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SECTION I

- i~r~orx~cria~i

The primary objective of this program is to identify design iii~rovements
of transparency systems that will reduce the Air Force Logistic Camnand’s cost
of ownership . The approach utilized to ef f ec t  this goal was to make a survey
of the maintenance and installation procedures of 20 selected aircraft (figure
1) currently being used at the five air logistics centers and eight selected
Air Force operational bases . From the data collected and evaluated , f ive
design iniprovements resulting in cost reduction were developed.

This program is an extension of two previous programs (references 1 and
2) that were conducted to study failure modes , maintenance procedures , and the
associated logistical support costs for transparency systems. The extent of
the analysis developed in these previous studies was to search historical
maintenance and logistical cost records , and categorize the physical trans-
parency characteristics , failure modes , frequency of failures , and costs in a
readily identifiable and inclusive statement of the problem.

The intent of this study is to expand the research of the transparency

- 
- problems in greater depth , identify and recommend changes in maintenance pro-

cedures , and recamuend design improvements that will reduce failures and cost
of maintenance.

The definition of transparency systems, as considered in this study , is
listed in figure 2. They include three categories :

1. Transparency components

2. Interactive support systems

3. Support structures

1 
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The transparency cQliponents consist of the primary elements of windshield
panel assemblies , canq~ay transparency and frame assemblies, and cabin windows.
The interactive support systems include only the major caiiponents of the
subsystem. For example, sensors , bus bars , controllers , and toggle switches
for anti - icing systems; integral and adjacent ducts , diffusers and control
valves for defogging ; actuators , links , and latches are included. Ancillary
items such as wiring, switches , tubing , etc , are iwt included. Support struc-
ture considers only those members that form an edge member , adjacent contact
with edge member, or part of a frame assembly .

~~~~~ 

j
~_ i~

_ _
~ _ _ _

-____ 
Included_within the tables is the tabulation of the error Ui the equation



BOMBERS
- B-52, B-57, AND FB-lll

ATTACK
- A-7D AND A-37

CARGO/TRANSPORT
- C-5, C-9, C-130, C/KC-1351 AND C-1’41

FIGHTERS
- F_L4 1 F-151 F-105, AND F-ill

TRAINERS
- T-37~ T-38, AND T-39

OBSERVATiON/UT iLiTY
- 0—2 AND OV-lO

HELl COPTERS
- CH-3, CH-531 AND UH-1

Figure 1. Study Aircraft

I
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COMPONENIS

1. WINDS HIELD S
2. CANOPIES
3. WINDO WS

INTERACTIVE SUPPORLS.Y~IEt1.~
1. ANTI -ICING
2. DEFOGGING
3. RAIN REMOVAL

~4. OPERATING AND ACTUAT ION
5. PRESSURIZAT ION

SUPPORT STRUCTURES

1, FRAMES
2. POSTS
3. LONGERONS & SILLS

Figure 2. Aircraft Transparency Systems - 1
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SECFION II

TASK III - TRANSPM~~ Ci~ ANALYSIS

EVAUIATI(14 PROCESS

The normal approach utilized in a maintenance-type study is to conduct a
reliability-type analysis that is keyed to frequency of failures with inter-
active review of maintainability, logistics , and cost. In view of the Air
Force ’s deemnstrated concern for cost , this program focuses on the identifica-
tion of high-cost contributors with interactive review of maintainability,
reliability (frequency of failures) , and logistics. The end results of both
approaches are essentially the same. However , the selected approach will
result in a quicker identification of problems for achieving the stated obj ec-
tives . -

Figure 3 diagrams the steps utilized in developing a detailed failure
analysis and identification of candidate inpro tents. Logistical support
cost (K051) ranked by work wilt code, is inserted into the maintainability
analysis n~de1 (MAi4) program, see figure 4. At the same time, maintenance
data from AFM 66- 1, ~~intenance Data Collection System (MDCS) (reference 7 ),
are inputed into the MAW s program. The output results in a tabulation of
how-malfunctioned, when discovered, action taken , maintenance man-hours ,
flight hours, and logistical costs for each selected work unit code. Figures
5 and 6 are sample pages of the printout format of the maintenance actions and
various parameters used to identify and determine failure modes . The M~M’ ~
printout will var1’ from 30 to 200 pages of printout , depending on the complex-
ity of the transparency configuration.

When failure modes as extracted from MDCS of ft.PM 66-1 are inadequate,
alternate data sources frau field audit trip notes and collected reference
material are used to supplement the analysis , and it is from this array of
data that candidate items are established.
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CANDI~~TE ThPRCW~~~ r SELEC~IC1~ CPJThRIA

The decision to proceed with a cost trade study , or to docunent and file
the study results , is determined by the following considerations :

1. Study aircraf t will be in Air Force for at least 10 more years .

2. Design improvement will achieve substantial reduction in annual
logistical support costs .

3. Design iii~ rovement will pay for itself within 3 years of ij i~ lenenta-
ticni (goal) .

4. Design improvement will achieve a significant saving in life-cycle
cost over a 10-year period.

If one or more of items 2 through 4 appear to be achievable , a trade
study will be implemented to ascertain the estimated cost saving of the pro-
posed changes .

C~~r-EFFEcrIVE TRADE STUDY

Having determined the candidate improvements , the task of meeting the
selection criteria must be verified. In order to ensure that the proposed
changes are viable , a cost ccmiparison representing the existing maintenance
effort and the cost estimated for the revised concepts or approaches are made.
The current costs and procedures must be carefully examined to factor infla-
tionary cost increases , aircraft attrition rates , and to correct discrepant
inputs that inadvertently find their way into the maintenance tracking system.
This was accomplished by correlating both the collected field audit data and
the information gained through verification calls with field audit contacts ,
with the P.FM 66-l data .
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The assessments of the proposed changes accounts for both the nonrecurring
development costs and the recurring manufacturing costs , ar costs associated
with the modification effort. Care is exercised to consider the developmental
and specialized testing and requalification noted. Figure 7 shows a schematic
representation of the analysis method used for the cost - effective trade study .

If the trade studies based on a comparable timespan result in reduced
maintenance and reduced cost , the proposed changes in design or in procedure
are reccemiended for incorporation into the appropriate weapon system.
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SE~~I~~ III

DATA ANALYSIS

DATA ANALYSIS

Information on aircraft transparency types, missions , design characteris-
tics , and environmental factors has been identified and categorized for the 20
selected aircraft. The associated reliability and maintainability Cost data
was collected and compared to these factors . The data has been reviewed and
the primary contributors to logistic support cost identified and reviewed for
potential cost-effective changes (reference Volume I , section I I ) .  The pro-
posed changes that have resulted from this review are suainarized in section
Iv.

An analysis was conducted to determine the correlation between logistics
support costs, which are a fumction of the reliability and maintainability
cost , and the aircraft design , operational and environmental parameters. In
addition, equations were derived to estimate the logistics support cost in
terms of these parameters. The analysis was carried out using stepwise regres-
sion techniques , and USAF K051 logistics support cost data and AFM 66-1 mainte-
nance man-hour data for 20 operational Air Force aircraft.

The regression analysis was conducted using the UCLA Biomedical computer
program entitled , “Stepwise Regression ~vIDO2R” (reference 14) . A complete
description of the computer program is provided in the University of California
publication in automatic computation No. 2 , entitled , “Biomedical Computer
Programs.”

Reference 14. W. J. Dixon , “Biomedical Computer Program.~ - University of
California Publications in Pd.itanatic Computation ,” ~ ID N~.niber 2 ,
Library of Congress Catalog Nunber: 72-98008, University of
California Press , Berkeley and Los Angeles California , Third
Edition 1973, Second Printing 1974

13
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The analysis was carried out in two steps. The first step was to deter-

mine correlations and equations for the different types ~~ transparencies

using all the data. The second step was to limit the analysis to the design
data and operational data which would normally be available dur ing the concep-
tual phase of design.

DEVELOPMENT OF DATA FOR ANALYSIS

Logistics support costs , flight hours and w.nnber of flights were extracted

fran USAF KOSi tabulations for the period July 1976 through June 1977. AFM

66-1 maintenance data for the period January 1976 through June 1977 were

utilized to determine man-hours. The environmental parameters were average

values computed from Air Force data (reference 15) considering the operational
base for each type of aircraft. Aircraft and transparency parameters were
derived from Air Force documents. The parameters used in the analysis are

shown as the headings in tables 1, 2, and 3.

GENERAL CORRELATIa’

Four different logistics support cost parameters were examined:

1. Logistics support dollars per flight hour

2. Maintenance man-hours per flight hour

3. Logistics support dollars per year per aircraft

4. Maintenance man-hours per 1.5 years per aircraft

Reference 15. J. C. Sims , lLt. , US,AF, “Climatic Data ,” AFSC Letter - WE , Air
Force Flight Dynamics Laboratory, Wright-Patterson Air Force
Base , (11 45433 , 17 January 1978

14
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The transparencies were divided into the following categories for the
analysis :

1. Canopies

2. Windshields

3. Windshields and other cockpit windows

The correlation between the logistics support cost (L.SC) parameters and the
data parameters is shown in tables 1, ~~, 3, and 4. The data that have the
strongest correlation to the LSC parameters are circled in tables 1, 2, and 3
and listed in table 4. The parameter with the strongest correlation is always
the first variable used in deriving the regression equations . Table 4 shows
that the aircraft design parameters had the strongest correlation to logistics
support cost and man-hours in eight of the twelve cases evaluated. There were

two cases where the transparency weight had the strongest correlation.

EQUATION FOR ESTIMATING LSC DUPING ‘~ E CONCEPTUAL P!-IASE

One of the objectives of this analysis was to derive equations that could
be used during the conceptual design phase for estimating LSC parameters .
Since base environmental parameters are usually not known during the conceptual
phase , they were excluded from the equations .

The equations that resulted from the analysis are shown in tables S
through 7. A typical example of the equation derived is the equation for
logistic support cost per flight hour for canopies (table 5) which is equal
to:

-19.46402 - 0.65119 (transparent area - in. 2) + 13.85458
(number of transparent panels) + 28.92589 (height of trans-
parency from ground - It) - 0.17236 (cruise altitude - It) +

21.0433 (stall speed - knots) - 2.34853 (landing distance -

ft) - 1.08204 (A/C gross weight - ib) - 8.88644 (maximum G-
loads) - 1.05456 (flight hours per A/C per year)

15
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Included within the tables is the tabulation of the error in the equation
as a fta~ct ion of the variable entered in the equation and the residual error
that occurred when the actual data are used in the equation. Canopies have
the least residual when the transparency characteristics are computed using
the original data.

The equations for maintenance man- hours produced a better correlation
than the equations for logistic support costs . The parameter with the strong-
est correlation to the cost was cruise altitude which is the first variable
entered in four of the equations followed by maxinun G which was first in
three of the equations.

The majority of the variables in the equation are aircraft design param-
eters such as cruise altitude. Most of the equations contain only one or two
transparency design parameters such as transparency weight or area. As a
result , the primary usefulness of the equation would be to est imate costs of
man-hours for a conceptual aircraft. The equation would have only a limited
application in estimating cost and man-hours for trading off candidate trans-
parency configurations with changes in those parameters contained Within the
equations.

EQUATIONS DERIVED USING ALL DATA

Equations were also derived using all the parameters to estimate logistic
support cost when base environmental parameters are available. The use of

environmental parameters resulted in lower residual in most cases. The most

significant improvement, the maintenance man- hour per aircraft for canopies ,
can be seen by comparing the residual in tables 8 through 10.
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TABLE 6. ESTIMATED WINDSHIELD LSC E(~JATIONS FOR CONCEP’IlJAL PHASE

EQUATION
VARIAB L E COEFFICIENT

~CONS1ANT —441 .55688
A RE A 7 2.61744
W EL GHT _ .8 ________ ...7l.13475.

LOG I STIC SU PPORT COST THXI:ES 9 —153.99594

PER FLIGHT HOUR
_ MX SPO l~ —42.78380

MX A LT 19 1.09485
TO~~;5T 22 —6.61372
Sit. SP 23 299.99976

....LO DST 24 —2.43864.
685 MT 25 —0.63472
MAX 6 26 —27.95491
lIFt-I/AC 59 12 .201 14

_________________ .JI~~LJA0..6O ______________

STEP V A R I A B L E  MUL TI PLE
NUMBER ENTERED REMOVED 8 850

1 CR AL T 21 0.3596 0.1293
2 MAX 6 26 0.4122 0.1699

M X . ALLI9 0.4564 0.2083 .,.
4 THIINES 9 0.4907 0.2408
5 PANELS II 0.5269 0.2777
6 TaOIST 22 0.5876 0.3452

_ 7 HEiGHT 12 0.6322 0.3997
B CR ALT 21 0.632 1 0.3995
9 685 WI 25 0.6479 0.4198

tO MX SPD 18 C..66 11 0.4370
__________ST1. SP 23 0 .6765  ______

32 KFL / A C 60 0 .6884 0. 4738
13 LO 051 24 0.6957 0.4840
14 WEIGHT 8 0.7072 0.500 1

_....15 AREA 7 0.7103 0.5046 _
IIFU/AC 59 0.7 123 Q .5074

— LEST OF U~~c 10UALS~~

CASE V V
NUMBER X( 2) COMPUTED RES IDUAL

1 80.7490 48.0933 32.6557
2 26.4220 —79.2246 105.6466
3 47.9420 57.6577 —9 .7157 —

_ 4 32.6380 109.7395 — 77 . 1 0 1 5 _
5 44.0650 128.9243 —84 .8593
6 51.4640 62.9666 —5 5025
7 5.8050 1 4.9570 -9. 1520

20.2280 15 4.0857 —133 .8517...
9 88.7840 —3 1 .05 13 119 .8353

10 73.2360 5 9. 3 3 15 13.9044
11 71.5060 18 .6113 52.8947

14 .1280 22.2888 — 8. 1 608.,.
13 51.8450 39.2529 12.592 1
14 43.2960 8.1082 35.1879
15 32 .3830 45.4221 —1 3 .039 1

_J8_.....,133,5029 4 1 6 . 5 7 2 8  _______3 16,9302_..
11 4 8 . 1 1 8 0  280 ,9094 — 2 3 2 . 7 9 14
18 26.6690 14.1934 — 47.5244
19 7.0 11 0  —12.8428 19.8538

6.6140 91 .9250 —65 .2510,..
21 26.1520 —24 .9546 5 1 .7066
22 18.5020 72.7739 —54.2719

23

_ _ _

~ 
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TABLE 6. ESTL’4~\TED ~INDSHIELD LSC EQUATIONS FOR CONCEP’IlJAL Pf-{~SE Covfl
- 

E2 U A T I O N

V A R I A B L E  COEFFICIENT

(CONS TANT 94,29761
AREA 7 — 1 30467

_ W E GHT _ 0  _________ 0 . 3 7 9 6 4 ,
T HKSI ES 9 7 . 6 5 67 8
LA Y LR S 10 6.31083

MA I NTENANCE MA N—HOURS P A N E L S  I i  I 7 . 0 ~~2 2 3

PER FLIGHT HOU R _ I~E I~ HT 12 _________

MX A L T  19  — 0 .  2 1 25
CR 1380 20 64 . 437 13 1

... CR .~LT 2 1  — 0 , 2 7 6 5 8
T O D I S T  22 0 . 2 6 0 2 3
STL 5P 23 — 15.59541
LO 051 24 — 3 . 1 9 3 6 4

_ GRS WT 25 0.10275 .
MAX 0 26 — 10.113 39
NFH /AC 59 — 15.99253
N FL /AC 60 4.09095 

______________

STE P V A R I A B L E  MULTIPLE
NUMBER ENTERED REMO VED 8 RSQ

N FL /A C 60 0.3767 0.1419
2 MAX 0 26 0.5060 0.2560
3 LA YERS ...1O 0 .5525 ______ 0.3052 -
4 KF H/AC 59 0.5649
5 CR 580 20 0 .5761 0 .33 18
6 LO 051 24 0.6514 0.~~3?2
1 CR AL T . 2L 0.7304 ______ 0.5335 _
B 0AIU ELS II 0 .7599 0 .5775
9 MX ALT 19 0.7843 0 .6551

10 NF L /AC 60 0.7843 0 . 6 1 5 0
_Jt A R E A  .....,....7 0 . 7 9 14  _______ 0 . 5 0 3 3  — -

12 HEIGHT 12 0 .7951 0.5322
13 WEIGHT 8 0.8404 0. 7063
14 NF L/ A C  60 0 . 84 5 0  0 . 7 5 4 1

.....i 5 _________ N X . SPO _ IB ________________ 0 . 8 5 2 2  ______ 0 7 2 ~ 2
16 085 W I 25 0.8644 0.74~~2
17 SIL SP 23 0.8663 0. 505
I~ T~~~~5T 22 0.8686 0.7544
19 Th~~NES _ 9 3.6690 0.7552 ...

—

~~ 

oF’ A~~SI~~UALS I
NUMBER N t 4) COMPUTED 8ES IDUA L

1 57.3 400 62 .5170 -5.i770
2 18 .1900 5 .12 90 13 .0512
3 24 .5700 27 .50 43 —2.9342

_ 4
________ 23. 1900 32 .4480 —9 .2580

5 2 8 .9200  41 .3051 — ‘2.3857
6 - 55 .5700 52.0620 —3 .6920
1 3 .4600 4 .8204 I~~~35 Q 4

_ 8 . 52.7900 _______27.

~~

577 ~~ 1 5 • 1 77 7

9 100 .8 2 00  82 . 7 85 2 6 . 0 3 4 8
50 5 1 . 4 6 0 0  50. 17 57  1 . 2 94 3
I I . 5 3 . 4 7 0 0  4 4 . 6 7 7 0  8 . 7 3 3 0

1 2 . 6 1 0 0  15 . 9 0 2 6  _______
—4 .0926 _

1~~. 36.6700 31 .4 145 5.2555
14 53.7300 48.2904 5. 4396
IS  27.0900 39.6885 — ‘2 .5985
j6 62.8700 29 .1571 _______33.7 12 9 _
51 38.5400 57.8882 —‘ 9 .3482
5 0  58.2500 16.2706 1 .9192
19 4.9500 0.9993 3 .9137

_ 20 0.5100 _________ 8. 93 1 _________

25 24 .8600 5 7 . 2 5 8 9  7 . 6 0 1 1
22 55.15 00 19.3226 —7. 6 126

24
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TABLE 6. ESTIMATED WINDSHIELD LSC EQUATIONS FOR CONCEPTUAL PHASE (CONT~

EQUATION

VARIABLE  COEFFICIENT

(CONSTANT — 14 .21158
AREA 7 0 . 1 0 9 3 9
WE IGHT 8 —0.02792
THKNES 9 —7.63863

LOG I S T I C  SUPPORT COST
PER A I R C R A F T  _ HEIGHT 12 1 . 4 1 2 5 5

MX SPD 18 — 1 .7 1527
MX A L T  19 0.04051
CR SPD 20 1. 46389

_ TODISI 22 —0 .00398 _
STL Se 23 10 .40630
LO DSI 24 — 0. 13972
GRS WT 25 —0.0 1935
MAX 0 26 i .3361 9
lIFt-I/AC 59 0.69639

________________ 
N FL/AC 60 —0 .70836 

_______________

STE~ V A R I A B L E  M L ’LT IPLE
NUMB ER ENTERED ISEMOVED 8 RSQ

1 MAX 0 26 0.364’ 0.1 326
2 TODI ST 22 0.4-558 0.2087
3 PANELS.J I 0 5290 ______ 0.2799....
4 SIL SP 23 0.5863 0.3438
5 AR E A  7 0.6036 0.3644
5 M X  ALT 59 0.6534
7 MX SPO.J 8 0.6369 ______0.4056 _

0 THNNES 9 0.6496 0.4220
9 HEIGHT 12 0.6753 0.45(30

5 0  GRS WI 25 0 .6949  0. 4329
_Jj LO 051—24 Q..7080 0 .505 3 . . . .

12 NFL/AC 60 0.7 158 0 .5124
13 WEIGHT 8 0.7 186 0.5504
14 lIF t-I/AC 59 0.7234 0.5233

....J 5 CR...SPD .2~ 
_ 0.7252. 0.5259 _

LAYERS 10 0.7259 0 .5269

L IST OF ..~~SIOUALS

CASE V V
NUMBER X(40) COMPUTED RESIDUAL

2.2~~O2 1.5837 0.6766
2 0.5224 —3.0974 3.7 198
3 2.0565 2.6885 —0 .6720
4 1.0991 3.6773 —2.5776
5 1 .245 1 3.5793 2 .3382
6 3.7909 4.0178 0.2869
7 0.7817 1.2 120 — 0 .4304
0 1.0665 5 . 9 13 5  --4.8470

3.0021 — 5 . 4403 4 .4424
10 8 .5723  7. 4033 1 . 1 6 9 1  I ’

• II 1.3383 —0.2604 ‘ .5988
12 0.3358 0.13673 -0 .3517 ,.

