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FOREWORD

This is the second of a series of provisional reports on the input
requirements of the aireraft industry of the USSR.#* It sets forth some
tentative findings on innut requirements =- in manpower, materials, and
energy == for the production of Soviet airframes and aircraft engines,

‘The purposes of this report are to provide a progess renort, to iden-~
tify significant inputs, to set forth some tentative findings, and to proe
mote cont nuing discussions with those persons who may be of assistance
in this study =~ by calling attention to further avenues of investigation,
by suggesting a sharpening of the methodologies employed, or by providing
some of the additional tools and information required,

Since this is a provisional working paper, some substantive shortcomings
and statistical inconsistencies may exist. In some cases; theoretical
values and constants are subject to individual choice, In the final analysis
the fact that time and manpower are limited suggests that these scant re-
sources be apnlied to pushing on with the Job at hand rather than to explain-
ing why minor inconsistencies may exist. ' -

# Analysts are referred for background information to the first provi=

sional report on the subject, CIA/RR PR=8, Input Requirements of the Alr=
craft Industry of the USSR, 20 Oct 1951, TOP ?Ecé.m"g,
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COMPUTATION @' IRPUT gmmms
OF THE AIRCRAFT IRDUSTRY (5 THBE USSR¥

- Summary

Manpoveyr requirenents for Soviet sivframe and airceraft engine produc-
tion bave been compubted in this report Tor several models which heve
received considersble study. The computations are based on an equation
d&veloped cut of US and UK experience. Future work on manpower require-

ments should fnclude study of other models; work on propellers, sccesso-
rien, and spare parts; and research aimed at determination of concrete
valuee for the va.ri&bles used in cogputing manpover inputs.

. The materisl requirements of the Soviet airframe and airc.raf% engine
industries have been computed in this report for the same aireraft and
eircreft engines considered in computing manpower requiremants on the
baeis of inputs for US types coamparable for this purpose, with allowance
made for known end estimeted differences in the Soviet types. Future work
on materisl requirvements should include study of edditionsl types; verifica-
tica of tentative weights; determination of input weigbts for propellers,
tires, radios, and other egquipment not included in the aebove tabulation;
determination of the average proporticn of rejects in Soviet plents; end
investi@auicm of the number of spare parts required by the Soviet Air
Foree per airpleme ax;d eng:lne

The emrgy requiremnts of ‘the Soviet airframe and engine industries
have been computed in this report for a given weight of product by enelyz-
inz the energy requirements of a hypotheticel plent in each industxy,
sosessing its requiraments item by itsn and adding to obiain totel requlre-
ments Tor each type of encrgy. These campubatiocas heve been made on the
basis of US data end roughly edjusted for the USSR with such meeger data
ag are avellable., Puture work on energy inputs should incliude more detailed
rescarch on each separate item of equipment end each process in the plant,
study of propeller and accessory plants, svd acquisition end nse of edditional
cver-all dutae for checking computed energy input requiremzots.

¥ I s repoxt contains informeticn aveilable to CIA as of 15 Hay 1G5=.
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I. Computation of Manpower Input Requirements.

Kanpower inputs for Soviet eirfreme and aircraft engine producticn
bave been computed on the besis of an equation developed by combining
the work of ~ 1/* and the work done during
World War IY by Dr. T.P. Wright, then of the US Aircraft Production
Board. 2/ - . _

A. BRequirements for Airframe Production.

1. The curve of man-hours per pound of aircraft versus percent of
mxmmoutputwillvuryinthcsamcmanncrastheencrgymputcurvu. In
the case of energy, there exists & minimum or "maintenance” energy input
level, to vhich i1s added the Incremental energy needed for production.
Similarly, in the case of manpower, there is an almost coastent "indirect™
labor component, plus the incremental "direct”™ labor used in production.
The ratio of direct to total labor may rm from 40 to 60 percent in Soviet
aircraft plants at peak production. 3/ These relations may be expressed
by using the method developed by Dr. Wright 4/:

E=D+F +A - (1)
where E = total workers
F = indirect factory workers (assumed to be 50 percent proportional
to output and 50 percent independent of ocutput)
D = direct factory workers (proportional to output)
A =

office, administrative, and otber overhead workers (sssumed to
be independent of output). - o
In terms of percent. of maximm. outpit

&P, o
E = (P/100) (D +¥/2) L:(A o) Li(2)
It Dy, = WEy S RSN ) BT
{vhere ‘v}- tio 88 direct to total workers at 100-percent prodiction),
then, substituting equation (3) in equation (1),
Y00 (1-W) = F+ A o
AT= Eiog (L-W) - F (4)
Substituting equatioa (4) in equation 52),
E = (P/100) (D)0 + F/2) + Ejpo (1-W) - F/2 (5)

¥ Footnotes in arabic num=raels are to sources listed in Azﬁpend.ix M.

-2 -
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2. The number of direct workers will decrease with the cimmla-
tive mumber of asircreft produced, slong an "80 pervent curve" or similar
function. The general form of this equetion 1s

y = axP
in which, fox' a ziven model in a given plant,

y = direct man-hours required per pound of afrframe mmber “x"
a = direect man-bours required per pound of girfreme number ons
x = cumilative airframe nucber

n = constent factor (representing slope of line)

From the above equaticn may be obtained the follaudng eqaatxon

for D = direct workers _/
~ p = Noaxt (6)
e -
where N = airfromes per month
G = sirframe welght
= ponthly shift-hours worked

C
e = effective work factor ¢

By substituting equation (6) in equation (5), the following
equation mey be obtained for total mumber of vorkers at the point vhen
airframe number "x" of a given model is being produced in a given plant:

= {P/100) M +F/2 + By (W) -F2  (T)

b
b

levan terms are comtalned in equatico (T)

‘¢total muwber of workers

percent of maximm cutput being produced -

mmiber of airframes being buillt per month

cumulative airfromes of given modsl being produced
in that plant

alrfrems weight (structural) built in plant

zr:cnchly shift-hours worked

effective work factor

direct man-hours per pound of first eirfrems produced

expapentisl factor °

percest of direct %o total workers

ranber of indirect factory worksrs

KoM
onon

HEDee
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Of the above 11 terms, & arc variable -- "E" (the sclution)
end "P,"7 "H," and "x" (the prim: varisbles) -- and the other 7 tewms
are constants. 1% i upon the accursle determinaticn of the veluss of
the coustantes that the velidity of the solubtiom Gepends.




L. Bome work has deen dcoe on each of the constants listed, but
the results leave much to be desired:

a. Adrframe structural weights, "G": this factor 38 known
for som= Soviet aircraft, not for all. 6/ Unpublished GRR aireéraft plant
- studfes should be consulted for subcontracting as 1t gffects the input
requirements of specific Soviet airfrems plants.

b.” Direct man-hours per pound of airframe ,. "a": this factor

«. baes been estimated by ¢+ © 1/ and by tbetBlU.r}'omce',Q/but
not for Soviet aixrcratv. 4 method of determining analogiés has not becoms
evident, ' '

: ¢. Exponential factor, "n": this factor has been treated in
. many sources. 9/ Average values may be derived by airplane type, from
Past performance, but means to predict values for new types are not ‘evident.
The commonly used velue for ™" ia -1/3. -

4. Mouthly shift-hours, "c": this factor has been studfed by
the P=r70 s 3/ end by CRR. 11/ A considerable amount of basic data
is vo be found i‘n'iqnp.xbliabcd GRR Boviet aircraft plant studies.

e. 'Effective work Toctor, "e": this factor has been studied
by ¢ g/mdisdiscuascdbrﬁtlyintbapmecnt report (see
Appendix A).  More work needs to be done on this subject. -

f. Ratio of direct to total warkers, "W", andinumber of
indirect factory workers, "F': these factors have been dIscussed Incon-
- cluslvely Wy an-T 1 ORREAN/ | EARRT

5. Values have been domputed by ¢ - .. . i, 15/7foratrect -
men-hours per pound of the thousandth airframe of the typcsdc&l with
in the present report. To use these data, equation (7) may be altered
by letting a' = computed direct man-hours for the thousandth airfram
produced, so that, 4f x « 1,000, then, a'. ax® -

By the insertica of these values, equaticn (7) may be mode to read

E = (p/100) Fioo®e' [ gps £ (1) - F/2 (8)
ce

6. The otber values chosen for the present report are as follows.
Three are based on [ 1_6/:
c =182 e=0.70 W= 0,50
The fourth is assumed, based on Dr. Wright's caleulations 17/:
F =3
I W 0.5 and F 2 3A, then from equation (L) 1t follows:

0.5,y « ¥ + F/3
1." h 69?753108

- L -
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By inserting thess values in equation (7), en equation is
ceiained for output ab 100 percent of capeacity:

o .y Mo O -"fl‘i’f-xoo,+ 0.58100. - 03TBig .
w00 PpmyeTyt T T v
0.5y n “100‘33'

100 = 127.h .

Eyo o J100®' .o atrer
100 = ...6...._'.{....... :0.0157 ga' per aireraft

The equaticn for output at 20 percent of capacity is :

H . ’. ] . 12 €
y [PBacfe’ . 0.375 Shxcfa . (0.312) (B)Haoca (11)
(82) (.1) "2 63.7 63.7

‘]1(;%"11"“' .3.%.'.7 %‘8 = 0.03528 Ga' per airciaft

7. By substituting in equations {10) and {11} concrete values
for .airframe structural weight "G" and direct man-hours per pound of
thousandth airframe "a‘", manpower inputs may be computed for the produc-
tion of atirframes. These are given in Table 1.

