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1, 1 W w  W w  Sh , sh

A R ü Y , y U.t u~ lii aq Shch, shch
K K , k b ~ b

it rl 17 A L, 1 bI~~ M ~ Y, y

M M  M M  M , m b ~
H H  H N  N , n 3~~ .9 ’  E, e

0 0  0 0 0, 0 ~{3~ o X) ~ Yu ,yu
f l n  17 n P, p  ~~~ H ~ Ya ,ya

My~ initially , after vowels , and af ter ‘b , , e elsewhere .
When written as ë in Russian , transliterate as ye or ë.
The use of diacritical marks is preferred , but such marks
may be omitted when expediency dictates.

GREEK ALPHABET
Alpha A ~ a Nu N v
Beta B 8 Xi E
Gamma r y Omicron 0 o

Delta ~ ó P1 II 71

Epsilon E c a Rho P p

Zeta Z ~ Sigma I a c

Eta H ~ Tau T i

Theta 0 e $ Upsilon T u
• Iota I i Phi •

Kappa K )t ~ Chi X x
Lambda A A Psi ‘P ~p
Mu M ~i Omega w
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
Russian English

sin sin

cos cos
tg tan

ctg cot

sec sec
cosec csc

sh sinh
ch cosh
th tanh

cth coth

sc h sech
csc h csc h

arc sin sIn~~
arc cos cos~~
arc tg tan~~
arc ctg cot~~
arc sec sec~~
arc cosec csc~

1

arc sh sinh’~
arc ch cosh~~
arc th tanh~~
arc c th coth~~
arc sch sech~~
arc csch csch~~

rot curl
lg log

GRAPHICS DISCLAIMER
All f i gures , gra phics , tables , equations, etc.
merged into this translation were extracted
from the best quality copy avail able.
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LEARNED BY EXPERIENCE

RHYTHM OF LOAD ON TECHNICAL MAINTENANCE UNIT

Engin eer Lieutenant—Colonel V. Lysov , Candidate of Technical

Sciences; Engineer Lieutenant—Colonel Tu. Bar din; Engin eer

Lieutenant—Co].onal V. Kutlikov

The problem of the r
hythmical work of a technical main tenance

unit (ThU) in the course of a year is becomin g quite acute. It is no

secret that during the winter the TNU has a significant underl oad. In

the sum.er we see a very different pattern. Routine maintenance must

be perfor med on a large number of airplanes. The chief of the TMU

f inds himself in a difficult posit ion, since required labor
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ex penditures for routine maintenance r,~~ considerably exceed the

available ~~~~~ The overl oad on personnel is unavoidable. But this is

not the only problem. The engineer cannot risk lowering the

percentage of serviceability in the iviation equipment. Al l of this

can be illustrated in the diagram below (Fig. 1). Such a pattern has

been observed in ~ne fighter—bomber TMU. Can an engineer reconcile

himself to the situation? Of course not.

Another engineer nay cite objective reasons. Let us say ~he

commander has confirmed an annual plan for the accrue~1 flying time of

the unit and the mean annual tlying time for each airplane has beeli

established, we believe that this enginee r is quite wronj. He is

responsible for assuring an establ ished accrued flying time , but

simultaneously he must also consider how best to plan the r~yth mical

operation of the TMLJ. For such planning the engineer has all the raw

data. He knows the accrued working hours and remaining service life

of each aircraf t at the beginning of the next year. He knows the plan

for accrued flying time of the unit, the calculated removal of

avia tion equipment for re pairs, an d time an d labor norms f or

performing routine maintena nce.

How can we assure an even load for a TNU over an entire year?

Look at the diagram (Fig. 1). Can’t we avoid periods of time
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Fig. 1. Graphics and diagram show ing load on TMU during course

of one year: ~ — mean monthly flying time of one airplane; rp,, . —

available labor expenditures of ThU in man—hours; TDo~ p _ — required

labor expend itures of ThU for ordering operations. Key: 1) hou r, 2)

man-hour.
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when for several weeks more than three airplanes are coming in for

routine servicing? In the give n case three airplanes is an optimal

INU load.