~~~I3 1.0079 —0.0396 1 .0 474
4 1 .4725 1.0334 0 .4391

15 1.1824 1.5914 —0.4090
16 25 .8659 14.6408 11 .221 1

~~~l7 5 .5082 10 . 1653 —8.6571
IS 0 .8510 2.5230 — 1 .872 1
19 0.3218 —0 .9944 1.3162
20 0.2653 3.2717 —3 .0 123 _ H
21 2.8500 1.6204 1 .2298
22 0.1457 2.3554 1.6057

25 H
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TABLE 6. ESTIMATED WIN DSHIELD LSC EQUATIONS FOR CONCEPTUAL PHASE (CONCL) 4

EQUATION

‘V A RI A BLE COEFFICIENT

(CONSTANT 6.14964 )
AREA 7 —0.07908
WEI G H T 6  O .O3887 _..J
THNNES 9 — 5 . 2 7 5 9 2
LAYERS 10 0.883 74

MA I NTENANCE MAN—HOURS PAN ELS II 0.22930

PER AIRCRAFT HEI~~t-4T 12

MX AI.T 19 —0.00435
- CR - SPO 20 4.07890

_ CR A L T 2S — 0 .0 5499 ...
TCDISI 22 —0 .02948
STL $P 23 —l .95039
LO 051 24 — 0 . 129 02

_ GRS W I 25 0.007 16 ,.
MAX 0 26 —0 .84295

______________ 
lIFt-I/AC 59 —0 . 47572

STEP V A R I A B L E  M L’LTI PLE
NUMBER ENTERED REMOV EO R 850

WEI GHT 8 0.7237 0.5238
2 HEIGHT 12 0.7530 0.5689
__________MAX G 26 _______________... 0 . 79 0 1  ______ Q 6 O a 5_.

4 CR SPO 20 0.822 1 0.6759
5 XFH/AC 59 0.8423 0.7095
6 LO 051 24 0.9731 0.7624

_ i CR A L T . 25 0.9057 _______ 0 . 82 0 2  —
8 SIt . SP 23 (‘ . 9 5 8 8  0 . 9 4 4 1
9 TOD IST 22 0.926 1 0.95’S

10 LA YERS 10 0 .9350 O .66;7
__________AREA ... 7 0 . 9 3 5 8  ______ 0 .8 75 8

52 ORS WY 25 0.9384 0.B9~~5
13 MX A L T  19 0.9397 0.8909
5 4  MX SPO 18 0 . 94 19  o . e 8 7 1

_Q ,944l ______ 0 .8913_ ..
16 PANELS I I  0 .9452  0 . 8 934

LIST OF ,~~c To u ALS

CASE V V
NUMBER X(48) COMPUTED RE S I D U A L

1 2.404 1 2.8580 0.4539
2 0.5948 0.0 197 0.575 5
3 5 .5 415 2.1627 — 0 .6212

________ I_ .2079 1 , 17 87 0 . 0 29 2 ._
5 5 .058 5 0.8250 0 .2031
6 4 .4 9 7 1 4.5230 —0.0309
7 0 . 7 5 6 7  0 .95 83  -0. 0 4 1 7

0 . 9 2 0 2  ________ 1 . 9 t 569  ______ 1.4668
9 4.7948 3.8691 0.9257

50 9.3537 7.4276 0.9~ 60
I I 1.76 16 1.6958 0.0048

_ 12 0 .3562 0.5302 —0. 5 740 .
53 5 . 0 7 3 1  0 . 3 7 6 5  0 . 6 3 t 3 6
*4 5 .6026 2 .3266 0.72 40
15 1.43 14 1.8425 — 0 .4122

_ 16 5 .3338 0.0509 ________ 1 . 2 8 2 9
57 0 .7582 5 .693 1 -0.9749
lB 0.8753 0.9543 -0.0790
5 9 0.3321 — 0.4454 0.7775
.20 0.0 168 ________ 0.3357 —0 .3 186 .
21 3.6662 3.9968 0.3 106
22 0.3578 0.4635 — 0 .5027

Zb
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TABLE 7. ESTIMATED WIND~’IIEL.D AND (YIHER COCKPIT WINDC1~S LSC EQUATIONS FOR
CCt4CEPTUAL PHASE

£QUA I ION
VA R IAB LE COE FFICIE NT

.. .LCONSTA ~~T —~98 .237B5..
AREA 7 1.61302

LOG I STIC SUPPORT COST
PER FLIGHT HOUR ...2ANELS_1 1 1a..24913

HEIGHT 52 60.95209
MX 5P0 18 —59.29915
MX ALT 19 1 .6*2 12

.CR _ SPD..20 .124...31022..
100151’ 22 —3 .96576
SIL SP 23 620 .11060
LO 351 24 —3.70940

-n -

MAX 6 26 — 12.25292
KPH/AC 59 24.6861 1

_______________ 
NFL/AC 60 —15.89670 

_______________

STEP VA R IA B L E  MJ LTI PLE
ENJERED REMOjEO B RSQ

I M A X  0 26 0.3730 0.1391
__________K FH/AC 59 0.~~47O O .J.9g8.,_
3 CR AL T  21 0. 4770 0 .2275
4 MX ALT 19 0.5010 0 .2570
5 NFL/AC 60 0 .5363 0 .2876

S1 SP13 O~~5586 O .3l10,.
1 MX SPO 18 0 . 5 7 5 5  0 .3307
S TODIST 22 0.6192 0.3821
9 LO OST 24 0.6265 0.3920

HEIGHT..,.L2 0.5349 0.40~j_
11 GRS MT 25 0.6655 0.4429
12 WE IGHT 8 0.6844 0.4684
53 CR SPO 20 0.6955 0.4038
14 CR ALT 21 0.6954 0.4835......
15 LA YERS 10 0.7057 Q.49~ o
IS PA NELS 11 0.7214 0.5204
17 AREA 7 0.7227 0.5223

LIST OF RESIDU A LS —

CASE V
NUMBE R XI 2) CONPUTED RESI DUA ~~~

* 80.7490 49.7849 30.964 1
2 26.4220 —68 .6821 95 .104 5

159 .6260 — ¶75J649 — 16 . 1389,.,
4 32.6360 113 .9326 — 81 .2946
5 44.0650 121.5979 —83.5229
6 95 .3460 121 .8176 — 30 .4716
7 25.6340 29.4492 — 3 . 8 1 5 2 ,- 8 86.7760 173 . 1482 — 106 .3722
9 222.4700 83.6236 133.8462

10 118 .23 10 70.3977 47 9433
II ‘Et. 5060 —47_.357~ ________

f ~ 12 14 .1290 41.4165 —33.2 885
13 51 .8450 48 .8019 3.0432
14 43.2960 18.6965 24 .5915t .....J5 32.~ 3830 ¶4.6826 17.700j...
*6 740.027* 437 .4773 302.5498
17 70.2850 277 .0149 —206 .7299
18 30.4130 132.4670 —102 .0540
1Q 7.OIjQ ,31.1.1.5R 44 7268....

1 20 8.6140 124.4390 —157 .1650
21 44.9090 30 .6111 14.2979
22 IS.5020 75.8*38 —~~~.I11B

.17

4 
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T.-\J3LE ‘. I~S1L~- IAT1JD WIN D SHI LLD AND JIl tER CL~.k1’I 1 ~ I\1k’l1.—~ i~’-~ R.~UAF H\- 1~ R
CON iIII1JAL PtL-\SF

(QUAT ION
V A R I A B L E  COEFFICIENT

......~~L CON STAMT itg .31395_
AR E A  1
W E I G H T  8 0 . 0 8 3 1 1
T H~~NES 9 49 .~~~ 075

MAINTENANC E M~\N -H OURS _ LA YF RS 1~ ~~~~~~t~~45 4 l 2_
D~~o 

~ I . - r ~~~ PA ’ ~E 1 S I I
H E I L H T  12 —l7. 6 7 7 c 5
MX SPD l B  2 . 4 8 5 5 8

...i4X AL T . 19 —0.16402. .
CR SPO 20 97 .7 6114

CR A L T  2 1  — 0 .4 1 2 9 8
S i t .  SP 23 6 5 . 3 4 6 0 4

_LD._ DST 2~ -5.8091Q_
GRS WT 25 0 . 53 2 0 2
MAX 0 26 11 .72 3 14
NF H/AC 59 —20 .35262

______________ X F L / A ~ 86 _____________

STEP V 8 R ~~4~~LE M LTIPI.E
E~~TERE0 _~j~jQy~ D 8 850

I TOD IST 22 0.5226 0.2735
2 M A X  G 26 0.6133 ______ 9-37

~~

2 .
3 lI F t - I/A C 59 0.6001 0.~~306
4 INNNE S 9 0.6848 0.~ 689
5 (0 DST 24 0.7007 0.49 10
6 ___________PA N E L S  p . 7 2 3 4  Q . 5 ? 3 3
1 CR SPO 20 0 .7 5 99  Q . 5 7 ~~5
B MX ALT ¶9 0.7922 0.6275
9 CR ALT 21 0.7997 0.6379

I4EIGHLJ1 0 .~.Ql.l_9 p , 659j,
II CR5 WT 25 0.9663 0.1505
*2 TOD IST 22 0.8663
53 A R E A  7 0.8772 0.7695

...... L4 _________LAY ERS _jO Q.8828 O.~~791 - .IS Sit. SP 23 0 .885* 0.7834
II NFL/AC 60 0.8921 0.1959
17 MX SPO lB 0.8927 0.7970

WEIGH T 8 0.8937 0.lqAfl.
LIST OF RE SIDUALS

CASE V V
M~MBER XL_ ~ 1 COM PUTED _______R T S S D U A L

1 57.3400 73 .65 15 — 1 6 . 3 1 5 1
2 ¶8. 5000 0 .5262 58 .0538
3 1 03,0900 tl0 ~ 7179 —1 5 .627 9
4 23. 5900 31. 61 06 —8 .4206
5 28.9200 51.8707 —22. 9501
6 76.9800 93 .2431 -6 .2635
________ t5.2500 20 .6283 ________

8 39.6500 65 .0557 — 26 .2057
9 243.9100 703.1092 40 .8658

ID 93. 4700 62. 4039 2’ .0662
F ..... Lt 53.4700 22 .55 52 _______ 31. 3 t 4 Q _

~

,
*2 12.6100 32 .3025 — 59. 6925
*3 36.6700 *5 .6437 25 .0263
54 53 .7300 49-3292 4 .4008

27.0400 _48.3Q35 ________

16 67 .5400 ¶8 .5963 48.9431
11 58.5400 73.6662 — 15 . 5262
IS 20.6300 24.9741 —4 .3441

_________ 4...9 100 — l 9 ,~945.a 24.6558....
20 0.5700 27.0704 —26.5004
2 1 38.3400 36.9175 1 .4225
22 11 .7100 35.6311 —23.9211

- -
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TABLE 7. ESTIMATED W INDSHIELD ANT) (Th{ER COCKPIT WI NDOWS LSC EQUATIONS FOR
CONCEPTUAL PHASE (COt’rr)

LOU AT £ ON
VARIABLE COEFFICIENT

........LCONSTANT —2 Q~75534
AREA 7 0.08950
WEIGHT 8 —0.03222

L O G I S T I C  SUPPORT COST 
__________

PER A I R C R A F T  MX SPD *8 —2.39425
MX A LT 19 0.06226
CR SF0 20 —3 .14837

...1901SL22 -0 .22~ 56_
STL SP 23 24.79369
S.D OS? 24 —0 .12618
685 MT 25 0.03260

_M~~~~ G_26~~~~~ .5 . p93~~~~NFH/AC 59 1.27659
N FL/AC 60 0.71525 

______________

STEP VA RI A B LE MUL1 ’IPLE
ENTERED REMOVED RSQ

I MAX 6 26 0 . 5 * 8 9  0.2693
.....,..2 TO0157..j2 0.5351 0..2864_

3 AR EA 7 0 .5797 0 .3 36 1
4 STL SF 23 0.5975 0.3570
S MX SF0 18 0.6128 0.3755

MA _ ALT 10 0 ..6366 0.4Q55_

I CR ALT 25 0.6843 0.~ 683
8 S.D 051 24 0.7006 0.4908
9 HEIGHT 52 0.1245 0.5249

_10 GR5 WT 38 0.7355 0.54Q.9.
II WEIG HT 8 0.7394 0.5461
12 THNNES 9 0.7411 0.5501
*3 CR SF0 20 0.7456 0.5559

•.J_4 KEMLAC_SQ 0 7538 0 .561 L~
15 CR A LT 21 0.7535 0.5671
19 NFL/AC 60 0.7592 0.5764
17 T14KNES 9 0.7590 0.5762

,.....tI. LLV rQ~ *0
‘ UST OF RESID UALS

CASE V V

t NMM 8ER _I(40) C~~PJJTE0_.. . .~3.LLI0UAL.

I 2 .2602  1 .5903  0.6899
5 2 0.6224 —2.9456 3.5690

..... ...2 8.7 140 L.5280 —0.8140..
4 1.0991 3.7839 —2 ,6841
5 1.24 11 4.3319 —3.0908
6 6.0281 1.1 169 — 1 .0908
1 i.45I7 3 7029 - — 0 .75 j 3,.
9 3.5205 7.4133 —3.8920
9 7.5225 2 .3177 5.2040

10 1.3.8390 11 .8803 1.9587
11 1 3393 —2.8261 4 1650...
12 0.3356 5 .6351 —1 .330 *
*3  1.0078 0 .3848 0 .623 2
14 1.4725 0.7018 0.7710

t 8Z 4 0 .93 70 0 250.4_.
II 26.0920 15.2982 10.7938
11 2.2030 9.3030 —7.1000
18 0.9104 4-. 5973 —3.6289j 58 8 ,32.18 ..1 8540 t ..925L.
20 0.2653 4.6423 —4.3110
25 4.7943 4.3036 0.4 807

- - -1 22 0.1437 2.9S14 —2 .2357 
__________________

29
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TABLE 7. ESTIMATED WINDSHIELD AND (111-IER COCKPIT WINDONS LSC EQUATIONS FOR
CCt~CEVtUAL PHASE (CONCL)

LOU AT ION
VARIAB LE ~~COE FF1CIE~ .L..

(CON STASIT 8.64635
AREA 1 — 0 . 10323

“WEIGHT 8 0,0203i
IHNNES 9 3 .69337
LAYERS 10 2.58390

MA I NTENANCE MAN- IIOURS :~~~~~
—

