FAd 087 .Ng¢ «. 009 30.3 21.56
F8J 058 UGl -.003 19.3 18.62
53A .064 063 .001 26.5 14.94
b d |
STATISTICAL PARAMETERS:
) f REGRESSICN EQUATIUN FT = -0.3111 + 0.0861 In (WTHMT)
Y | +0.0701 Tn {DEN)
CORRELATION COEFFICLENT rox o 0.9358
TUANTARD ERROD OF ESTIMATE < s 1.0905
CONFIDENCE LOVEL, 35% 2S = r0.0010
GUNEER OF OB3EAVATIONS N 6
169
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REV A
wUC: 213 CONTRACTOR:
SYSTEM: Sondirional Tasvecticn AIRCRAFT MQODEIL:
RART | CONTRACTOR DATA
CONTRACTOR PREDICTIONS -
CLASS 2 CASIGN MAINT. RgQ. PART 11 SYSTEM CONSTANTS
MU ] MMIH/EM | MA/EM | MMH/MA | EMT, MA ™
5 PARAMETERA 8ASH PRED
! MEN, | AVG NO. MEN ~ O LEVEL | ==
MEN, AVG NO. MEN - | LEVEL e
F— AFORMANCE PAMAMETERS MR MMM/EH | LEVEL RATIQ 0L
FHA { MA/EH | LEVEL RATIO .01
Seight Impty, 1bs. .
Tusalage Tolure, It~
Jengicy, lbs/2t - 1
PART i1t SYSTEM ANALYSIS
IMPROV EMENT
!gx.s:gﬂ! vnclgsc; :m (DEGHMADATION)
3™ DATA IM DATA el
PARAMETER CALCULATION Y () = I %
s . o s en crmpepeys s
N LTl 7772 A e B
JASELINE U
m PREDICTE0 U
wapng | TRAQ NOEX QRPN A A
@ BASELINE l” ] ] R,
PREDICTED 2zl
N - Y, 4.7 ‘o / 5 g s
MMM/ MMM/ EH o = MAFH o Wy/%"//l//////ﬁ///’: /// ///////(-ﬁ .
) a - 227727
- v
EMT/MA MMMIMA = MEN L g
” - R
' - L
MMK/ W, MMMIEH, X MUR 5// /17//,////74//,//,1//////// a//QC:://"///',' 4 ///////f/_//‘
L A,
- x , . . R
- X // //,Z%////A }
Ma/BH, MAGEM X FHR Vo 4%/,1( L LA 2
- . s L
x s
wwan, | 7 T T T
- VoA
(@4} Ty vy »
‘ - [z |
eMra, | NNINACTNEN, s
| N | !
‘ b , - VLI [
“M”Z)THOJ I T LU
mm‘d

Figurc 5.24.3-3  Viorkshest tor Evaluating System Mantenance Reguirements
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REV A

5.24.5 QTHER INSPECTIONS . WUC 032
Selected Parameters: Fusalage wetted arez, thrust/weight ratio, and denaity.
Number of Regression Equationa Run: 6

Parameturs Considersd and Rejegted:  weight empty, weight combat and weight
maximun takeof!.

comments: Standard WUC 032 is defined to include those support action
inspection tasks that are beyond the control and responsibility of a contractor.
All maintenance reportad against this code is the responsibility of the Navy
(FIDR = C.0, MIDR = 0.0). Data rsported under SWUC 032 is grouped by Support
Action Cody 03 (inspection) and the folleowing Type Maintenarice Codes:

General Support
Acceptance/Transfer Inspection
Transient Maintenance

Local Manufaqtuire

Supply Support

Reclamation and Salvags

G- tum e

Design parameters selected by the ragressior analysis program emphasized
ailrcraft physical size and pverformance such as fuselage wetted area, density and
thrust-to-waight ratio. Larger 4ircraft with aigher thrust-to-weight ratios
tend to require more miscellaneous scheduled malntenarnce.