Let us attempt to change the time that airplanes arrive at the

TNU for the first routine maintena nce in a studied year. The problem

is quite realistic.

V 

On several aircraft we could perform the first routine

V 
maintena nce operations 15—20 hours before the assigned time , for

example. Here we use a conditional figure. The engineer can correct

it, since he knows the planned accrued flying time of each aircraft

over the period of a week , a mont h , and a year. All this makes it

possible to redistribute the times that airplanes enter the TMU

within the course of a year. Thus , we can achieve uniform work in the

ThU for the course of an entire year without crisis or breakdowns. Of

course, the first rout ine main tenance operations on som e airplanes

withir the studied year will be performed not within the prescribed

50. 100, and 200 hour s of f ly ing t ime , but  earlier , fo r  ex a m p l e,

w i t h i n  4~4 , 89 , or 185 hours .

Nov let ~s propose the fo l lowing  method for  compiling a plan of

V 
operations for the  TNU in the course of one year. 
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Kno w ing the t ime norm s f or perform in g rou tine m ain ten a n ce an d

the number of airplamas, we plot a graph of required labor

ex pendi tures  TI ,OT P for the  en t i r e  year.  On the same g raph  we plot a

curve for available labor expenditures II,.c. in the TMU (also by the

week) . The ~~~~ d i a g r a m  is plotted f rom t h e  data of the available

reserve of work i n g  t ime  of the ThU personnel  for  opera t ion s on

aviat ion equipment  only (i. e., e x c l u d i n g  labor expend i tu res  f o r

r~ nai r , f i n i s h i n g  opert ions, duties, e tc.) .  N ow we clearly see the

~)a r ity  between r equ i red  labor e x p e n d i t u r e s  and the reserve working

~~ a vai lable  in the ThU.

The actual  t i m e  t h a t  the a i rp lanes  e n t e r  t h e  ThU is regis tered

in the  for m of rec tangles, whose he igh t  cor responds  to labor  spent on

pe r fo rming  the rout ine main tenance  operat ions of a cor responding

periodicity (routine maintenance operations of the same periodicity

should be m a r k e d  in  one color or by app rop r i a t e  h a t c h i n g ,  as d one in

F ig. 1).

In the rectangles we record t h e  numbers  of the  a i rp la nes. Under

the d iag ram we note the overall accrued f l y i n g  t ime  of each a i rp lane

at t he  beginning of all routine •ainte nance ope rations and the

rema in ing  se r vice l ife up to the  nex t  rou t ine  main tenance .  On the

X—axis  we wr i te  t h e  average  f ly ing  t ime  in the month and  week (it is

V 
assumed that all airplanes fly uniformily).

_ 
_  
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Finally, we  r ed i s t r i bu t e  the  t ime s t h a t  all a i r p la ne s  enter  the

ThU in  the course of a year in order to  e l i m i n a t e  the d i spar i t y

between required labo r expendi tu res  and ava i lab le  labor e x p e n d i t u r e s.

Thus , we sh i f t  the  b e g i n n i n g  0± t he  f i rs t  rou t i ne  m a i n t e n a n c e

operations of the year towa rd lower intermaintena nce periods. Into

the f ree places on the d iagram we s h i f t  r o u t i n e  ma in t enance

operations on other  a i r c r a f t  from the three period s of the year

corresponding to t h e  overload on the  ThU . However , here the  fo l lowing

question arises: How m a n y  hours  ear l ie r can we begin the f i r s t

V operat ions so as, on one hand , to subsequent ly  li q u i d a t e  t h e  crisis

and , on the  other , do th is  w i t h o u t  spend ing  too much in l abor  for

ea r l ier  perf ormance of these operat ions.  Thus , we r ea r range  the

system pr imar i l y for  t he  purpose of l iquida t i ng the por t ions  of

prolonged overloa d on the ThU.