Table 1
Manpower Requirementa for Soviet Airframe Production _/

f'umber of workers Required

G : to Produce 1 Afrframe in 1 Month
(Airfram= a'
Structural  {Direct Man- E,, (at 100 Percent Eyq (at 20 Percent
Aircreft Weight, Ibs) Hours per 1Ib) of Capacity) of Capecity)
MIG-15 4,000 v/ 1.66 104 23k
1-12 13,300 _/ 1.56 326 32
Tu-k 35,100 1.39 766 1,721
Li-2 9,100 c/ 3.03 433 _ 972
11-1i6 19,500 ¢/ 1.73 530 1,190
Type 31 45,000 d/ 1.00 769 : 1,729

For the thousandth airframe of a given modsl produced in a given pient.
Based on analysis by US contractor. 18/

Based on USAF analysis. 19/

Fran earlier CIA/RR repert. 20/

-

20 oe
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B. Requirements for Aircraft Engine Production.

1. For engines, curves of data such es that used above do not
exist. A mekechift set of curves, based on incomplete dsta, has been
prepored. The data ere given in Tables 2 end 3.

Table 2

Pzts for Camputing Mmnpower Requirements for Piston Engine Production

‘Direct Labor .
" Requirements &/ Displacement b/ Tske-Off Power b/

Engine (Man-Hours) {Cu In) (Brake Hp) Type o/
VK-107 2,500 2,135 1,630 VEE-12
AM-42 and 45 3,000 2,850 1,975 VEE-12
Agh-2) 1,100 1,h10 690 . Redfal- 7
Ash-82 3,300 2,495 1,825 . Radial-1lk
Ash-90 3,900 3,350 2,200 Radial-18
M-11 800 526 158 Radial- §
R-3350-26W . 2,000 3,350 2,200 Radtal-18

“igures, 21/ except for the figure for the R-3350-26W, which is
taken rrun & CIA/RR report.
b. Air Intelligence Center UTIC) figures. 23/

‘l‘able 3

Da.ta £or Computing Manpower Reguirements for Jet Enginc Production

Direct Labor
Requirements a/ Dry Weight b/ Teke-Off Thrust y b
Engine Ban-~Hours) {Lbs) {Dry Weight, Ibs Type ¥
m(meie.n)ﬂcne 5,000 1,850-1,900 %,900-5,100 Centrifugni-~l-2
ED-45) - v :
German 003 1,500-2,000 1,375 - 2,250 axial flow-T-1
Russian OOk 2,500 1,650 2,200 Axial flow-8-1
szaz): ook 3,200 1,650 2,200 Axial flow-8-1
1st
German OO4 850 1,650 2,200 Axial flow-8-1
(Q0.000th) )
J-48 1,950 2,700 6,250 Centrifugsl-1--
a— . -bmmawwwmwmm '

a report of & US alrcraft company . 25/
b. ATIC figures. 26/

—_—— g — - =
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Qae US suthority 27/ cites displacement as & superior index
to power for productfon when estimating from floor space. Curves plotted
from the ebove data tend to confradiet this thesis for man-hours. For
Jet engines, dry weight appears {on slim evidence) to be the index, as
indicated in Pigure 1.% '

2. On the basis of these curves, it is possible to nrrive ot an
equation for total man-hours on the assumption that equatica (2) 1s valid
for engine plants and that the thousandth engine is being built ezcept in
the case of the Ju-22k. HMan-hours for the Ju-22h have been coaputed for
the hundredth engine. C )

For production at 100 percent of capacity, using equation
{5), we can obtain Ga® = D* directly from Figure 1:

Eioo = (1) {Dyoo + F/2) By (1-0.5) - F/2

- .
g - o 2 {direct man-hours per e - _
By 00 2D100 = —L._mm’&_ml = 0.0157D

For production at 20 percent of éapacity

Exo - (6.2) IWpoP* . 0,375 (Sﬁaob'g.r (0.312) {5) KQOD'
(182) 0.7y 2 &3.7) %3

= 0,035

3. Ry substituting in the above equaticns concrete values for "D*"
{direct man-hours per engine) taken from the curves .plotted in Figure 1,
manpover inputs msy be computed for the aircraft engines under:study in
this report. These are given in Teble L.&¢ : ' e

II. Compitation of Materisl Fnput Requiremsnts.

Material inputs bave been computed tentatively for the Soviet sirframe
and engine industries, in part by apelogy with compareble US types and in
part from the analyses that have been made of captured Soviet equipaent, ,
Weights given are mostly AMPR#%# {Aercnautical Manufacturers Planning Renorts)

% PFigure 1 follows p. 7. _

%% Table 4 follows on p. 8. :
@%3 AMPR airframe weight is weight empty, less the following: ‘engine,
turbosuperchargers, starter, accessoriez, propeller {bubs, bledes, control,
governor), wheels (tires, tubes, brakes), suxiliery power plant, radio eni
radar wnits (not installation perts asd wiring), battery, generator, storage
items (first-aid kits, rvemovable fire extinguishers, flight manuals, ete.).

- e e e m
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SECURITY INFORMAT70~

MANPOWER REQUIREMENTS FOR
AIRCRAFT ENGINE PRODUCTION

W

1y 2k
Thousand take-off brake horse

g ..Evifsg'fbn'kEngines

- Thousand direct man-hours

2 L1l Cll_ 4=
e - .
~20,000th engine
[s]
o 2 .4 6 3
Thousand pounds thrust Thousand pounds, dry weight

Jet Engines

—EGRET-

GR1256 CIA, 9-52 " Figure 1
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Table &

Hunpower Requirements for Soviet Adreraft Engine Producticn g

Rumber of Workers Required
to Produce 1 Engine in 1 Month

D Ey00 (at 100 Percent {at 20 Percent
Engine (Man-Hours per Engine) of Capacity) of Capecity)
Vk-1 3,750 56.9 132.3
Ash-82 : 2,900 . k5.5 102.3
Ash-90 3,400 53.4 120.0
M-62 2,400 37.7 ) ' 84.7
Ju-22k a/ 4,800 T5.4 169.3

a. For the Thousandth airorarc engin®<of & given model produced in a given
plant, except for the Ju-224. Requiremeats for the Ju-224 are far the hum-
dredth engine produced in s given plant.

-airfrawe weights. To obtain total taputs, it will be nacecsary to add

the nonairframe items such as engines, tires, propellers, and radic. The
weights are tentetive because they bave not been examined in sufficient
detall to determine their complieteness.

Future work on material imputs will include: (1) verification of temta-
tive veights; (2) determination of input weights for additional aircraft and
aircraft engines; {3) determination of input weights for propellsrs, tires,
radio, ete.; (4) detexrmination of average amount of rejects in Soviet
plants; and (5) determination of smount of spares required hy the Soviet
Air Porce, per unit aircraft and engine. .

A. PRequirements for Airfrarme Production.

l. The finished welight has been estimaeted and the bill of materiels
has been coampiled in deteill by (BR for the structure of & captured MIC-15
{see the Amnex).¥ Ag a check on detail weights, the ORR calculated weights
have been compered with an sctual weight statement for the captured HIG,
end adjustmente have been made to compeneate for parts missed in the
caiculations. Tentative totals for each material input have been chescoked
and in certain cagses revised in the light of a preliminary material break-
dovn on the MIG-15 by the Air Technicsl Intelligence Center {ASTC).

# The bill of materials for the MIG-15 drop tank has also been prepared
from a description of a recovered tank, with s&llowence for scrap. The
calculated weight checks with the actusl weight. Appendix B cootainsg theue
data.

-8 -
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A pummary of the data is presented in Table 5.& The data shown appm::i-
mate AMPR airframe veight plus larding gear, with allowance for scrap,
but should be checked in more detail for camplisnce with AMPR defind-
tion. Work ig in progvess on this subject.

- Input data for the othexr Soviet giverafit deeld vwith in this
report -- 11-12, Tu-k, 13i-2, 11-18, and Type 31 -- have been campiled
from information furnished for US aircraft. {Bome of the basic data,
partly taken from en earlier report 29/, are presented in Appendixes. G,
D, end BE.) Bill-of-materials data £or the B-29 {and therefore for the
Tu-l and Type 31) eppear to be sncomplete, despite claims to the céntrary
by USAF precurement personnel. The first four listed are divectly
comparable to epecific US types. Data for the £ifth ---the Type 31 --
bave been computed from the Soviet Tu-k., The points of comperiscn are
shovn in Table 6.%% (n tha busis of ¢he compariscns shoim in Table 6,
mEterial requiremsnts bave been tentatively compiled for the Sovied
alreraft listed. !Imcserequimmntsaregivenmmble7%*' ‘

B: Reauimmts for Aircraft En#ns Productica.

: . Inptrhdata. for four of the Sovietaircraf‘tengines denlt with
mthiareport -~ the VK-1, the Ash~90, the Ach~82, end the M-62 -- have
been compiled from information furnished for coma.r..blﬂ US types: (Soms
of the basic data, pertly takeh from en earlier report, 30/ are prasented
in Appendives B and F.) By enalogy with these dats; data have 2160
been estimated for the Ju-22k, vwhich has no ciose US anslogy. The tenta-
tive resu}.ts o’otained gre presentzed in Teble JHHl? gud ‘Za:ble 9. ‘-’-‘w"‘«"i*&

_ 2, The Ju-22b is the equivalent of four "Vee engines without
cylinder heeds. Tt should therefore approach the ratios of the R-1820
and the R-2600, with g decrease it alunimm to ellov for abseace of
oylin&er heads. This wduld be g6 lemst partially cmns ated by the
excess number of crankesses. In the sbsence of more detalled breakdcosm -
{vhich should be umderteken in the future), an averzge of R-1820 end
R-2600 ratios was used. The welghts shown ebove for the Ju-22B Lmve
béen camputed from these averages end the base of a reparted welight of
2,500 l;ilograms (a:bout 5,500 pounde) for the Ju-22k. {Sec Tgbles 8
end 9. : _

3 stle 5 Pollows on'p. 10. -
- &% Tgble 6 follows on p. 12
4T Table 7 follows oa p. 1k.
MK Teble 8 follows cu p. 15.
“uitd Table 9 follows on p. 15.
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. Computetion of Epergy Input Eequirenr:nts @
A. Reguirements for Airframe Productioa.