~~~
-
~
-—

PER AI R C R A F T  MX ALT 19 — 0.00759
CR SF0 20 4.93809
CR ALT 25 — 0.02004
TOOlS? 22 3 .Q5901
SI’.. SF 23 4.02984
10 OS? 24 — 0.21465
GRS WL 25 0.03169
MA X 6 26 — 1 .35645
lIFt-I/AC 59 0.70902 
NFL/AC _60 0.74358 ______________

STEP VAR IAB L E MULTIPLE
NUMBER ENTERED REMOVED R RSQ

WEIGHT 8 0.7366 0.5426
2 MAX 6 26 0.7648 0.5650

~~~3 CR SPO 2o 0.7979 0.6366 ’
4 LAYERS 10 0.8565 0.6667
5 10 DST 24 0 .8359 0.6920
6 MX SPD 18 Q.9434 0.7 1 1 4

0.8605 o 74os
8 100151 22 0.8769 0.7690
9 HEIGHT 12 0.8840 0.7914

10 GRS WT 25 0.9056 0.8202
CII ~ L7 21 0.~ 214

12 AREA 7 0.9298 0.8646
13 KFH/AC 59 0.9374 0.8786
54 NFL/A C 60 0.9373 0.8786
15 MX ALT 19 - 0 . 9 423 0. 880
16 SIt. SF 23 0,9434 0.8900
57 MX SF0 18 0.9434
18 1’HKNES 9 0.9438 0.8908
•19 KFL 7A C 60 0.9451 0.8933

- PANELS 11 0.9455 Q.J.RQ~~~- 1155’ OF RESID UALS

CASE V V
NUMBER X(48) C~ 4P.1JTED RESIDUAL

2.404 5 3.3477 —0 .9436
2 0.5948 0.2155 0.0102

_ 3 8.4680 7_.3798 —0. 9Il9~
4 5.2079 5.6895 — 0. 4816
5 5 . 0 5 0 5 2 . 3 2 6 9  — 5 . 2 6 8 8
8 5 .7145 6.9755 —0.2 551

— 7 3.1558 2~ 5954 — Q . 4398_
8 2.8558 4.1825 — 1.3307
9 11.6030 9.4302 2.1128
10 13 .549 2 12.4028 1 . 1464
11 1j656 0.4430 1.3186..
12 0.3562 1.3254 —0 .9692
13 1.073 1 —0 .2727 1.3458
54 1.6028 1.3932 0.2094

________¶_ ,4 3 14  2..$455 — 1 . 4 5 4 2,.
16 5. 4324 —0 .9094 2 .341 9
17 1.0909 1.7687 —0 .6770
18 0 .9 8 9 4  0 .6994 0 .2900
________O..3321 —1.0331 1.3653.. 5

20 0 .0168 1.1954 — 1. 1786
21 5.6819 5.5042 0.1831

__________________ 
22 0.3579 1.6653 —1.3075 

__________________

-H 
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TABLE 9. ESTII.IATED WIN1~~~1iIELD LSC B~UATICt’~S FOR ALL VARIAB LES t.CONT)
t zoti

....IARIABLR ~fl1FFICtFNI
I CONS TANt 130.78082

-01 996L.
THKNES 9 40.57446
LAYERS 10 29.22575

MAINTENANCE MAN—HOURS PANEL S II 8.24424
J~CIGHT ,.J2 0.19937,.,PER F L I G H T  HOUR MX spo 48 9.02250

CR A L T 21 0. 17 042
TODI ST 22 1.30524

... S LL,SP..,2 1 —108.30 472..
10 OST 24 —3.60049
CR5 WI 25 —0.30933
EL EV 21 0.05811

..LAMX_..L28 -20,1.t3533..
UMN 1 29 3.51300
U MX 1 30 44.20876
N MN 1 34 —45.08635
..M3LWOSR_.2’ 5.31662..
U NOS P 33 —36 ,1 4420
HNDTQ 4 34 5.5 111 0

_____________ 
AFI/AC_58 ‘5, 41603 _______________

ST EI’ V A RLA8 L E ~ULTtPLi
MJMa~ R EPILEREO REMOVED R RSQ

A Ft/A C 58 0.3849 0.I45~
2 EXMN I ?9 0,5208 Q~~~~~I
3 N MN 1 34 0.6253 0.3909
4 MAX  0 26 0.6620 0.4382
5 NO.A/C 41 0.6976 0.~ 866_ 6 C R 5 WY _____________ __ ,Q.,7183 9 .5 1 59
1 TaOIS T 22 0.7330 0.5373
S SIt SP 23 0.7978 0.6365
9 UXW DS P 32 0.8343 0.6960

M M~~.L_ ~0 0_~85I5 0.1252......
II HMOTO 4 34 0.8670 0 .7517
12 WE IGHT 8 0.0748 0-7652
43 HEIGHT 42 0.8829 0.7795

_________(

~

MX 1~ 28 9, 8932
15 MAX 0 26 0.8934 0.7975

THKNE S 9 .9282 0.8615
II NO.A/C 17 .9282 0.8645

NX
..
SPO 40 .9424

49 LAYERS 10 .9555 0.9430
20 10 051 24 .9614 0.9359
21 U WOSP 33 .9777 0.9559

CR_AL T 2 1 .991 I
23 ELEV 21 .9916 0.9952

~~~~~ 
P A N I ..S 11 .9995

1157 OF RE~~ID UALS

CASE V Y
NUMBER XI 4) COMPUTED RESIDUAL

57.3400 56.0728 4 .2672
2 ¶8.40 00 18.2949 —9 .1449
3 24.5700 24.9844 0.41 t4
4 23.1900 23.4255 —0.2 3S5
5 28.9200 28.6177 0.3023
6 54 .5700 54 .2493 0.3207
7 3.4600 3.21 92 0.2408

¶2.7900 I s .3356 —1, 4458
9 400.8200 100.9350 — 0 .1158

tO 51.4600 50.9507 0.5093
_j4 53.4700 53.6379 — 0.4879

42 12.6 100 12 .4060 ~.204O4 3  36.8700 37. 7092 — 4 .0392
44 53.7300 53.9490 0.2190

27.0900 29.192 1 — 2 . 1O2~
tO 62.8700 62.8430 0.0210
17 38.5400 37.4875 4 .0524
16 18.2500 16.427? 0.4717
19 4~91OO 3 .7512
20 0.5700 0.0952 0.4740
21 24.8600 24.9382 —0 .0782

__________________ 
22 44.7400 4 1 . 13 8 4  0.5716 

__________________
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TABLE 9. ESTIMATED W IN1~HIEU) ISC ~ )UAT 1CtIS FOR ALL VARIABLES (C~ t~)
EQUAl EON

COEFFIC IEN T
(CONSTANT —355.95686

INMIIES 9
LAYERS 10 40.70743
PANELS I t 3.36683

LOG ISTIC SUPPORT COST 
_________

PE R A IRCRAFT CR SPO 20 8.5,024
CR A LE 21 —0 .03945
100151 22 —0.31 356
.2.LLSP.,..23 28.5~5S~~
10 OST 24 — 1 . 7 4 4 0 4
02$ UT 25 0.04613
MAX 0 26 —2.07563

0.10561..
EXM X 1 28 1.40623
EXMN 1 29 —0 .80594
N MX 1 30 2 .43265
J~XWDSP_.,32 — 0.05540
HNOIO4 34 0.12595
4~~0T13 35 -~0.2S1O1 
MPRCPT 35 1. 19417 _____________

STEP V ARI ABLE MULTI PLE
PAjMBEO ENTERED REMOVED 0 RSO

* MAX 0 26 0.3641 0.4325
2 HMDTO4 34 - 0.4593 0 .2110

2 3 CR AL15”~ 1 0,5407
4 MXW O SP 32 0.6209 0.3855
S HMOTI 3 35 0.649 * 0.4244
6 EXNN T 29 0.6894 9.4753
7 TOO C 5f’~2 0.713 *

• CR SPO 20 0.7553 0.5105
9 PANELS 14 0.7829 0.6429

to E*MX 1 28 0.8130 0.6609
TH~ NES 9 0.8456

12 EXMN 1 29 0.8456 0.7450
43 10 OST 24 0.0564 0.7369
14 NPRCPT 36 0.8109 O.758,~~~

~~~ iv 27 0.0936 0.r9$4
IS M X SPO tO 0.9256 0.8568
17 LAYERS 40 0.9340 0,8667

_ *6  I~~OT04 34 0.9309 0 .8661
19 N MX 1 30 0.9366 0.8172
20 EXU N 1 29 0.9535 0.9094
21 CR5 W I 25 0.9639 0.929*
22 511 5D 23 0.9791 0.9505
23 MX ALT 49 0.9998 0.9996

_J 14N0104 34 1.0000 1.0000
LIST OF RES IDuA LS

CASE V V
I4UMBER X(4 01 C~ dPu1gO RES 1OUAJ~~

2.2602 2.2803 — 0 .020*
2 0.8224 0.6240 0.0006

_3 2.0465 _________2..0059 O ,0106_
4 1.0997 1.4084 —0 .0007
S t . 2 4 1 4  4 .2530 — 0.0108
6 3.7909 3.8408 —0,0 499
7 0.,7011 Q.1849 — 0 ..0032__..
• 1.0665 1.0930 —0.0286
9 3.002 1 2 .9644 0.0407

10 • B .5723 0.5654 0.0069
1 .3303 1.1855 0.0527._ .

12 0.3356 0 .3511 — 0 ,0454
3 13 4.0070 1.0300 —0.0 222

14 1. 4725 4 .4114 0.2 041
~~~~ 1 *624 4 .1620

16 25 .0619 25.665? — 0 .0038
47 1 .5002 1 .5029 0.0033
IS 0.8510 0.0589 —0.0079

0,3315
20 0.2653 0.2676 —0 .0022
21 2.8500 2.85*6 —0.0016

I ___________________ 
22 0.7457 0.7402 0.8054 

___________________
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TABLE 9. ESTIMATED WINDSUELD LSC EQUATIONS FOR ALL VARIABLES (CONCL)
EQUAl ION

VAR I ABLE COE FFICIEN T

- (CON STA44T — 45.27 891
AR IA 1 — 0.15206
WE IGHT B • 0.023 48

MA I NTENANCE MAN-HOURS _ LA VERS _ 1O 04806 15 _
PAN ELS 11 0.22094P cr ~ I HEIGHT 12 ‘1.t40 09
CR SPO 20 4.06894

_CR A L T_ 21 —0,03243_
TODI ST 22 0 .04442
tO 051 24 —0.17790
GRS WI 25 0 .02374
M A X _ G_ 28 — 0.51284_
EL EV 21 0.0 1462
EXM X 1 28 0.28943
EXM N 1 29 0.01085

..M_MM _L.3 1 —0. 10311..
M XM D SP 32 —0. 49383
N WDSP 33 2.72449
IIMOTO4 34 —0.48487

..M2RCPL.3L_ — 0.31040
AF L/AC 58 0.16581

STEP VARIABLE MULTI PLE
NUMBER ENTERED REMOVED R 250

* WEIGHT 8 0.7237 0.5238
2 U WDSP 33 0.7542 0.5689

HEIGHT *2 o.~~825 O.GI~~3
4 MAX 0 26 0.8139 0.6825
S CR SPO 20 0.8469 0.7173
O AF t /AC 58 0.8719 0.7603
7 CR ALT 24 0.8949 0.~ 955
8 EXM X 1 28 0.9302 0.8652
o to osi 24 0.9479 0.8985

10 LAYERS 10 0.9626 O .926~
It MP R CPT 36 0.9660 0.9332
12 E LEV 27 0.9702 0.9412
13 GRS WT 25 0.9168 0.9542
14 M XW D S P 32 9.9797 o .959Q_
*5 AREA 7 0.9889 0.9778
IS 44M0104 34 0.9950 0.9900
17 U MN T 31 0.9984 0.9967
18 100151 22 0.9995 0.999j__

“i a  PANELS ¶1 0.9999 0.9998
EXUN 1 29 4,0000 1.0000

- LI ST OF RESIDUALS —

CASE V V
NUMBER X (48) COMPUTED RESIDUAL

2.404 1 2.4062 —0 .0021
2 0.5948 0.5950 —0 .0002
3 1 . 5445 1 .5355 0.0050
4 1 . 2 0 7 9  I”

~~103
5 1.0581 1 .0645 —0.0064
6 4- 491 4 4.4974 —0.0003
7 0.7 457 0 .7433 0.0034
8 o.~~ o3 0 65 —o. oosr
9 4 .7948 4 .7984 —0 .0018
10 9.3537 8.3574 —0.0037
II 1.1816 1 .7642 —0.0026
42 0.3562 0.is~ 0 0.0003
13 1.0731 4 .0642 0.0089
14 1.6026 1 .5942 0.0084
IS 1 .4314 4. 4269 0.0045
*6 4.3338 4 .3268 0.0071
Il 0 .7182 0.7240 —0 .0058
*0 0.8733 0.0698 0.0058
19 0.3321 0.3406 —0.006~_
20 0 .0168 0.0206 —0 .0038
21 3.6862 3.6806 ~0.0054 HI
22 0.3578 0.3624 —0 .0045 ___________________
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TABLE 10. ESTIMATED WINDSHIELD AND CYIIiER COCKPIT NINDONS LSC EQUATIONS FOR
ALL VARIABLES (CONT )