Obviously we RUst preserve nominal periods between maintenance.

Af ter all, if we shift the times that certain airplanes are removed

fo r  rou t ine  main tenance  operations out of the overloaded par ts  of the

year , then  we must  also sh i f t  the t imes t ha t  these a i r p l a n e s  a rri ve

at the ThU both before and after the given moment. In other words, we
V must consider the consequences of our corrective measures to avoid

V creating a crisis situation in another part of the year. It is clear 

~~-V VVV -V-VV -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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that this rearrangement of the system is possitle if the flyin g time

in the year. mont h, and wee k is known and under the condition that

the airplanes do not leave the unit or have prolonged down time due

to improvemen t s , b r e a k d o w n s , etc.

This is all ve ry  well ,  but one mi ght  ask : On w h a t  a i r p l a n e s

could the first routine maintenance operations ~e begun earlie r than

the establ ished tim~~ at the beginning cf the year? Here the V

fo l lowi ng c o n d i t i o n s  can serve as a guide . The f irst of these  is

w r i t t e n  as a s imple  f o rm u l a : IU O ? P<IP~~CI or T I J O T P  ~~~~~~~~~~~ where  E is

the preassigned p ermiss ib le  quan tity by w h ich Tuo~~ exceed s Ip~~~.

F u r t h e r , t h e  pe rcen t  of serviced a i rp l anes  must  not be  lo wer

than  the  assign ed. This is our second c o n d i t i o n .  And , f i na l l y ,  the re

sh ould be , to the  e x t e n t  possible, the optimal num ber of air pla nes

for s im u l t a n e o u s  w o r k  in t h e  T MU ( th ree  in the s tudied case) .

Now let us spec i fy  the  par ts  of the  year corresponding to

prolonged overload on the ThU. In our case this is A u g u s t  and  the

second hal f  of May .  T h u s , we f irst ana lyze  the possibi l i ty of
V 

u n b u r d e n i ng  the  ThU d u r i n g  these periods of t h e  year .  L i q u i d at ion of

ThU overloads at ot her periods in t ime , w h e n  these overloads are

short—term , is a secondary problem. The solution to this problem

de pends on rearranging the system in the portions of the prolonged

A 
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over load. Of course , if at one place w e shift the time that a certain

airplane enters the ThU, then we must make an approximately

corresponding s h i f t  in t h e  t ime  t h a t  t h e  same a i r p l a n e  is sent in for

preceding and subsequent maintenance oFerations during the year.

First let us look at the r ight end of the very last portion of

prolonged ThU overload in the year . We know th 7t the TMU must have at

least m a i r p l a n e s  s imu l t a n e o u s l y ,  more accord i -~~ to the diagram.

More ove r , Tu.~ u considerably exceeds ~~~~~ rberefor~~, in order to 
V

bring T~ OT P and Ip . .  i n to  a g r e e m e n t  wi thou t  d i m i n i s h i n g  the  percent  of

serviceable airplanes , routine maintenanc e operations on one or

V 
- several airplanes must be begun a little earlier (one or two calendar

weeks) then the assigned time.

In our example , in order to unburden tt~e fourth week in August ,

we move the time for performing routine maintenance operations on

airplane s Nos. 1~ and 19 up by 1 and 2 weeks, respectively. However

t h e  2nd  and  3rd weeks  of Augus t are already overloaded. Therefore , on

airplanes sos. 16 and 15 routine mai ntena nce operations also begin 1

and 3 weeks earlier. Now let us look at the secon d week in Aug ust. It

V 
is ob vious tha t  r ou t i n e  m a i n t e n a n c e  opera t ions  on a i r p la n e s  Nos. 12

and 13 should be moved to the  f i r st week of August . ~s for airplanes

Nos. 10 , 11 , and 87, t h e y  wil l  en ter  the  ThU in the  3rd , 2nd , and ~th

weeks of J u l y ,  etc. (not  in the  f i r s t  wee k of August , as p l anned
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e ar l i e r ) .