1. To estimate the probable, energ" mq,uimmenta for Soviet air-
frame production, & hypothetical plant hes been constructed for the US
and a Soviet counterpart has been constructed alongside it., The hypo-
thetical plants, US and Soviet, based on a handy 1 million square feet
of floor area, are assumed to turn out 700,000 pounds of airframe per
month, at peak capacity, using three shifts. 31/ From US data, detailed
camputations have been made of the energy inputs required in tha hypo-
thetical US plant, and Soviet requirements have been estimated therefrom
{Sce Appendix G). (In other words, over-sll efficiencies are assumed to-
be the same.) A summary of these requirements is given in:Table 10,

s | Teble 10

‘ ( xonthly Ener@‘ Requiremnts
for Hypotbetical US and Soviet AirframeiPlants
(Estimted Monthly Capacity of 700,000 Pounds of Product)

At 100 Pércent At 20 Percemt At 3 Percemt

of Capacity of Capacity of Capacity
| . US - Soviet ~ Soviet US._~ Boviet

Light S W, (o] 990 330 600.0 ";336.'0 &

Canfort Beat 10,700 6,350 4,760 - 17,500.0 %,760.0
Electrochemical 752 102 20 T 22.5 3.1
Process Heat 181 181 - 36 - 5.4 5.k
- Power 5,500 1,550 292 15.9 - 0.8
" Hiscellaneous T43 307 102 22.3 - 18.2
Run-Up a 2,000 1,000 200 60.0 30.0
Total 21,66 10,390 5,740 8@26.1 5,187.5

P
.x‘

The data given in Table 10 have been plotted, and from them a peir of
generalized curves of Btu per pound of airframe versus percent of produc-
tion capacity hes been calculsted and plotted: {4in Figure 2).8%
¥ 1t ohould De noted that energy ic presented in terms of British thermal
units {Btu) rather then in wnits of coal, oil, gas, or electricity. Tue
reason for this is the partial interchangeability of energy sources, includ-
ing magpower {as indicated in Appendix H).
#% PFigure 2 follows p. 16,‘ c
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~SECURITY. INFORMATION -~~~

ENERGY REQUIREMENTS FOR
AIRFRAME PRODUCTION IN
THE US AND THE USSR

25

— USSR:TOTAL

At any percent of capacity:
Btu/lb. = (Btu/mo.) = (700,000 /bs/mo)(percent capacity)

US CHECK POINT

One hundred thousand Btu p_ervﬁvl‘b. of aiframe’

1
%-«/PRESENT USSR OUTPUT
USSR e ——————
b

0 20 ) 40 60 | 80 100 % CAPACITY

GR1257 CIA, 9-52 ,ﬁgi =

Figure 2
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2. There is one possidle check on these data. In & previously
published CYA/RR study a value of 302,000 Btu per pound of airframe was
derived for the US industry in 1947. 32/ Peak US production was ebout
9,000 aircraft per mmth in 194k, with about 10,000 pounds average eir-
frame weight. 33/ If this rate -- 1,080 million pounds of airframe per
year -- 1s accepted as the US msximuw rate, then in 1947, when US produc-
tion was at the rate of 3,838,000 pounds of airframe per year, the US was
operating at 3.6 percent capacity. This percentage, when plotted on -
Figure 2, falls {mixahile dictu) right on the calculated ldne. In view
of the fact, hovever, that much of the floor space availsble to the US
industry st peak war condition had been retired by 1947, it may be more
reasonsble to base the 1947 operating level on the emount of floor space
actually available in 19%7. To obtain this figure would require a
- considerable emount of research and may be considered to be & project for

the future.

3. 'It cannot be assured that distribution patterns of ensrgy
sourcesg for the edrframe industries of the U5 and the USSR coincide.
In order to determine the actusl enerfy sources, & survey was mads of
(RR Soviet aircraft plant studies completed to February 1952 (sec
Appendix I). Thisﬁ.eldshwld'be resurveyed vhen the (RR plant and
plant-complex studies have been carriéd to completfion. On the basis of
fragmentary evidence, the estimsted monthly energy input requirements
presented in Table 10 have been broken down by source of energy. The
results are pressuted in Table 11.8

: 4. The data presented in Table 1l bave been coaverted from Btu
into the appropriate physical unit for each form of erergy, and moathly

enerymmbrequimntshmbeencomputedmthesetemsperlooooo
pmmdsofairframeprodmd. These results are presented in Teble lig.##

B. Requirements for»Mrcmf% Engine Productim;

1. To estimate the probable energy requirements for Soviet air-
craft engine production, the same method hme been used gs in estimating
the probvable energy requiremente of the airframe industry -- a hypo-
thetical plant has been coastructed for the US, and a Soviet counterpart
has been constructed alomgside it. The US plant has been checked against
the same US data used for the airfreme industry. 34/ In order ¢o permit
the convenient use of certain data developed in estimating erergy require-
ments for ajrframe production, the floor aree of the hypotheticzl air-
craft engine plants has been set at the seme figure as that used for the
hypothetical sirframe plante -- 1 m.LlJ.ioa squaze Teet.,

2. 'The basic model for the hyyothetical UsS aireraft engine plant
ie an installstien with a floor sxea of 4,727,000 squere feet. Working

¥ Table 11 Follows oa p. 18.
#% Table 1lla follows on p. 19.
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at 100-percent capaeity , this installaticn produces 1,000 J-U8 engines
{plus 20 percent of spare parts) per month. 36/ On thie basis, the
‘monthly capacity of the hypothetical plant of 1L million square feet
{including capacity used to produce spare parts) may be computed at
the equivalent of about 250 J-48 engines. The finished weight of the

- J-L48 engine 1s:2;725 pounds. Expressed in terms of weight, then, the
production: or‘the hypotbetical US aircraft engine plant, at 100 percent
ofacapacﬁ.y_,; ,ven ‘&8 roughly 675,000. pomaa_a mom:h .Pinighed

.Hiscelle.neova k3 a/ 307 aof - - 102 8/
Rulpl -t lrr,eso 23,625 R,580 - h;'res
Cieved ” ":f‘:a:ii;fgmrf.azﬁ;-s» Ior e?;




: L' mﬁmsgimmmbhmforemymgmw
‘the kypothetical plant when profuction is suming at 5.6 pereent of
-cepacity bave been-computed for checkdng against: inpub. £igures.availedble
for: tdt.a.‘l. US aircralt engine production in IOU7, whi ettimited to

.eaergyrequ&mnents- mm&mm, if:shmm )8 pointeam that
much of the floos avea availsble to the US industry ab peak war prreducticn
mw&mmm&m:&%mmmmmmmwmbmm

base. en estimte of the 1947 ing level on the lessar amoont of floor

spaceacﬁnauymﬁsblein
& Ta.hla.!sronmsenp. @.
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Table 13

Comparative Data on Energy Requirements
. for Aircraft Eagine Production
Based on Total US Industry in 1947 -

(E'loor Space, 105,315,000 Bquare Feet)

Anmal Requirements
: B Arnual Requirements ~°  Comverted -
| Iype of Epergy ~  _in Physical Units (8i1130n Btu)
Bituminous ‘Coal 127,000 short tons 3,300
1%1’;011. L 308,000 bbls 1,620
T matwar 231,000,000 cu £t 231
. Manufactured 395,000,000 cu £% - - 197
‘Mixed 9,000,000 cu £% b
Electrici‘by 334,000,000 kvh 1,1%0
. Total Anmm.l Require
ments. 6,492
Average Mcmthly Require
mants _ shi
~ Average Monthly Require- _
mente per 1 miliion ‘ _ R -
(Average Menthly
Requirements for US
Eypatbets 1etical Plant at
5.6 Parcent of Capa-. . | S
c's.tv)ﬂ s/ ' (7.915) &/

8. GSeme Tigure es YTy m calcuisted energy requimnm for air-
freme prodnci-.ion (Table 10).

¥
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6. Obvicusly, the calculations of erergy input Tequizewents for
aircraft engine production are based on less firm grownd then thoge for
airframe production, end they are subject to modification as e resuldt of

study now being canducted by ORR.

T. The estimated monthly energy imput requirements by use for
the hypotheticael Soviet alrcraft engine plant, presented im Bable 12,
have been broken down by source of emergy, on the same basis as was used
in preaking down the requirements for the hypothetical Soviet airframe
plant. The results are ‘presented in Teble L%

8. nxedatamsentedinﬁable J.hha.vebeencmrbedfmnm
into the eppropriste physical units for each.form of energy, and momthly
energy inmit reguirements have been computed in these terms per 100,000
pounds of edrcreft engine produced. The results, compareble to those
presente& forairframpmdmtim inTa.’ole 1lla, are presented in Table lha.o%

& Table 15 Follows oa p. 24.
@2 Toble lha follows cn p. 25.

B
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"Effective work- factor“ im another term for "prodquctivityt or
“effioienoy." This factor has been the subject -of much. dispute $n the

past. Estinmates of ts value have been tempered by opinton: rather:than
bolsterad by fact, Tt is b : al .of; P T
byt !

‘& lighter cut fo h

given part, or, relative to the US; the ﬂSEﬂi ia ,

»i-This holds for the manufacture of - engines
: . The USSR is 95 p
airfzﬁnes, asstming tha‘b tha-:;:_f,_ _' ,

, _l.mintenance and breakdowns may indicate an
7. iciemcy from US practice. This - isi_y_ i item for
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Nose Rod ' dimmeter, 107 long 1
Suspension Rod © 3/40 dismeter, 19" long 1
Suspension Tube 14" dismeter, 19" long 1
’ . 2

1

1

o & 3.