EQUATION
VARIAI L E COFFFICIFNT

1..,.(CONS TANT ..~627 . 65869 ...~AREA 7 0 .86 122  I
WEIGHT B 1.55366 I

MA I NTENANCE MAN-HOURS 
~~~~~~~~~~~~~~~~~~~ ~~~~~~PER FLIGH T HOUR PANELS II 8.72747
HEIG HT 12 9 .62043
NO.A /C 17 0.95386

_ MX SPO 19 —5 .97269..
CR SPO 20 —144 .336*7
CR ALT 21 0.58950
10015? 22 3.38433

.....STL 5P 23 .....J82.74146_
ID OST 24 —9.42040
GAS UT 25 0 .2 1258
MAX 0 26 5 .148*8

_ EXM*..,,t2 4  —8.29754_
EXUN 1 29 —0.94098
N MX 1 30 20.98965
N MN 7 31 8 .967 18

________________ AFLILC SR 0.51885.... _____________

STEP VARIABLE MULTIPLE
NUMBER ENTERED REMOVED R R5Q

I 100151 22 0.5226 0 .2731
2 MAX 0 26 0 .8133 0.3762
3 AF LL AC .58 0.6730 _______ 0.4529_
4 NO .A/C 17 0.7274 0.5294
S EXMN 1 29 0.7527 0.56.35
6 tO 051 24 0.7818 0 .6412
7 AREA 7 0.822 1 0.6758 .....
B LAYERS tO 0.840* 0.7058
9 HEIGHT 12 0 .8512 0.7246

$0 CR5 W I 25 0.8834 0,7803
11 WEIGH T.~~R 0.8981 _______ Q.8066....
12 PAN ELS II 0 .9163 0.8307
13 STL SP 23 0.9384 0.0807
14 THNNES 9 0 .9492 0.9009
IS M. MX_T_.30 0.9685 ______0.9380

~~

18 CR SPO 20 0.9839 0.9680
1? CR ALT 21 0.9912 0.9825
IS MX SPO 18 0.9977 0.9954

0.99~A 0.9972,......
2* U MN 1’ 3* 1.0000 1.0000

, J t ~~T O~~~~~~~S T f l L 2 L I~~

CASE Y V
NUMBER X ( 4) COMPUTE D - RES IDUAL

51.3400 57.3025 0.0375
2 18.1800 17 .8250 0.5550
3 103.0900 102.9380 0.1520
4 23 ,J900 23 .4475 —0 2575 ,,~_
S 28.9200 28.8943 0.0257
6 76.9800 76.9731 0.0069
7 1 5.2 5 0 0  1 5 . 0 4 0 3  0 .2 3 9 7

_S 39.6500 39.8757
9 - 243 .9700 244 .0186 —0 .0486

10 83.4700 83.6091 — 0. 439 1
11 53 .4700 53.2236 0.2434
.12 12 .6100 12 .6182 0.0082 .,,,...
13 36.6100 37 .0R98 —0 .4198
14 53.7300 53.6299 0.0 401
IS 27.0900 26.9780 0. 1 120

67.5 400 66.8228 ________ 0.6574 ,,,...
I? 58.5400 59.2237 —0 .7437
lB 20.6300 20.8796 — 0 .2 496
19 4.9 100 5 . 3 2 13  0.4713

_ 20 0.5700 0.5337 0.0363.,,,...
21 38.3400 38.4606 0.1794

- __________________ 
22 14. 74-00 , 11 . 4553 0.2547
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TABLE 10. ESTD4ATED WINDSHIELD AND O’llLER COCKPIT WINIX)WS LSC EQUATIONS FOR 
—

ALL VARIABLES (CC~ T)

(QUA? ION
VARIAI LE CfltFFICIfHT

.~~..(CONStANt 1112.64233
AREA 7 0.51877
WEIGHT 5 0.04264
THNN IS 9 — 123.30479

L O G I S T I C  SUPPORT COST ~~~~~~~~~~~ ~~ 

-

PER AIRCRAFT MX SPO 16 — 1 .89434
MX A LT 19 0. 4 35 1 9

....CR SF0.20 —1.1 6910...
STL SF 23 — 23. 41641
MAX 0 26 —22 .90062
(LIV 21 0.47974

....E*MX.T 28 7.8452e~~(8MW 1 29 0.29525
U MX 1 30 —9.58868
M MN 1 34 17 .87071

....N8W03P 3’ 0.62024....
I4~OT04 34 8.76943
~~0Tt3 33 —4 .33388
MPRCIT 36 0.37259

0.~727l&..
STEP VARIABLE MULTIP LE

NUMBER ENTERED 01NOV10 R RSQ

I MAX 0 26 0 .5 189  0 .269 3
2 £XMN T 29 0 .5948 0.3502
3 NXW O S P 32 0 .6 342  ______ O.3807 _
4 HMOTO4 34 0.6112 0.4508
S HM D TI 3 35 0.7219 0 .5211
6 W E IGHT 8 0.7471 0.5590
1 TNI (NES .__ 9 0.7800 ______ 0.6023 .......
S NPRCPT 36 0 . 8 4 1 4  0.6583
9 LAY ERS 4 0 0.8669 0. 7315

10’ IX MX 1 26 0 .8889 0 .790 4
II (LIV _ 2’T 0 .9 1 1 3  ______ O .83 04 _
12 MX SF0 lB 0.926 1 0.6576
13 U MX 1 30 0 .94 O~ 0.8839
1 4 PANELS II 0 .9556 0 .9 1 3 2

...._i~ C R SPO .20 0 .9 6 1 0  0 .9234 —
$6 AREA 7 0.9683 0.9377
17 U UN T 34 0 .9728 0.9464
IS MX AL l *9 0.9654 0.97*0

._...JJ.........,.. ..... ....._....ST LSP 22 0.9950 0.9900,......
_~ M PH/AC 39 Q 9 ~9~ 0~~~9~~

__
L IST ~iV’~~~PAI0UA L5

CASE V Y
N UMBER X (40I COMPUTED RESIDUAL

I 2.a602 2 .3374 —0 .0672
2 0.6224 0.6265 —0 .0641
3 6.7440 6.6394 0.0746

1.0991 U1472 —0.0415
3 1. 24 11 1 .3351 0.0060
• 6 .0 2 6 1  5 .9534  0 . 0 7 2 1
7 3 . 4 5 1 1  3 . 4526 — 0 . 0 0 4 0
I 3 .52 05 ., 3 .9559 — O . 0 3 3 4 _
9 1.5225 7 .5996 — 0 .077 1
10 43,6390 13 .9109 — 0 .0719
II 1.3383 4 .2986 0.0397

0~ 3336 0 .3445 ________0.02 12 _
3 4.0078 4 .0203 -0.0424

14 4.4725 4 .52 78 —0.0553
IS 1 ,4824 1 .1572 0.0254

26. 0920 ~~~ 26 .0393 ________ 0.0521_
17 2 .3030 2.2073 —0 .0043
II 0 .9 7 0 4  0 . 9 6 5 3  0.005 %
8 0.32*8 0.4402 —0.0654

JO O~2633 0.J 456 ________0 ,119 6_..
2*  4 . 75 4 3  4 . 7 4 03  0.04 38

— 
22 0 .7 49 7  

$ 
0.5792  0.05 63 

_________________
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TABLE 10. ESTIMATED ~‘1INDSEIIELD .-\ND (YflLER COCKPIT WINDOWS LSC EQUAT I ONS FOR
ALL VAR IABLES (CONCL )

EQUATION
YA RI~~~L~ COEFFICIFN T

.......(coN sTAI T t~ 2 .B2575AREA 1 0.06776
WEIGHT 8 ‘-0.04254
THMNE S 9 34.16535

...LAYERS tO 4 .43132. .

MA I NTENANCE MAN-HOURS H E I G H T  12 

~~~~~PER A I R C R A F T  CR SF0 20 —2 .29547
..CR ALL ZI 0.02681.
SIL SF 23 11.3804 I
LD 051 24 —0.44990
GRS W I 25 0.02676

....MAX 0 26 —0.34952.
EXM X T 20 —2.83628
U MX 1 30 4.28887
N MN 1 3* —3.97900
...MXWOSP .3 ’ 0.01 380.
IWOTO4 34 —0.42035
MPRCP I 36 0.09226
AFH/AC 51 0.88129

________________ AFLJAC_A~ 0 40.7.15. 
______________

STEP -- V A RI A BLE MULTIP LE
NUMBER ENTERED 29NOV10 R 250

I WEIGHT 8 0.7366 0.5426
2 MAX C 28 0.7648 0.5850
3 CR SPO_20 0.7979 ______ 0,631.6
4 LAYERS 10 0.9165 0.66*37
S EX M~ 1 28 0.850* 0.7228
6 HEIGHT 4 2  0 . 8 7 71  0.7693

tO 0SL24 0.8939 ______ 0.799 1 __
• 025 WI 25 0.9075 0.8235
9 CR A L T  21 0.9319 0.8604

10 N MN T 3* 0 .9424 0.88U2
— 11 ARE A 7 0.9472 ______ 0.8972_

12 STL SF 23 0.9576 0 .9171
13 IHKNES 9 0.9595 0.9201
14 N MX 1’ 30 0 .9839 0.9680

.......dS MX A LT..J9 0 ,9862 0.9726.......
16 AF H /AC 57 0.9890 0.9784
17 A lL/AC 59 0.9968 0.9935
lB M PRCPT 36 0.9985 0.9969
10 MM0104 14 1.0000 L.C’OOO_
20 MXWOSP 32 .1.0000

,_jJ51 r%c’~~~~ C t n t i A I  ~

CASI V V
NUMBER X (48) COMPUTED RESIDUAL

2.404 1 2 .3282 0.0159
2 0 . 5 9 45  0 .5 9 6 7  0.0019
3 6 . 4 6 8 0  6 . 4 7 23  —0 .0042

__4 1.2079 _L .2030
S 1 .0581 4 .0679 —0 .0098
6 6.7*45 6 .7122 0.0023
7 3.1556 3 .1490 0.0065
0 2.8540 2.8481 0.0035_

I 9 1 1. 6 0 30  1 1 . 524 0  0 . 0* 9 0
I *0  13 . 54 9 2  13 .5698  —0.0201

II 1.7646 1 .7904 —0 .0288
8,3552 0.3501

13 1.013 4 1.0539 0.0192
4 1.6026 1.5299 0.0127

IS 1. 4 3 1 4  1 . 43 9 2  0.0079
_....._I6 4 .4324 1 ..4334 —0.00l5..........,

11 4.0909 1 .403 1 — 0.0121
I ‘8 0.9894 0.9735 0.0160

IS 0.332 * 0.31 74 0.0147
L......20 &.OISI 8.0451 —0 .0284_

21 3.0079 5.6884 —0.0004
22 0.3371 0.3650 —0.0101

1 . 
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SECTION IV

CORRECTIVE PROGRAi.~

DESIGN IMP ROVEMENTS

As a result of the effort of the tasks defined in Volumes I and II , five

design improvments were selected as candidates for reducing logistical cost.

Initial examination of failure and cost da ta indica ted tha t a large number of
t ransparency systems for the 20 study ai rcraft  were l i k e l y  candidates. In
view of the effort required to research , analyze , and assemble these data, the

scope of the program permitted the development of only fi ve design imp rovement
st udies . During the field audi t phase of this program i t  was ascertained that
several aircraft such as the F-is and F- i l l  were invo l ve d in ongoing transpar-
ency medification programs. These aircraft were consequently eliminated as

can di dates for the study. The cor rective programs reviewed resulted in the
irollowing design improvement trade studies .

Design Imp rovement Trade 1, T-39 A Wi ndsheild Anti-icing Controller
- 

- 
Redesi gn

Design Impro vement Trade 3, KC-l3SA Boom Sighting Door and Window
Redesign

Design Improvement Trade 4 , B-52G/H Windshield and Window Redesign
Design Imp rovement Trade 5 , C-14 1A Wi ndshield Redesign
Design Improvement Trade 6 , T-38A Canopy Locki ng Mechanism Redesign

The ground rules imposed in the selection of these candidate improve-

ments were to review the study aircraft to identify those aircraft having

high annual expenditure in maintenance of transparency systems . The

procedures used to determine the cost effectiveness of the proposed
revisions are described in section II, Volume III , of this report.

— Other factors considered in the selection of these candidate improvements

were to ensure that the proposed improvements would result in the minimum

41
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modi f i cati on to the ex i s t ing  configuration. With the complexity of the equip-

ment contained in the interior of the modern aircraft , a very important

factor was to avoid the domino effect of causing other related changes. This

effect could possibly negate the cost reduction exercised in the selection of

design improvements.

Another importan t consideration in keeping the extent of change to a
minimum was to prevent extensive and costly requalification testing. By

limiting the amount of modification , requalification by analysis is considered

to be acceptable. Analysis on this basis of similarity can greatly reduce the

amount of retesting that may be required.

Care was given to avoid change to external configuration that migh t

result in reduced performance. In addition , the selection of the candidate

improvements also considered the relative importance the aircraft has in the

total posture of the Air Force inventory.

The final conside ration in l imit ing  the extent of the proposed changes
was to make a field modification feasible and cost effective. It is believed

that the proposed corrective programs contained in this section are cost

effective and will result in reduced maintenance and other logistical support

CO S t .

FAILU RE ANALYSIS

A failure analysis was made for each of the 20 selected transparency

systems. The process utilized was through the extraction of maintenance data

from the AFM 66-1 data tapes, using the Maintenance Analysis t’bde l (MAW ’s)
program as described in Section II , Volume III , of this report . The failure

mode descriptors in coirbination with the flight hours , logistical cost is
shown in a sample printout as listed ~n figure 5.

Prom the MAM ’s tabulation an assessment as to how the component or part
failed was condensed in the fo rm of a failure fault tree, and failure analysis

summarizing the more significant How Mal , action taken, and probable cause .
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Since each HAM ’s printout may contain from 20 to 200 pages for each t ranspar-
ency system, it was deemed advisable to include the failure analysis for only

the selected candi date improvement studies in this report. These failure

analyses are found in the following trade studies section and in Appendix A

to this volume .

The master transparency system list as contained in Appendix A of Volume

II includes the first five ranks by LSC , the major Flow-Mal codes, and the

corresponding percent of maintenance m an-hours.

In the cases whe re the l evel of description was inadequate the failure
assessment was supplemented with the information collected during the f ield
audit or by a followup call to the contacts made during the field audits.

COST ANALYSIS

The cost analyses performed in support of the trade studies shown in this
section are based on a 10-year life cycle cost projection. The basis for

establishing the annual costs (see table 1, Volume I) was the current AFM 66-I

data tapes whose timespan started in January 1976 and concluded in June 1977 ,
a period of 18 months. In order to establish a uniform basis for evaluation ,

the aircraft dollars-per-month cost of the 1(051 current and previous three
quarters were combined, while the l8-~nonth , AFM 66-1, flight hours and/or

maintenance hours data were ratloed to provide an annual rate.

Having established a consistent annual reference baseline , it was them

necessary to escalate these costs to the current year 1978 and to 1988 for the
- 

- 
10-year life cycle cost for effecting the desired trades. The escalation

factors used for this purpose were obtained from the USAF “Cost and Planning

Factors ,” ART 173-110 , Volume 1, 6 February 1975, amended May 1977. The
escalation factors for these timespans are :

- - 
-

~
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Escalation Factors

Mid-1976 to 1978 is 1.1587
1978 to is 1.2250

During the processing of the KOS]. logistical cost data it became apparent
that various entries in some of the data , as extracted from microfiche, were
either omitted or included in the average monthly cost totals for each quar-
terly entry . The sample KOSi logistical support, figures 6 and 7 of Volume I,
indicates this possibility. Attempts to reconcile these discrepancies through
contact with the data collection agency and/or by correlation of field audit
data met with limited success. It was concluded that , in many cases , the
distribution of f ield maintenance, special repair , packaging, and condemnation
costs were not reported but included in the total average monthly costs .
Although some of these values are suspect, they were left unchanged to maintain
consistency for basis of comparison of the total logistical support cost
reported for each aircraft.

In the evaluation and assembly of the trade studies presented in this
volume, adjustments were made to some of the annual LSC totals. This was done
to ensure the validity of the trade study, where 1o~own special repair activity
or a more accurate accounting of maintenance actions were identified. The
variations and changes are shown in the detailed cost analysis contained in
this section. Other factors unique to the trade study are also included in
the detail cost analysis.

TRADE STUDIES

The result of the trade studies presented in this section were based on
analysis considering a 10-year life cycle cost. The studies conducted indicate

that appreciable savings in maintenance and logistical costs for the proposed
design changes are possible. The principal factors traded are the proj ected
cost of maintaining the present concept against the redevelopment , replacement ,

(1 Midpoint average for 10-year LSC.
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and maintenance costs for the redesigned concept. The evaluation of these
. ~ades follows .

DESIGN IMPROVEMENT TRADE STUDY 1, 1- 39A WINDSHIELD ANTI - ICING CONTROLLER
REDESIGN

Problem

A study of the K05l IROS and AFM 66-1 maintainability data as contained
in the HAM’ s Program and included in Appendix A indicates that the SCV- 896
(figure 8) windshield controller is the number one cost contributor in the T-
39A transparency system. Due to the complexity of the controller, the unit

- 1 often fails to operate properly . This unit is a germanium , semiconductor- type
controller providing a time delay device to prevent thermal shock of the
windshield during cold ambient startup of the anti-icing system. The principal

j causes for these failures are depicted in T- 39 transparency system fault tree
(figure 9). Many of these units are frequently removed and replaced , and many
are sent to a contract depot for repair. It has also been determined that a
substantial number of man-hours are expended in cannibalizing other aircraft
as a source of usable controllers.

