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SUMMARY 

Part 1 of this thesis contains the symmetric 
loading calculations and evolution of,Ithe design 
of elevator for the A 74 Reduced Take off and 
landing aircraft. Part 2 contains the analysis 
of final design of elevators. The aircraft is 
designed to the specifications of DES 7400 and 
satisfies the British Civil Airworthiness Requirement. 

A 74 project aircraft has longitudinal 
.ontrol from the tail plane and elevator combination. 
Tail plane is used for trimming and elevators for 
pitch controls. All control surfaces are hydraulic 
power operated. The tailplane uses an inverted 
supercritical section. 

The elevator is a four piece arrangement 
with duplicated hydraulic actuator system. It is 
of round nose type and the elevator hinge line is 
at 0.6 C. perpendicular to tl.e aircraft centre line. 
As elevators are fully power operated mass balancing 
is not provided. 

Section 5 in part 1 gives the schemes 
considered in the design of elevator leading to 
the final chthice of each major part. Section 6 
gives the description of final design. Elevator 
is made of conventional built up construction using 
Aluminium alloy L 72 sheets and L 65 forgings. Part 2 
gives the detailed stress analysis of the final design 
in accordance with normal aircraft design practise. 
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S2,CTION 1 

INTRODUCTION. 

A-74 PROJECT PITRC!JAFT. 

A-74 project aircraft is short haul 

civil transport of 150 passenger capacity and 
capable of operating from 1220 m long runways. 

The design considerations and detailed specifications 

are given in reference 1 - DES 7400. 6alient 

features of design and major considerations are 
recounted here for completeness of this report 

and to follow up the evolution of the design of 
elevators. 

In order to get lowest possible ground 
noise foot nrint, the engines are located on 
raised pylons between the wing and tail plane, 
giving maxilum noise shielding by 'wing and tail 
plane surfaces. RTOL capability dictated the need 
for high lift devices consisting of triple slotted 
trailing edge flans and leading edge slats on over 
70% of wing span. Maximum cruise speed of over 0.3 
anl low fuel consumption at reduced speed are 
obtained through a high aspect ratio unswept 
wing with super critical sections. The fuselage 
is of circular cross section and it is possible 
to stretch the fuselage to accomodate unto 180 
passengers by providing additional sections forward 
and aft of centre section. Low wing design helps 
in keeping the floor level of fuselage low for easy 
loading ane unloading and in reducing the under 
carriage length. The aircraft has four high bypass 
ratio Rolls Royce RD 410 type engines which reduce 
the fatigue nroblems of tail planes and controls 
which are in the wake of engine exhaust. 

The tail plane also has supercritical 
section which is inverted as normal flight b'lance 
loads are downward. The large high lift devices 
and rear mounted engines necessitate a rather large 
tail plane and elevator surface for balancing. 7 
Tailplane is used for normal trimming and elevators 
for longitudinal control. 
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IJNOTATION 

The following symbols are used in this report. 

Tail load 

Tail load due to incidence 

Tail load due to elevator deflection 

Incremental tail load in lg to ng 
manoeuvre 

N 

L
T 

Incremental tail load in ng to lg in 
2 manoeuvre Y 

L Elevator component of L
T 

N 
T1.

 1 

Lf Incidence component of LT N 
1°6 1 

LT 2,a Elevator component of LT N 
2 

L
T cc, 

Incidence component of LT
2 -2 

LT Balancing tail load in steady flight 
1 

Elevator load Te 

Lreoc Incidence component of elevator load 

LT Elevator load due to deflection 

T Net engine thrust 

ZT Height of thrust line above CG 



11 Distance of L
T
from CG 

Standard mean chord of wing 

Mo Pitching moment at zero lift Nm 

C
m 

Pitching moment coefficient at zero 
o lift 

AtJM Maximum All up mass 58,900 KGm. 

V Velocity m/sec 

a aa a, 
1 2 1T 21. Lift curve slope per rad. 

Damping coefficient for short period 
motion 

J Natural damped frequency of short period 
motion 

S Wing area 

S
T 

Tail plane area 

Adrcraft relative density 

V Tail volume coefficient 

K
B Radius of gyration of aircraft in pitch 

Down wash angle 

Elevator deflection 

9 Pitch angle 

C
EL Elevator chord aft of hinge line 

2 
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II LIST OF DRAWINGS 

The following is the list of drawings included in 

this report. 

A 74 - El Elevator Geometry 

A 74 - E2 General Arrangement of Elevators 

A 74 - E3 Elevator Details 

A 74 - E4 Elevator Spar 

A 74 - E5 Non-hinge rib at station 1880 

A 74 - E6 Hinge rib at station 1420 

A 74 - E7 Actuator and hinge bracket 
arrangement 

A 74 - E8 Details of bracket 
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DESIGN PHILOSOPHY. 

2.1 INTRODUCTION.

In the design of modern aircraft it is 
very necessary to keep the initial manufacture 
and developing cost low and the operating cost 
due to maintenance absolutely minimum to 
compete with a shrinking world airline market 
brought about by inflatory economic conditions. 

Though the elevator constitutes only a 
small percentage of the total structural weight 
every component is designed to keep the 
weight minimum. 

All the detail components are designed 
to use the same item wherever possible to 
reduce the initial tooling and development 
cost. Also the use of new structural ; 
materials like fibre reinforced plastics are 
limited with a view of keeping the development 
costs low. 

In a control surface the structural integ-
rity is of Nuramount importance and it is 
considered necessary to have 'Fail Safe 
Principles' of design incorported in the 
elevator support structure and actuator 
system. 

2.2 SURV0IY. OF ELEVATOR CONTROLS IN SOME EXISTING 

AIRCRAFTS. 

Design features general arrangement 
of elevators of few recent long and medium 
haul civil transport aircrafts studied is 
presented below to give some idea about the 
recent trend in elevator design. 

(1) A 300 B Airbus. 

A 300 B employs fully powered flying 
controls operated by hydraulic power with 
no reversion to manual control. Hydraulic 
power supplies are triplexed to 3 jacks 
at each control surface. Jack sizes are 
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chosen so that fall control over flight 
envelope is available with 2 jacks. 

Each elevator is a single spar skin 
rib assembly without stringers, the material 
being copper based Aluminium Alloy. Trailing 
edge is a honey comb sand-wicheconstruction 
Each elevator is supported by seven self 
lubricating Teflon bearings, multiple support 
ensuring fail safe arrangement. 

Pitch control is by elevators and trim 
obtained by moving the tail plane and 
effectiveness of trim a low speed increased 
by increasing tail-plane camber through a 
deflection of elevator neutral position. 
A duplex centrifugal feel system and an auto-
pilot unit are provided in control circuit. 

(2) Lockheed Tristar. 

Flight controls are irreversible servo-
actuator powered. Four independent hydraulic 
systems assure that no change in flying• 
qualities will result from a system failure. 
Safe return and landing is possible with only 
one system operation. 

Pitch control is provided by all moving 
horizontal stabiliser with a mechanically 
linked elevator powered by four independent 
hydraulic systeMs. Because it is more 
effective aerodynamic surface than conventional 
fixed. stabiliser/elevator combination the 
flying stabiliser ensures positive control 
upto and beyond diving speed. 

(3) BAC - 111 

BAC - 111 has variable incidence tail 
plane and two piece elevator. Elevator 
is a three hinge elevator and trim tabs are 
operated by electric actuator. Hydraulic 
system has duplicated actuators and manual 
override. 

(4) VC - 10 

The major design criteria in the design 
of the elevator was the high velocity exhaust 
jet from the engines contributing to accoustic 
fatigue. So the elevator structure is made 
of a simple rectangular box of honey-comb panels 

II 



and a solid web of honey comb at trailing edge. 

The elevators are four niece elevators 
with fully powered hydraulic and has no 
manual over ride. As the elevators are 
fully powered, the elevators are not mass 
balanced. 

(5) F 28 Fellowship. 

Elevator has irreversible double hydraulic 
actuator hinged to a double horn fitting on 
the forward auxiliary spar. The torsion box 
is formed by upper and lower panels in honey-
comb sandwich structure and trailing edge solid 
honey comb structure. Each elevator half section 
is mounted on three hinges perpendicular to 
spar. 

DISCUSSION.

From the above survey it is clear that 
there is a preference for fully powered control 
systems with no manual over ride. Also there 
is no necessity for mass balancing with fully 
powered control systems. Most aircrafts use 
triplex or quadraplexed hydraulic actuator 
systems. 

Honey-comb panel construction is favoured 
for rear mounted high velocity jet engines. 
Otherwise spar skin rib asse..,bly with Alluminium 
Alloy is used. Though the A 74 project is a 
rear engined aircraft the engines are high by-
pass ratio low velocity jet engines. 
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ELEVATOR LAYOUT 
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SECTION 3. 

ELF,VATOR LAYOUT. 

3.1 Introduction. 

The tail plane of A 74 aircraft has an 
Aspect ratio 6 and a full length elevator with 
hinge line at 0.6 chord. There is no sweep back 
and the elevator hinge line is perpendicular 
to the centre line of aircraft. 

To match the elevator inboard edge to 
the aft fuselage it is necessary to have a fairing 
as shown in. sketches below. 

ELEvATo FAIRING 

FIG a 

H/L 

ELENATOR FAIRING 

PIG b 

The layout shown in figureWflas 1 large 
fairing attached to the fusel ge tail cone, As 
A 74 aircraft h',s a v]riable incidence tailplane 
and as the tailplane is used for trim'lling this 
large f irin57 will produce excessive drag. hence 
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layout shown in figure b is preferred for elevator 
inboard edge. 

3.2 Two-piece elevator scheme. 

The first possibility is to have one 
piece elevator with two hinges on either side. but 
the selection of a large single niece elevator will 

need large cross sectional area in order to satisfy 
allowable deflection criterion and hence not a 
suitable layout. 

3.3 Three hinge elevator scheme. 

The ne:t alternative is to have a multi-
hinge elevator. The use of multiple hinges Ath at 
least three positions for actuators is effective 
in providing fait-safe consideration. 

The control surfaces have considerable 
stiffness in the chordwise direction compared to 
the normal direction. Hence when the elevator is 
fully deflected this elevator stiffness will 
introduce additional load on the tail plane in case 
of multi-hinged design. The use of multi-hinge 
elevator for a large span elevator is to be considered 
in tne context of these additional loads on the 
tail plane. 

Also the analysis of elevator becomes more 
difficult if the flexibility of hinge bracket and 
effect of tail plane bending are to be taken into 
account. In some cases the hinge bracket flexibility 
aggravates the overall loading. It will be necessary 
to confirm the analysis with extensive testing 
programme. 

Three hinge elevator with duplicated 
actuator on both sides is a suitable alternative 
to having four piece elevator scheme. This will 
again need to take to account of the effect of failure 
of one actuator, because of jamming and hydraulic 
system should be desi-ned to provide for over 
riding. 
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3.4 Four piece elevator scheme. 

The choice of two elevators per side has 

the advantage of increasing the fail-safe character-

istics. Two Possible layout investigated are: 
Division of elevator into two pieces (a) of equal 
area ('-) of equal span. Division into two equal 
areas is preferred as this gives a better distriution 
of loads between two pieces. 

In Appendix C the optimisation of hinge 
positions are 'carried out rigourously for 
equalisation of moments at the hinge supports and 
the mid-point between the supports. Then the hinge 
positions are optimised for equal deflections of the 
tips and midspan. The positions as given by optimising 
the deflections are chosen for design as this is a 
better criteria for preventing the control surfaces 
getting jammed under loading. 
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SECTION 4 

REVIEN OF CONSTRUCTION TECHNIQUES. 

4.1 INTRODUCTION.

The choice_of construction technique must 
not be taken in isolation for the elevator only, but 

it should be part of an integrated scheme adopted 
for the whole aircraft structure. In addition to 
giving an efficient structure the effect of fatigue 
and deflection of control surfaces is also an 
important consideration. 

Using a structure made of honey comb panels 
is justified when fatigue caused by engine noise or 
the jet efflux from engines warrant extra east and 
complexity involved. In A-74 project aircraft, no 
serious accoustic fatigue problems were present on 
account of the high bypass ratio engines used. 
Therefore conventional built up construction is 
adopted. 