2

coond MDD N

Pressure Fitting
Fuel Outlet
Seal Strip {Rubber) 1/8" x 14" x 14C"

H
-

‘Seat Strip Clips  3/8" x 2° 38
Total Steel S '
Total Rubber
Total Solder

Total | 0.3

3 ]

L
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Teble 16

a : ,,
600.0 18,600.0
8,782,0
‘ gO0.0 38,@.0
. 91.8 104.0
817.0 1,160.0
10.0 ‘ 9.3
. 2000 .
- 1500 }
. 4.7 69.9
- 4,800.0 3,650.0
11,0000 1,730.0




AFPERDIX 3

BILL GF VATIRIALS SOR USAY TGt

Table 17

myam of Materials for T-294

0 F
Steinleas
Uarbon
Totst




S=feCuBaff-
Table 18

Condensed Bill of Msterials for T=20A

Welght ‘ Weight
Ahm:imm - uiite Bronge
-+ Castings

Magnesium
Cagting
Shseet
Extensions

Total

Vanganess Total 3,207
Bronze Bar 252

16
Total 258

8. 3ize not atated. -3 -




1. The following data are available on the Type 31 aircraft. W&/

a., Span: 185 feet.,
b. . Length: 145 feut. o=

chelao givea comp&rative data: for' the USAF .

Gross Weight. .
011 8,500 ¢/ 4,000 g/ .
Weight, Less Fuel, CaE T
Bombs,and 011 . 105,000 TBEOD
Crew and Ammition . 7,3 éaasumdg 74 7;300
Enpty Weight S 97,700 (assumed ’ RO A W3, VR

ST o L :.

Diesal fuel, 17,500 gals at 7 ga.'m per 1b.
Gasoline.

At 1/12 of fusl weight.
Assured to be the ssme for the Type 31 as for the B-29,

20 oo

FnBefrRaGe
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APPENDIX 7

BILL OF MATER A0S, FOR fmfiiel B IR
Table 20
Ttemized Bill-of-Materisls Wedghts for J-48P-5 Ergine

Ibs

Yaterials Yei gm' ‘
Magnesium ’
BB.I‘ . ’ 00055 .
Casting 652,726
Nickel - . L
RBsr 6.125
Monel |

Bar 1.731
Rubber

Shest 0,110
ACoppér‘ '

© - Sheet

 ‘Bhest - 0316

Tubing 0.908
Stainlsas Stesl v Bronze
Sar AMS 5640, 32 457523 Bar 1941
Wire AUS 5688 C.704 Tubing 4R
Shest MAS 5510, 12 7,307
Tubing AIS 557 8.944
Casting AMS 5361 665.217
Forging AS 5840 L2514,

.I‘.<Lk&h113{; Faterialy Stesl
{Caitted fyom Totals)




Table 21

Sompary Total of Bill-of=Faterials Welgnts for J=48P-5 %ugins

Lha

- o

Alumimum and Alloys : 1,128
Steel and Iron . , 4,269
‘Stainless Steel ’ - 42
. Magnesiwm and Alloys : 653

Copper: and Alloys 2

 6.500
2,725 |




Bassd on US erperience, detailed computations have besn msde of energy
mput roquimenta for the uypm‘ hatical sirframe plants consic ered in the .
: his’,rapcrt-, Both. U5 'e.nd Soviet requirwmts ‘have be ved for

pafcem capak 11:_,' for the hypo*h*:tiﬁa_. alrfreme plan* 1761 ) kwh'for the U
plant and 290,000 kwvh for the Suviat p_.&dl ' : oL

Ly L,sing the copversicn factor 1 kwh = 3,412 Bivw, the following values
are obtzined for ihe hpothetieal sirfrsme plantsz'

| -_Z;f;pntgtequirments_‘;far light at I pereent. of;» cé_xégci’ty:

S 1,77, )oo,:\o: Btu par wonth.

Saviet: F, 000,300 Bty per moath.

S — ,
See ebove, in text, p. 0.
"’ab!e 22 fo¢.‘o 5 on P K.

@2
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Tokle 22

Hourly Input Requirements for Light
in Hypothetical US sud Soviet Airframe Plants 42/

Area
{4510 Soxdet. o/

123,000 200 50
311,000 117 120

52 000 26 25
140,000 350 170
120,000 61 70
252,000 32 5

r _‘1,0 foot . Volume = 40 wmillion cul L
‘per year = 13 millfon pourds per month orids
" from 400 F to stesm 8t 2500 F (no super heat), Taks hoiler efficiency a’o 85
percent 45/ :and assume (arbitrarily) that pipe loss is 70 percent. Thus the
following equation is obtained:

Btu {pounds of steam) x (250=40) (0.85) {1=9.070)

By using the atove equation (with 13 million pounds of steam per monfh) the
‘ fo]loui_ng values are cbtained for the hypothetical airframe plantas:

Input requirements for comfort heasting at 100 parcent of cepacity:
08¢ 10,7%0,000 Btu per month.
Sovist: 6,350,000 Btu per month,




. &
LY g T i .
whBSREAShenleal
dnpur requivesenis for slrctrochemical processss in the

s

Soviat wirfrese plants are given o ianla 23,

gw Wiz

Tahls 3

Flwetroches ionl lxzpu Ry “.f.*z;aata Py Honth
For W and Soviel Afrframe P

p— e : ettt et OO 7)Y

a,xm S LS. Soviek. ..

‘Pbatuug' 12§52 v 2,000 gmp) 10,2%,000 10,236,000
Ganerator {2 ¢ 100 hz; CES00,000 55,300,000
Ohargers {3 9 4 kw) 5 318,700 5 318,000
Rectivtier { 1 6 3 Xu) ’_,79 500 1 ?7‘3;,\

Anodizing &/ 650,000,040 o

Fotal ‘1’;‘”7.1,933,50@ 101,%33,50C

<.

6. Batinatas,

‘st 100 percent of

par monkl,
ar minth,

I atrframe weight e digsl,
(<. For Fi4,0LC pounds of Ui

L pounds ner hour ta ba
noonia shifh o Aboub 200 bw
voend Soviet, seue]




| BEETETL

For welding: assume 10,000 feat of linear weld pear month; from 180
enperes at 10 volts on lSagage steel with 1/8-inch electrode, will Tun 20
fee:t per minute on short welds. 8/

£180) e 51,200 Btu per wonth.
zz,ooo§ ?wg %zos -

FPor soldering and brazing: assuwe ssme as welding, 51,200 Btu per
.month.,

For refrigeration: -requirements of three ivhorsepower wnits; 4
compressor unit runs 20 percexrt of time, 25 days per month, three B-hour
shifts: :

(3) (0.5) (25; @) (o 2) (2,544) = 460,000 Btu per month, '

" For forges the wight mt.io of forged materisl to beatdhreated meterinl
is about 1,000 to 12,000, or 5/60 504 4A5mjng that forgings are heated to
about. heat-tmt temparaturo: :

(163 600 ooo) (5/60) = 13,650 000 Btu per month,

For foundry: the’ rat:lo of: casting o forging is about 1 to 5: 51/
(13,650 000) (1 5) =2, 730 000 Btu per wmonth,

By adding together the ahove figures for heat-*treating, wlding, #oldering

and brazing,- refrigoration, Prge, and fonndry, the following ‘total .'m ‘obtained
for the: h;ypothet.ioal_ alirframs: plmxbs: ' :

, ess hea.t at. 100 percemb of capacityx

Us: 180,559,000 Btu per wonth.
Soviett 180,559,000 Btu per month.

Monthly input reguirements for powsr in the bypothetical US and Soviet
airfreme plants are given in Table 24.% 52/

# Table 24 follows on p. 39.




Table 24

Vonthly Input Requirementa of Power for ?othetical
US and Soviet Airframe Plants

E
g

oz
0 {marual
c
0 "
6 . n
¢ L
0 )
9 .
8] n
3,610,000
: - C
44,850,000
39,400,000
170,000,000
136,00C, 000
- 71,600,000
. 160,0€¢,000
. 66,000,000
€ (manual)
665,160,000
1,460,8¢0,00C

A. O pﬂ’“k’""}ﬁ utilisation assmmeé Tar 611 maehine tonte,

0. Logume P,000 ibe lifted 50 £t ir i cecs = 10 JOUO FLeldl/gee = 790
Htusman. se 90 percent - efficliency wnd 5O ‘)81‘"‘8’11*‘ utilizations per ton
o7 ¢ -.‘lf‘ {772, ’O 9) (872} [80) {25 = 4,500 ,(C0 Bty per murth. The
1irt Jem i }igu. bm DIVer used bty trol ‘*r* et bridge motore has
It L0 B

o Fet inated

G, 2.0 = akift retics YOC~T0=50




Sl it
From Teble 24, the follouing values ar: taken for ke Sapothetdosd alrs
.frems plants:
Input requirements for power at 100 percent of capacity:

e 5,500,000,000 Btu per menth.
Sovist: 1,46C,000,000 Btu per month.

6, Klscellagecya.

Monthly input requirements for eaergy for miace]lmmous ;mrposaa 1n t.ho
hypothetiecal US and Soviet a.irrrme pla.nta are given in Table 25, on tho baaia
o of US experieme R

Dust: Conector 1l
Air cmpmeasor 2

@
@

: Vacmml?:np 1
Bl 15
r tor
v Tester

Autos and Trucks a/

Total 71.3,002,01.6 306,816,00C

a. Using 100 vehicles, et 60 gals per engine per month, 6 lbs
per gel,and 20,000 Btu per lb,




e

From Table 25, the following valuss are teken for the hypothetical afr-
freme plants: '

Input requiremeénts for energy for miscellaneous purposes at 100 percent of
capacitys

US: 743,002,040 Btu per month.
Soviet: 306,816,000 Btu per month.