A study of the field service bulletins for the early model coninercial
Sabreliners using the SCV-896 controller indicates that approximately 12
percent of the failures associated with cracking and delam.inations of the
windshield can be attributed to the failed controller. A sunnary of the
combined failure modes of both the controller and windshield panel is shown in
figure 10.

Proposed Revision

To substantially reduce this high- cost maintenance problem, it is recom-
mended that a new heat controller, CSV-2708, be substituted for the SOV-896-41
model. The model CSV-2708, using current solid-state technology, has been

45
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developed for use in the Sabreliner aircraft. The proposed replacement con-

troller, model C~~-Z708-1l, is directly interchangeable with the current
modified model SCV-896-41. The interchange of this controller will also

result in a significant reduction in windshield replacement caused by con-
troller failures .

Cost Analysis

The cost analysis for the proposed change is summarized in table 11. It

presents the 10-year life cycle cost projection for the present concept as
compared to the cost of redesign, requalif ication and retrofit , and reduced

‘ maintenance. Table 12 is the detailed cost analysis statement of the step-by-
step assembly of logic , and costing factor used to develop the cost trade.

An annual saving of $92 ,200 for the controller substitution , with an
accompanying annual fallout saving of $21 ,900 for windshield panels , can be
realized as a result of this proposed change.
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TABLE 12. COST ANALYSIS

T-39A WINDSHIELD TEMPERATURE CDNThJLLER
COST STUDY

CURRENT UNIT (SCV-896- 4) COST

PRESENT CCt4CEPT

FIELD MAINTENANCE FOR SPECIAL REPAIR
WUC 41535
Action taken code 1 (bench check NRTS) 323.3 hours
Field maintenance rate, controller (56,568 ~

- 2 ,593) $ 21.82 hours
Total field maintenance for special repair $ 7,054
Annual factor 0.6667
Annual special repair field maintenance $ 4,703/year
Escalation factor 1976- 1983 1.419
Total annual special repair field maintenance $ 6,674/year

TOTAL 10-YEAR LCC SPECIAL REPAIR FIELD MAINTENANCE $66,735

FIELD MAINTENANCE FOR OThER ThAN SPECIAL REPAIR
WUC annual cost $ 56,568
Less special repair labor $ 4 ,703
Total field maintenance T~ 51,865
Escalation factor 1978-1985 1.225
Annual field maintenance cost $ 63,535

TOTAL 10-YEAR LCC F/M FOR (fl’HER ThAN SPECIAL REPAIR $635,355

TOTAL 10-YEAR LCC C(~’JTROLLER FIELD MAINT. COST $702 ,090

WINDSHIELD FIELD MAJNrEMP.NCE $ 60 ,501
Escalation factor 1978-1983 1.419
Total annual windshield field maintenance $ 85 851

TOTAL 10-YEAR LCC WINDSHIELD FIELD MAINTENANCE $8~8,5l0

SPECIAL REPAIR
Average annual special repairs 1976, 1977 140 units
Average unit cost $ 567/unit
Special repair off-site costs per year $ 79 , 380
Escalation factor 1.419

TOTAL 10-YEAR LCC SPECIAL REPAIR COST $1,126 ,402

WINDSHIELD SPARES $ 18, 914
Escalation factor 1976-1983 1.225
Total annual windshield spares $ 23,120

TOTAL 10-YEAR LCC WINDSHIELD SPARES $231,200

TOTAL PROJECTED PRESENT CC~iCEPT 10-YEAR LCC COST $2 ,918 ,202
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TABLE 12. COST ANALYSIS (Continued)

T- 39A WINDSHIELD TEI~1PERA11JRE CONTROLLER

REDESIQ~1ED C~ECEPT

N~~~’1RECURRING

Total development and qualification costs (RI proposal
to AF) $125 ,420

Total technical order manual revisions ($35/hr x 214.3 hi) $ 7 , 500
TOTAL NCNRECtJRRING COST $ 132 , 920

REPLACF1~~’fF WITh CSV2708-l SOLID STATE
Replacement cost
1975 imit price (250 units production) $ 1,705.04
Escalation factor 1975-1978 1.245
1978 cost 2,127.77
250-unit production 250

Total Production (Recurring) Cost $530 ,694

TOTAL RECURRING COST $ 530 ,694

FIELD MAINTENANCE COST
Controller annual cost (less special repair) $ 51,865

C~i-aircraft 2 , 065 hr = 80% of total
Off-aircraft maintenance 529 hr = 20% of total
Cannibalization 437 2 , 064 21.2% of 80% = 17%
Total percentage of WUC deleted with new units = 17%
Estimated reduction in field maintenance
for solid-state devices (100% increase in M~BF) 50%

Projected cost reduction in maintenance labor
50% $51,865 $ 25 ,933

Total reduction in field maintenance costs $ 34,750
Remaining field maintenance costs (0.23 x $51,865) $ 17 , 116
Escalation factor 1976-1983 1.419
Projected annual cost for controller field maint $ 24 ,287
10-year F’c timespan 10
Total 10-year LCC controller field maintenance cost $242,869

Windshield field maintenance
Present concept field maintenance $ 85 , 851
Annual costs attrilxzted to controller overtemp $ 10 , 304

Total projected 10-year LCC F/M ($85,851 - 10,304) x 10 $755 , 490

TOTAL 10-YEAR LCC FIELD MAINTENANCE COST $ 998 , 359
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TABLE 12. COST ANALYSIS (Continued)

T- 39A WINDSHIELD TEMPERATURE CONTROLLER

REDESIGNED CONCEPT

SPARES

Windshield spares
Present concept spare cost $ 23 , 120Annual windshield replacement reduction $ 11,584Total projected 10-year LCC spares ($23,l20-$l].,584) x 10 = $1l5,36(F

TOTAL 10-YEAR LCC WINDSHIELD SPARES $ 115, 360

TOTAL REDESIGNED CONCEPT COST $ 1,777 ,333
TOTAL PRESENT CONCEPT COST $ 2 , 918 , 202

TOTAL 10-YEAR LCC SAVING $ 1,140 , 869

TOTAL ANNUAL LCC SAVING $ 114,087

I

_ _ _ _  _ _ _ _  
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TABLE 12. COST ANALYSIS (Continued)

ESTIMATED T- 39A WINfl9IIELI) MAINTENANCE
COST ATrRIBUFED TO ThE TEMPERATURE

CONTROLLER FAILURE/MALFUNCTION

FIELD MAINTENANCE (TOTAL WUC ’ S 11111 AND 11110)
Total annual maintenance cost for:

WUC 11111 windshield g1as~ panel $ 33,060WUC 11110 windshield assembly $ 27,441Total current field maintenance cost $ 60,501

ESTIMATED WINDSHIELD FIELD MAINTENANCE ATTRIBUTED
T~~~Ctm~)ILER MALFUNCTION

WUC 11111 - W/S glass panel 33,060 x 0.12 = $ 3,967WUC 11110 - W/S assembly 27 ,441 x 0.12 = $ 3,293
Total windshjled and panel maintenance 

~~ 7,260 —

Escalation factor for 1976-1978 1.1587Escalated labor to 1978 8,412
Total annual cost attributed to controller overtemperature $ 8,412
Escalation for 1978-1983 1.225

Total annual Field Maintenance cost attributed tocontroller overtenperature $ 10, 304
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TABLE 12. COST ANALYSIS (Concluded)

T-39A WIN1~~ IELD SPARES

ESTIMATED 33% REIDVE AND REPLACE FOR DELAZ4INATIONS
LXJE TO C(1~T~ROLLER MALFUNCTION

Units

WUC 2

11111 W/S panel 12

Total 14 units
Controller malfunction percentage 0.33
Controller malfunction units 5

ESTIMATED 50% RFM)VE AND REPLACE FOR CRACKING
tUE TO C()(rROLLER MALFUNCTION

Units

MJC

11110 W/S assembly 0
11111 W/S panel 4

Total 4 units
Controller malfunction percentage 0.5
Controller malfunction units 2

Total panels removed and replaced due to controller malfunction 7

Windshield panel unit cost $ 1,351

Total annual replacement cost due to controller malfunction $ 9 ,457

Escalation 1978-1983 1.225

Annual windshield replacement reduction $ 11,584
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DESIGN IMPROVE MENT TRADE STUDY 2, KC-135A BOOM SIQITIN G DOOR AND WI NDOW
REDESIGN

Problem

The boom door and sighting window is located on the lower centerline ,
of the ai rcraft , just to the rear of the refueling boom operator ’s station
(figure 11). A window is completely removed from the aircraft, on a daily
basis, to accompl ish the necessary servicing. After removal , the window
panel , as well as four separate fastener retainer strips, are layed on the

ground. These parts are frequently inadvertently damaged by being blown away
by the wind,stepped on, and run over by wheeled vehicles . The Airloc panel

fasteners used to retain the window requi re frequent replacement of the studs
and receptacles, due to wear and tear of the daily removal. A single, line

crewmentber can remove the window, although with some difficulty. However,

when reinstalling the window , assistance of a second person is required , until

the first few fasteners are secured. The failure fault tree and failure

analysis summary for this door and window are shown in figures 12 and 13.

Proposed Revision

Incorporate a hinged window in lieu of a removable window and retain the

panel fasteners to reduce maintenance costs.

Description of Change

In order to reduce the potential of damage of the window assembly, as

well as reducing the man-hours required to gain access to the compartment , it

is proposed to change the window installation to incorporate a hinge on the
right-hand side , opposite the accumulator. Use a strut to hold the window

in open position. The strut can be anchored to, as well as stowed on . the

hydraulic actuator support beam that is centered on the door.
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It is also recommended that the fastener retainer strips be combined
into a “ring frame” and secured to the window assembly.

Investigation of quick-release panel fasteners reveals that although
there are several fasteners that could replace the Airlocs presently used ,
there is no apparent advantage to be gained by making a change . See
figure 11 for the propos d door configuration.

4

Cost Analysis

Tables 13 and 14 present a summary and a detailedbreakdown of the costs
involved in the modifying of the aircraft to incorporate this f~ature . The
cost shown reflects maintenance requirements as established from the MAM’s
failure analysis and cost of material , labor rates, etc., as used in the
Rockwell pricing process.
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Figure 11. KC- 135A Boom Door and Sigh ting Window
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TABLE 14. COST ANALYSIS

KC- 135A BO(}1 DOOR AND SIQ~~INC WINDOW
PRESENT C~ 4CEP’~
FIELD MAINTENANCE COST DFrER.UNAT ION

Annual field maintenance window remove and replace 1,843 hr (1)
Field maintenance labor rate 10.71
Remove and replacement labor cost $ 19,735/year

Loose , missing, and damaged bolts and nuts
(1-M 105, 106) 2 ,148 hours

Annual factor 0.6667
Annual field maintenance hours (1-NC 105, 106) 1,432 hours
Field maintenance labor rate 10.71
Total field maintenance cost (E~vlC 105, 106) $ 15,340

Total field maintenance hours January 1976-June 1977 12,115 hours
Annual factor 0.6667
Annual hours 8 077 bours
Annual field maintenance cost $ 86 ,490
Average rate 1976 ($86,480 8,077 hours) $ 10.71/hr

Current field maintenance cost boom sighting door window
WUC 1114A
Annual cost 1976 $ 53,624 (1)
Escalation factor 1976-1983 1.419
Annual cost field maintenance $ 76 , 092
Expected fleet life 10 years
Total. 10-year LCC field maintenance cost ~760,924

SPARES

Condemnation (spares) escalated to 1983
154 x $671 x 1.225 x 10 x 0.62 $ 719,150 (2)

Total 10-year LCC boom door window $719,150

T(YFAL KC-l3SA 10-YEAR LCC PRESENT CONCEPT (X)ST $1,480 ,074

(1) Total WIJC 1l].4A includes the F/M hours and dollars for both the boom
sighting window and boom door and sighting window. These estimates are
corrected for the boom sighting window.

(2) Cost includes edge members , seals , fasteners, etc.
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TABLE 14. COST ANALYSIS (Continued)

KC-135A BOCN DOOR AND SIGfFING WI NDOW

REDESI(~ ED CONCEPT

NONRECURRING COST
Total engineering and tooling costs (677 hr x $40/hr ) $27 ,080
TCTO revision

Labor (377 hr x $35/hr) $ 13,200
Material $ 203

Total TCIO revision $13,403
TOTAL NONRECURRING COST $ 40,483

COST CALCULATIONS - BO(]vf SI(~~FING WINDOW M3DIFICATION KIT

Kit fabricationa Purchased parts
I Hinge 18 inches at $22.00 $ 22

Rivets 50 at $00.02 1
Strut at $ 5.00 5

28

Labor
Cut hinge to length 0.2 hr

& Acaanulate parts 0.52 piece 1.0 hr
Inspect kit 0.5 hr
Labor rate at $3t~7TiourKit labor $ $ 52
Total kit cost $ 80

Total aircraft 568
Total mod kits for 568 aircraft ($80 x 568 A/C) = $45,440
Kit installation

Remove window 1.0 hr
Set up and drill hinge and window edge
25 holes at 0.25 hr/hole 6.25 hr
Modify RH window frame 2 hr
Drill and install/25 rivets in

window frame 6.25 hr
Secure window (15 Airloc

fasteners) 0.1 hr

Total kit installation labor 14.6 hr
Field maintenance labor rate $14/hour

$ 204.40
Total kits 568
Total fleet installation cost 77 $l16 , 10(J

TOTAL RECURRING COSTS $ 161, 540
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TABLE 14. COST ANALYSIS (Continued )

KC- l3SA BO(]4 DOOR AND SIGHTING WINDOW

REDESIQ~iED CONCEPT (Continued)

FIELD MAINTENANCE COST (Boom Door Window)
Total maintenance hours 1,733 (1)
Field maintenance rate $ 10.71/hr
Field maintenance cost 1976-1977 $ 18,559
Escalation factor 1976-1983 1.419
Projected maintenance cost $ 26 ,334

TOTAL 10-YEAR LCC MAINTENANCE COST $263,338
SPARES

Nianber of units 76 units (1)Unit cost $ 671/unit
Total spares cost $ 51, 178
Escalation factor 1978-1983 1.225
Total spares cost 1978-1988 S 62,684
TOTAL 10-YEAR LCC SPARES COST $626,838
TOTAL REDESIQ~ED CONCEPT COST $1,051,716
TOTAL PRESENT CONCEPT COST $1,480,074

TOTAL 10-YEAR LCC SAVING $428,358
TOTAL ANNUAL SAVING $42,836

(1) Includes WUC lll4A correction.
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TABLE 14 . COST ANALYSIS (Concluded)

KL 135A BOCIvI DOOR AND SIGI-frING WINDOW

SPARES DETE1~4INATION

Current field maintenance cost $86 ,490~
1)

WUC ].114A Total Hr R Code Hours
HMC 190 Cracked 1,253.45 33 346.99

846 Delaxn 703.22 45 520.6
910 chipped 478.98 33 410.84
935 Scratched 404.71 34 319.07
117 Deteriorate 392.74 31 104.15
70 Broken 388.25 16 20.5
730 Loose 69.94 2 10.0
900 Burned 59.01 12 59.01
605 Crazed 26.97 3 18.3
374 Failed 24 3 24
942 Misc 16 1 16
10 3.67 2 3.67

*Tota.ls 215 1,853.13
8.69 hours/R code

Units Hours

No Defects Action Taken
1-NC 799 T Remove for cannibal- 13 19.19 1.48

ization
R Remove and replace 7 9.6 1.4

* U Repi for cannibalization 16 30 1.88
H Equipuent check 1,816 1,751.75 0.96
P Removed 1 0.5 0.5
Q Installed 90 384.18 4. 26

1,943 2,195. 22 1.13~ hours

Other Maintenance

HMC 800 S Remove and reinstall 116 158.44 1.36
P Removed 136 116.15 0.85
Q Install 102 100.85 0.99
R Remove and replace 14 34.04 2.43

Totals 368 409.48 1.1.1
Total remove and replace units 2,526 4,459.83 x 0.6667 = 2,972.82
Total spares (18 months) 231 2,706
Annual factor 0.6667
Annual spares 154

(1) WIJC 1114A includes the field maintenance cost for both the boom sighting
window and the boon door and sighting window. WUC 1114A BDSW = $86 ,490 -
$32,866 $53,624 (WUC 1114A distribution is 38 percent for boom sighting
window, and 62 percent for boon door and sighting window).
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DESIGN IMPROV~v1ENT TRADE STUDY 3 , B-52G /H WINDSHIELD AND WI NDOW REDESIGN

Problem

A survey of the B-52 reliability and maintainability data reveals that
the windshield and windows shown in figure 14 account for 68 percent of the
total cost of maintaining the B- 52 transparency system. Of these failures, an
estimated 30 percent are associated with delaminations, cracking, chipping,

and deterioration of the panel assemblies. The six candidates include wind-
shield panels numbers one through seven. The failures for these panels are
depicted in figures 15 and 16 and suiniiarized in figure 17. Discussions with
ALC personnel state that a contributing factor to these types of failures are
the windshield anti-icing controllers .