Thus, we have liquidated the ThU overload in the heaviest

pe riod. In c i d e n tly ,  n o t e  that  f rom the  s u m m e r  m o n t h s  it is not wise

to  move opera t ions  of g rea t  pe r iod ic i ty ,  fo r ex ample, 200— a nd

~4 O O — h o ur operat ions , since it is very  d i f f icult  t o f i nd a place for

t h e m  in n e a r b y ,  a n d  u su a l l y  f a i r l y  loaded , weeks.

I t  is much easier  to  m a n e u v e r  the 50—hou r and 100-hour  r o u t i n e

maintenance operations.

Now we are l e f t  w i t h  the task of liq u i d a t i ng  crisis in  ot her

po r t icns  of the ye ar . Her e, in m a k i n g f u r t h e r  t ime s h i f t s

consideration is given to shifts already made. This means t.hat the

periods between maintenance must be approxima tely equal to th~

nomina l  va l ue e v e r y w h e r e . Fo r e x a m p l e, we have shifted to the left

t he  t ime for  p e r f o r m i n g  opera t ions  on a g ive n air plane in A u g u s t .  No w

we mus t  make  a co r re spond ing  s h i f t  in all preceding and subsequen t

ti mes for  ope ra t ions  on th i s  same a i r c r a f t .  Th i s  is easy  to do , since

the  period s of t ime when the ThU is overloaded are f r e q u e n t l y

separated f rom one ano the r  by t ime  i n t e rva l s  in which  the  is

virtually no load or is not completely loaded. In our e x a m p l e  such

t i m e  i n t e r v a l s  are the 2nd and 4 th  wee ks in Decem ber, the  1st , 2nd ,

and  4 t h  we eks of 3ctober ,  the 3rd week of November , ani  a lmost  all of
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January and February.

The a r rows  in Fig.  I ind ica te  rea r r a n g e m e n t  of the  sys tem fo r

the purpose of moving  the  d i a g r a m  for  r equ ir ed  labo r expend i tu res and

br in g ing it int o a g r e em e n t  wit h a v a i l a b le labor  e x p e nd i t u r es .

In r e a r r a n gi n g  t h e  d iagra m c e r t a i n  d ev i a t i o n s fro~n t h e  n o m i n a l  V

b e t w e e n — m a i n t e n a n c e  period is possible  w i t h  respect to p lus  or minus

a l lowances .  For ex a m p l e , f o r  2 0 0 — h o u r  rou t ine  m a i n t e n a n c e  operat ions

we ca n pe rmi t  dev i a t i on  of up to !5—6 hours , fo r  100— hour  operat ions

— up to ~ 3— 4 ho urs,  tor  5 0— h o u r  o per a t i o n s  — up t o t  1— 1.5  hours .  The

engineer  c a l  use t h e  r e m a i n i n g  to le rance  rese rve  in a case whe re fo r

d i f f er e n t  reasons t he r e  m i g ht be a cha n ge in the  pla n f o r  remova l  of

a i rp lanes  fo r  r o u t i n e  ma in t enance .  M oreover , t he  plan  is c rea ted  to

be accura te  to w i t h i n  one week.  For t h i s  reason the  eng ineer  can also

make varia tions in the days  of the  week.  He can  also c h a n g e  to a

certain ex ten t  t h e  annua l  d i a g r a m  fo r  c o n d u c t i n g  r o u t i n e  m a i n t e n a n c e

V operations on aircraft without recalculating the entir€ sc heme .

Hence , we get a new system for even distribution of the load on

the T M U over the  course of an en t i r e  year .  F igu re  2 shows the

obtained diagram fot labor expenditures required for conduc t ing

rou t i ne  m a i n t e n a n c e  operations by the week. We see that only in some

period do requires labor expendit ures slightly exceed those available

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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to the ThU fund. It is probabl y possible to get an even better

diagram t h a n  the  one in our example .