7. Bun=flg Fuel.

Run=up -fuel is calculated at 2,000 horsepower per engins for 2 hours, 1
poxmdofﬁmlperhorsepovwhmmandzoooomuperpmmd foy 25 airceraft
per- mh; e

- (25) (2 ooo) (2) (1.0) (20,000) = 2 billion Btu pex month.

The Soviet plant mquiraaenta are a.smmed to be one»hnlf the US plant

The follouing values are msed for the hypothebical airfrans plmrts-

Input requimant.s for run=up fuel at 100 parcent of ca,pmityx

- Ut 20000000003bu per ‘month.
Soviet: IOOOOOOOOOBtupermonth
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APPENGIX H
Tarle 26

Intereﬁangeability of Fnergy Soarces in Airereft Production

e Rat - RO

B e C 2 FCE R

ecoQRiremante.. . Q1 Gas Coal Deat Yood Elenirisity Stesm |
Light _
. Comfort Hest x x X b x
Electrochesnical :
Plating X
Anodizing
Bettery Charging
Process Heaf,
Heat Trsating x
Walding o
Scldering x
Brazing x
Explosive '
Rivating
Refrigeration
Foundry x
Povar
Forming
Sheara
Brake
Rnlls
Rout.er
Drop Hagmer
Sheet Stretchers -
Punch Prags
Press
Pipe HBenders
[=zthes
Hilling Machines
IRBpeTe
Pianers
Orill Przegses
Jmall Drills
Nibblers
Joining
Nut Runners
Serow Drivers
Rivotaers
Hand Millers
Finishing
Shot Feening
Sand Blaztiag
Painting x x
Treasporiing
Crencs :
Carts = 4R = x x

MMM
MMM

N
»
LI ]

MM MHXMNK

MMM MR MM MM H M
%
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Exemination of a partial survey of Soviet and Czechoslovakian adrcraft
‘plant dats for information on their use of aifferent  sources of energy: :
:Lndicate hat*’ Lof /o) ‘plants so far exmined, _ther : ’ :

i percent) Of the rems '

one case.

';._uées'.’havé been

Bleetrie fouse 75 2%

Procesa Heat 14 25 A3 14
Comfort Heat 4] A 1 5

. ke dncomplets date au whick the above sumery is baped are pressmied
In Tabhle 288

AT e T AT B
~

te 8 Tollove on n. 44

R S




Tsble 23

Date Availsble on the Use of Energy by Sources in Aireraft Plants
4n the USSR ard Czechoslovakia

T, : JROS 4 1 A - Data,
Lentral.Region
Thilisi ) M. 31 Coal, oil, and electric procese
mrnaaev Central heating by
coal. Electricity from local
grid, with oun standby plant.

. Gor‘kiy Mo, 21 RBlectricity fm city grid.

: . Coal hest. }
nosm {Khimkd ) | No. 301 Electricity from but.side of plent.
' Coal heat.
Novosibirsk K. 153 Electricity from city grid
Qmak No. 166 Electricity from city grid.
~ Tashkent | No. BLE mectricity. ,_
O Taghkent e, 843  Hlestricity fron city grid.
Trkut i Yo 39 Coal-fired p]ant supplied power
to plant and town.
Ulun-Ude . ¥o. 99 Electricity from eity grid.
Had standby plant.
Komsomol' ok No, 126 One power plant, coal-=fired.
Komsomol.! sk No. 130 Rlectricity from eity grid.
Samenovka : Fo, 116 Electricity from eity grid.

tad standby plant.

Kragnoyarsk Owa powey plant.




el
réhle 28

Dats Availsble on the Use of Energy by Sources in Adrcraft Plants
in the USSR and Csechoslovakia

{Continued)
; Arch_angal _ o Teport.
- Gatehina o o report.
- -"K@fgopbl’ ' L o . Has owm pover-v'stat‘ion (heating).
. Leningrad Ko, 162 Ro report.
. Leningrad No, 381 No report.
- Leningrad Mo, 211 o report.
mgmd No, 330 No reporb.
Imingrad o Be. 7 '_(Engin ‘parts electrimtv from
SR : "city'grid : 'Hext.’mg plant uses
‘tons to- ‘comfart heat and process
steam, 60 tons to forges, etc.
Floor area 156,40C sq. ft.
Leningrad Nos, 23, 272 Electrioity from city grid. Heat
from coal (wood) boilar houss,
not often used.
Leningrad No. 448 Electricity from city grid.

: Central hesting plant, uses coml
and "ollstons.® Gas fyom city
wains In &1l parts of plant,

RPN No. 135 Electricity from eity gird.
' Central heating by oil-lirved
plant.
. 45 -
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. qstiments
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‘5
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By the psma m

T m‘sui hava baen zowmputed
1lon & squars feel of fLoor
s‘,'! RSN ,nums of sivarafi engines
per manth, weing 3 L BOUTH as m iox 26} days & month. The

i
Aor gt meximas capseity. Certsin
fures have been taken, s indfeated below, directly frow the figures eomputsd

thod ugsd above (in Appgdiz §) in computing innat e
%

rer

=i

i

for 1ight in the n.y;x)txzet {eal alrframs planta, velues have been
csbmineﬁ Tar ""M 5 aof 1¥ebi per hrur in ths hypothetical alrrraft

Irurly dnput Usinivaments Tor Light $h 73 and Soviet AlreraCt Engine Plant
(Flant Area 4,77, 000 sq, tt.)

Aron " Soviet

Bauft.) LW sl
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) : sunsidored In 1hs
wind Papente bave baen somputed
110200 spunre feel of floer
vouris of sirveraft engines
{ox 26} daye s month. The
L wmaximes capseily. Cerisin
‘éixii?.l.‘." from tus {igures compirtsd
ved 10 Ippendlx ).

._ns’” 1,5, 4" txnw. P
tow mra for W-om

1. ‘”ﬁx&‘,

RN

nad ussd above {(in Qx»endix %) in computlang Innput re-
tun ypotbet {ea? alrfvmas plém" , welues h&"e been
g

e

chiniret for Lb verious uses of 1lebt per hour in the hypotheiicel alerraft
enging p tl&n’:s;a sh"»'«{" in ‘I‘e\,ux 3G,

o~y

T

aurly dngrut Ueagnis ~.3ﬁe4c*r fox Light in W3 and Sovi
I Fiant Area 4, 77,00 sy, tt.)




Sromy Ches inputs for light §n k3lowatts per hour given in Teble 22, the

: vaines ars obleined for kwh per wooth regquired =it I00w-percant
v oy the hypotnstical airersafl engine plants {eree: 1 million acuare
AT DO Ywh Yor the 1o plant snd 3 000 keb for the Soviet plant.

gioe fartor 1 kvh = 3 412 By, the Tollowing values
# hiypathetiesl alrersft engine plante:

el ragairement s for 1gnd en 100 percent of ceptcitys

U 1,9%5, 000, K Btu per month.
Hoviet s yoB5, 000, LD Btu per month.

2. womfart ligatine.

The requirenments for copferd heating are the sawe in the hypOtheticul aiy=
eraft argine plants as in the hvpothet fesl sirframe plants {(in Appmdix ia) o
follcus;

Toout requirements for comfort heshing at 10C percent of capacity:

[iSH 10,700,008 ,000 Bty per month.
Soviets 6,235,000 000 Stu per month.

E‘tequi.zmsn-t;av for elactrachemical procasses in the hypothetical US and Soviet
sireraft. engine plants are taken to be the same nz for the hypothetlcal girn‘ '
Crame plents {in Appendiz G} as follows: : SR

Inpat raqﬁif@;enys for s:lcatrbchemiml pmeae es at 100 percen* of capacity:

Us: 751, 935, 00 Btu per womth.
Soviel s 101,633, 50 Btu per month.

S ¢
Lo Eroeggn B

Tor neat=trasating, by using the sams methed as used erbove {in Appendix G)
foy thw typothetiesl) airirama pla.nts‘ the input reguivements obtained come to
sncat 0fF milliso Biu ner wonth for ibe hvpotlhetiscal sireraft engine plants, st
P - v
100 perceat of capacity.

Wealdine and soldering input reguirsments for the hypothetiesl =mircraft

7 i rre A ‘
_;,ln.‘t.h are snaums? toe be roughly double those of the airframe plots

in Appendix ¢ sbout 20C, Ltu per montn.

[}
=~




niania.
For forgs and foundry Lhe =42 bill of maierisls has been used. “hare
85% 4,210 prands of forged and cast itams per sngine, or (254) (4,216) -
¥ £ ) : LS B $

070,000 pounde per month. {he walght of forged ard cast items in the
bypothetical alrframe plant {Appendix &) was C.70) {H0,000) (0.1} - 43,500
poande per wonth., Hegquiremsnie for this welght ware 16,380,000 Blu per month,
Ta obirin yvequirements for ibe sypothetical mireraft engine plants:

{2 30'55;0:30,/49,990; (16,320,600} = 357,575,400 Gtu per ,;m'th,

~ Byadding together the above figures for U3 requirementa for heat-t.reating,
welding sud soldering, and forge and foundry, the following total ia obtained
for the hypnothetlical siscraft engine plant and an ostinate made for the
~corresponding Soviet plant: Cedgs SR

Input.z‘_aqviréﬁénta-fer procea.%_i heal. at 100 parcent of capacity:

ne

Uor o #4422 775,400 3tu per montb,
Sovist: . 34C,000,00C Btu per month,




Bourly !
for ¥S hip
(Placy rea: 4,727,000 Sy. Ft.

nur Requl rements of Doaver
creft Engine Pl

U8
v Nuaber Hp per -~ Ep per
Machine o - of Machénes Machire -  Hour.
Eoring o 460 1% £,900
Broach - 15 €0
Drill T 15 5,625
Jesr (Cutter 12k 15 1,360
Gricders GETE 12 9,600
Lathen : : BUs o0 3,860
Millers ' : 430 6,550
Miscelleneous , : B2 _ s 1,800
Todle : : 7 157 255
1;10 qu).. L
Yortical, &ydmwic, L
,'Qu'zuw b3 ver&ge Gee e 42 CATVS -
Jertizal, Mechanical, R o
56 Ton murage 7.5 68z .5
P.nck and Shesrs 7 15 hp for US SEG
Forsiy Huomers ) " 15
Fivetiny Mochircees < an
Trrecd Reilers 24 " 350
Totai Hu




e P

& coppaytbie Sovist plant the muber of mxchines is sstimsted to
~. or sboul the sare an In the US plant, with the sgception of
{relle, riveting machines, snd ‘hread rollera; of uhleh ihe
s plant le sssuned o hove nons.  The Soviel wachines are ssmomsd 1o

L horsapower {zes Anpendiy 4D s 88 egainat 1Y lorgsepower Poy the

- Ths power requirements of a comparsabla 3oviet pluant would

thus At to {(3,000) (7.5} = 22,500 horsepover per bour.