Proposed Revision

It is reconnended that the following changes be incorporated in the
B- 52G/H transparency system for the purpose of reducing maintenance and logis-
tical support costs.

1. Incorporate an improved flexible layer, a zee strip edge frame, and
revise the edge sealing of the following windshield assemblies :

a. 1IDC6, No. 1 center windshield panel
b. 11DCR, No. 2 LH and RH - main panels
c. 1LDCt , No. 3 LU and RH - sliding clear vision panels
d. 11DC7, No. 4 LU and RH - side panels
e. 11DC8, No. 5 UI and RE - aft side panels

2. Improve fastener attachnent.

3. Incorporate improved controllers .

4. Revise instri.unent glare shield for access to fasteners.
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Description of change

Windshield panels 1, 2, 3, 4, and 5 are of similar construction (figure
18). The exterior and interior tempered glass laminates are bonded to a
polyvinyl butyral interlayer. There is a metallic edge insert in the PVB
interlayer. The PVB interlayer extends to the outer surface and serves as a
bumper between the outer glass laminate and the windshield supporting struc-
ture. In addition, various parting agents and phenolic edge fillers are used.
See figure 18.

When the windshield panels are installed, precured polysulfide strips are
used for pressure seals. The strips are prepared by the maintenance personnel.
Installation of the numbers 1 and 2 panels have used molded rubber gaskets on
some aircraft. Polysulfide sealant is used to fill the gap between the outer
surface of the panel and the supporting structure.

In order to reduce delamination and cracking that result from temperature
variation, it is reconvnended that a 0.03 laminate of PPG 112, or equivalent,
interlayer be used adjacent to each glass surface (figure 19) in place of a
like amount of polyvinyl butyral. To provide an improved moisture barrier for
the panel edge, use a heat vulcanized silicone seal along the edge of the
outer glass laiminate and cover the edge with an overlapping metal “zee frame” ,
and a polysulfide faying surface seal. Extend the polysulfide to seal all
exposed edges of the panel assembly laminates. Extend the usage of molded
silicone pressure seal gasket , to each of the windshield panel installations ,
and eliminate the precured polysulfide strips. Allow the environmental seal
to not only fill the edge gap, but to overlap the adjacent structural members.
Use bolt spacers to minimize stresses induced by overtorquing the installation
bolts.

Another high-cost item, associated with the B-52 transparency system, is
the windshield anti-ice temperature controller, work unit code 41 I-LAB . This
single item accounts for 10.38 percent of the total transparency system logis -
tic support cost. Two “How Hal?” codes , “internal failure”, and “failed to
operate” required approximately 38 percent of the cost of this item and
resulted in 56 units removed and replaced in a 12-month period.
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It is recixinended that an updated solid- state temperatu.c~ controller be
incorporated into the windshield anti-ice system. It is estimated that usage
of a more reliable tenq)erature controller will not only substantially reduce
the maintenance Cost of the anti- ice system, txit will , in addition , bring
about a reduction in replacement of heated windshield panels.

Another high cost in maintenance hours that is attributed to this type
windshield installation is gaining access to the lower panel attachment.
Examination of aircraft of this type indicates that a readily removable instru-
ment glare shield (total or partial) can be achieved by the incorporation of a
splice or hinged arrangement. This modification will improve access to the
windshield attaching fasteners.

Cost Analysis

The cost analysis for the proposed change is suninarized in table 15.
It presents the 10-year life cycle Cost projected for the present concept as
compared to the cost of redesign, requalification , retrofit , and reduced
maintenance. Table 16 is a detailed cost analysis statement of the step-by-

— step assembly of logic and costing factors used to develop the Cost trade. r

The level of costs associated with condemoation and spares activity is
not always fully defined in the K051 IROS data. Consequently , it was necessary
to supplement this information from a buildup of spares replacement and Cost
from the MAN’ s analysis. This is shown in the current cost determination
shown in table 16. Since this analysis represents a net variation in
spares activity of current to proj ected , the application of this increment as
applied to the current logistical costs is therefore considered to be valid.

The total nonrecurring cost developed for an improved windshield tempera-
ture controller to be used on the T-39A amounts to $132 ,920. Based on experi-
ence with the T- 39A, it has been estimated that the development cost for a
similar controller to be used on the B-52G/H will be $140 , 000.
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A The factors as applied in the costing or specific effort are described on
page 44.
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MODEL B-520/H Wuc
110CR WINOOW NO. 21.. & ~~~
11DC7 WINDOW NO. 4L & 4R
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Figure 15. Fault Tree B-Sc C/H Windshield Installation
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TABLE lb.  COST ANALYSIS

B-52G/H TR NSPARENCY SYSTBI

PRESENT C(~LCEPT

FIELD MAINTENANCE

Windshield and windows

WUC total (refer to page 99) $ 139,218/yr
Total years 10
Escalation factor 1976-1983 1.419

Total 10-year LCC windshield and window field maint $1,975,503

Controllers

WUC total $ 54 ,550
Total years 10
Escalation factor 1976-1983 1.419

Total 10-year LCC controller field maintenance $774,064

Instrument glare

WUC total labor per shield (KC- l3SA experience) 6 hr/unit
Total glare shields 335/unit
Total annual hours 2 ,010 hours
Labor rate per A/F $ 14/hour

Total annual cost $ 28,126

Escalation for 1976-1983 1.419 x 10
Total 10-year LCC instrianent glare shield $399,110

TG~~AL PRESENT 10-YEAR LCC FIELD MAINTENANCE COST $ 3,148,677

SPECIAL REPAIR

Controller

Units requiring special repair $ 39
• Average cost of repair (KC-135A baseline) $ 188

Total annual special repair 7,332
Escalation for 1976-1983 1.419
Total annual cost $ 10,404

T~~~~~AL 10-YEAR LCC C~~~~~T1~~~~LLER SPECIAL REPAIR $104 ,041 
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TABLE 1 5. COST ANALYSIS (Continued)

B- 52G/H TRANSPARENCY SYSTB’4
PRESENT CCt’4CEPT - Continued

SPARES

Windshields

WUC total (refer to page 99) $ 293 ,367
Total years 10
Escalation 1.419

Total 10-year LCC windshields and window spares $4,162,878

Controllers

Total quantity spares/year (39 x 0.446) 17
Unit cost 829
Total annual cost $ 14,093
Total years 10
Escalation 1.419

Total 10-year LCC controller spares $199,980

T~~AL SPARES AND SPECIAL REPAIR $ 4 ,446 ,899 a
TOTAL B-52G/H 10-YEAR LCC SPARES, SPECIAL REPAIR,
AND FIELD MAINTENANCE (PRES~~~ CONCEPT) $7,615,576

I
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TABLE 16. COST ANALYSIS (Continued)

B- 52G/R TRANSPARENCY SYSTEM

REDESI~ 4ED C~~CEPT

NC~4RECURRING COST

Tooling

(2) Strip
PFP production flat pattern 10 hours
HDP hydropress die ISO hours
FITF heat treat fixture oo hours

Molded silicone seal
Mold 40 hours
SRD steel rule die 30 hours
Total tooling labor 290 hours
Tooling labor rate $ 40/hour
Tooling labor dollars $ 11,600
Tooling material at $6.00/hr (incl C*{) $ 1,740
Total tooling $ T3,340
Total configurations 

_______________Total tooling for shipset $66 ,700

Engineering
Design 1,400 hours
TC1O 280 hours
Total engineering labor 1. ,680 hours
Engineering labor rate $ 40/hour
Engineering labor $ 67 ,200
Engineering material $ 110

Total engineering $67 ,3l0

Certification
Engineering $ 4,000
Testing 40 , 000

Panel fabrication (10 each) 12, 700
637 + 340 + 46% new
Current panel cost $ 637
Frame at 4 times boom sighting 340
+ 46% new 293
Total ~.uüt cost new $1,270 

________________Total certification per panel r ~6~700Total certification $56,700 x 5 config $283 ,500

Total nonrecurring controller $140,000

TOTAL NONRECURRING COSTS $ 557 ,510
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TABLE 16. COST ANALYSIS (Continued)

B- 520/H TRANSPARENCY ~,iSrEM

REDESIONED CONCEPT - Continued

RECURRING COST

TOTAL ANNUAL FLIGI-fl~ HC*JRS 100,814 hours
TOTAL AIRCRAFF IN FLEEr 262
AVERAGE ANNUAL FLIGHT HOURS PER AIRCRAFT 395 hr/yr

TOTAL SPARES REPLACEMENT (REPRESE’ffATIVE WINDSHIELD) 74
rep 1ac~nentTOTAL AIRCRAFT IN FLEET 262

3.54

M~BMA (334 x 3.54) CURRENT LIFE 1,363 hours

CURRENT AVERAGE FLIQ-rr HOURS/WINDSHIELD 10,000 hours
PPG 112 EQUIPPED DC-b C~1+ffiRCIAL(2 at 13,000 , 6 at 10,000, 3 at 8,000)

PRIOR EXPERIENCE FOR C(]+IERCIAL/NON-PPG 112 ~~UIPPED 3,500
REPLACEMENT FREQUENCY FACTOR 2.9
B- 52 WIND(Y~ CURRENT REPLACEMENT E*JRAT ION 3.2 yr

PRGJECTED REPLACEMENT DURATICt’4 PPG 112 (2. 9 x 3.5) 10.2 yr

REPLACEMENT FACTOR FOR B-52G/H TRANSPARENCY (10 10.2) 0.98 per
lifetime

FLEET REPLACEMENT COST PPG 112 ~43DIFIED TRANSPARENCIES $2,303,766
($977/UNIT x 9 UNITS/SHIP x 262 SHIPS)
I$637 + ($633 x CTI4 AVG FACTOR FOR 500 UNITS ON A 92%

CRC $977)

C~~rROLLER REPLACEMENTUnit cost old component $ 829
Cost factor redesigned part (T- 39 data) 0. 73
Recurring cost new unit $ 605
Fleet quantity 262
Total fleet cost ~ 158,510
Escalation factor 1978-1983 1.225

TOTAL CONT~ )LLER REPLACEMENT COST $194,175.

FIELD ~X)DIFICATION COST OF GLARE SHIELD
Modification effort/unit glare shield 12.6 hr
Labor rate $ 14/hour
Total labor 176
Total units 262

TOTAL FIELD ~4DDIFICATION OF GLARE SHIELD COST $46 ,217

TOTAL RECURRING COST $ 2,544 ,158
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TABLE 16. COST ANALYSIS (Continued)

B- 52G/H TRANSPARENCY SYSrB~I

REDESIGNED CCt~CEVF - Continued

FIELD MAINTENANCE COST

WINDSHIELD AND WINDOW
Current cost $ 139,218
Reduction for tvff~ 1A j r covement DDCC 0.65

90 ,462
Reduction for improved controller (1.0-0.16) 0.84
Total field maintenance for windshields per year $ 76 ,013
Total time 10 yr
Escalation 1.419

TOTAL WINDSHIELD FIELD MAINTENANCE COST $1,078 ,625

C(]~ffI~)LLER
Current controller cost $ 54 ,550
Reduction for increased MTBF 0.5
Total field effort per year 27,275
Total timespan 10
Escalation 1.419

TOTAL CONT1~)LLER FIELD MAINTENANCE COST $387 ,032

INSTRII4ENT GLARE SHIELD
Current cost 10 years $ 399 ,110
Reduction in cost for redesign 0. 2
TOTAL INSTPLMENT GLARE SHIELD $79,822

TOTAL 10-YEAR LCC FIELD MAINTENANCE COST $ 1,545 ,479

SPARES REQUIRED FOR NG4-DDCC ACTIVITIES
WINDSHIELD SPARES REQUIRflvIENTS ANNUALLY $ 293,367
Non-DDCC spares factor 0.31
Total non-DDCC spares required annually 90,944
Escalation factor 1976-1983 1.419
Escalated annual cost of other spares 129,050
Total life cycle 10

TOTAL 10-YEAR LIFE CYCLE COST FOR CTflIER SPARES ~~1,290,500

SPARES REQUIRED FOR DDCC ACT IVITI CODES
[(1.8-1.0) $194,175] = $155,339

TOTAL WINDSHIELD AND WINDOW SPARES $ 349,415
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TABLE 16. COST ANALYSIS (Continued)
B- 52G/H TRANSPARENCY SYST~ 1

REDESIGNED C~4CEPT - Continued

CCI4TROLLER SPARES
Replacement factor (ref 1- 39) (3.6 x 0.5) a 1.8Spares factor (1.8-1.0) 20 .8
Total controller spares — 0.8  x $1,941, 752 $155,339TOTAL 10-YEAR LCC SPARES COSTS $ 1,445,839

TOTAL REDESIGNED C(~4CEPT COST $6,092,986
TOTAL PRESENT Ca~4cEp’r COST $7,615,576

TOTAl. 10-YEAR LCC SAVING $1,526,590
TOTAL ANNUAL LCC SAVING $ 152,659
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TABLE 16. COST ANALYSIS (Concluded)

B- 52G/H TRANSPARENCY SYSTFM

OJRRS’~F COST DEFERMINATI(~
Field Maintenance Cost Spares

Cost/ Total
MJC Hours 1~1lars Rate Units Unit Cost

11DCÔ 1,159.9 12 , 441 43 861 37 ,023
11DC7 2 ,174.8 23 , 028 81 604 48 , 924
11.DC8 2 , 552.4 21 , 111 101 501 50 ,601

2 , 555.3 36 , 186 81 976 79 , 056
1IDCT 4,491.5 46,452 147 529 77 ,763

Total 12,933.9 139,218 $10.43 372 293 ,367

Average 694

How Mal Codes for Delamination , Deterioration , Chipp ing , and Cracking

WUC 11DC6 11DC7 11DC8 11DCR 11DCT
H?~ /Units Total

846 16 68 72 34 36 261
117 1 2 1 7 12 25
910 - 7 17 2 19 55
190 16 17 37 41 62 202

Total DDCC 33 94 127 84 129 467
Total units 64 121 151 121 220 677
DDCC % 52 78 84 69 59 69

WUC 41HAB Special Repair Determination
}t’IC/Units Action Taken Code

374 43 57.78 hours
160 3 5. 75

20 2 4.0
450 2 3.0
615 5 6.25
169 2 2.00
255 1 2.83

58 81.61 hours

0.6667 
_____

39 54.41 hours /year
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DESIGN I?QIC~T~4ENY TRADE STUDY 4 , C- 141A WINDSHIELD REDESIGN

Problem

A review of the reliability and maintainability da ta for the C-141A
aircraft (figure 20) reveals that approximately 30 percen t of the cost of
maintaining the windshield resul ts frc~n cracks , delamination , scratches , and
chipping . The failures for these panels are shown in figure 21 and stminarize d
in figure 22 .

Proposed Revision

In the interest of reducing this high-cost maintenance proble m , it is
recaiinended that the following changes be incorporated in the C-l4lA trans-
parency system.

1. Incorporate an improved flexible interlayer , a zee strip edge frame ,
and revise the edge sealing of the following windshield assemblies :

a. 11AAA, center windshield pane l
b. 11AAB , pilot ’s main pane l - Li-I
c. 11AAU , copilot ’s main panel - RI-I
d. 11AAD, LH and RH - sliding clear vision panels
e. 11AAC , LI-I and RH - side panels

2. Improve fastener attachments.

3. Revise iristnm~ent glare shield for access to fasteners .

Desciiption of Change

The seven windshield panels involved fall into two general categ ories .
The center and two forward panels are fabricated of temper ed glass laminates
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bonded to polyviny l but ry l. int er layers . (See figure s ~~ and 24 ~ The lef t -
and right-h~~d fixed side panels as well as the left - and right-h and , sliding ,
clear-vision panels are made out of stretched acrylic laminates bonded to
polyvinyl butry l inter layers . (See figures ~ and 2 S . )

All of the w indshields , inc luding the sliding clear vision panel , are
installed with a cast-in-p lace fay ing surface seal.