4.2 Some of the construction methods investi-
gated are Fiven below. 

(a)Bonding: Redux bonding of the structure has been 
adopted for many aircr.afts especially for the skin-
stringer panels. The. advantages are elemination of 
stress concentrations due to rivets and consequent 
improvement of fatigue characteristics ❑f panel. 
However this method is not adopted for elevaator 
mainly because other uarts of the aircraft do not 
use bonding and the additional manufacturing costs for 
only elevators were not justified. 

(b) Rivetting: Tail plane and elevators are of 
supercritical section and it is imperitive to 
provide a clean aerodynamic surface. For this reason 
it is necessary to provide counter sunk rivets for 
attachment of skin. On primary structure counter 
sinking is done only if guages are 1.2 mm or more. 



11+ 

Instead it is decided to use spin dimpling of shin 
and light rib flanges where they are to be rivetted. 
The spar flange is counter sunk to suit the rivet 
and nose skin panels are again spin dimpled to give 
a smooth ton surface. The same method is used 
for attaching skin to hinge ribs which have 1.6 mm 
flange thickness. 

It is proposed to use Avdel rivets in the 
trailing edge portion where there is no access due 
to the thin trailing edge section. Avdel rivets 
are also used for attaching the nose cell skin ribs. 
All joints are wet rivetted, using red sealant PL 1005. 
This provides certain amount of bonding- effect and 
prevents corrosion damage. 

4.3 SELECTION OF MATERIAL. 

Aluminium alloy specification L 72 is 
used for elevator. The stress levels in the skin 
panels determined the use of aluminium alloy skins. 
As the elevator is in jet efflux of engines and because 
of the low fatigue life of L 73 material, L 72 
material is preferred for skins, ribs and spar. 
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SECTION 5 

DESIGN SCHEMES. 

5.1 INTRODUCTION.

This section describes the schemes considered 
for designing of each major component of elevators 

and the evolution of final design. This is done 
considering the special characteristics of A-74 
project aircraft like the use of super critical 
section for tail plane and since the trim load is 
normally down section is inverted. Also the 

mandatory requirement of SCAR is complied with in 
the selection of final design. 

The design evolved in two major parts.
The first part includes •schemes for positioning of 
actuator, hinge, bracket and tail plane trailing 
edge structure; The second is for the detail parts 
like spar, torsion box and trailing edge of elevator 
structure itself. For both the schemes will be 
considered as a whole and thin detailed merits of 
each part discussed. 
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5.2 SCHEMES FOR SUPPORT STRUCTURE AND ACTUATOR. 

For design purposes the elevator support 
structure and actuator for the inboard elevator at 
station 1330 MM from aircraft centre line is. considered. 
The need to accomodate the actuator and the hinge 
bracket on tail plane spar along with the actuator 
bracet on elevator makes the support at station 
1330 AM,deciding factor of selection. The inverted 
supercritical section of tail plane dictates that 
any fairing to accomodate the actuator should be 
on the top surface. 

Earlier, in the design, it was decided to 
have two jacks p.r elevator to provide duplex 
hydraulic actuators. This also reduces the size 
of jack and hence the fairing if the jack is to. 
be mounted on top of the tail plane. 

5.3 SCHEME 1. 

In this scheme the actuators are placed aft 
of rear spar in the trailing edge of tail plane. 
Actuator bracket on the elevator is inside the 
trailing edge poettion. The hinge line is at middle 
of spar. Forthe ,railing edge bracket on the tail 
plane the actuators are on either side of it. See 
Fig. 5.1 of scheme for further details. 

(a) Actuator position. 

Positioning of actuator in the region 
between rear spar and nose cell of elevator is very 
convenient for maintenance purposes. It is easy 
to provide removable inspection panels on the 
trailing edge structure for frequent inspection of 
elevator hinges. Since the whole actuator was inside 
the trailing edge there is no need to provide any 
fairing and consequent drag problems. 

One of the major problems encountered in 
this scheme is the small lever arm available for 
the actuator and the relative increase in size of 
jack. Also as the actuator mounting brackets on 
the rear spar is far from the rib it will be 
necessary to provide extensive back up structure. 
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Another alternative investigated was to 
position the actuator inside the tail plane box 
with a cut out in spar to accomodate the actuator. 
But owing to the complexity of scheme and difficulty 
in inspection an servicing of items this scheme 
was discarded. 

O 

0 

(b) Hinge brackets. 

Hinge brackets at actuator positions are 
more difficult to design because of the need to 
accomodate the actuators and brackets at 
same place. Major factors considered in the design 
of hinge brackets are listed below. 

(1) Easy accessibility to hinges for 
inspection and maintenance. It should be possible 
to replace the elevator without much difficulty. 

(2) There should be adequate clearance 
between actuator and structure. A minimum of 15 mm 
is considered essential. 

(3) Elevator controls support structure 
should be designed to carry a sideways inertia 
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load of 12 times the weight. This load is small 
and the actuator brackets are designed to carry 
the side load. 

(4) Self-aligning bearings are provided 
to take care of any slight non-alignment of supports. 

(5) Hinge bolts should have positive 
locker device and some means of preventing over 
tightening. 

.In scheme 1 seperate brackets are. provided 
for actuators and hinge support on elevator. This 
complicated arrangement was not favoured and 
discarded in favour of a single bracket. 

The trailing edge bracket on rear spar 
housed a single bearing which carried all the 
reaction. This needed a rather big bearing and 
extensive back up structure on elevator. 

5.4 SCHEME 2. 

Positioning the actuator on the top surface 
of tail plane with a fairing over it is the major 
modification from scheme 1. Hinge is at the centre 
of the elevator and the support bracket details are 
as in scheme 1. Fig. 2 gives details of this scheme. 

(a) Actuator position. 

The actuator is positioned on the 
top surface because of inverted supercritical 
section of tail plane. This position is also good 
from accessibility and inspection point of view. 
The lever arm is more than what was available in 
scheme 1. 

The major disadvantage comes from t'l(,) 
additional drag because of the large fairing 
required. Increased drag is to be avoided, unless 
otherwise very essential , and so this scheme is 
not favoured. 
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(b) Hinge bracket. 

The hinge bracket is machined forging 
picking up bolts both on the elevator spar and 
top surface. A part of spar flange is cut away 
to accomodate the bracket anti a boom angle 
introduced in the aft box. This scheme was not 
favoured in view of the actuator and hinge support 
bracket of scheme 3. Another possible alternative 
is to have two seperate brackets, one for top 
actuator an.: one for hinge. This way the spar flanges 
need not be cut. 

5.5 SCHEME 3. 

The details of this scheme are shown in 
Fig. 3. The actuator is placed between the rear 
spar and nose cell of elevator. The most important 
change is that the elevator hinge is shifted to 
the top of the elevator spar. The actuator is 
picked up at the bottom flange of the rear spar. 

(a) Actuator position. 

The position of actuator in trailing 
edge position of tail place provides easy access 
for inspection and maintenance. This position of 
actuator and hinge gives maximum possible lever 
arm for actuator an, hence the jack size is mini-
mised. Also this avoids additional fairaing and 
consequent increase in drag. So this position 
of actuator is adopted in preference to schemes 
1 and 2.

(b) Hinge brackets. 

This scheme has a single bracket for actuator 
and hinge support. The bracket is attached to the 
forward face of elevator spar and it is not necessary 
to cut away the spar flange. Also the bracket gives 
maximum lever arm for actuator. 

Trailing edge support brackets are duplicated. 
Each bracket is designed to take 80% of ultimate 
load in case of one bracket failing. This gives 
a chance to provide 'Fail safe° consideration for 
design of hinge support bracket. 
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In conclusion scheme 3 was adoptee as 
being th best compromise for all the aspects of 
design considered. This provided easy access, least 
aerodynamic drag, maxinum lever arm for actuation 
and a possibility for 'fail safe design' of brackets. 

5.r SCT-EFiS FOR ELFMAT0R STRUCTURE. 

The A-74 aircraft has a novel feature in 
using the tail plane and wing for noise shielding 
from the rear mounted engines. However this will 
give the eossibility of accoustic fatigue in 
their skin anels of components which are in 
the region. Also the jet efflux from engines flows 
partly over the tail plane and elevators. But 
as the A-74 aircraft has high bypass ratio, engine. 
calculations showed there is no poseibility of 
accoustic fatigue. Though a possible scheme using 
honey comb panels was studied briefly, this was 
discarded in favour o conventional single spar 
construction. Figs. r).4 and 6.5 sho: the two schemes. 

5.7 ELO/1T0R SPAR. 

The elevator spar is designed to carry 
bending moment an vertical shear acting on tne 
elevator. But the spar also provIdes a joint between 
the nose cell and aft cell skins. Some of the other 
considerations for design of spar are th• need to 
give a smooth joint between nose and aft cell skins. 
To avoid a step on the elevator contour, it is 
decided to have a joining strap on the sear and to 
provide joggles on ribs. Also the joining straps 
help in providing a leak proof joint to prevent 
rain water entering the elevator box, causing 
corrosion problems. The schemes considered are shoen 
in the sketches below. 
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SCHEMES FOR SPAR 

FIG I 

FIG 2 

FIG 3 
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Figure 1. 

nose 
This scheme provides for the Acell and aft 

skins joined over the flange of spar. But this will 
cause serious problems of spar flange instability 
and so not adopted. 

Fi;T.ure 2. 

This scheme provides for forward skin 
to be rivetted on spar flange and aft cell skin 
on to an angle section which forms part of spar boom. 
However, this scheme is not conidered good, 
because of possibility of rain water getting inside 
and causing corrosion. 

Figure 3. 

This scheme provides for a joining strap 
on top of spar flange. This scheme gives the 
hest compromise for all the above considerations. 
But the rib has to be joggled to accomodate the 
spar and joining strap thickness so that outside 
contour is maintained. This scheme is adopted for 
design. 

5.3 ELEVATOR TRAILING EDGE.. 

It was decided to provide a false spar 
at trailing edge with a seperate trailing edge 
position. Because of super critical section the 
trailing edge is quite sharp and presents manufacturing 
problems. Two possible alternatives investigated 
are shown below. 

HONEYCOMB 

FLUTES 

FIG.!  .FIG 
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Figurel: This shows a full depth honey comb panel 
a thin skin. 

Figure 2: This shows a fluted skin bent at the 
trailing edge and attached to false spar. 

The scheme of Fig.l showing the honey comb 
core is selected because of the increased stiffness 
it provides for the section in the jet efflux 
of enines. Moreover other components like 
leading edge slats and spoilers make use of the 
honey comb construction and its use here does 
not pose any new problems. 

6.9 73LEVATOR TIP FAIRING. 

In order to give a smooth aerodynamic 
shape to the elevator tip this has to match with 
tail plane tip fairing. There are two alternatives 
to make a fairing of this type. 

(1) `lade of L 59 Aluminium Alloy sheets 
in two pieces and joined at the Tiddle. L 59 is 
soft material and it is easy to form by hydraulic 
press or drop hammer process. 

(2) Using glass fibre reinforce plastic 
to mould the fairing. Glass cloth of B S 3396 P6 
with polyster resin to give a panel thickness of 
1 mm is adequate to meet load requirements. 
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CALCULATION OF ACTUATOR DIMENSIONS 

For inboard elevator 

Max. reaction on inboard elevator = 20100 N. 

Max. reaction torque on inboard 

elevator = 13742 Nm ultimate. 

assuming one jack is to be designed to take 80% of 

proof load at hinge, 

Max. torqu'e to be resisted 
by jack = 2 x 0.8 x 13742 

3 
= 7260 Nm. 

As jack has a lever arm of 180 mm under maximum 

deflection, 

Jack load = 40400 N 

Por a double acting jack from 4 way valve characteristics 

F
max. 

2 p A s 

F
max 

= Jack load 

A = Area Gt jack 

Ps 
Supply pressure 

Assuming a supply pressure of 3000 psi, 

A = 40400 x x  
2 3000 x 6895 

= 2.9 x 10-3 m2

Diameter of piston = ITT; 

60.6 mm 

Assuming a wall thickness of 5 mm ( appx.) 
The outside dia. of jack = 70 mm 

From an elevator deflection of 16°

Stroke = R e = 2 x .18 x 16 x 
180 

= 0.11 m = 110 mm. 