E ¥ omis

Far 3 ehifts, 26 days per monih, assume a 50 percent utilization lartor,

Fer the hypatheticsl aireraft m:ine nlants, with an avea aof 1"mil1¥on
squaze feet, converting at 2,545 5tu per hcrsepower»-hom {26) {24} (0.60)
ffl, 545) (he)/{4.727) = Bta per menth, Using this squaticn and the valuse in

Tuble 30, the following valuss are cbtained for the hrpothetieal alreraft
&ngme planta' '

v:mt *equim'anfs for powar st 10C I)GI’GOD\. of vapazity: .

TS LD 300,00C,00C Btu per wonth, ,
Sovist: ‘4,43'3,6'}C OC Btu per month.

6. ligcellues
- Fonthly %oy uxt r uis*emante Yaor =nergy for miscellaneous se3 are
s 4

t»ae'z 135 ba tus same as for the hypothetieal Hli"f same plants {in Appendix G},
'._ss fouowa, ef' T.m-—percaat capacity: -

, U3s 743,002,040 Btu per month,
Soviets BD{:, 16 000 Biu per month,

US requirsments. 1.50u mrsepoue“ per asgine for % hours green run znd
T4 bours fined” um, 250 enginas per month, ©,7 pound per horsepower, and
N "'1" \ ;,,-t&“ "?.l mwd, )

Fobe

(3, 5;{3!;-; (97 (250) (0.9 (20,000} = 47,250,000 (07 ¥to per monti,

alluownpes 18 wade for recismation of epergy. The Soviat plant reqairements
are cosmed Lo be ahoul one-half the U3 pland requirepents,

“he following values are usad tor the hynolhetisal asircraft engins plants.
, L val N§ s

Cinput resuivemants for runsup fuel st W papcand of capacitys

J

mi par @montl:.
ita par month,
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APPENDIX F.

GAPS IN INTFLLIGENCE

There is almost no information available on the input requirements of
the aviation industry of the USHR. Observation has provided good estimates
of the salient characteristics of many Soviet aircraft, but there are very
few aircraft, most of them obsclescent, available for detailed analysis,
On recent Soviet production methods there is virtually no direct evidence.of
2 quantitative charactero. The state of information in this field is stil}
substantially the ‘same as described in CIA/RR PR=8, Innut Requirements of the
Aviation Industry of the USSR, 29 October 1951, TO" SEGRETe

=593 -
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SOTNNIX L

METMODG HGY

r.
ST AT s % e 1 T

This entire renort is an exercise in methodolory == Snesifically, in the
develonment of US analogous factors asplicable to the study of inmut require-
ments in the aviation industry of the USSR, In develonirn; analogous factors
for the study of eac: of the tynes of inmut requirements dealt with in this
report == mannower; matrrial, and enersy == the methods used have “een dee
rived from and tested apainst US {and UK) exmerience. The anplication of
these methods to the aviation industry of the USSR involves a larpe element
of judgment, and the resulting estimatez of Soviet innut reouirements are
at bast illustrative of the general order of magnitude of the Soviet ree
quirerents. As indicated below in Anpendizes L and M, ths kind and extent
of information available on the aviation industry of the US R orecludes its
being used at the nresent time to cross=check estimates based on US analogy
of Soviet innut requirements in this iadustry.
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APBENDIX ™
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fevaluation of Sources.

Most of the sources used and cited in thls reoort deadl with the US avia-
“on industry, Thay are considered to be highly reliable, Data on Soviet
dreraft are all admittedly tentative and incornlete, Data on Soviet vlants
and production are. {ragnentary and inconclusive,

Somﬂﬂo
Referenced Sources,. < .
1° . - - PRRETINY .- . P - . N
2, -Alrplane Prodictios Efriciency, Keport Mo, 174, US Aircraft Producticn
Board, 15 Hay l9L3. wonpASSIFIEL.
3. T ,
L,  Awviane Production Ef!‘icianc; eitnd above,
5. The terminolegy used In equation (6) is that in JIB 3/87, cited atove.
6. MIG-15 Gro ‘Wedght Statormnt. ‘Cornell Aeronautical Laboratory,: _
terlstics and Performance Handbook, USSR
cralt, USAF, Nov. I§R$ CONFIDFNTIAL. o
WR-G Input. Requirements of the Ai.rcraft Induatry of tha USSR‘ :
7
80
9 Esnectallv Source Book of Yorld War IT Data, cltad zhave, and CIA/RR
PR~-8 citad above.
10,
11, Cia/BR "R-8 e!tacd abova,
12,
13, Lwd,
1L, CIA/RR FR=8, citad ebr~we
15, 7
16  iwdae
17. Xrplane Production Efficien:y, cited abowe.
18, MIG-YG Trouc Weight Statement, cited abowu,
19, Tharasteristics and Parfornance _fi}m'j*\_)gp_g clted ahove,
20,

Matﬂl:\l Innuls lor thg &Avcation muﬂf"\ of the USSR, Apri

TAprondlx D to cectlon 1LLl.  SFECHLT - a4 SBIWTERY.
- g5 -
‘4'_':‘ Ny 3 'rfd—"‘-'g




21,

22, L
23, procating, ATIC Study Koo 20T = AQ
-2k,

vt and Wnitnay Mx‘cruy -o TOTRLLON.
vyt A0%AD

3AF ATD

’tmg ‘Outout from Floor Svacu.
o_ﬁculndon was based on information

”:q‘ Ws} a% ¥ 'w 8 omos. e wiuy cirecked againsi information in
0% ma\ommmr’ﬂanuf Sty :
3 A Atlon:we &

DD :’» '/'i.l '.'7.,7(';(
e ot
T

x> 3
.”"Mv“‘% (‘@‘w“ ‘“w*“' r‘;v:»' T

S %, AtrrriT g,
..\'- y X ?) ¥ e -

“Its“Alloys, Auzinun Company of Amerlcz, p. 103-
cited n.bove, po B8L3.
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Backeround Sources,

USAF/DI, 2-211L5, 3 Oct 1951,

CMP<l (ASU), Model B=29, Boeing airplane Company, 20 May 19LS, -

MIG=15 Data in CIA TS No. 027980, TO™ SEIRET. '

Renort NA~51-187, North American Aviation Corvoration, F=860, 9 May 195i.
Industrial Mobilization Plan, Hamilton Standard Pronellers,
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COMPUTATEON OF INFUT REQUIREMENTS

OF THE AIRCRAFT INDUSTRY OF THE USSR

CIA/RR PR=19
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Nate

The data and conclusfons contained in this report
do not necessarily represent the final position
of (RR and should be regarded as provisfonal only
and subject to revision. Additional data or
comments which may be available to the user are

solicited,

WARNING
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- CIA/RR FR=19 . . ) —W

(ORR Project 38-51) ‘ SECURITY INFORMATICN
ANNEX

ESTD{ATED FINISHED WEIGHT ARD BILL OF MATERTALS
FOR_MiG=15 ALRFRAME AND LANDING GEAR

: . Pounds
Tunber Tnished BLll Of Hateriais
of ; :

Ttam i ) Bices Dural Steel Total Dural Stesl Total

A, Wing Grow, -
Wing
Front Spar, 0.B.

Web, Dural Sheet o057
% 8=3/L x 114 (10 4in.

x 3 in, hole) 1 103 603 -

Cap, Dural. Sheet ,080

X 2 x llh ) . 1 108 198

Rivets, 3/16 @ 3/in. - 350 0,3 0.6
Frant Spar, l.B. (E<E) -

%ab, Dural Sheet .113

X 7 x1.39 (75°ST) 1 907 907
Cap, Alcoa 79=T x 139 in. 2 8.3 8.3
CBp, e 0265 inzx 2} ine )
x 139 in, . . 2 16,7 16,7
Rivets, 3/16 @ 3/in, 8Lo 0.8 1.5
Raar Spar, 0.B.
Wob, Dural Sheet ,0975 ’
x 57/8 x 133 (11 4n.
% 3 in. holes) 1 7.5 110
Cap, Dural Sheet ,093
x 2 x 133 (75-5T) 1 2.7 2.7
Cap, Dur&l &eet 0067
'x 1 x 133 (75=ST) 1 0,9 069
Cap, Dural Sheet .067
x 1% x 133 1 Lol b
Rivets, 3/16 @ 3/in, 1,00 0ok 0.7
Rear Spar, I.B,
Web, Dural Sheet 0975
x 8% = 8L 1 669 609
Cap, Dural Sheet o093 .
x3x 1 2.k 2,7
Cap, Dural Sheet 067
x 2 x 84 (75=ST) b 1.2 1.3
Cap, Dural Sheet 087
x 1% x 8L (75-51) 1 0.9 0.9
Rivets, 3/16 @ 3/in. 250 Co2 0.5
Diagonal Spar
Web, Dural Sheet 080
x 5% x 63 2 50,6 €45
Caps, Steel "T" Stock:
33 x 25 x 63 2 102,0 3060
Bolts, @ 3/L in. Pitch,