Cracking anti delam ination account for a maj or portion of the glas s - PVB

panel malfunctions. In orde r to reduce maintenance effort associated with
these panels , the following changes are suggested . (See figures 25 and 

~ )

Use a 0.030 laminate of PPG 112 ,, or equivalent , interlayer to replace a like
an~ ant of the polyviny l butry l adj acent to each glass surface. In order to
provide an improved moisture barrier replace the adhesively bonded polysulfide
btm~er strip with a heat vulcanized silicone seal and enclose the outer edge
with a metal “zee” frame and polysulfide faying surface seal. Extend the
polysulfide seal to protect all exposed edges of the panel assembly . To
reduce the time required to ins tall the panel assemblies , u;e a dry , molded,
ribbed silicone pressure seal rathe r than t~e fon~ed- in-place polysu.lfide
faying surfac e seal . To minimize installation stress resulting frtx~ over
torqui ng bolts , coordinate the length of the bolt spacers with the design of
the panel and the pressure seal. To reinforce environmental sealing , allow
the aerodynamic seal to overlap the adj acen t members.

Regarding the acryl ic-PVB panels , scratches and chipp ing , i.n addition to
cracks and delaminati ons , account for many malfunctions . Leaking is a Cost
contributor for the sliding , clear vision windshield panel. I t is reconi~ nded
that the PPG - 112 (or equivalent ) interlayer and the polysulfide edge seal be
used with these panels for the same reasons as for their use with the glas s-
PVB panels. It is also rec itinended that the molded silicone pressure seal be
used with the fixed side panel. (See figure 30. )  Inasmuch as the outer
acrylic laminate is continuous and overlaps the supportin g structu re , there is
no need to use the “zee” frame with these panels.
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A proposed envirorm~ental and pressur e seal for the sliding, clear view

windshield is shown in figure 29. The edge of the seal land and the panel

rebate are modified to minimize scrubbing when the panel is opened and closed.

A silicone Laying surface seal is formed in p lace to acconinodate manufacturing

and installation tolerance accumilation. The silicone seal is formed over a

tei~orary spacer in the area of the pressur e seal . Later an extruded neoprene

pressure seal is bonded to the land structure. I t is designed to provide an

interfere nce fit with the faying surface seal.

To reduce the damage of the acr ylic surfaces due to abrasion , use a

scratch-reSistant coating such as Serracin tiC-lB (or equivalent ) on both the

inner and outer surfaces . (See figures 29 and 30 .)

Mothe r very high cost in maintenance hours item that is attrib uted to

this type windshield installation is gaining access to the lower panel atta ch-

ment . Examination of aircra ft of this type indicates that a readily removable

instrument glare shield (total or partial ) can be achieved by the incorporation

of a splice or hinged arrangement. This modificati on will eliminate the

necessity of splicing wire bundles.

Cot  Analysis

The cost ana lysis for the proposed change is stnnar ized in table 17 . It

presents the 10-year life cycle cost proj ected for the pres ent concept as

cai~ared to the cost of redes ign, requalificatiOn, retrofi t , and reduced

maintenance. Table 18 is a detailed cost ana lysis stat ement of the step -by -

step assembly of logic and costing factors used to develop the cost trade .

The level of costs associated with condemnation and spares activity is

not always ful ly defined in the KOS]. IROS data. Consequently , it was necessary

to supplement this information fran a buildup of spares replacement and cost

fran the MAM’ s anal ysis. This is shown in the current cost deter tnirLati Ofl

shown in table 18. Since this analys is represe nts a net variation in spares

activity of current to proj ected , the application of this increm ent as applied

to the current logistical costs is therefore considered to be valid.
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The factors as ap pi icb d in t he ~~~~ ing  or spe d t~id e ff or t  are
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Figure 20. C- 14L4, Wind shields
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Figure 23. C-141A Existing Center Panel Configuration
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Figure 24. C-l4lA Existing Main Panel Configuration
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Figure 28. C-14 L A axisting Side P ane l Conf igurat ion
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Figure 29. c-141A Proposed Clear Vision Pane ’ Configurat ion
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TABLE 18. (~ ST ANALYSIS

C- 14].A TRANSPARB4Ct SYSTFI’4

PRESENT Cah1~~~r

FIELD MAINTENANCE

Windshield and windows

WUC total (refer to page 120) 
$ 340,440/yr

Total years 10
Escalation factor 1976- 1983 1.419

Total 10-year LCC windshield and windows $4 ,830 ,844

Instrtinent glare shield

WUC total labor per shield 6 hr/unit
Total glare shields 254 unit
Total annual hours 1, 524 hoursLabor rate per 1(051 IR~~ $ 14/hour

Total annual cost V Z1 , 336

Escalation for 1976- 1983 1.419
Total 10-year LCC instrtinent glare shield $30 2 , 758

-
• TOTAL PRESEII1T 10-YEAR LCC FIELD MkI~ rENANCE Q)ST $ 5 ,133,602

SPARES

Windshields

WUC total (refer to page 120) $ 542 ,059
Total years 10
Escalation for 1976-1983 1.419

Total windshields and window spares LSC $7,691,817

TOTAL C-141A 10-YEAR LCC SPARES
AND FIELD MA.INTENANCE (PRESUIIT C~~CEPT) $12 , 825 , 49
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TABLE 18. C(~T ANALYSIS (Continued)

C- 141.A TRANSPAR~ ’4CY SYST24

REDESIQ€D C~~CEPT

NCt’JRECURRING COST

Tooling

(2) Str ip
PFP product ion flat pattern 10 hoursHDP hydropre ss die 150 hours1{rF heat tre at fixture 60 hours

Molded silicone seal
Mold 40 hoursSRD steel rule die 30 hoursTotal tooling labor 290 hoursTooling labor rate 

$ 40/hourTooling labor dollar s 
5 11, 600Tooling material at $6.00/hr ( m d  (]-i) 
$ 1,740Total tooling $ 13,340Total configurations 4Total tooling for shipset $53, 360

Engineering
Design 1, 606 hours

— TCTO 284 hoursTotal engineering labor 1,290 hoursEngineering labor rate $ 40/hour
Engineering labor $ 51, 600Engineering material 

$ 715Total engineer ing $52 , 3lS~~~
Certification
Engineering 

$ 4,000• 
Testing 40,000

Panel fabrication (10 each) 24 ,2191,523 + 340 + 588 new
Current panel cost $1,523
Frame at 4 times boan sighting 340
+ 30% new 558
Total unit cost new

• Total, certification per panel $ 68,219
Total certification $68,219 x 4 config $272 ,876

TOTAL ~J P.ECURP~1NG COST $ 378,551
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TABLE 18. COST ANALYSIS (Continued)

C-141A TRANSPARENCY SYSTB4

REDESIQI4ED CONCEPT - Continued

RECURRING COST

TOTAL ANNUAL FLIQIT HOURS 266 , 266 hour s
TOTAL AI RCRAFT IN FLEET 254
AVERAGE ANNUAL FLIQ{F HOURS PER AIRCRAFT 1,048 hr/yr

TOTAL SPARES REPLACF1~1EN’F (REPRBS~~TATWE WINDSHIELD) 71
replacement

TOTAL AI RCRAFT IN FLEET 254
3.58

‘WBMA (1,048 x 3.58) CURRENT LIFE 3,752 hours

CURRB’IT AVERAGE FLIQIF HOURS/WINDSHIELD 10, 000 hours
PPG 112 EQUIPPED DC- lO CC}MERCIAL
(2 at 13 ,000 , 6 at 10 ,000 , 3 at 8, 000)

PRIOR EXPERIENCE FOR Q~+1ERCIAL/NON-PpG 112 EQUIPPED 3,500
REPIACE~1EW~ FREQUENCY FACTOR 2 . 9
C- 14]A WIND(~V CURRE~ff REPLACEMENT DURATION 2.7 yr
PI~)JECTED REPLACEMEZ’rr IXJRATION PPG 112 (2.9 x 3.6) 10.4 yr
REPLACEMENT FACTOR FOR C-l4lA TRANSPARENCY (10 + 10. 4) 0.96 per

lifetime
FLEET REP!.ACEMENT COST PPG 11.2 MODIFIED TRANSPARENCIES $3 , 941 , 826($2 ,217/UNIT x 7 UNITS/SHIP x 254 SHIPS)
[$1 ,523 + (1,291 x Ci14 AVG FACTOR FOR 800 UNITS ON A 92%

CRC — $2 ,217]

FIELD MODIFICATION ESTIMATED
Modification effort/unit glare shield 12.6 hr
Labor rate per KOS 1 IPOS $ 14/hour
Total labor 176
Total units 254

TOTAL FIELD MODIFICATION COST OF GLARE SHIELD $44 ,704

TOTAL RECURRI NG COST $ 3 ,986 ,530
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TABLE 18. COST ANALYSIS (Continued)

C-l4lA TRANSPARENCY SYSTEM

RE SIQIED CONCEPT - Continued

FIELD MAINTENANCE COST

WINDSHIELD 
$ 340 ,440

Reduction for ~TTBF improv ement DXC 0.48Total field maintenance for windshields per year $ 163 ,411Total time 10
Escalation 1.419
1UFAL WIN1~~IELD FIELD MAINTENANCE COST $2,318,805

INSTRI14ENT GLARE SHIELD
Current cost 10 years $ 302 , 758
Reduction in cost for redesi gn 0.20

TOTAL INSTRII’IENT GLARE SHIELD $60 , 551
TOTAL RECURRING COST $ 2,379 ,356

SPARES REQUIRED FOR NON-DDCC ACTIVITIES
WINDSHIELD SPARES REQUI REMENTS ANNUALLY $ 542 ,059

Non-DDCC spare s factor 0.52
Total non-DDCC spares required annually 281 ,871
Escalation factor 1976- 1983 1.419
Escalated annual cost of other spares 399 ,974
Total life cycle 10• TOTAL 10-YEAR LIFE CYCLE COST FOR WINDSHIELDS $13,999,745

TOTAL 10-YEAR LCC SPARES COST $ 3,999 ,745

TOTAL REDESIQ~IED CONCEPT COST $10,744 ,182

TOTAL PRESENT CONCEPT COST $12,825 ,419

TOTAL 10-YEAR LCC SAVING $2 ,081,237

TOTAL ANNUAL LCC SAVING $208,124

U

I
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TABLE 18. C~~T ANALYSIS (Concluded)

C- 141A ThAX~ PARENCY SYSTEM

O.JRR~ ff COST DETER4INATION

C03t/ AnnualWUC l ours Dollars Rate Ihits thi.it Cost
11AAA 3,911 63,786 70 1,088 76,160li.AAB 5 , 769 89 ,517 97 1, 784 173, 0481]AAC 3 , 951 63,051 63 1,436 90 , 46811AAD 4 , 570 66, 510 57 1,391 79 , 28711AAIJ 4 ,020 57 , 576 

_____ 
69 _1, 784 123_, 096

Total 22 ,221 340 , 440 15. 32 356 $542 ,059
Established rate $1 , 523/unit
Annual How Mal Code average percentage attributed to delamination ,deterioration , chipping, and cracking (DDCC)

WTJC l].AAA 11MB 11AAC 11AAD 11AAIJ Total
I$C/Units Transparencies

846 12 10 17 14 6 59190 29 74 8 10 55 176
117 1 5 - 4 1 11910 - - 1 10 - 11

Total HMC 42 89 26 38 62 257
Total WUC 107 147 96 86 103 539

39 61 27 44 60 48
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DESIQI IMPROVEMENT TRADE SIIJDY 5 ,  1- 38A C?~OPY LOCKING MECHANIS’1 REDESI~~

Problem

A high cost contributor of the T-38A canopy installation (figure 31) iS

due to the rigg ing tolerances associated with the locking mechanism and link-
age . This problem is traced to the deterioration of potting compound in the
splined connection of the operating cranks . The acci~nulation of backlash that
can occur at 16 locations causes canopy locking problems . See figures 32 and

33.

I
f The above problem was uncovered during the field audit of T-38A mainte-

nance facilities. Examination of M~~ printout as shown in figure A-S of
Appendix A de~~nstrates the lack of adequate visibility for the identification
of this very significant and costly maintenance problem. It points out the
need for a means of altering or expanding the identification of the work unit
code when a high frequency maintenance problem surfaces .

Proposed Revision

The pr oposed fix for this problem is to redesign the locking mechanism to
provide a more positive attachment and to completely eliminate backlash.

Description of Change

Adj us~ nent of the T- 38A canopy locking mechanism is sensitive and cri-
tical . A feature that contributes to many hours of maintenance time is back-
lash that acci.nnulates between the serr ations of the downlock shafts and the
operating cranks . There are 16 places in the T- 38A aircraft where this back -
lash can occur. (Reference T O .  IT -38A-2 -2 , figures 31 and 34.)

The existing installation of the operating crank utilizes “Epon 815”
adhesive to fill the space between the splines in the operating crank and the
downlock shaft . Wear and tear , throug h normal usage of the canopy locking
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mechanism, result s in the accumulation of backlash , until it becomes necessary
to disassemble the mechanLm in order to replace the Epon 815 adhesive and/or
the operating cranks and readjust the mechanism.

In order to provide a more positive attachment and to completely eliminate
backlash, it is proposed to redesign the operating cranks to incorporate a
mechanical clamp that is secured with a self-locking , threaded fastener.
Rework , of the existing lock assemblies , is required to install an indexing
pin in the downlock shaf t , to ensure proper alignment when the operating crank
is installed. The use of the Epon 815 adhesive, retaining pins , and safety
wire is eliminated. (Reference T.O. IT-38A-z-2 , figures 31 and 34. )

Cost Analysis

Tables 19 and 20 present a si.mvnary and a detailed breakdown of the costs• involved in the modifying of the aircraft to incorporate this feature. The
cost shown reflects labor rates as established from the MAW s failure analysis
and cost of materiel , etc , as used in the Rockwell pricing process.
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Figure 31. T-38A Windshield Canopy Locking ~lechanisms
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E~X /ST/NG LOCK A5 $Y
OPERATING CRIqNK f P/N

(15E5 EPON 8/f i9O ’ESIVE 7~jR(DL/ C( 8A C/ ~~ASN
REF 70 .  J T - 3 8 A - 2 - 2  P,~G( 9-153 -

~

E X I S T I N G  CO N FIGURATIO N

a/Mit/ArE / SPuWE TOOTH-,
IN L//VE WITH 5L or / ~~~~ ~~~~~~~~~~~~~~~~~~~ //iO6X/N~ PIN

/ TO .~Q~/6N W ITH CI..4/’1p SL OT
IN OPáWA T/N6 C RRN/ç’