2 
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SECTION 6 

DESCRIPTION OF FINAL DESIGN 

6.1 ELEVATOR LAYOUT AND GEOMETRY 

The elevator layout selected for A-74 
project aircraft is given in Drawing A.-74 - E 1. 
It is a four piece elevator scheme with inboard an 
outboard elevators having equal area. The inboard 
end rib of inboard elevator is at an angle to the 
hinge line requiring only a small fairing to be 
attached to the tail cc:ne. 

6.2 ACTUATORS 

Actuators are positioned at the inboard 
hinge of each elevator. Drawing A 74 - E 7 gives 
the actuator nositioning of the inboard elevator. 
Actuator position and brackets of outboard elevator 
are similar. 

Elevator control is fully hydraulic with 
no manual reversion. Each elevator is driven by 
2 actuators double acting type. Actuators are 
driven by seperate hydraulic systems. As the 
elevators are fully hydraulic artificial feel system 
is provided in the control circuit. 

6.3 ACTUATOR HIT CE BFLCKET 

See Drawing A 74 - E 8 

Actuator hinge bracket has two lugs, one 
on either side with hinge supuort bracket and actuator 
lug accomodated in the middle. This avoids out of 
plane bending of lup:s. On the top there are S 80 
steel hush of 15 mm I/D and at bottom steel bush 
of 12 mm I/D. Bracket is machined out of L 65 forging 
and surface finished to 30 microns. As elevator hinge 
brackets are class I parts magnetic or ultra-sonic 
crack detection is essential. 

Bracket is attached to the front face 
of spar and back up structure by 4-S 96 - 6.3 mm (-z") 
UNF bolts and castellated nuts with wire locking. 
The back up structure consists of a 165 block which 
is bolted on to the rib. 

Yip 
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6.3 TAIL PLANE TRAILING EDGE BRACKET 

See Drawing A-74 - E 8 

Seperate trailing edge brackets are 
provided for each actuator. The trailing edge
bracket is designed to carry 80% of ultimate load 

in the event of failure of one of the brackets. 
The trailing edge brackets are bolted to a channel 
section at top to give lateral stability against side 
loads. The brackets are attached to the tail plane 
hinge rib through rear spar and back up structure. 

The bracket is machined out of L 65 forging. 
Bracket houses a AMPEP 15 GSW self aligining 
bearing. The bracket is attached by a group of 6 
S 96 5/16" bolts and castellated nuts with wire 
locking. The tail plane trailing edge structure 

has removable panels with Zeus fasteners to,
facilitate inspection and maintenance of hydraulic 
actuators and hinge supports. 

Hinge bolts are made from high tensile 
steel S 99 and has shoulder to prevent over tightening. 
Bolts are locked to class A standard using castellated 
nuts and wire locking. 

6.1+ NOSE CELL SKINS 

See Drawinv4-74 - E 3. 

Nose cell skin is made of 0.8 mm thick 
Aluminium alloy sheets rivetted on to nose ribs by 
3.14 mm ( ") Avdel counter sunk rivets. Skin and 

ribs are spin dimpled to accomodate the 100 degrees 
C'SK. Drawing E 3 gives a section through the nose 
cell. It is necessary to ensure that the nose cell 
does not distort out shape and foul with trailing 
edge structure. Nose cell skin is attached on to 
finger plate and spar by C'SK Avdel rivets. 1.2 mm 
thick joint strap on spar flange ensures there is 
no spanwise step at fore and aft skin joint. 

6.5 AFT CELL SKINS 

See Drawing A 74 - E 

Aft cell skins are made in two pieces and 

rivetted on to ribs and joint strap using L 69 CSK 
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rivets of 3.14 mu diameter. The skin and ribs 
are spin dimpled. Rivets in the trailing edge 
region where reaction cannot be -Provided are 100°
C'SK Avdel rivets. 

Stiffeners are attached to the skin 
with L 69 CSI rivets and the stiffeners are attached 
to the joint strap. Stiffeners have joggles at the 
end. 

6.6 NUT -TINGE RIBS 

See Drawing A 74 - :1: 5 

Ribs are placed at about 250 mm pitch with 
2 end ribs and 4 hinge ribs at hinge stations. 
Rib spacing in betwen the hinge suPeorts is decided 
by permissible shear buckling stress of panel. 
All intermediate bays have a stiffener to allow 
higher permissible shear stress in panel. 

Non hinge ribs are made of Aluminium 
alloy L 72 pressings of 0.8 mm thick sheets. The 
ribs have joggles to accomodate the joint strap and 
false spar at the trailing edge so that a smooth 
aerodynamic contour is maintained on the outside. 

6.7 HINGE RIBS 

See Drawing A-74 - E 

Hinge ribs carry a much higher load and 
are machined out of DTD 5020 plates. There are no 
lightening holes an hinge ribs and steps are 
provided at edges to accomodate joint strap and 
false spar. 

6.8 SPAR 

See Drawing A-714. - 

Spar is made from L 72 material 1.6 mm 
thick with bent flanges 18 mm wide. As the spar runs 
on the straight contour it is possible to provide 
a straight bent fir spar flange. Lightening holes 
are provided in the spar to reduce the weight and 
to increase shear stiffness of web. 

SJ 
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6.9 TRAILING EDGE POSITION 

See Drawing A 74 - E 3 

Trailing edge position is made of full 
depth honey comb case with 0.314 mm (30 SWG) skins 
which are bent at the trailing edge and is attached 
on to the flange of trailing. edge false star. 

6.10 FALSE SPAR ON TRAILING EDGE 

It is made of L 72 material 1.0 mm 
thick having 30 mm bent flange. The aft cell skins 
and honey comb facings are rivetted on to the false 
spar. 

6.11 OUTBOARD ELEVATOR TIP FAIRING 

This is made out of glass fibre reinforced 
panel 1.0 mm thick moulded to give the smooth 
fairing shape. Glass fibre cloth BS 3396/P6 5 layers 
in polyster resin is used for making these fairings. 
Fairing is attached to the mid rib using 3/16" CSK 
bolts and stiff nuts. 
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APPENDIK 1 

ST.'7ETRIC LOADIPT. CALCULATIONS 

1.1 INTRODUCTION 

Loading calculations of A 74 project 
aeroplane was divided into seperate groups do-ing 
different calculations. ;.;ymmetric loading 
calculations and manoeuvring loads were done by 
Mr. A.N. Campbell and the author. Specimen 
calculations give the details of calculations given 
in the table at the end of this section. 

1.2 LOADING  CASES INVESTIGATED 

Table 1.1 gives the balance tail load. for 
3 aircraft weights of (1) AUK 53,900 KG 
(2) APS weight 40,000 KG (3) Landing weight 
50280 KG at sea level, 6.5 KM and 9.2 Kg altitude 
for forward and aft C.G positions. 

From this six. cases giving maximum tail 
loads in up and down direction is considered 
for calculJtion of manoeuvring loads from le to 
2.5g and 2.5g to lg conditions. See table 1.2 to 

1.4. 

Finally table 1.5 gives the manoeuvring 
cases for approach cases with full flaps. It 
is seen that case 21 of approach case with 
forward C.G position gives the critical cases 
All other manoeuvring cases give only about half 
the value of this load. 
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SPECIMEN CALCULATIONS. 

In steady flight conditions, the balance 
tail load is given by equation 14 on DES 8/6. 

Lm (ig) M
o. 
+ nN(h - H0)C + T ZT -WK 2

— 
g 

1
T 

Where, 

M  = 1e V2 S C Cm
2 

CASE 1. 

. 
AlluAp ewight = 58,000 Kg. mass at sea level. 
C.G. forward, Power on 

V
D 
= 206 m/sec,4 

M = 1 x V
2
. S. C Cm

o o. 7 

= - 1 x 1.225 x 206
2 

x 136 x 3.84 x 0.08 
2 

From DES 7400/12, 

= 
S  =

1.225 Kg./m3

136 m2

Cm
o 

-0.07 - .01 = -0.08 

3.84 ms. 

o -1,087,000 Nm. 

nW(h -H0)7 = 1.0 x (58,900 x 9.81) (-.20 -.215) 3.84= 

0.20 for forward C.G. 

H0 0.215 

-33,240 
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For power on condition, Thrust is equal to the drag. 

CD 
= 0.0174 + 0.0437 CL

2 

At sea level for V
D 

206 , W = 58,900 

CL = nib'  = 58,900 x 9.81 

i- Q V2S -i x 1.225 x 206
2 

x 136 

= 0.1635 

C
D 

= 0.0174 + 0.0437 x 0.16352

= 0.01857 

T = D = -12- V2 S . C
D 

x 1.225 x 206
2 

x 136 x 0.01857 

65,600 N. 

ZT -3.45 m. 

T . 
-'111 
7 = -65,600 x 3.45 

—226,200 Ni. 

1
T 

12.4 m. 

Balance Tail load for steady level flight 

L
T 

- 1,346,440 = -108.6 KN. 
12.4 

(b) FLIGHT MANOEUVRING LOADS. 

For the solution of pitching moment equation 
R - Damping coefficient for short period motion, and 
J - Natural. damped frequency of short period motion. 

From BOAR Chapter D 3-2 Appendix 1, 

1 + 6
- T — a1T + 

,2  
(mq) less tail 

S K
B 

4 2K2 

0 
q 
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Where S
T 33.58 !J, 

136 TZ 

1
T 

= 12.4 I for forward '.:..G 

K
B 

I = 29.8 x 105 

5 
7.1 m. 

8,900

For V
D 

= 206 m/sec2 at sea level.from DES 7400 

a
1T 

a
1 

d6 
doe. 

= 2.855 

4.8 

6.1 

0.47 

W C a
l 

H
m 

H2 

2g C S .KB2

Elm Manoeuvre margin 

dCr] 
alT 

{1 - dc 7 

a d d.41 
less tail 

a
1 

1 m. 
T q 

V an , 

M C 2µ 

Where m. = 0 
q 

V - tail volume coefft. = S
T 1 T 0.797 
S C 

f4 Aircraft relative density =  
g x x S 1T

28.5 
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There 1;= {1 -4- -6$4 11

Referring to Fig. 1 of SCAR D 3-2 Appendix 1 

For j = 5.06  = 1.77 2≥4 =. 0.85 
2.855 

Hm = -(h - 1 - + V all, alT 

a1 doc 2 iu 

= -(0.2 -0.215) + 4.8 (1 - 0.47)0.797 + 0.797 x 4.8 
6.1 2 x 23.5 

Hrn = 0.414

Hence 

= 58,900 x 6.1 0.414  2 - 2.8552
2 x 1.225 x 136 x 7.1 

= 5.06 

ELEVATOR ANGLE REVIRED FOR SlEADY ROTATION. 

= -W Hm (n-1) 

V2 S a2- V 

a2 = 0.65 alT

= 58,900 x 9.81 x 0.414(2.5 - 1.0) 

x 1.225 x 206
2 

x 136 x 0.797 .A .65 x 4.3 

12,S= 0.0408 radians. 

For an instantaneous application of elevator 

max 
-W H11 (n-1)

 

V2 S a
2 
7 
-1 

max = 
0.0347 radians. 

72
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For instantaneous application of elevator, the 
incremental tail load 

L
To 

- W H
m 
C (n-1) 

1
T 

=— 58,900 x 9.81 x 0.414 7 3.84 x (2.5 - 1) .85 

12.4 

-94.5 KN 

Form DES 13/6 equation 12 

-T
- Increment in tail load due 

effect is given by 
to incidence 

LTa = W S
T 
(n-1) a

1T 
1 - de + al j 

S al do. 2µ 

58,900 x 9.31 x 33.58 (2.5 - 1) 4.8 
136 6.1 

[1- 0.47 +  6.1
2 x 28.5 

+107.6 KN 

Total tail loa. at first half cycle of motion from 
instantaneous aDnlicqtion of elevator 

L
T 
+ L

T 
= -94.5 + 107.6 = 13.1 KN 

• 

Tilts is rather too severe an: so BCAR D 3-2 suggests 

711 - 17s 
5: 

E]: 3.3 R]

0.029 radians. 

iS 1.1= 1 4- 3.3 
K 

= 0.0118 radians. 