Certain aircraft were deleted fro:x the ragresaion analysis because to
include them would have distorted the trend for tne majority of the aircraft.
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TABLE

. o
N.24% .57

REGRESSION ANALYSIS SUMMARY

WIC: 03Z SYSTEM: QTHER INSPECTIONG
MAINTENANCE INOXX ESTIMATION - MMM/FH Q LEVCL
e ~ m— )
| M MI FUSELAGE GETTED | merusT/vETGHT
ACKT  fome - ERROR | AReA ¥ 109 FT2 RATIO
ACTUAL CALCULATED { FUSWET) (T
A4M 375 .346 .029 .487 1.076
AR .01 L3335 -.034 1.006 715
ATE 245 .286 -.041 ,749 793
AV8A L0 723 -.013 541 1.761
F4. .559 .543 N1 913 1.162
S3A .367 .324 .043 1.004 697
i
STATISTICAL PARAMETERS:
REGRESSION EQUATION M =  -0.4068 + 0.3538 (FUSNET)
+3.5392 (T/W)
CORRELATTON COEFFICIENT p = 0.9804
STANDARD ERROR OF ESTIMATE s =  0,0089
CONFIDENCE LEVEL, 95X 25 = t0.0118
NJUMBER QF OBSERVATIONS N= 6
FREQUENCY INDEX ESTIMATION - MA/FR O LEVEL
: . M FI ! THRUST /WET GHT DENSITY
! ACFT : ERROR RATIO Lg/Fr3
| ACTUAL  [FALCULAT 7Y (Y/H) (OCN)
AGE .082 078 5 .708 715 18.05
ATE 089 .J90 -.001 . 793 .9.89
! AYIA 100 028 .002 1.7461 17.91
: £5J 107 111 -.004 1,162 21.55
y S3A .C46 REED -.005 657 14,94
i . am
STATISTICAL PARAMETERS:
, REGRESSION EGUATION FI = 00760 + 0.3245 (T/W)
‘ ';'{./ (407 (')L )
CORRELATION CORFFICIENT e ow 0,577 |
;T:qwﬁ TREOR OF ESTIMATC § ~  0.0G31 i
CONET] ana UeveL, a5z 25 = £0.0002 ]
NUMBER OF JBSTRVATIONS N ;
Q“ L )
. 5173
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ReV A

I wuc 2z CONTRACTOR:
SYSTEM: Sevaw Tagugacicng AIRCRAFT MQUEL.

PART | CONTRACTOR DATA
CONTRACTOR PREDICTIONS —~

CLASS 3 DESIGN MAINT. AEQ. PART I SYSTEM CONSTANTS
ML | MMHIBH | MA/ER | MMH/MA | EMT/MA g
PARAMETER a8 PR&D
-
' MEN, [ AVG NO. MEN - O LEVEL | -
MEN, ‘ AVG NO. MEN - ) LEVEL A
MUA MMH/FH | LEVEL RATIO L5
DENGN/PERFORMANCE PARAMETERS /
- PR MA/FH | LEVEL RaTIQ LT
Tuselsge Werced Arss, It
Twrase/Neight atlio
ZarsiTr, 9/242
PART IIt SYSTEM ANALYSIS
T (MPROV EMENT
PR
aas:;.n:t cﬁ"_\'gf" {CEGHADATION)
3IM DATA IM DaTA <
FARAMETER CALCULATION (Al 8 - | N
- B ’ 4 B P RO ” ; ',r/,r,.,,"‘"
Warieng | GAINT INOEX SRAPW e s
JASELINE Rk
" AREDICTED s
A Trea ek arnrn UL A
2 T SASELINE J At A
“ . L Py Ty ",f,
PREDICT €0 VL
~ e ARl IO
MMH/MA o UM R = MARRS O 74§<’,4"//-4'////‘7//'7‘
'3
! -
EMT/MA MMMIMA 5 - MEN, een
! 14}
MMH/FH‘ ‘.1MH:FH; X MR -
L4
($)
X
PAFM. < FUA T
M P, S )) i
X
T
X
= VMM B = MAF D
. MMH/MA, ! ! Lo
s -
i AN At S AR "
iMT'MAl R oM 16N .’1]
\ 81 L
:
¢ i [
]. MMH;‘;HQI . AN B - LINTR B 1 ! J
. Fiqure 5.24.5-3 Worksheat tar Evaluating Sysiam Manitenance Aaquiremenis
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REV A
5.25 CORROSION PREVENTION - WUC 04

Selected Parameters: Fuselage wetted area and thrust/weight ratio.

dumber of Regression Sgquations Rup: 9

Parameters Considered and Rejected: Density, weight empty, max speed, weight

combat, and weight maximum takeoff.