SELic~ ~OCKM’G /
FASTENER

BOL T 
_ _ _  - ___ -

Z~~
HER 

,,
~~~Y ’

‘ EXIST/NC (OC/( ,4SSV (RewoR~c(O)‘RECESIGNED OPERA T/N~ ~~~~~~
•ELIM/NA rE5 SAC/(L.ASH

PROPOSED CONFIG U RAT ION

Figure 34. Proposed Configuration T -SSA Canopy Hook , Operating Cran k
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TABLE 20. COST ANALYSiS

T- 38A CANOPY LOCKING MEQ-~ANI~ 4

PRESE~1T CONCEPT

FIELD MAI1’rrB.~ANCE CANOPY LOCKDOWN MEQ~ANI~~1

WUC total cost 
$ 424 ,326Percentag e of effort for mechanism adjust/repair 0.317(refer to Current Cos t Determination)

Total field maintenance for mechani sm adjust/repair 134,511Escalation factor 1976- 1983 1. 419Total projected annual field maintenance 190 , 872Projected lifetime of aircraft 10 yearsPROJECTED 10-YEAR LSC FOR LOCKING MECHAN I~~1
FIELD MA1N~ENANCE $1 , 908 , 715

OTHER FIELD MAINTENANCE

wuc total cost 
$ 424 ,326Less mechanism 134, 511Total othe r field maintenance 
U 289 , 815Escalation factor for 1976-1983 1.419Escalated annual other field maintenance $ 411,247Projected aircraft lifetime 10 yearsPROJECTED FIELD MAINTENANCE COST 1978-1988 54 ,112 ,474

TOTAL T-38A 10-YEAR LCC FIELD MAINTENANCE COST $6,021,189
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TABLE 20. COST ANALYSIS (Continued)

1-3M CANOPY LOCKING ME CHANISM

REDESIGNED CONCEPT

NONRECURRING

Total development + 16 configuration x 14 , 600 $ 233 , 600
Fabrication 2 units at 18 ea = 36 hr x 40 = 1,400

Tooling 300 hr x $40/hr 12,000
Material 1,200
Engineering 872 hours at $40/hr $34,880
Testing 16 tmits at $1,000 ea $16,000

TOTAL NONRECURRING $ 284 ,480

RE~ JRRING REPLAcF1~ENT

16 x 865 un.its 13,840 units
Average unit cost 20
Total replacement cost $276 , 800

Installation and adjustment at 7 hr/A/C x 865 6 , 055 hours
Field maintenance rate per K051 IROS 14/hou r
Total installation $84 ,770

TOTAL RECURRING REPLAC~V1ENT COST $ 361,570

FIELD MAINTENANCE COST
Enclosure maintenance

Total cost of redesign $ 646 , 050
Field maintenance on redesign 10 years $ 198,506

(refer to Redesign Field Maintenance) 
__________________

Annual field maintenance other causes 10 years $4,112,474

Canopy locking mech
Current field maintenance locking mechanism 6 , 901 hours
Linkage adjustment other causes -6 ,202 hours
Remaining field maintenance on linkage 699 hours
Percentage of effort for remaining mechani sm 10.4%
Current field maintenance locking mechanism $ 134 , 511
Remaining field maintenance on redesigned lockdown

maintenance 13,989
Escalation factor for 1976- 1983 1.419
Escalated remaining field maintenance ~ 19,850
Projected duration 10 years

Total locking mech maintenance $198 , 506

TOTAL 10-YEAR LCC FIELD MAINTENANCE COST $4 , 310 , 980
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TABLE 20. COST ANALYSI S (Continue d)
T-38A CANOPY LOCKING MEC1IANI~~1

SU44ARY

TOTAL REDESIGNED CONCEPT COST $4 , 957 , 030
TOTAL PRESENT CONCEPT COST $6 ,021, 189
TOTAL 10-YEAR LCC SAVING $1 064 159
TOTAL ANNUAL LCC SAVING $ 106,416

114



-~ ~~~~~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~ - -~~~~

TABLE 20. COST ANALYSIS (Concluded)

T-38A CANOPY LOCKING MEQ-IANISM

CURRENT COST DETERMINATION

Field Maintenance Cost Spare s

Unit Total
WUC Hours Dollars Rate Units Cost Cost

11211 8,032.7 245 , 322
11311 6,033. 35 179 , 004
Total WUC 14 ,066 . 05 424 ,326 30 .17

Adj ustment-Oriented How Mal Codes

WIJC 11211 11311 Total

1-M Units Remove/Replace

127L - - -
127G 16 5 21
l27P 4 4 8
108 - - -
135 - 1 1
561 - - -
730 1 3 4
bOOF 1 1 2
931 - - -
932 - - -
Total

Total WUC 3,711 2,995 6,706
0.5 0.4 0 .5

1-M Hours

127L 3, 558.91 2 ,643.99 6 , 202 . 9
l27G 198. 12 78.18 276 . 3
127P 30. 67 18.67 49 . 34
108 0 . 17 - 0. 17

• 135 14 .59 13.42 28. 01
561 7.75 - 7.75
730 7.75 94 .94 102.69
800F 2 .00 2. 00 4.00
931 18.17 - 18.17
932 8 .25 3 .7 S 12.00
Total 3 , 846 . 38 2 , 854 . 95 6 , 701.33
Total WUC 12 , 048 . 4 9 , 049 .58 21, 097.98

31. 9 31.5 31.7
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?4~ T COST-EFFECTIVE PARAMETERS

(~i the basis of the design improvement trade studies contained in this
section , it was determined that the most cost effective changes resulted from
revised concepts aimed at correcting problems caused by environmental factors
such as moisture penetration , solar heating , etc. This , however , was limited
to exclude material and /or processes that require large developmental programs.

LEAST COST-EFFECTIVE PARAMETERS

Studies indicate that design improvements conside r ing significant chang es
to the geometric characteristics such as pane l size , fabrication concep t , etc ,
are considered to be the least cost effective . Studies accompli shed to date ,
however , indicate that design improv ement is possible by the judicious choice
of materials and selected type of construction arrangements that are currently
available.

O11iER CANDIDATE STUDIES

The many studies directed at the identification of corrective programs
for reduced logistical cost entailed the review of many transparency system
maintenance problems . In view of the effort required to research , analyze ,
and assemble these data , the scope of the program permitted the development of
only five design imp rovement studies. Since the five trades rep resent only a
few of the viable improvements that may be considered , the following is a
listing of potential improvement candidates that may be implemented at some
future date.

1. Develop Quick-Cure Sealants and Aerosmoothing Compound h
The need to shorten the downtime of aircraft due to prolonged sealant
curing time is considered to be of paramount importance to squadron
ccminanders . It is desired to develop a sealant that will
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significantly reduce curing time and maintain or increas e the work
t ime required for componen t replacement .

2. Design Pane l Edge Framing for Improved Resistance to Moisture Penetra-
t ion

C~e of the greatest problems that causes serious reduct ion of optical
qualities in windshield assemblies is delaminations , principally
attributed to moisture penetration of pane l edges . The considerat ion
of zee-type edge members to improve weather sealing is suggested .
This type of construction is prevalent in ccimi~erci al-type transport
aircraf t , and should be considered for use in applicable military
airc raft.

3. Expand Development of Dry Seals

In recent year s the application of dry seals to combat the moisture
penetration probl em has shown promi sing results in various aircraft.
This concept has resulted in significant reduction in replacement
man-hours. It is therefore recome nded that greater use of this
arrangement be explored.

4 . Improve Frame- to-Transparent-Panel Attachment

Incre ased design studies aimed at improving frame - to- transparent -

panel attachment to prevent local stress rise rs should be expanded .
Despite technical order procedures in torquing of fasteners after
replacement , cracks emanating from fastene r holes frequently occur.

5. Uniform Fastener Attac hment

t~ ny of the windshields and enclosures reviewed during the field
audit phase contain an extreme ly large varie ty of fasteners . This
causes a significant expenditure in the assembly and handl ing of
fasteners during the process of removal and replacement operation ,
and in the logistics of purchasing and stocking of these items . It
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is recamiended that trade studie s be developed for the purpose of
reduc ing the numbers and types of different fasteners required in a
transparency assembly -

6. Design Frame for Improved Transp aren t Installation

The reinsta.llatio n of tr anspar encies , especially fighter-type canopy
enclosures , requires an extreme ly large number of man-hours , and
specialized equipment. This is principally attributed to alignment
and rigging problems . To reduce this problem it is suggested that
relative stiffness of frame to glass be reviewed to avoid or minimize
r igging, alignment , and tolerance problems . This relationship should
be serious ly considered in proc urement of future transparency systems .

7. Improved Access to Windshi eld Fasteners

The access to windshield fast eners , especially the lower rows , is
quite frequently very restrict ed. In some aircraf t , it is sometimes
necessary to cut wire bundles for.access. To alleviate this problem ,
the incorporat ion of quick-disconnects is rec~miended.

8. Improve Slidin g Window Mechanisms and Controls

Failure analysis of sliding window mechanisms indicates high frequency
of adj us~ nent and breakage of t racks , brackets , drives , latche s , etc.
Design improvements to prolong the life of these parts are needed .

9. Shock -Absorbin g Devices for Sliding Windows

Examination of MDCS of AFM 66-1 for sliding windows indicates high
rates of cracking and breakage of the panel assemblies . Field mainte-
nance personne l attribute much of this problem to induced shock
induced by window opening. It is therefore suggested that shock -
absorbing devices be considered .
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10. Improve Coatings for Windshields and Canopy Components

The problems associated with abrasions caused by environmental factor s
such as icing and sand blasting and especially those induced by
ground handling cause excessive maintenance costs . It is reconinended
that research for impr oved coating s be expanded .

11. Improve Temperature Controller and Sensing Elements

Discussion with field pers onne l and evaluation of failure analysis
indicate the need to improve the rel iabili ty of temperature con-
trollers and sens ing elements . The review of modern solid-state
devices should be expanded.

12. Modify Flight Crew and Flight Line Personnel Uniform Scratch- Producing
Items

A great deal of scratching of transparent components is caused by
both flight and ground-handling personnel. Thiring ingress or cleaning
or maintenance action , sharp items of the uniforms worn , such as
buttons , belt buckles , tags , helmets , etc , cause inadvertent scratch-
ing. It is therefore suggested that nonabrasive coating s or materials
be considered to reduce the damage to transparencies .

13. Incorporate the Work Unit Code Number in the -4 Illustrated Parts
Catalog

As an aid in the identifi cation of parts it is suggested that -4
illustrated parts catalogs develop ed for future procurement contain a
cross reference of the work unit code .

14. Expand Level of WUC Description

Examination of the -06 Work Unit Code Manual indicates a lack of
adequate assignment of WUC numbers and descriptors. Although it is
recognized that there must be a practical limit of identification and
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descri ption , there is need for some extension. It is therefor e
recatinended iat an increased level of identif ication and descriptors
for high maintenance and high cost contributors be appended to -06
manual , in the form of amendments .

15. Expand Indoctrination of WUC Selection to Maintenance Personnel

IXie to the wide variety of WUC necessarf to adequately define the
maintenan ce activ i ty , a great deal of judgment is needed in the
selection of the proper assignment of work unit codes and the associ-
ated selection How-Mal codes . To enable maintenance pers onnel to
obtain a better understand ing of the importance of pr oper selection
of WUC , it is suggested that specialized training or indoctrination
course s be included as part of the training process .

16. Improve Content of Techni cal Manuals

Discussions with field perso nnel indicates the transparency mainte-
nance instructions as contained in the respectiv e aircr aft techni cal
manuals are genera lly overspecified and are too extensive , or contain
descr iptive matter that is inadeq uately defined. It is therefore
suggested that instructio nal text be reviewed for improved clari ty
and consisten cy of proc edures .
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SECTION V

CONCLUSIONS AND RECG4v1B~DATtONS

CONCLUSIONS

The data and the analysis assembled in this study conclusively indicate
that significant savings are possible in the logistical costs of maintaini ng
t ransparency systems for aircraft in current inventory . Althoug h these find-
ings have been recognized in previous years , the potential benefits of improved
design concepts have not been fully recognized in terms of life cycle costs .
Other benefits that have been identified in addition to reduced logistical
cost are :

1. Increased lifespan for maintaini ng design to optical qualities

2. Increased reliabili ty of transparency components and interactive
support systems

3. Increased safety of flight

4 . Development of design improvements and concepts that can be incorpo-
rated in the next generation aircraft

RECa4vIENDATIONS

Having identified the problems and associated costs for the transparenc y
systems for the 20 selected study aircraft, it is recomended that a design
improvement progr am be implemented. The program envisioned would proceed with
a preliminary design (layout to adequate level of detaili ng) for the five
design improvements identi fied in section IV. This effort should validate to
the detail level the concepts selected , review the system and aircraft inter-
face , and validate costs . If the results of this program verify the conceptual
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study recaim~endations, proceed with deta il design , fabrication , and retrofit
program.

During the course of this program, Rockwell has reviewed data collected
from both the Air Force and industry , and has established a logical and system-
atic approach to identif y, assess , and analyze transparency system maintena nce
problem s . It is theref ore reconinended that the Air Forc e periodi cally imple-
ment add itional program s to update the established dat a base and continue the
search for design improv ement stud ies.
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APPENDIX A

SAMPLE MAINTENANCE ANALYSIS ?vt )DE L (M At~~) PRINTOUTS

FIGURE A - i .  T-39 A DESIGN /COST MAMS

FIGURE A-2. KC - 13 5A DESIGN /COST MA MS
FIGURE A-3 . B-52G /U DESIGN /COST MAMS
FIGURE A-4. C -14 1A DESIGN /COST MAMS
FIGURE A-S. T-38A DESIGN COST /M AMS
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Page 15

Some of the units for the logisti cal support cost parameters are
in error . The last paragraph should read as follows .

The equations that resulted from the analysis are shown in table
5 thorugh 7. A typical example of the equation deri ved is the equation
for logistic support cost per 100 flight hours for canopies (table 5)
whi ch Is equal to:

F -19.46402 — 0.65119 (transparent area in in.2/100)

+ 13.85458 (number of transparent panels) +

28.92589 (height of transparency from ground in ft)
- 0.17236 (cruise altitude in ft/ l0O)+ 21 .04333

(stall speed in knots/ lOO) - 2.34853 (landi ng dis-

tance in ft /100) - 1.08204 (A/C gross weight in

lb/b OO) - 8.88644 (maximum G- loads) - 1.05456

(flight hours per A/C per year/100)

A sample calculation using this equation is as follows.

A-7 canopy logistic support cost per 100 flight

hours = - 19.46402 — 0.65119 (2618 4- 100) +

13.85458 (1) + 28.92589 (9) — 0.17236

(27000 + 100) + 21.04333(145 ÷ 100)
- 2.34853 (3350 -~- 100) - 1.08204 (39325 ÷ 1000)
- 8.88644 (7) - 1.05456 (102726 4- 367 — 100)
$35. 267.

Note: 35.267 Is the “V computed” val ue for case

1 on table 5.
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Page 20

Some of the units for the logistical support cost parameters are
in error In the Parenthetic Notation for Tabl es 1 through 10. The
notations should read as follows.

(2) LSC/lOO FH (26) Max (Lim) “G”
(4) t44H/l,000 FH (27) Base Elevation (ft)/1O
(7) Area (in.2)/100 (28) Extreme Max Temp (OF)
(8 ) We ight (lb) (29 ) Extreme Mm Temp (°F)
(9) Thickness (in.) (30) Mean Max Temp (OF)

(10) No. Layers (31) Mean Mm Temp (OF)
(11) Mo. Panels (32) Max Wind Speed (kt)
(12) Height Above Ground (ft) (33 ) Mean Wind Speed (kt)
(17) No. Ai rcraft/1O (34 ) Humidity (%) @ 0400 UT
(18) Max Speed (kt)/100 (35) Humidi ty (%) @ 1300 LST
(19) Max Alt (ft)/100 (36) Mean Precipitation (in.)
(20) Cruise Speed (kt)/100 (40) LSC per A/C per YEAR/100
(21) Cruise Alt (ft)/bOO *(48) MMH per A/C per 18 MONTHS/10
(22) T.O. Dist (ft)I100 (57) AFH per A/C per 18 MONTHS/100
(23) Stall Speed (kt) /100 (58) AFL per A/C per 18 MONTHS/100
(24) Ldg Dist (ft)/b0O (59) KFH per A/C per YEAR/b OO
(25) Gross Wt (lb)/l ,000 (60) KFL per A/C per YEAR/100

*To correct output to annua l basis multiply by 2/3.

UT = local standard time 
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Pages 21 through 40

The units for the dependent logistical support cost parameters
given in Tabl es 5 through 10 are in error.

Parameter Reads Parameter Should Read

t MAINTENANCE MAN-HOURS MAINTENANCE MAN-HOURS
PER FLIGHT HOURS PER 1000 FLIGHT HOURS

LOGISTIC SUPPORT COST LOGISTICAL SUPPORT COST
PER FLIGHT HOUR PER 100 FLIGHT HOURS

MAINTENANCE MAN-HOURS MAINTENANCE MAN-HOURS PER
PER AIRCRAFT AIRCRAFT PER 18 MONTHS/li)

LOGISTIC SUPPORT COST LOGISTICAL SUPPORT COST
PER AIRCRAFT PER AIRCRAFT PER YEAR/100

I
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Pages 21 through 40

Additiona l information is provided for tables 5 through 10. The
identification by aircraft type for the case numbers in the tables is
as fol lows.

-- ThBLE S 5 & 8  TABLES 6, 7 , 9 & l O

CASE AIRCRAFT CASE AIRCRAFT
NUMBER TYPE NUMBER TYPE

1 A—7 1 A— 7
2 A- 37 2 A-37
3 B—57 3 B—52
4 FB—lll 4 B—57
5 F—4 5 FB—lll
6 F-15 6 C—5
7 F-105 7 C-9
8 F-l u 8 C-130
9 1—37 9 C-b35
10 T-38 10 C-b41
11 OV-1O 11 F-4

12 F—15
13 F—l05

• 14 F-ill
15 H—i
16 H-3
17 H—53
18 0-2
19 T—37
20 1-38
21 T-39
22 OV- bO