3/3in, 6 x 2 in, 3e 170 8.5 17.0




i

e e e e e

ESTIMATED FINLSHED WEIGHT AND BILL OF MATFRTIALS

A ANDING CEAN

' (Contdnusd)
) Pounds
Numbeyr Finishad Blll oif Materials
of .
Itenm Piaces Dural Steel Total Dural Steel Total
Nuta, 3/8 in. (Staked) 170" 6.8 6.8
Drag Strut
Web, Dural ,080 x
6!:"3/11 X hlos 1 203 2.3
Caps, ,063 x 2% x 41.5 1 0.7 0e7
Rivets, 3/16 in, 4 @ 3/in 250 0.2 0.5
Cap, Dural 31 x 1=3/L
x 41,5 - 1 20,2 2,2
Struts, Alcoa 79<KE x 10 3 0.7 0.7
Rivets, 3/16 in. ¢ @ 2/in, 60 0.1 Col
Drag Strut
O x 23 x L1.3 ! 1.0, 1.0 g
Falee Spar (1.B, fwd) -
Cap, Top, 011 x 2% x 24 in; 2 1.1 Lol
Cap, Lower, o1l x 2% x
11 in, 2 0.5 0.5
Falss Spar (Aileron Hinge)
Cap, Sheét Section, Similar
to Alcoa 22022 x 60 in, 1 202 2,2
Drag Rib
Caps, o125 x 2% x 29 in, 2 1.7 1.7
Web, Dural ,037 x 9 in, :
x 88 in, 1 1.7 2,3
‘Rivets, 1/8 in. 4 @ 3/in.
(Siin Included) 900 0,2 0,8
"Stringers, Leading Edge I.B.
(Extruded Sections; Closest US Shape Is Quoted)
1 Alcoa 10135 = 1003 x
76 o : 1 102 102
2 Alcoa 10135 = 1003 x
97 in, : 1 1.6 L6
3 Adcoa 10135 = 149 in, L 1.1 L.t
L Alcoa 10135 - 0601
135 in 1 1,0 1,0
5 Alcoa 10135 - 0601
97 ine 1 0,7 067
Stringers, Leading Bdge, 0.B.
1,094 x 1% x 38 in, 1 0.5 0.5
2 .09 x l?. x 98 in, 1 1o3 1.3
3 094 x 1% x L8 ih, 1 0.6 0,6
L 094 x 12 x 59 in, 1 (628} 0.8
5 .09 x 13 x 98 in, 1 1.2 1,2
Rivets, 1/8 in @ 3/in,
(Skin) 2700 0,7 1ok




ESTIMATED FINISHED WEIGHT AND BILL OF MATERIALS
MIG° ATRFRAME AND LANDING GE.

(Continued)
S : ) Pounds
umber Finished Bill ol Materisgls
: of
Ttem " Pleces Dural Steel Total Dural Steel Total
Stringers, between Spars
6 Alcoa 10135 = 0601 x .
7 Alcoa 10135 = 0601 %
119 2 1.8 1.8
8 Alcoa 10135 = 0601 x ) '
52 2 0.8 0.8
6 06 X li X Sh 2 ODS 0a5’
8..06 %1% x 70 2 .Y 1.0 1.0
Ribs, (Counting Flap and
Aleron Ribs Twice)
Dural Sheet,.037 x 83z 62 9 25.0 370
[3x34n. £ Holes, % Flange A1l Around)‘ :
Rib Clips, «06 z 12 x 7 dn 36 - 2.2 2,2
Rivets, 1/8 in @ 3/in. -
{Includes Skin) 5100 1.3 2.6
Sy
Root 1.Boy oOTL X L2
x 27 Skdn (Upper) 1 8.5 . 905

ROQt loBog J00 x ,.12

x 27 Doubler (Upper) 1 11,7 U5
Root luBo, 0066 X 33 .

% 36 Skin (Upper and

Lower ) 2 16,0 - 29,2
Root 1aBos 0100 x 33 :

x 36 Doubler (Upper

and Lower) 2 23,8. U306 .

L.E. Inboard; o072 x 50 x 102 1 2500 3862

LoEo OoBop o055 X 50 x

102 1 24,2 28,6
Between Spars, 054 = 30

x 125 (Upper and Lowor) 2 3.k h2,0

T.E., Inboard (Upper), .05k x

20 x 115 1 12,1 12.9
Rivets (Along Spars),

205L x 20 x 115 1 12,1 12,9
Rivets. {(Along Spars), )
1/8 @ 3/in. 3000 150 2,0

W:Lng Tipy o0SL x 2k
1 So8 12,0

VWing Connector
0125 x 2% x 57" 1 3.5 3.5
Aileron Hinge Fittings

Steel.

- v e e -




ESTIMATED FINISUED WEIGHT AND BILL OF MATERIALS
' TR T OoiC ATRFRANE AND LANDING GFAR

ontinue
: Pounds
Number Finished Bill of Materiais
of"

Item Pleces Dural Steel Total Dural Steel Total
n@mge Fittinge 138 108
Spoiler Hinge Fittings 1.8 1.8
Wing Weights 1 65,0 65,0
Handhole Cover, Alcoa

23787 x 72 1 1.9 1.9
Aileron Differential
Bracket (est,) 1 5.0 5,0
L.G., Hinge Fitting. R
(Gﬂtg), 1 2500 3500 .
Fence (est.) 1 5.0 6,0
Wing -Panel, Total - 317.8 213.7 531.5 k16,3 N3%.2 751.5
‘ﬁn -
Bottom Skin, .0LO x
19 x 107 1 8,1 * 8.6
Top Skin, .037 x 20 -
x 107 1 8,6 502
Ness Skin, .0L4O x 2
x 107 . 1 0.9 1.0
Trail Edge, .060 x 2 : v
X 107 g ) . 1 1.3 1.3
Ribs, 04O x 4 x 19 B
(See Wing) i 1 1,9 363
Rivetsy 1/8 in. @ ‘2/1!110 2350 0,7 1ok
Flap Hinge Fittings 2 1,8 1.8
Spar, ,0L0 x L % 107 1 1.7 1.7
Total 2302 1.8 25.0 2655 1.8 28.3
Aileron
Sper, 040 x 6 x 60 1 Lok 1k
Tall Edge, o060 x 2 x
67 1 0.8 - 0,8
Ribs, o037 x 6 x 18
(See Wing)- 2 0,8 1.5
Skin 054 x 18 x 63 2 1L.h 12.L
Hinges - . 2 1.8 3.8
Rivets (See Flap) 0.l 0.8
Total Wed 1B 168 169 L8 1
Wing Carryethrough Structure
Front, - 023 x 8 x
52 in,: - : 1 13,3 1303
Fittings, Steal 2 500 10,0
Rear, Cap Steel T (Sea
Wing) x 56 in, : 2 91loh 272,0
Web, Dural ,080 x 5 x ’
52 2 12,0 12,0
Bolts (See Wi.ng) 80) 17,0
Kuts 6.8 6.8
Total $5.3 111,7 167.0 5.3 305.8 301.1
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ESTIMATFD FINIquD VEIGHT. AND BILL OF MATFRIALS

R MIG=15 AIRFRAME AND LANDING GE
ontinus
- . Pounda
Number Finished Bill of Matorialis
of ;

Ttem |

- Pieces Dural Steel

Total Dural Steel Total

Total wing (Two Wings
Flus Carry=through)

Spoilers .
Total Wing Group

Bo Tail Group.
Fin

Spar Cap Tee, 2 x 3 x
3/8 % 97 in.

Webs, Dural, ,080 x 7
x, 97 (75=ST)

Lead Bdge, )
,0L65 %10 x W2
o0L65 x. L x 12

Bolts, @ 3/L in, »
Biich 3/8 maﬁ x 1 in,
1go

Nuts, 3/8 in, )

Tradl Edge, .054 x U
x 1312

Stringers, Alcoa

10135 <1003 x 125 in,
10135 = 1003 x 122 in.
10135 = 1003 x 117 in,
Ribs, 037 x 6 x 36

f3 x 3 in, 4 holes)
Ribs Clips, .,Ob x 2

x 6 in,
Melaoe Attach,

0125 x 2% x 82’ ine
Hinge Brackets, 0085
‘x b x3

0085 x I x 2

0065 x 2 x 2

o065 x 2 x 2 ‘
Skin, o047 x 57 in, x 36

237 x 24 = L7
Rivets, 1/8 in. § @

2/in,

Total
Rudder

Spar, ,084 x L x 112
Trail Edge, 050 x 2
x 2

Tab, 046 x 1 x J,0

R—“-hsp 0032-1 X Ll X 18

Rib Clips, Alcoa 79-M
x 6 in,

7669 Sh6.3. 1313.2 98,9 1183.% 2132,3

b6’

L6

1Mo S4S.3 1317,8 9535 1183, 12136,9

22390 111:)? 39110-,4 50603—

2' 99oh
2 11,0
) 2 70L
2 2,8
380 32,0
380 11.L
1 2,2
2 L1
2 3.9
2 3.7
10 702
200 | 1,5
2 Lok
k
8
.
h 209
2 19.7
2 8.6
2350 1.3
8002 1h2.8
1 2,2
1 0.3
1 0,2
12 2,3
12 0,9
5 o