Where K = 2 t  dit2 

7s
dt 

for lg to 2.5 

for ng to lg. 
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t =  li 58,900  = 1.72 

gQ S V 1.225 x 136 x 206 

K = 4J + R = 23.55 

LT1 = LTo  = 94.5  = 63.2 KN. 

+ 10 Ri 1 + 10 x 2.855 
K 23.55 

L
T2 

= L
To 

[1 + 10 

=  

Contribution from elevator deflection are Given by 

LT1 
L
To 

L
T2 

= 
'To 

3.3 11 2K 

1 

= -94.5 
1.182 

{1 3.3 1 
7 

= 94.5[1 1
o.35 1.182 

]  0 

=-80.0 

CHECKED MANOEUVRE. 

DCAR Chapter D 3-2 Appendix 1 gives 
empherical relations to solve equations of lotion 
in this case. 

7max = /S 
K
3 

Nhere 
K
3 

+ 0.63 [i]1.7 [I 1  
] 0.15 + 1.5 J 

J/R + 1 

Or 

96 

9 

greater of (J
2 
+ R

2
) 

. (5.06 + 2.855)1 
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VP

2VA
[ 

= 4'98 
gIS V 

Ve = V = 206 m/sc 

V
A 

= 111.4 m/sc 

(1) = 4.98 

Choose value of 

Substituting 
vinax 

= 5.81 
0.0408 x 1.13 = 0.0462 radians. 

Maximum increment of elevator deflection during 
checked manoeuvre 

1/ 1 = 7? max K4 

K
4 

K
3 
Sin G

1 

K
3 
Sin 11 

1 + 2.9 1 
/R 

1.125 

izi = 1.125 x 0.0408 

0.046 radiand. 

lotal increment in tail loads are 

1.09] 

L 
T1 - o 1 

for lg to ng vianoeuv_re 

K1 = 0.64 [0')1.2 

RI [ 1.3 0.48 Pi ± 

K
1 

= 0.75 

LTh 

Therefore, 

L
T1 

= ')4.5 x 0.75 = -70.8 KN. 



L
T 

L, K,c_ for ng to lg manoeuvre. 
2 o 

1..38 
K

2 
0.92 

[5 ] 
0.49 ( J ) 1 ' 3 1

1.22 

Therefore 

LT = -94.5 _. 1.22 = 116.0 KN. 
2

The elevator componnts of til loadc are given by, 

= To 
= L

T "T172 71, 1 4  for lg to ng. 

71s 
= -102.6 KN 

LT2 = LT /2 = LT
K5 

Where K5 = K3 Sin ( tan- 1y + Tr/2) 

And y =  B 
CT- al 1-im 2 

.i.. f/R 

B = [ - dE  + LL:1 = 3.06 
doc 2p 

0.243 +  E 1 i 1 =
dcz. 

Substituting other values, = -1.83 

K
5 

= 1.13 sin(-.479) 

Therefore LT = + 60.2 KN. 
2 



1+2 

Tail load in steady 1 g flight (L, ) = -103.6 KN 
Ilg 

Increment in tail load due to 1p to ng 
manoeuvre = - 70.8 KN. 

Tail lo d for ig to ng rilnoeuvre = -108,6 - 70.8 

= -179.4 KN 

4 - LT1 1 T 0.295 rad/sec' -
2 

K
E 

For ng to lg manoeuvr , 

= L
T2.5

i 
2 

L
T2 

1
T g 

2 

= -119.0 116.0 = 3.0 KN 

=  rad/sec:t-j

INCIDENCE AND ELEVATCiR COYTONIM OF TAIL LOAD. 

In order to calculate the torque on tail 
plane and loads on elevator the total aerodynamic 
load on the tail plane is to be ser)erated into 
incidence and elevator component. 

Lm = L
T oc 

+ LT12 

Where, 
LT, - incidence component. 

L
T'a 

- elevator component. 

(a) dianoeuvring from steady 1.0g flight to 2.5g 

L
Wb = n W - L

T 
9.81 x 58,900 - (-108,600) 

lg 
696.500 KN 
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or b L. Nb 
a
1
qs 

(w.r.t. zero left line) 

Where, 
a1 = 6.15 from A 74A2. 

1 Q V
2 

= 1 x 1.225 x 206
2 

26,000 
2 

°Gb = 686,000 x 57.3 
6.15 x 26,000 x 136 

1.31 degrees. 

Body setting angle = 3° 
ocb w.r.t. body centre line = -1.19°

Fro 7. A 74/12 

the A9wnwash angle +0.35°

In steady 1.0 g condition the aircraft is trimmed 
1:3r moving the all moving tail plane and so the 
elevator component LT1, = 0 

71.0g 

LT = -108.6 KN 
1.0g 

In manoeuvre from 1.0g to 2.5g 

L 
2.5g 

L
T 
1 

" T11 

Therefore, LT1

— 119 KN 

-70.8 KN 

-102.6 KN. 

- LT 
T1 11? 

-70.8 - (-102.6) 

31.8 KN 

Total incidence component of tail load, 
= L

T
oc + LT 
1.0g lO4

= -108.6 31.8 

= -76.8 KN. 

Total elevator component of tail load, 
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LT = LT 
11 1.0g 1 yi

= 0 - 102.6 KN 

Check L
T 
+ L

T 
= L

T 

-76.3 - 102.6 = -179.4

Also, L
T(1g) 

+ L
T 

= L
T 

-108.6 - 70.8 = -179.4

Both are fulltiflea 

Manoeuvring from 2.5g to 1.0g. 

Balance load at initial 2.5g steady flight 
L
wb 

- L
T 
2.5g 

2.5 x 9.81 x 58,900 - (-119,000) 

1,562,000 N. 

b 
= 

LW  = 1,562,000 x 57.3 
q ST a

1T 
26,000 x 33.58 x 4.8 

= +4.120 (w.r.t. zero left line.) 

ocb w.r.t body centre line = +1.12°

From A 74/12 the downwash angle e at tail for 
°Cb 

= 1.12° 1.3. 

find out tail angle of attack at 2.5g 
manoeuvre, it is assumed that,atthe steady 1.0g 
condition the elevator angle is zero. 
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ri 
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TAIL_ PLANE 



9I 

46 

Incidence component of tail load L, 

= q ST alai

-26,000 x 33.53 x 4.30 x 0.13 
57.3 

= -9.5K? . 

Total steady stvte load on t;il plane for 2.5g, 

L, 
'2.5g - 

L 

-119.0 KN. 

T-ri -119 - (-9.5) = -109.5 KN. 

Manoeuvring from 2.5g to 1.0g 
Total tail load, LTi = 116-2_KN 

L
T 

+60.2 KN 

L
T 

04. +55.8 Kg 

Total incidence component of tai! load, Lm

LTA = +55.8 - 9.5 = 46.3 .0. 

+ L 

.5g 
2ot, 

otal elevator component of tail load = L
T 2.5 

+ L
T2

1,1 

LT,,
-109.5 + 60.2 = -49.3 KN, 

Check, 
L
T + L

T L6.3 - 49.3 = -3.0 

L
T + L. 
2.5 T 2 

Both conditions-are 

-119 + 116.0 

satisfied. 

= -3.0 



EA TA LE OF MANOEUVRE LOADING CASES TN SYMMETRIC MANOEUVRES 

Case 
KG 

Alt 
Kms 

C.C1 Vol LT

KN 

L
T 
1 

IN 

LT

KN 

Total loads KN 

1 58, 900 0 FWD VD
2,5 -119.0 +116.0 

2 58,900 0 FWD V
D 

1.0 -109.0 -70.60 -179.0 

3 58,900 0 AFT VD 2.5 - 41.0 +57.6 +16.6 

4 58,900 0 AFT 
VD 1.0 - 81.0 -37.4 -118.4 

5 58,900 6.5 FWD V
D 2.5 -114.5 +112.0 - 2.5 

6 58,900 6.5 FWD V
D 1.0 -104.0 -67.0 -171.0 

58,900 6.5 AFT 2.5 - 35.4 54.0 +17.6 

8 58,900 6.5 AFT 
D 1.0 - 75.4 -34.0 -110.4 

9 58,900 (Th 0c_ --) -.1 FWD V
D 

2,5 - 85.6 +111.0 +25.4 
10 58,900 9.2 FWD VD 1.0 - 72.9 -Q.! 5 -137.4 
11 ,900 9.2 AFT V 

2.5 - 5,9 97.6 +51.7 
12 58,900 9.2 AFT VD 1.0 - 76.7 -37.4 -114.1 



1.1 TABLE OF MANOEUVRE LOADING CASES IN SYMMETRIC MANOEUVRES 

Case 71t 
KG 

Alt 
Kms 

C.G Vel T L
T 

KN 
1 

KN 

LT 
2
KN 

Total load ION 

13 58,90o 0 FWD VC 2.5 -100.3 +114.0 +13.7 

14 58,900 0 FWD VC 1.0 - 89.2 -69.6 -158.8 

15 58,900 0 AFT VC 2.5 - 21.4 + 57.3 +35.9 

16 58,900 0 AFT V, 1.0 - 60.0 -36.5 -96.5 

17 58,900 6.5 FWD V. 2.5 -100.3 +114.0 +13.7 

18 58,900 6.5 FWD 
, 

1.0 - 89.2 -67.1 -156.3 

19 58,900 6.5 AFT V, 2.5 - 21.4 + 53.7 +32.3 

20 58,900 6.5 AFT V0 1.0 - 60.2 -33.7 - 93.9 

21 58,900 9.2 FWD V0 2.5 - 77.8 +112.0 +34.? 

22 58,900 9.2 FWD VC 1.0 - 63.0 -54.5 -127.5 

23 58,900 9.2 AFT VC 2.5 + 2.39 + 57.3 +61.69 

24 53,900 9.2 AFT VC 1.0 - 66.8 -36.5 -103.3 



PI TABLE OF MANOEUVRE LO DING CASES IN SYMMETRIC MANOEUVRES 

Case Wt. 

KG 

Alt 

Kms 

C.G Vel L,,,, 

KN 

LT 
1

KN 

LT.. 

KN 

Total load IN 

25 58,900 0 FWD VA 2.5 -62.35 +113.0 +50.65 

26 58,900 0 FWD V
A 

1.0 -37.L0 -69.2 -106.6 

27 58,900 0 AFT V
A 2.5 +19.8 + 55.2 +75.0 

2 8 58,900 0 AFT V
A

1.0 - 5.8 -35.6 - Lil.h0 

29 58,900 6.5 FWD V A 2.5 -62.30 +109.0 +',6.7 

30 58,900 6.5 FWI) V
A 

1.0 -.53.0 -63.3 -101.3 

31 58,900 6.5 AFT V.., 2.5 +19.8 + 70.1? +90.5 

32 58,900 6.5 AFT V, 1..0 5.8 —41.7 — 47.5 

33 5F,900 9.2 FVD V
A 

. } , c_ _ —62.0 +111.0 4L+9.0 

34 5E,900 9.2 FWD V A 1.0 —37.7 —62.1 -- 99.8 

35 58,900 9.2 AFT V
A

2.5 +19.0 
4 :55.2 474.0 

36 58,900 9.2 APT 
V1

1.0 —39.8 —35.r) — 75.1.E 
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TABLE OF MANOEUVRE LOADING CASES IN SYMMETRIC MANOEUVRES 