Such a sys tem should be plot ted for  3— 4 years in order  to de tect V

and prevent inadmissible cases of redistribution in the times tha t

operat ions are pe~ f o r m e d, whic h resu lt f r o m  a massi ve diver s ion  of

ai rplanes for  p r e v e n t i v e  and ma jo r  r epa i r  (main tenance)  . The obtained

system for send ing  a i rp l anes  in for  rout i ne m a i n t e n a n c e  over  the

course of one year can be easily adjusted each month by a

corresponding shift in the rectangles. By thus considering actual

devia tions from the plan for accrued flying time for the uni . in the

preceding month , as w e l l  as un forsee n d o w n  t ime fo r  i n d i v i d u a l

aircraft undergoing repair , improvements, etc., t h e  engineer  can be

assured that he will not be faced with crises in the TNU in the final

m o n t h s  of the  year .

U n i f o r m  operat ion  of the T M U in t h e  course of a yea r  has , of

course, a great n u m b e r  of u ncond i t iona l a d v a n t a g e s. Yet t h i s  is

achieved by c a r r y i n g  o u t  c e r t a in  opera t ions  earl ier, i.e. , we must

become reconciled to a cer ta in  ove rexpe n d i t u r e  of labor f o r  r ou t in e

mainte na nce operation s during the year. Now let us es t imate  the

increase in required annua l labo r expend iture s for r outine

main tenance .

FTD—ID(RS)I—0095—77
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For th is  we must  calculate how m a n y  hours  earlier t h a n  the

for merl y assigned per iod s must rou t ine  ma i n t e n a n c e o p e rat i o n s  be 
V

performed on each of the  a i r c r a f t  in the  s tud ied  year .  Then , fo r each

aircraf t  labor spent  to  pe r fo rm these ope ra t ions  is divided by t he

periodicit y of the same operations , i.e., we get labor expenditures

per one hour  of f l i g h t  t ime.

The obt ain ed relationshi p must be multiplied by t h e  n u m b e r  of

hours , calcula ted above , b y whic h the f i r s t  rou t ine  m a i n t e n a n c e  V

opera tions for each aircraft in the studied year precede the f o r m e r l y

establis hed t i m e  ( r e m a i n i n g  ope rat ions  are performed a :cordinq to

plan wi th  respect to n o m i n a l  per iodic i ty)

The sum of these quantities gives us the unknown increase in

labo r spent in m a k i n g  the t r a n s i t i o n  to the  new syste m fo r  p l ann ing

time s f o r  d i v e r t i n g  a i r c r a f t  to  r o u t i n e  m a i n t e n a n c e  opera t ions . It is
V expressed by the  f o l l o w i n g  formula :

~: i:,~ E~

where T~ , is labor spent on performing the first routine maintenance

cpertions in the studied year on the i—th airplane; T~ p —

per iodic i ty  of these  operat ions;  & — shift towar d beginning of year

of f i r s t  rou t ine  m a i n t e n a n c e  o perati ons in studied year  accord ing to

new system on each a i r c ra f t  as compa red to old plan (in hours)  ; n —

FTD—ID(RS)I—0095—77
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num ber of airplanes.

Fina lly,  in order to facil itate correction of the pla n after

each month’s work of the unit it is recommend ed that a planning and

assembly slate of different colored rectangles corresponding to

opera tions of each periodicity and ind ica t ing  the number  of the

airplane be compiled. On the  slate the axis  of calendar t ime fo r  the

studied year  must be indicated. The advan tages  of such a slate are

obvious. First , t h e  diversion of a i r p lane s for rout ine  main tenance —

both existing and planned for the fo l lowing  weeks and m o n t h s  is V

graphically visible and , second, a t any  time the engineer  can

introduce corrections in the plan by r e a r r ang ing  the rectangles .
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