Soument.s: Corrosion Prevention ia considered a design related support action
task. All maintenance actlons reported against this code are the responsibility
of the contractor (FIDR = 1.0) while cnly 673 of the maintenance time is
Jantractor contrcllable (MIDh = 0.87). Data reported under this code is grouped
by Support Acticn Caode 04 and all Type Maintenance Codes.

degression analysis showed that fuselage wetted area and total aireraft
thmust-to~waight ratio were the most statistically valid design parameters.
Certain aircraft were deleted fram the analysis because to include them would
nave distorted the trend for the majority of the aircraft.

This task is ver& dependent on aircraft age. New aircraft require less
corresicy prevention than older aircraft. A cage history study cn crie tyre
airsraft showed average annual MMH/FH nas tripled from the f(irst through the
seventh year of operation. A leveling off in MMH/FH was noted on that aircraft
about two years after ICC.
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TAgLE  9.43-¢ REGRESSION ANALYSIS SUMMARY AEV A

WUC: 040 SYSTEM: _ CORRQSION PREVENTION

e e et e oo S

MAINTENANCE INDEX ESTIMATION - MMH/FH Q LEVEL

M MI FUSELAGE WETTED | THRUST/MEIGHT

ACFT ERROR | AREA X 105 FT2 RATTO

| ACTUAL  |CALCULATED (FUSWET) (T/W)
Ad 191 308 | -.117 487 1.076
AGE 1,069 1125 | -.0% 1,006 715
avea | 1.290 1.478 | -.188 541 1,741
F4) 1.935 1.569 366 1913 1.162
A8 1.538 1.165 1373 /861 1990
Flaa | 30314 3,409 | -.945 1,647 1,094
$3A 808 1.091 | -.283 1,004 697

STATISTICAL PARAMETERS:

REGRESSION EQUATION MI = .2.6456 + 2.6493 (FUSWET)
+1.54546 (T/W)

CORRELATION COEFFICIENT r o= 0.9642

STANDARD ERROR OF ZSTIMATE S = 0.4142

CONFIDENCE LEVEL, 95% 2S =t 8284

NUMBER COF QBSERVATIONS N = 7

FREQUENCY INDEX ESTIMATION - MA/FH O LEVEL

M FI FUSELAGE gETT;D
; ACFT ERROR AREA X 10° £T2
ACTUAL CALCULATED ( FUSWET)
AdM .076 L1258 -, 049 . 487
A7t .321 .259 .062 L7449
AVBA .192 .158 .034 .94l
F&J .318 325 -.003 .913
Fad .297 .303 -.006 .861
Fl4a 512 506 006 1.647
S3A 307 L3581 ~.044 1,004
STATISTICAL PARAMETZIRS: -
REGRESSION ECUATION FT s 0.3948 + §. 3730 In {FUSWET)
‘ TORRELATIOH COEFFICIENT = w 0,981
STANCARD ERROR CF 8TIMATY S o= Qs;ﬂf_?-l
CONFIDENCE LIVEL, 987 25 = T0L0IE
; HIMBER OF OBRSERVATIONS Now o 7
! J
; i o
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REV A

wuc: ca

SYSTEM: arandian Jretentdox

CONTRACTOR:

AIRCRAFT MODEL:

PART | CONTRACTQR DATA

CONTRACTOA PREDICTIONS ~
CLASYE 3 DESICM MAINT. REQ.