Case Wt. 
KG 

Alt 
Kms 

C.G VEL 
LT 

NN 

L17, 
Ll 

KN 

L 
T2 

KM 

Total load 

1 40,000 O FWD VD 2.5 -111.0 +74.3 -36.2 

2 40,000 O FWD V.O 1.0 -106.0 -47.5 -153+5 

3 40,000 O AFT V11 2.5 - 60.0 +46.2 -13.8 

40,000 O AFT V
D 

1.0 89.0 -30.2 -119,2 

5 40,000 6.5 FWD vrD 2.5 -107.0 +71.7 -35.3 

6 40,000 6.5 FWD VD 1.0 -101.0 - 4 5 . 2 -146.2 

7 40,000 6.5 AFT 2.5 - 59.5 +44.8 -10.2 

8 40,000 6.5 AFT SI
D 

1.0 - 84.0 -28.6 --112.6 

9 40,000 9.2 FWD V
D 

2.5 - 76.4 +69.0 -74.0 

10 40,000 9.2 AFT VD 1.0 - 70.0 -42.0 -112.0 

11 40,000 9.2 AFT I
0 2.9 - 23.2 +4.6.5 +23,3 

12 40,000 9.2 AFT 1.0 - 51.0 - 79.7 

0 



LI TABLE OF MANOEUVRE LOADING CASES IN SYMMETRIC MANOEUVRES 

Case Wt. 
KG 

Alt 
Kms 

C.G Vel LmT

KN 

L
Tl 

KN 

L, 
L2

KN 

load 

13 40,000 0 FID V
C 

2.5 -92.L +74.5 -17.9 

14 40,000 0 FWD VC 1.0 -36.0 -47.4 -3_55.4 

15 40,000 0 AFT VC 2.5 -39.8 +46.4 + 6.6 

16 40,000 0 AFT V, 1.0 -67.0 -29.1 - 96.1 

17 40,000 
,,, 
0,, FWD VG 2.5 -92.4 +71.5 -20.9 

18 40,000 6.5 FIID V, 
a 

1.0 •-86.0 -49.0 --135.0 

19 40,000 6.5 AFT V
c 

2.5 -39.6 +50.0 +10.4 

20 L0,000 6.5 AFT VC a.0 -67.0 -31.2 - '43.2 

21 40 000 9.2 FWD V, 2.5 -/-)7.7 +69.0 4 1.3 

22 h0,000 9.2 FM V 1-0 -60.5 -41.6 -101.9 

23 1+.0, 000 9.2 AFT VC 2.5 -14.0 4 50.0 +36.0 

24 40,000 9.2 AFT q , 1.0 -ga).6 -30.2 - 70.8 



LI TABLE OF MANOEUVRE LOADING CASES IN SYMMETRIC MANOEUVRES 

Case Wt, 

KG 

Alt 

Kms 

C.G Vel LT 

KN 

L. 
1 

KN 

LT2 

KN 

Total load 

25 40,000 0 FWD V
A 

2.5 -41.0 +77.3 +36.0 

26 40,000 0 FWD VA 
1.0 -25.1 -49.0 -74.1

27 40,000 0 AFT VA 2. ti +14-3 +48.0 +62.6 

28 40,000 0 AFT VA 
1.0 -34.1 -31.0 -65.0 

29 40,000 6'.:5 FWD V
A 

2.5 -41.0 +78.0 +37.0

30 40,000 6.5 FWD V 1.0 -25.0 -46.5 -71.6 

31 40,000 6.5 AFT v 
A 

2.5 +14-3 +65.3 +79.6 

32 40,000 6.5 AFT VA 1.0 -'34.1 -38.5 -72.6 

33 40,000 9.2 FWD V
A 2.5 -41.0 +73.0 +37.0 

34 40,000 9.2 DID V
A 

1.0 -25.0 -45.0 --70.0 

35 40,000 9.2 AFT V
A 

2.5 +14.3 +61.2 +75.5 

36 40,000 9.2 AFT v 
A 

1.0 -34.1 -35.2 -69.3 



Case Wt 
KG 

LI 

Alt 
Kms 

TABLE OF MANOEUVRE LOADING CASES IN SYMMETRIC MANOEUVRES 

Total load 
r , Vel L

T 

KN 

L
Tl 

KN 

L
T2 

KN 

1 50,280 o FWD VD 2.5 -115.5 1-98.5 -17.0 

2 50,280 0 ):'WD VD 1.0 -101.5 -64.1 -171.6 

3 50,280 0 IFT V
D 

2.5 - 49.8 +50.1 

4 50,280 0 AFT V
D

1.0 - 85.0 -32.9 -117.5 

5 50,280 6.5 FD VD 2.5 

6 50,280 6.5 AFT v 
D 

1.0 -104.L -57.8 -161.9 

7 50,230 6.5 AFT VD 2.5 

8 50,280 6.5 AFT 
D 

1,0 - 76.k8 -29.4 - 7S.,18 

9 50,280 9.2 FWD V
D

2.5 

10 50,280 5.2 END VD 
1.0 - 71.96 -55.3 -127.(J"

11 50,280 9.2 AFT V 
D 

2 -.). .,) u. 

12 50,280 9.2 AFT /D 1.0 - h4.3/1 -2h.7 - 6).0' 



IA TABLE OF MANOEUVRE LOADING CASES IN SYMMETRIC MANOEUVRES 

Case Wt. 
KG 

Alt 
Kms 

C.G Vel L, , 

KN 

L
T 
1 

KN 

L
T 
2 

KN 

Metal load 

13 50,280 0 FWD V0 2.5 -95.0 +98.5 + 3.5 

14 50,280 0 FWD VC 1.0 -85.8 -61.0 -146.8 
15 50,280 0 AFT V

c 2.5 -23.0 +50.3 +22.3 

16 50,280 0 AFT V
c 

1.0 -72.6 -32.9 -105.5 

17 50,280 6.5 FWD VC 2.5 

18 50,280 6.5 FWD VC 1.0 -88.03 -56.6 -144.63 

19 50,280 6.5 AFT V0 2.5 

2.0 50,280 6.5 AFT V0 1.0 -60.41 -30.0 - 90.41 

21 50,280 9.2 FWD VC 2.5 

22 50,280 9.2 FM) V0 1.0 -61.96 -55.6 -117.56 

23 50,2130 9.2 AFT V, 
•u 

2.5 

24 50,280 9.2 AFT VC 1.0 -34.34 -25.1 - 59.44 



1.1 TABLE OF MANOEUVRE LOADING CASES IN SYMMETRIC MANOEUVRES 

Case Wt. 
KG 

Alt 
Kms 

C.G Vol LT

KN 
1 

KN 

LT
2 

KN 

Total load 

25 50,280 0 FWD V 
A 

o r _c .5 97.9 45.4 
26 50,280 0 FWD V 

A 1.0 -31.5 -60.4 -91.9 
27 50,280 0 AFT V

A 2.5 +16.9 49.7 +66.6 
28 50,280 0 AFT V

A 1.0 - 4.36 -32.65 

29 50,280 6:5 F ID 
A 2.5 

30 50,230 6.5 FWD VyA 1.0 -31.86 -55.1 -86.96 

31 50,280 6.5 AFT 
'1A 2.5 

32 50,280 6.5 AFT V
A 1.0 - 4 24 -27.5 -31.74 

33 50,280 -.) o.c.. .2 FWD v A 2.5 

34 50,230 9.2 FWD V
A 1.0 -31.68 -54.0 -85.68 

35 50,280 9.2 AFT V
A 2.5 

36 50,280 9.2 AFT V
A 1.0 - t+.25 -23.8 



TABLE 1.2 

MANOEUVRING LOADS 

Cases Alt C.G 
hal 

Ve1 \eight 
V9

11 J R J/R r 
4 

Ils

rad. 

'11

rad. 

o 

.N 

A O FWD VD 58,900 1 5.06 2.85 1.79 .922 -.040 .046 -94.5 

B 6.5 AFT V
A 

58,900 1 4.66 2.71 1.72 .92 -.060 .055 -41.2 

C 6.5 AFT VA 40,000 1 3.33 2.30 1.45 .95 -.114 -.108 -50.9 

D O FWD V D 40000 , 3.27 2.52 1.30 .97 -.027 -.026 -68.4 

E O 71OED VD 50,280 1 4.4,8 2.63 1.59 .936 -.041 -.031 -84.1 

F O FWD V 
D 

50,280 1 2.86 2.86 1.OO 1.O -.O21 -.O21 -55.9

2

.85

.86 

.89 

.92 

.87 

.96 
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TABLE 1.3 

T-IL PLANE LOADS IN WO ng MANOEUVRE. 

Cases 
1.0 steady bLaance 1g to 2.5g Total (KN) 

L
T 

L
T.
.e. L

Ttl 
LTI

LT lri 
LT

1 
LT Lh LT,I 

A -108.6 -108.6 O -70.8 -102.6 31.8 -179.4 -76.8 -102.6

B - 5.8 - 5.8 O -41,7 - 44.2 2.5 - L7.5 - 3.3 - II)I.2 

C - 34.1 - 34.1 O -38.5 -54.3 15.8 - 72.6 -18.3 - 54.3 

D -106 -106 O -47.5 - 72.1 24.6 -153.5 -81.4 - 72.1 

E -107.5 -107.5 O -64.1 - 89.0 24.9 -171.6 -82.6 - 89.0 

F - 81.0 - 81.0 O -37. 4 - 58‘2 20.8 -117.9 -60.2 - 58.2 



TABLE 1.4 

TAIL PLANE LOADS IN 2.5g. TO ig MANOEUVRE 

cases 
2.5g tolg steady Total (Tile)2.5g 

LT
2 LT27Z 7422ec 

LT L
T
oc L

T12 
L
T LTQ( LT 71. 

A 116.2 60.2 51.8 -119 - 9.5 -109.5 - 3 42.3 - 49.3 

B 70.7 13.7 57.0 19.8 78 - 59.0 90.5 134.5 - 45-7 

C 65.3 40.6 24.7 14.3 - 75.6 89.9 79.6 - 50.9 130.5 

D 74.8 54.8 20.0 -111.0 -124.5 13.5 - 36.2 -104.5 68.3 

E 98.5 59.2 39.3 -115.5 - 71.0 - 44.5 - 17.0 - 31.7 14.7 

F 57.6 50.0 7.6 - 49.8 - 27.8 - 22 0.3 -20 .2 28.0 



TAME 1.5 

1,LLNOEUVRING LOADS IN LANDING 

Cases ri Vel. CG Weight L, 

14.9 11g,2g 
L
T 

421,2 
4rr1,2 

laToc 
(1g,2g) 

LT
r 

LT ac LT 

(1g,2g) (1g,2g) EN hN 

2 1 92.6 FWL 52,000 —253 —'35 —41.7 —60 18.2 - 7.9 -245 -226 69.9 -294 

22 1 92.6 AFT 52,000 -233 -27.7 -28.5 -43 15.3 0 -233.8 -218 -43.8 -262 

23 2 92.6 FWD 52,000 -256 68.48 2.,6 22.1 -58.4 -198 -175 -12.1 - 1:7 

24 2 92.6 AFT 52,000 -210 46.5 24 21.6 - 9.4 -201 -179 15.f -163 
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APPENDIX 2.. 

_ELEVATOR LOADING AND DESIGN CASES. 

AND BENDING MOMENT AND TORVE DISTRIBUTION. 

For calculatiGn of elevator loads the 
chordwise load distribution due to incidence given 
in A 74 - 19 and chordwise load distributions due 
to control deflections given in A 74 - 23 are 

and 
usedA as the tail plane is of a super critical section 
the polynomial distribution of DES 545 is not used. 

ELEVATOR DESIGN CASE. 

From Appendix 1, Table 1 the critical 
case for elevator is case 21, the aircraft manoeuvring 
from 1.ug to 2.0g. -_ 

From BCAR D3 - 2.3 the loads are to be 
found for the case of symmetric manoeuvring fromu 
steady level flight conditions at airspeed equal 
to VF. 

in the flaps at take off or landing kwhich 
ever is critical) to a manoeuvring load factor of 
2.0. 

From Appendix 1, Table 1, the critical 
case for elevator is case 21, low speed manoeuvring 
with flaps at landing and AVW of 52,000 Kg. The loads 
for this case are noted below taken from Table 1.5. 

Total load steady 1.0 flight LT = -253,000 N 

Tail load due to elevator LT lg
 -7,900 N 
1.0 Tail load due to incidence L 

-245;000 NI 1.0 

In manoeuvre: 

Total tail load in manoeuvre = -41,700 N 

Tail load due to elevator deflection = -60,000 N. 

Tail load due to incidence = +18,200 N. 



Tot-1 tail load due to incidence = -226,300 N. 