ESTIMATFD FINISHED WEIGHT AND BILL OF MATTRIALS
OR MIG=15 AIRFRAME AND LANDING CEAR

“(Continued)
Pounds
Number Finished . :BliX of Materials
s Gf . . ‘: .
Ttom Pleces Dural Steel Total Dural Steel Total
5036 x 18 x 36 2 542 ' 5.8
A 51 2 7ol 8.2
Hinge Brackets (mage : .
nesium_ alloy) L (1.0 wagnesium alloy)r (1.0 magnesium alloy)
Horn 0065 wall x 3 ins ) .
0,Ds x 24 in, - ko3 bo3
Rivets; 1/8 in, 4 @ 2/1n0114h0 0.6 1,0
Total Frame of Rudder - Y191 b 235 hol
Static Balance, @ 70% 17.0 17,0
Total 1901 2o M2 25 21 U5
Sfabilizer (021e Sids)
‘Spar, Inboard, I beam,
55 in,.1g 11 x 2 in, ¢ -
Holea 1 3500 217,0
Outboard; Channel
e05£ X 6 X 36 1 309 hoa
Trail Edge, Dural
05k % i 78 1 1.5 1,5
Ribs, ,0L6 x L x 25 7 3.2 5ok
Rib Clips, .06 x 2 x 13 0 0.5 0.5
Skin, 040 x 25 x 80 2 16,0 23,5
Stringers, .06 x 1% x
57 2 Oo8_ On8 |
006 x 11 x 62 2 0.8 0.8
206 x 14 x40 2 0.5 0.5
Hmﬁe Bracket .065
2
0085 x h x 2 b
0065 x2x2 6 105 105
Total ) 23,3  LO.L 6307 33.0 222,7 255.7
Elevator (One Side) ’
Spar, 05k x L x 75 1 1.5 1.7
Trail Edge, .060 x 2 x L2 1 0.5 0.5
Ribs, ,0L6 x 3 x 11 7 1.3 2,2
Rib Clips, .06 x 2 x'5/8 7 0.1 0.1
Skin, .0LO x 11 x 70 2 6.2 8.6
Hinge Brackets (See
Stabilizer) ’ 1.5 1.5
Horn 3 in. 0D x ,065
Wall x 10 in. ’ 1 : 2,0 2,0
Rivets 1/8 in, @ 2/in, 780 0.3 0.5
Total Frame of One Elevator 9,9 3.5 13,6 3.5

# A1l paranthetical entmea ar-;e excluded from ducal and 6% € sar 3
ovebeall torate., teel totals butl appear in the




Pounds

Number Finished FLil of Materials
. of .
___Ttem . " Pleces Dural Steel Total Dural Steel Total
Static Balmce @:70% 9ol 9ok
Total 99 12,9 22,8 3.6 12,9 26,k
Total Tail Group ([165:7 270.5 L37,2  228,2 886,7 1115.9 i
Co EZ GPOL_XE’ e . . .
Longerons, Alcoa 12083 .
x 310 in, . 6 91.8 9.8
12061 x 154 in. 2 1502 15,2
"12061 x 72 1in, 2 7ol Tol
12061 x 260 m&s 2 25,5 25.5
Alcoa 10 01l x i
156 1,1 _l 135 1 2 6,6 6.6
Dural. ,065 x u x 156 L 16,5 16,5
Stringers, Alcoa 1013 =
o601 231 5=, 1,94 19
. 10135 - 0601 x 166 2 205 2.5
* 10135 - 0601 x 310 2 o7 bo7
10135 = 0601 x 235 2 305 305
10135 = 0601 x 280 2 Lo2 Lo2
10135 < 0401 x 310 2 La7 b7
10135 = 0601 x 260 2 309 309
10135 - 0503 x 310 6 U1 RIS}
Frames;
Station 1
10 0125 x 5 x 116 1 6,8 668
20 ‘9125 x 5 x 130 1 Ts7 To7
30 0125 x 5 x 145 1 8.5 8.5
)Jh h 0125 X 5 X 158 1 90'4 9ah
596 .125 x5 x126 1 7.5 7.5
7863 ,125 x5 x130 1 7.7 7.7
82,8 ,125 x 5 x 134 1 7.9 7.9
9L.5 ,125 x5 x138 1 8,8 8.2
105 10136 =202
182 1 23,2 23,2
119 0125 x5 x 182 1 10,8 10,8
129 10136 - 24,02
149 1 _ 232 23,2
Bh 125 x5-x182 1 10,8 10,8
U8 125 x5 x 182 1 10,8 10,8
162 10136 - 2L02
182 1 8.2 8a2
174 0125 x 5 x 182 1 10,8 1068
184 0125% 5 'x 182 1 10,8 10.3
193 0125 x 5 x 182 1 10,8 10,8
202 o125 x 5 x 17 1 10,3 10,3
211 2125 x 5 x 172 1 10,2 10,2
222 0125 x 5 x 170 1 10,3 10,1,
3L L1825 x5 x 165 1 9,8 9,8
245 0125 x 5 x 153 1 9.1 91
257 o125 x § x 14,2 1 8.4 8ol
270 0125 x'5 x 132 1 7.8 7.8
279 0125 x 5 x 121 1 7.2 7.2
o ’[ <




ESTIMATFD FINISHED WEIGHT AND BILI. OF MATERIALS

MIG=15 ATRFRANME AND LANDING GEAR
: Continued
Pounds
Number
e of Finishad Bill of Materials
Ttem Pleces uxr e o ur e ote

Station

300 .125 x5 x 50 1 2.9 2,9

309,125 x 5 x 8} 1 5.0 B0

| 320 0125 X 5 X 67 1 boo hoo

Ducts .

0 to Ll; Dural. ,065 :

x 84 x 48 - _ 1 2ho8 29,0
Ll <105 .065 x 75 x 60 - 2 v 59,0 7500
105 « 162,065 x 48 x ‘ ‘

55 (Top) ’ ‘ 2 53.3 75,0
104 < 162 065 x 65.x ,
55 (IO"GI‘) 2 72,2 90,0
Frame Lli: Web ,032 x

18 X 36 1 201 800
Struts 094 x 13 x 12 b boS L,5
Duct Stiffensr 094 x

1% x 8k in, , 1 74 7.8
Frams 105; Web.032 x 2|

x 60 . . 1 L6 507
Struts ,094 x 1% x 2} [ 2,2, 2,2
Stiffener Alcoa .09 x

1% x 8k 1n, 2 7.0 7.0
Frame 162; Web 015 _
x 36 x 60 (18<8) 1 119,8 stainless [(Fr—
Stiffenérs, 094 .x 13 x

ks 2 9.0 9.0
Stiffeners, .09k x 1% .

x 65 2 12,1 12,1
Struts .09 x 1% x 2} [ 11,2 11,2
Cgokpi; Floor ,060 x

0 x 50 - 1 18,0 8
Alcoa 10135 = 0601 x 60 7 3,2 13 °g
10135 = 0601 x 10 30 2,3 2.3

Fuselage Skin -
O=lk: c0LS x L5 x 13) 1 2hol 46,6
Mls;%OSx o0lS x 61 x
: ' 1 2,2 x

Lh=13kL; 058 x %0 x by a1 3905 §§°§
105-162: 048 x 57 x 90 1 20,5 20.¢
105-162; .0L5 x §7 x 90. 1 20,5 20.8
105-210: .020 x 105 x °

180 1 37.8 37.3
162-23L: .0k2 x 72 x 172 1 L9, 5 49,5
23L=320: 0Lk x 86 x 120 1 113 79.3

= 8 -




" \STIMATED FINESHED VEIGHT AND BILL OF ‘4AT"RIALS :

—"#—m-’»'m .

Go1b A
(Continued)
. Founds
Number Finished Blll of Materials
o of )
Item Pleces’ Dural Steel Total Dural = Steel Total
Tail Pjpe
(18<8) .032 x 63 x 30 1 (17.2 stalnless) (17,2 stainless
Flange ./8 x 1% x 32 1 (1.7 stainless) (1.7 stain:le3°
Canopy 1 (L glass and plastics) (Lh glass and plassics
Armor Flate 1 330 330
: . « .
Tot:1 Body Group 952%L- 376,k U115  209h.L 376.L 1566.7
Landing Qear
. Whee 3 (30 magnesium) ~ {159 magnesium)
Brakes 3 55 16
Tire, 6.6 x 26 3 (69 rubker) (69 rubber)
Fubo 3 (15 rubber) (15 rmibber)
0le>s, Main 2 100 koo
Nose 1 ‘70 280
> L.
fotal Landing Gear 225 3% LS 1086
Fuel Tanks
- Aft Fuol Tank
Roar End, .OLO x 390
3ge in, 1 1.9 3.1
Front, .0LO x 819 }
8gq, in, 1 3.1 5.0
Tirapper; 0S 0LG % 79
x 36 1 1.0 11,0
tTapper, I.S, oho
x 38 x 36 : 1 5.3 5.3
fops, .0LO x 1L x 36 2 3,0 3.0
llaffles ,0LO x 650
8q. 1in, 2 $,0 8%
Total Af5 Fuel Tank 29,3 293 35.5 358
Forward Fuel Tanfc, at o3
© 1be./gad, 1 (85 rubber) {35 rubber)
OTALNLIESS ragnesium Llasy A0 urana
Dural  Steel Steul and Allozs; Rnbl:e_z; Plasticyg Total
Finishec )
Weight 1619.0 3kgo o 9 169 Lk 3661.8
Bill of 4
Maerisls 2337.Lh  3335.9 52 160 169 Ll 6098.3
s 9 =




ESTIMATED FINISHFD VRIGHT AND BILL OF

YATERTALS

FOR MIG-15 AIRFRAME AND LANDING GRAR
(Continued)
Humbeyr Finished Bill of Materials
of
Jtem . Pieces Dural Steel Dural Steel
Enginé Mount 23in, 0D :
x .085 x 2, 2 508 68
23 4n, 0D x ,065 x 36 2 10.2 10,2
22 in, OD x 065 x 30 2 8ok 8oy
Firewall Fittings, 6 cu, . -
in, est, 6 10,3 12,0
Engine Fittings, 7 cu. )
in; est, 3 6.0 o0
' E‘Lo: o
-