PART (I SYSTEM CONSTANTS

ML | MMHM/EIS | MA/EN | MMH/MA | SMT/MA
- PARAMETER BASK PRED
! MENG | AVG NO. MEN - O LEVEL | ===
MEN, AVG NG. MEN — i LEVEL -
ONSIGN/PRRFORMANCE PARAMETEAS MR MMH/RM | LEVEL RATIO Ol
. KR MA/BH | LEVEL RATIQ Bes)
Tuselige setted irea, %
Turuss/Veight lutio
PART 111 SYSTEM ANALYSIS
TMBROVY EMENT
‘Q,_s:;,'“,' "c‘,bu'sc; gn {OEGRAGATION)
IMDATA 1M CATA 16
PARAMETER CALCULATION 1A) ) 2 | %
wwwiEng | AT INDBX GRAXN DT e
JASELINE e
‘“ PREDICTED I
> g "y ! %
MA/FH FR8Q. NDEX GRAPM WM%///A////[’?'///////V/ ,%7// //'//%
o 3ASELING L,
o
niMag | R A B A A
- v N
= 00000
smT/MAG VMWIMA S T WBNy Y L
- P
“ N VI
—— MMHIEM X MR p’/,;//'/ /;//ZA////*//AZ//?//:.;&/’,?I,//';// 1//;42/'//22’/1’@%‘791//';
9 - l 5.%7///‘////"///’;////
x Vi :
e, R R g A T
- x ’ ;/: :’///:’//_&'/4'?/://1,
S R I s et e b e e
n - ] v %
T M L AMI AR - AEN, ’*: 'A‘ g 7:/{'/; ’ .
“"I‘“‘Qf“o,. i “;:\:«_;:.;‘_w —

Figure 5.25-3 Warkshest for Evaluaung System Mantenanca Reguirements
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REV A
5.26 SHQP SUPPORT - WUC 05
Selected Parametaers: Weight empty, and thrust/weight ratic.
Nugber of Regressjonm Equations Hun: 4
Parameters Considerad and Rejected: Weight combat and weight maximum takeoff.
Gommerits: Standard WUC 0S5 ia defined to include those aupport action tasks thst
are besyond the control and responsibility of a contractor. All maintenanuw

reported against this code is the responsibility of the HNavy (FIDR = 0.0, MIDR =
0.0). Data reported under SWUC 05 includes tha following support actions:

05 Genaral Functions

06 Buildup and Teardown/Engine Test Stand Uperation
07 Mission Shop Support

08 Inspection of Aviator's Equipment

09 Non-deronautical Woric

Regression analysis for both the Maintenance and Frequency Index eouationa

"showed that weight empty and thrust-to-weight ratic were the most statistically

valid design parameters. Certain sub-tasks {dentified in Ref. 31 ware adjusted
to thes Fleet average to insure a more represantative data sample. As shown
below, actual MMH/FH values for some alrcraft exceeded the norm bu=cause of
unique wmaintenance requirements. Adjustmenta were made by averaging MMH/FH
values for the remaining aircraft reporting maintenance data against that given
sub-task. 4 similar adjustment was made for MA/FH.