Total tail load due to elevator = - 67,900 N. 

Total tail load = -294,700 N. 

From low speed chordwise distributbn 
due incidence given in A 74 - 19 

LT = 0.35 LToe = 0.35 x -226.8 

-79.4 KN. 

Similarly from chordwise load distribution 
due to elevator deflection given in A 74 - 23 

L
T 

0.2275 LT = 0.2275 x -67.9 
e 

-15.4 KN. 

Total load on elevator = -79.4 - 15.4 

-94.3 KN. 

Choosing ultimate design factor 1.5, 

Factored load per side on elevator 
-94.8 x 1.5 

2 

= -71.1 KN. 

CASE 2 

Elevator load is calculated for case no. 1 
High speed manoeuvre at AVW 58,9000 Kg. 

Totl tail load = L
T 

-179.6 KN. 

Total incidence load = LTA = -77.6 KN. 

Total elevator deflection = 2  = -102.0KN.

From high speed load distribution due to incidence 
given in A 74 - 19, the elevator load due to 
incidence is 0.26 LT . 

Ali



Therefore total loaf on elevator is given by, 

L
T 

= 0.26 x (-77.6) + 0.2275 x (-102.0) 
e 

= 43.4 KN. 

Therefore the case 21 is critical for elevator loads. 

FOUR PI .',':E ELEVATOR SCHEME. 

The layout of four piece elevator scheme 
is fixed aftr optimisation and is as shown in Fig. 
of uppendi.a . The calculation of Bending Ifoments 
and torques are given in Table 2:1-24and bending moment 
and torque diagrams are given in Pig. 2.4 -2-9 

CALCULATION OF FENDING 10MENT AND TORQUE. 

From the symmetric loading cases investigated 
the critical loading case is that of low speed 
manoeuvring case in the flaps and forward C.G position. 

Total tail load 

Tail load due to incidence L
T 

-294.7 KN. 

-226.8 KN. 

Tail load due to elevator deflection L
T = -67.9KN.

From the chordvise load distribution 
for slow speed given in A 74 - 19 and A 74- 23 
replotted in 1- g. 2.2. and Fig. t3 load on elevator is 

0.35 L
Tec 

+ .2275 L
Tl 

Total load on elevator LTA 
= 0.35 x 226.8 + 0.2275 x 67.9 

79.4 15.4 

94.8 KN. 

Factored load. per side = 94.8 x 1.5 = 71.1 KN. 
2 

From the load distribution along the span 
Fig./A the percentage of area on a strip 0,355 m. 
at 0.8875 from = 7.06 . 

The load on this strip =  71,000 x 7.06 
100 

= 5128.3 N. 



'4 

The elevator position is from 0.71m 
t0- 7.100m from 4.3 

From the chordwise load distribution due 
to incidence at any section, 

2u.2 cm.
2
(60.5%.) has C.G. 0.281 GEL

 aft of hinge line. 

10.8 cm.
2
(26.2%) has C.G. 0.77 GEL aft of hinge line 

5.0 cm.
2
(13.3%) has G.G 0.0575 

 
fwd of hinge line 

GEL

Therefore, 

Torque at any section 

• 

LT x CEL (0.281 x .605 + 0.262
e x .77 - 0.133 x 0.0575) 

= 0.364 CEL T

From the chordwise load distribution at any section 
due to control deflection, 

18.0 cm.2(81.8%) nas C.O. 0.3325 aft of hinge line. 
2:, 

4.0 cm. (18.2%) has C.G. 0.0 575 fwd. of hinge line. 

Torque at any section LT
e 
 x GEL (.813 x .3325 

-.182 x .0575) 

0.262 G
EL LT

e 

From the loading on elevator for this case, 

L
T 
e 

LT
0.4 

LT 
el 

= 
L
T 

+ 
e a. 

0.8335 

0.1625 

LT 
ell 

LTe

LT
e 

LTi = 0.8335 LT
e 

+ 0.1625 LT

I 
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Load on strip at 0.8875 m. from = 5128.3 N. 

Chord aft of hinge line CEL = 1.130 m. 

Load on strip due to incidence L
T 
d4
= 0.8335 x 5128.3 

Load on strip due to elewrtor 

= 4294.7 A. 

deflection LT = 0.1625 x 5128.3 

= 833.6N

Incremental Torque due to incidence 

A -L.= 

= 0.364 x C x
EL 

LT
e 

1766.9 Am. 

Incremental torque du to deflection = 246.8 

Total, increnenta1 torque = 1766.9 + 246.8 

= 4 T 2013.7 Nt. 



TABLE ZA 

SHEAR FORCE AND FENDING MOMENT ON INBOARD ELEVATOR 

STN Load on Hinge Shear Pending 
Dist for strap Reaction oment 

Nm 

0.3375 5128.3 5128.3 0 

1.2425 5078.5 10206 1820.0 

A • 1.3700 -20376 -10170 3121.0 

1.5975 4?37.3 - 5133 807.0 

1.9525 4391.9 - 291 -1033.0 

2.3075 4767.6 4476 -1136.0 

2.6625 4676.4 9152 453.0 

a A 2.900 -18150 - 8998 2626.0 

3.0175 4560.3 - 4-436 1568.0

3.3725 4435.9 0 0 

A & B - hinge positions. 



(7 

T'PLE 2.2 

.OJT'' U! FO- 1;7.] 7T.NDIDEG D .:LEVATOR 

STN LOAD Hinge Shear Fending 
Reaction N Mornent 

3.7275 4290.8 4290 0 

4.0825 4166.5 3457 1523.0 

C A 4.3300 -20059 -11602 3616.0 

4.4375 3933.2 - 7614 2613.0 

4.7925 3347.2 - 3767 - 89.3 

5.1475 3656.5 - 111 -1426.0 

5.5025 3461.7 3350 -T466.0 

5.8575 3233.6 6533 - 276.0 

6.2125 2122.7 9505 -2oecy.o 

• 6.2300 -14027 _4522 2266.0 

6.5675 2549.6 1970 700 

6.9225 1969.2 0 0 

C D - Hinge positions. 



23 TCRQUE ON INBOARD FM/AT OR 

STATION LOAD CEL L. L-rel .3G4 zat T 
Tear, 

rvi m 

0.8875 5128.3 1.130 4294.7 833.6 1766.9 246.8 2013.7 2013.7 

1.2425 5078.5 1.106 4252.8 825;6 1711.7 238.8 '950.5 3964.2 

A • 1.3700 -10054.8

1.5925 4987.3 1.081 4176.6 810.7 1643.2 229.4 1882.0 - 8172.8 

1.9525 4891.9 1.056 4096.2 795.6 1574.4 219.9 1793.9 - 6378.9 

2.3075 4767.6 1.032 3992.3 775.2 1499.5 209.5 1709.0 - 4669.9 

2.6625 4676.4 1.007 3916.1 760.2 1436.1 200.6 1636.7 - 3033.2 

8 2.900

3.0175 4560.3 0.983 3819.0 741.3 1366.3 190.6 1556.9 - 1476.0 

3.3725 ))I35.9 0.958 3714.0 721.6 1295.5 180.9 1476.4 O 

14019.1 

A and B hinge positions 



2:4- TOR CUE ON OUTBOA1-1) ELEVATOR 

STATION 

WI- 

LOAD 

N 

CEO

rvi 

1--Tee4 

N 

LTY2 
N 

.36.4" Lie a  CeL .2G2- Lic,,LCEL 8T 

N hel 

T 

Nm. 

3.7275 4290.8 0.934 3593.5 696.5 1221.1 170.1 1391.2 1391.2 

4.0825 4166.5 0.909 3489.4 677.0 1154.4 161.2 1315.6 2706.8 

C A 4•33O -7191.0 

4.4375 3988.2 0.884 3339.9 648.0 1074.4 150.0 1224.4 -5966.6 

4.7925 3847.2 0.860 3221.8 626.4 1008.1 140.8 1148.9 -4817.7 

5.1475 3656.5 0.835 3062.3 594.2 930.6 129.9 1060.5 -3757.2 

5.5025 3461.7 0.811 2898.6 562.1 854.4 119.2 973.6 -2783.6 

5.8575 3233.6 0.786 2707.6 525.9 744.5 108.1 882.6 -1901.0 

6.2125 2922.7 0.761 2447.1 475.6 667.8 94.7 762.5. -1138.5 

I) 4 6.2300 

6.5675 2549.6 0.737 2134.7 414.2 571.7 79.8 651.5 - 487.0 

6.9225 1969.2 0.712 1649.0 320.2 427.3 59.7 487.0 0 

9897.8 

=7' 
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APPENDIX 3 

SHEAR FLO DISTRIBUTION 

3.1 INTRODUCTION 

The elevator is basically a two cell box 
with main spar dividing the cross section into 
a forward nose cell with a small trailing edge 
false spar. The hinge is located at the top of 
forward cell and spar is at constant distance 
0.0625 aw, aft of hinge line where CEL the 

elevator chord aft of hinge line. 

Aerodynamic loading on the elevator is 
restored into a vertical shear force component and 
torque about the hinge line. This shear flow dis-
tribution in the elevator nose and aft cell depending 
on the thickness of sheets in the cell and section 
geometry. Considering the :-ngineering theory of 
torsion, the shear flows are obtained by, 

(1) Vertical equilibrium of shear. 
(2) Overall equilibrium of torque. 
(3) Equalisation of rate of twist of 

each cell which is compatability 
condition. 

It is assumed that vertical shear is carried by 
the spar web only. The equations are solved to 
obtain the shear flows q1, q2and q12 in the nose 
cell, aft cell and spar web. 

3.2 TYPICAL SECTION OF ELEVATOR. 

V 

CEL 
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Area of nose cell Al 

Ar,7a of aft cell A2 

= 0.03375 Cu2 

= 0.0375 C71, 
Length of skin in nose 

cell P
1 

0.G75 cEL

Length of skin in aft 
cell P, = 1.95 Cu

Height of spar web P,, = 0.20625 C_LL EL

3.3 VERTICAL EqUILIBRIUM. 

spar web, 
Considering vertic ,1 shear as reacted by 

q12 V 0.20625C,L = h.8h8 V 
C
EL 

3.4 ovi RALL ElUILIERIUM ABOUT SPAR. 

(a) Considering only shear V, 

2 Al ql + 2 A? q2 = Vxb 
2 x 0.03375Cu q, + 2 x 

P*C375CELq21 
1.08 ql + 2.8 qp

V x 0.0625 C.511,

= V 
1/4,
EL 

(1) 

Lqualon the rate of twist of each cell, 

ql (11 
2A1G1 t1 

= 

- (1") q12
) P12 

t12

1 712 P2 
(q12 42 - ql ) P12 

2A G t2
t12

I 
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Substituting, 

2.648q1 - 2.00412 2.244 V (2) 
C
EL 

Solving eluations (1) & (2), 

0. 65 V 

GEL 

0.0235 V 

"EL 

(h) Torque only. 
For overall equilibrium at spar, 

2 Al 
'q1 

2 A
2
q
2 

-T 

2 x 0.03375 Cm.,
2
qi + 2 x 0.0875 C._EL

2 
q2 - T 

0.0675q1 C.175q2 - T 
2 

C
EL
-

From equation (2) for equating the twist about 
spar, 

2.64881 - 2.004q, = 0 (4) 

Solving equations (3) & (4), 

q = T 

EL
2 

3.5 Overall shear 
given below, 

q. 
1 

= 

flow in 

0.865 

4.422 T 

GE
I,
2 

elevator cells are 

V - 3.347 T 
2 

GEL EL 

go = 0.0235 V - 4.422 T 
2 

C
rL G AL 

q12 = 
4.348 V 

lir 
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APPENDIX 4 

PRELFAINARY DESIGN OF FOUR PIECE ELEVATOR 

4.1 INTRODUCTION 

The plan form and geometry of elevators 
are known by now and is as shown in A 74 - E 1. 
The position of hinges are fixed by optimisation and 
is given in Appendix 5. The loads coming on the 
elevator and the bending moment and shear force 
distribution are done in Appendix 2. The shear 
force bending moment and torque distributions are 
calculated considering bays of arbitrary width and 
not on rib positions. 