CLASS 1
0-LEVEL ADJUSTED TO
HC SUB-TASK ALG MEER fLLET AVG.
052 Painting Fa8J 370 L1002
57 Test/Inspect/Sarvice AV-BA L6535 .028
070 Mission Shop Support F.dd .56, T
QrTé Soncbuoys S-347 130 .00C
Q77 ECM/Chary A-dM .233 012
074 Tape/Film A-UM L4 025
0%0 Non-Aero Work AV-8A R el 4
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TABLE 5. 28-2 REGRESSICN ANALYSIS SUMMARY v a
WUC: 0% ‘ SYSTEM: SKHOP SUPPORT .
MAINTENANCE INGEX ESTIMATI - MMM/FH O LEVEL
M MI L ZIGHT EMPTY THRUST/WETGHT
ACFT ERROR X 103 L8S RATIO
ACTUAL  [CALCULATED (WTNT) (T/W)
AdM .520 .531 -.011 10.4 1.076
AGE .608 .661 -.053 25.0 715
&TE .608 .597 .009 18.9 .793
AVSA .812 .319 .07 12.0 1.741
F4J 1.041 .961 .080 39.8 1.162
FaJ 727 .723 .004 19.8 .990
F14A .941 1.009 -.068 38.2 1.094
$3A .703 .657 .046 26.6 .697
STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = 20,3210 + C.3613 In (WTMT)
+0.4915 In (T/W)
CORRELATION COEFFICIENT r=  0,9625
STANDARD ERROR OF ESTIMATE $=  0.0163
CONFIDENCE LEVEL, 95% 2S = %0.0326
NUMBER GF CBSERVATIONS N= 3
FREQUENCY INCEX ESTIMATION - MA/FH O LEVEL
M FI WEIGHT EMPTY THRUST/WETGHT
ACFT ERROR X 103 L85 RATTC
ACTUAL  |CALCULATED (WTMT) (T/W)
AdM .z .285 .027 10.4 1.076
ATE .364 . 344 015 18.9 .793
AVBA .411 417 -.006 i2.0 1.741
FaJ .590 .567 .023 30.8 1.182
F8J .341 .394 -.053 19.8 .990
S3A .429 434 -.U05 26.6 697
L
STATISTICAL PARAMETERS: ,
REGRESSION SOUATION FT e -0.0316 + 0.013 (WTHT)
) LULETE (T
CORRLLATION COEFFICIENT pom (.9%4%
STANDARD ERROR Or ESTIMATE S = U.0043
CONFIDENCE " EUEL, 35% 25 = 0.0086
NUMBER OF SBSERVATIONS N f
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REV A

WUC. 2% CONTRACTOR:
SYSTEM: S Semaerme B AIRCRAFT MOQEL.

PAAY | CONTRACTOR DATA
CONTRACTOR PRETDICTIONS -

CLASS 1 DESIGN MAINY. REQ PART 1l SYSTEM CONSTANTS
ML MMB /B MA/EH MAtH/MA BMT/ A I

- PARAMETER 1a38 PRED

' MEN, | AVG NO. WEN - O LEVEL woe

MEN, AVG NO. MEN - | LEVEL -

MM/ B | RATI .
DESIGA/PERFORMANCE PARAMGTERS MuR /RH | LEVEL RATIO b
RHR MA/ER | LEVEL RATIO .55

“leight Impty, lbs.
TurstfReight datio

PART (1l SYSTEM ANALYSIS

i
. BASELING PREDICTED fo"g‘a"“ai“_‘:g;’
CLASS 1 CLASS { e
1-M OATA 1M DATA
PARAKMETER CALCULATION (A} | i8) o %
— ” i ) e ey > I
wearisag | SANT INOEX GRAPW 7 e
3ASELINE 1 s l(
iv: . O TITS
" PREDICTID Y L 1
1 > e T o AT e T,
MA/#H FREQ. NOEX SRAPN [l L
0 AASELINE ) e A /;A’.//,/»J
a A PEOrr -
SREDICTED VI
N o a . Py TN > y; > I SERIEIISS ’r -~ 0
MM MA AMMNIEN L = MAEAL L 90 s e A
* AR IO
- ' R
e gt
[ A -
ewrmag | MRS T VERS R R R s
' e T T T T
14} {
: /"_‘[ WIM e 5‘4? X A A .
EY
X
) + ——
{ T VA B X EHIA
MAJ.Hl J [
X
T
X
! VAN B — VAL
AMH/MA ! .
| -
(] .-
i T -
TRk A 1B N H
T A N
* Ly -
IR AMBe Bhi - LARR ke
L a3 : -

; Figure 5.26-3 ‘Worksheet tor Svelugti1g Systam Maintenzgnes Rec uirements
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January 19, 1076,

Aork  lnik. Qede Mapwal. . S. Navy Jeries 3-3 Slrcralt. NAVAIR
31=8344=8. Naval Air Systews Command, U. $. Navy, Washington, D. C.,
August 1, 1374,
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