4.2 SKIN DEFLECTION OF AI'T CELL PANEL UNDER AIR 

PRESSURE 

It is considered reasonable to permit a 
deflection of 0.2% of local depth of section while 
designing control surfaces. In this calculation 
it is assumed that all pressure loading is acting 
on one side of elevator. The curves of deflection 
parameter P (b/t) versus 6. as given in 

E t 
R.Ac.S. 02 - 09 - 07 is used for calculation. 
From Table 2.1 of Appendix 2 the maximum pressure 
loading is 8500 N/m
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Considering a panel of 250 mm x 1090 mm 
of 1.2 m thickness L 72 Aluminium alloy material 

[ 4 

E t 

= 8500 

72.4 x 10' 

From R.Ac.S. 02 - 09 - C7 

cs = 2.20 

250 

1.2 

lE 

t 
Skin deflection 6 = 2.2 x 1.2 = 2.64 mm 

450 

Depth of spar at this section = 225 mm 

Permissible deflection 0.02 x 225 

4.5 mm 

So the skin deflection for a panel of this 
size is within the permissible limit. 

4.3 PERMISSIBLE  SHEAR ST22,SS IN PANEL 

From Table 2.1 of Appendix 2 the maximum 
shear and torque occurs on panel just inboard 
of inboard hinge of inboard elevator. 

Shear = 10206 N 

Torque = 3964.2 Nm 

Elevator chord aft of hinge line 
L - 

1.090 m 

From Appendix 3 the shear flows in cell 

ql = 0.865 V - 3.347 T 

-EL C
EL
2 

- 3068 N/m 

q2 
0.0235 V - 4.422 T 

C
EL 

C
EL
2 

14535 N/m 

For a nose skin of 0.8 mm thickness and 
aft skin 1.2 mm thickness 

Shear stress in nose cell = 3.835 MN/m2
Shear stress in aft cell = 12.1 MN/m2-
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4.4 SHEAR BUCKLI?NG OF AFT C7]1,T, SKIN PANEL 

Considering ribs are positioned at 250 mm 
pitch shear buckling stress for a panel of 
250 mm x 1090 mm and 1.2 m thickness is calculated. 

From ESDU 71005 for b = 0.25 K = 5.0 

rcrit
1 

—T 

'Ccrit 
E
T 

= K. t 
2 

[ 

5.0 x (1. 2 = 0.00012+ 
25 

From DES 306 

rcrit 
= 8.34 :7N/m2

It is seen that the ribs have to be 
closer to prevent shear buckling or additional 
stiffeners are to be provided to reduce panel 
size. It is decided to provide a stiffener in the 
middle which has sufficient stiffness tO provide 
simply supported condition for panel. 

For b 
a 

0.125 K = 

2

4.9 

Z-crit 4.9 1.20 = 0.00045 
125 

E
T 

1:crit 
32.69 M1\1/m2

So for preliminary design the ribs at 250 mm 
pitch and a stiffener is provided in the middle. 

4.5 SPAR 

Spar is made of 1.6 mm thick L 72 sheet 
with 18 mm flange length. From Table 2.1 maximum 
bending moment at spar is 3121 Nm. Depth of spar 
at this section is 220 mm. Considering 30 x t 
width of skin is also effective in ',ending. 



OI NT STRAP 

L 72_ MM 

SPAR Z '

L 72. 1•6 MM TGK 

INA --- 3.14 x 10-6 m4

Bendin c7 stress = 3121 x 0.11 

3.14 x 10-6'

111.2 MN/m2

Considering one end free and one end 

simply supported for the flange K = 0.58 

K t 1 2
J 

crit 

E T
 2 0.58 x 1.6 0.0045 

From DES 7306 

crit 

18 

180 MN/m-2

Hence spar section assumed is reasonable. 
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500PTIMISATION OF HINGE POSITIONS. 

(a) F.y equalising the Bending moments 
at the supports and in. the centre of elevator. 

INFO-LRD F,L'V,TOR. 

For this optimisation a 100 KN load 
on the elevator is considered. This load is 
distributed along the span as given in A 74 -
and for t ,e sake of analysis a linear variation 
of load intensity is assumed between the inboard 
and outboard end. 

pt load at tip of inboard elevator = 7350 N/m. 

Dr load at root of inboard elevator = 8740 N/rn. '

p = Pr - Pt = 
1390 N/m. 

h
r 

height of spar at root = 0.255 m. 

ht height of spar at tip = 0.218 m. 

Ah = h
r 
- h

t 
= 0.037 m. 

ht 

a., 

L 

xZ-
L 

Equalising the moments at hinges, 

XI
2 

Pr hr Ah X1 

, 2 2 
Pt X2 Po X2 

3 
h
t 

+.611X
2 

2 



For X2 = 0.3 and substituting_, the values 

for other tc,rms X = 0.296. 

Calculatinc the hinge reactions P
1 

and 

P
2 

and Moments M
1 

and M2. 

P
2 

( 1-X
1
-X
2 

) 1 pt (1 - Xl) + 1 po (1-X1)3 -2- 
L 6 

- 7 1 11._ 
X12 

For X1 = 0,3 

X
2 

= 0.296 

P
2 

= 10820 N 

1 = Total load - P2 

23652.3 - 10820 

12832.3 N. 

M moment at Support A = 1 p a12 = 3308.65 ' .7 r 
 111 

M
2 

moment at Support B = 1 fit a 
2 

1 10 a 3
2 

2 T  2 

= 2912.9 lon. 

Calculation of M
3 
- max. moment on -17otween supports. 

1- Z=142- 

PY1 

L=2$4 Iv, 
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a
2 

0.3 x 2.84 

7 
1 13 Z+ 1 X p - P a2 ) 

3 -t 6 0 2 ' 

1 7350 x 1.42
2 

1 x 1390 1.423 - 12832.2 
2 6 

(1.42 - 0.852) 

= 646.33 Nm. 

The moments at hinges and at the middle of span 

for X
2 
= 0.25 and x

2 
= 0.2 are tabulate in table 

and graph of M2 and I2 are plotted. 

M3

TABLE 1. 

INBOARD ELEVTOR. 

CASE X2 1 '2 
I
I M3 - 

Nrrt nfrn N 

1 0.30 0.296 3303.6 2912.9 646.4 

2 0.25 0.2.495 2360.7 2016.6 7.32 

3 0.20 0.2025 1510.9 1317.7 -1767.9 

OUTBOARD ELEVATOR 

h
r 

Height of spar at root = 0.218 m. 

h
t 

Height of spar at tip = 0.160 

A h = h
r 

h
t 

= 0.058 m. 
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Loading ag.lin is assumed to be varying 
linearly from root to tip. 

Pr 
loading at the root = 7350 N/m. 

Pt 
loading at the tip = 3850 N/m. 

Po = Pr - Pt 
3500 N/m. 

CASE 

TARLP 2 

OUTBOARD EL NATO . 

X2 X M 
1 1 3 

(\Inn Nihn 14m 

1 0.30 0.2756 3520.0 2381.36 2157.6 

2 0.25 0.214 2112.0 1631.10 522.7 

3 0.20 0.180 1505.0 1029.19 -1453.6 

For equating the M at the hinge and the centre of 
I 

span, the moment of inertia is2as umed to he 
proportional to height of soar the values are 
tabulated in table 3 for inboard and outboard 
elevator. 
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1-

TABLE 3 

INBOIC,I) ELEVATOR 

CASE X, M
2 

K3 Ht. at Ht. at 
_2 hinge B middle 
I 

2 (m) spar 2

1 .30 2912.9 646.38 0.2219 0.232 0.24_1 1.079 

2 .25 2.016.6 7.32 0.0036 0.230 0.241 1.0979 

3 .20 1317.4 -1767.9 1.341 0.227 0.241 

OUTBORD ELVATOR 

CASE X
2 

M
2 

M
3 

Nfi 
2 

Ht. at Ht. at 
hingeB middle 

(m) spar C -L2 

1 .30 2381.86 2157.56 0.9058 0.177 0.188 1.1281 

2 .25 1631.09 522.7 0.3204 0.174 0.188 1.1674 

3 .20 1029.19 -1453.6 1.4120 0.171 0.188 1.2087 

I 1 
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FIG I AND V5 X 2

INBOARD ELEVATOR 
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These values of M
3 

and I are plotted against 

M
2 

12

the position oC hinge B in Fig 1. From graph N 7

- 
M
2 

and

12

I, 

X
2 

= 0.2105 for outboard elevator. 

Therefore for x
2 

0.2095 

nr X1
2 

- 
, 2 

Pt 
r. x23
o 

3 

h
r 
- h X

1

h
t 

4h X, 

meet at x
2 

= 0.2095 for inboard elew]tor and 

2 

Therefore on substitution, k = 0.2118 

0 
of 
NI

O 

FIG 2 

The position of hinges for optimised M 
values at hinge and uiidspan are given in Fig 2.1 



However these values were not used as a 
more appropriate criteria for optimisation is 
taken as equalisation of deflections at tip_ and 
tne midspan of el=evators. 

55 OPTIMISATION OF HIG7:! POSITIONS FOR DEFI.03TION. 

For the calculation of deflection the load 
acting on. the elevator is divided into strips and 
moment is found out along the span. Also unit 
load is applied at each tip and the middle and 
unit moment is found out at each section. 4

r2
Kd 

is found at all three stations. 

A number of iterations were carried out 
to get the deflections equal at midspan and at tips. 
Only the last two iterations ar, given in table. 
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INBOARD EVVATOR ITERATION 1 

STN 

frcAL 

Load 

N 

Reaction 

N 

Shear 

N 

Bending m1 m
2 

m 
rxment 3 

M Kd
2 

_ 
a 

Min1 
Mm

9

Yel
2 100 

ha2

e.8875 5128 5128 0 .1775 6.81 C 

1.2425 5078 10206 1820 .5325 6.55 148.0 
* 1.3700 -20495 -10289 3121 

1.5975 4987 - 5302 780 .5624 .0945 .1137 6.25 70.00 11.79 14.18 
1.9525 4891 - 411 -1i02 .4102 .2425 .2912 5.90 - 76.82 - 45.0 -54.39 
2.3075 4767 4356 -1247 .2582 .3895 .3012 5.66 - 56.88 - 85.81 -66.35 
2.6625 4676 9032 300 .1060 .5370 .1237 5.38 5.91 29.00 6.89 

A 2.9100 -18030 - 8998 2535 

3.0175 45 60 - )1)I35 1567 .5325 5.10 163.6 
3.3725 4435 0 0 .1775 4,84 0 

-99.28 

A Hinge positions 



INBOARD ELEVATOR LAST 

STN Load Reaction Shear Bending 

N N N moment 
mi 101111m2 m3

 
a
2 

Mm1 Mm, 

100 
hd2 hd

2 
Ed' 

0.8875 5128.3 5128.3 0 .1775 6.81 0 

1.2425 5078.5 10206 1820,0 .5325 6.55 147.96 

A 1.3700 -20376 -10170 3121.0 

1.5975 4987.3 - 5183 807.0 .5617 .0966 .1037 6.25 72.52 12.47 13.38 

1.9525 4891.9 - 291 -1033.0 .4086 .2472 .2912 5.90 - 71.53 -43.28 -50.98 

2.3075 4767.6 - 4476 -1136.0 .2539 .3982 .2962 5.66 - 50.95 -79.92 - 55.44 

2.6625 4676.4 -1152 453.0 .1024 .5490 .1087 5.38 8.62 46.22 9.09 

A 2.9000 -18150 -8998 2626.0 

3.0175 4560.3 - 4436 -1568.0 .5325 5.10 163.7 

3.3725 2)  35.9 0 0 .1775 4.84 0 

• Hinge positions 

106.69 E.59.19 



OUTBOARD FT Ft  ITERATION 5 

STN Load Reaction hear Rending m
1 

m
2 

d2 
Mm Mm Mm moment 100 2

IcA
2 

Ed
2 

hd
2 

3.7275 4290.8 4291 0 .1775 4.58 
4.0825 4166.5 8457 1567 .5325 4.37 190.9 
4.3300 -19984 -11527 3660 

4.4375 3988.2 - 7538 2460 .7279 .050 .0537 4.12 434.6 30.0 32.06 
4.7925 3847.2 - 3691 - 200 .5813 .2153 .2312 3.92 - 29.6 - 11.0 - 11.8 
5.1475 3656.5 - 35.0 -1485 .4429 .3806 .4087 3.68 -178.7 -153.58 -164.9 
5.5025 3461.7 3426 -1380 .2942 .5459 .3562 3.46 -117.3 -217.72 -142.0 5.8725 3233.6 6660 - 200 .1497 .7112 .1812 3.24 - 9.2 - 43.9 - 12.0 
6.2125 2922.7 9582 2184 .001 .8769 .0037 3.03 0.7 658.3 26.0 A 6.2200 -1L+100 - 4598 2275 
6.5675 2549.6 - 1969 700 .5325 2.85 130.8 (.9225 1969.2 0 C .1775 2.62 0 

392 -298 

• Hinge positions 



STN Load Reaction Shear 
Ni 

OUTBOARD ELEVATOR LAST ITERATION 

d
22

100 

Mm1 14m2

Kid2

Mm Bending 
moment 

vi 

m1 
m2

2 
r 

2 
hd.

3.7275 4290.8 4290 0 .1775 4.58 0 

4.0825 4166.5 8457 1540 .5325 4.37 187.5 

4.3300 -20059 -11602 3776 463.0 

4.4375 3988.2 - 7614 2613 .7280 .0035 .0537 4.12 463.0 2.1 35.0 

4.7925 3847.2 - 3767 - 189.3 .5820 .212 .2312 3.92 - 13.1 - 15.0 - 5.0 

5.1425 3656.5 - 111 -1426 .4450 .375 .4087 3.68 -172.5 -145.0 -158 

5.5025 3461.7 3.50 -1466 .2960 .538 .3612 3.46 -129.0 -228.0 -152.0 

5.8575 3233.6 6583 - 276 .1530 .700 .1862 3.24 - 11.5 - 62.0 - 16.0 

6.2125 2922.7 9505 2060 .0072 .863 .0087 3.03 4.9 56.0' 6.0 

A 6.2300 -14027 -4502 2266 

6.5675 2549.6 - 1970 700 .53e5 2.85 130.0 

6.9225 1969.2 0 0 .1775 2.62 0 

= 229.3 = 265.0 -290.0
Z 

A Hinge positions 

Optimised positions of hinge are shown in figure. 



kr) (r) 
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 L 

FIG. 3 OPTIMISED HINGE_ POSIT IONS 
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APPENDIX 6 

Elevator Torsional Stiffness Requirement. 

Elevator is designed to meet BCAR 
requirements for torsional stiffness and bending 
stiffness of elevator over hang as given in Chapte 

3 -9 Appendix 7.2 and 7.4. 

6.1 Torsional stiffness criterion. 

Torsional stiffness criterion is given by, 

1 Te  - M2)1

VD b
e 

C
e
2 

Where 

V
D 

- Aircraft design diving speed (ft./s) 

T
e 

- :A_evator torsional stiffness, measured 
between sections 0.05 b from port 
and starboard tips of 'le elevator. 

b
e 

Nleyator span (ft.) 

C
e 

- Geometric mean chord of elevator 
aft of hinge line. 

From the table 5 of BCAR D 3-9 Appendix 7.2 
for a plain elevator K should not be less 

than 0.012. 

given by, 
;Minimum value of torsional stiffness is 

T
e 

b
e 
C
e
2 

x V
D
] 

1 - M
2 

Only the aft cell of torsion box is 
considered for the calculation of effective stiffness. 
All the dilensions are converted to feet and substituted 
in the equation. 
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Design diving speed = 206 m/sec = 676 ft./s 

Elevator span = 14.2 m. = 46.5 ft. 

Geometric mean chord = 0.945 m. = 3.1 ft. 

is given 

T
e 3.1 x 46.5 x 0.012 x 6761 

(1 - 0.605)' 
15,200 lb. ft. / rack 

Usin Bredt-Batho theory of torsion, 

Polar moment of inertia J = 4 Ae
2 

EL 

2 

ds 

A
e 

= 0.0875 en
2 

Pe = 1.85 CEL 

CEL at stqtiOn_ y fro.ncentre line of a/c 
bY, 

G
EL 

at y = 2.98 - 1.23  y 0.4 
7.1 

ds 
J 

4A
e2 

1.85 C,;1„

4 x (0.0875 40 2

60 
14.2(2.98-.173Y) 



?8 

y 

0 
6.5 

13.0 

18.5 

23.0 

t
J 

1.0 

1.4 

2.29 

3.39 

4.52 

t/J is plotted against y in rig. 1. 

Area of under he curve from 3.5 ft fronicentre 
line to 19.5 ft. fan centre line is 40.9 

When 

Torsional stiffness T
e 

= GJ 
-6-

y 

Te = 144 x 4 x 106 x t 
2 x 40.9 

Equating this value to minimum torsional stiffness 
obtained in equation (1) 

t .  
minimum 

15,200 x 2 x 40.9 
144 x 4 x 10 

0.00216 ft. 

0.4 mm. 

The skin thickness of Aft skin panel is 1.2 mm. 
and this gives adequate margin against the torsional 
stiffness criterion. 

6.2 'our-Piece Elevator. 

In this case only the torsional stiffness 
require ,ent c) outboard elevator is calculated. 

k pl 

ICI 



rIG 1 t v S MI,5 PA N 
.1" 

3 

:SEtiti.PA:r4 .1V1.17.R.S. 
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Al 0.0216 C•I 2 P
1 

= 0.675 C
EL 

A2 0.y875 C
EL2 

P
2 

= 1.85 C
EL 

P12 = 
0.20610

EL 

Rate of twist of cell under only torsion loding 
is c.711culated in the shear flow analysis of elevator 

d 9] 
dZ 2A2 G 

cell 2 [ 

q2 P2 + 112 1)12 - ql P12 

From shear flow analysis of elevator under torsion 
load, 

G1.1 = 3.576 T 2

EL 

q2 = 4'355 T
C
EL

C
EL 

= 0.83 m. length L = 3.55 o. 

The wall •thichess of forward box is 0.8 mm. Aft 
box 1.2 mm. and span. 1.6 mm. 

On substitution the rate of twist is given as, 

d 
d = 

Twist 9 is, 

1 

2 x 0.0875 C
EL
2 x 29 x 109 

4.355 x 1.85 + 4.„).55 x .2065 — 3.5v6 x .2065 
_ 3 —3 1.2 m lc, - 1.6 x 10 - 1.6 x 10-3 
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8.16 T L 

2 x 0.0875 x 29 x 10
6 

30,000 Nm/rad. 

22,100 lb ft/rad. 

As against a minimum torsional stiffnes required 

152,000' lb ft/r7d this gives adequae margin in 
torsional stifines cr'teria. 

6.3 Ylexural stiffnEs criteria. 

BOAR Chapter D 3-9 gives the flexural bending 
criteria, 

K FA

I 
S
e 

(1_u12)

';here, F
e 

irlexural stiffnes,• of elevator 
overhangat outboard ninge 
(lb ft/rad.) 

S
e - Elevator ara of overhang including 

area forward of hinge line (ft ) 

1 
- Distance from outerhinge to tip 

along hinge line (ft.) 

For ,)lain elevators K should be greater than or 
equal to 0.09 

Se - Area of overhang = 7.45 ft.2

d - Distance of hinge line = 2.85 ft. 

DIT4r) 
676 ft/sec 
0.605 

Minimum value of flexural stiffnes 

F
e 

0.09 676 
1 

(1 - 0.605) 

123,000 lb.ft/rad. 

e 

x 7.45 x 2.85 
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DeflectiOn consists of 2 parts, 

(1) Deflection of overhang under unit 

loan: when considered as cantilever. 

(2) Deflection due to rot3.tion of spar 

at hinge position. 

( 3O111 

ot 

Deflection SI= W L13

3 E I 

2.1 x 10-6 m 4. 

1 x 0.873

Rotation 9 
at hinge 

3 x 72.4 x 10-9 x 2.1 x 10-6

0.146 x 10-6m. 

= M L
2 

3 Et 

.87 x 1.90 

3 x 72.4 x 109 x 2.1x 10-6
0.36 x 10

-6
rad. 

2 = L1 6 = 0.314x 10-6 m.

Tcyltal deflection 8. = 0.56 x 10-6m. 
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Flexural stiffness 

Where, 

Fe = 0.87 x .37 

.56 x 10-6 

1.35 x 106 Nm/rad. 

1,000,000 lb ft/rad. 

So there is adequate margin against th minimum flexural 
stiffness required. 
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SECTION 1 

SHEAR FORCE, FENDING MOMENT AND TORQUE 

DISTRIFUTION ON ELEVATOR. 

The procedure for calculation of shear 
force bending moment and torque distribution is same 
as it was done in Appendix 2 and specimen calculations 
are not repeated here. As the position of rips are 
decided by this stage the load distribution on 
each bay is calculated. It should be noted that hinge 
reactions and torque are now equally divided between 
two ribs at each hinge. Refer drawing A 7L - 
for details of rib and spar positions. 

The calculations ar given in tables 1 
to 4. the shear force, bending moment and torque 
distributions on inboard and outboard are plotted 
in Fig. :1. to 6. 
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SECTION 2 

SHEAR FLOW DISTRIBUTION IN ELEVATOR. 

2.1 Introduction.

Shear flow analysis given in this section 
is done as per DES 730. As the shear flow analysis 
is already c;arried out for one set of values of skin 
thickness the details are not repeated. 

2.2 Section geo-netry and sign convention. 

T 

CLL. 

Area of nose cell Al 

Area of aft cell A2

= 0.03375 CEL
2

= 0.0875 CL
2 

Nall length of nose cell 
P
1 

= 0.675 C
EL 

Wall length of aft cell 
P
2 

1.85 C
EL 

Wall length of sT
'T P12 

= 0.20675 
GEL 
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It is assumed that vertical shear is carried 
by web. 

2.3 CASE 1 

t1 = 0.8 mm. t2 = 1.2 m. t12 = 1.6 in. 

Details of shear flow distribution for 
this thickness of skins is given in Appendix 3 
under preliminary design of ekevators. Only 
the values of shear flows are quoted here. 

2.4. CASE 2 

spar. 

q1 0.865 V - 3.347 T 
C
EL C

EL
2 

q2 = 0.0235 V - 4.422 T 

C
EL 

C
EL
2 

112 = 4.349 V
C
EL 

t
1 
= 0.8 mm. t, = 1.0mm. t12 = 1.6 ". 

(a) For Vertical equilibrium. 

Vertical shear is carried by the 

q
12 

=  V 
0.2065 

= 4.843 V 

CEL CEL 

For overall equilibrium, 

2 A
l
q
l 

2 A
2
q
2 

Substituting, 

1.08 ql 2.8 q2

= V b 

V 

CEL 

Equating the rate of twist of ech cell, 

(1) 



114 

Substituting, 

(q1-q2-q12)

t12 

[  1 
2Ap02

2 
(q12-(12-(11) 

2.648 q1 - 2.184 q2 = 2.244 V 
0 

Solving equations (1) and (2) 

q1 

q2 

= 0.342 V 
C
EL 

= 0.0325  V 
C
EL 

(b) For Torque only, 
-'or overall equilibrium 

0.0675 q1 + 0.175 q2 = -T 

C 2

t
12 

(2) 

(3) 

Eluating the rte of twist from equation(2) 

2.643 ql - 2.184 q2 = 0 ( 2- ) 

Solving, 

ql = -3.576 T 

q2 = 

CE
L
2 

-4.335 T 

- C 2 
EL

Therefore shear flow distribution is, 

0. 42 V - 3.576 T 

CEL C
EL 

q2 
= 0.0325 V - 4.355 T 2

CEL C
EL 

2 
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1112 = 4.34$ I—
C 
EL 

Shear flow distribution in each bay is 
obtained on substitution of appropriate values 
of shear and torque. 

it 
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TABLE 2.1 

SHEAR FLOW IN INBOARD ELEVATOR 

Panel Shear Torque CEL ql q2 q,-12 

N Nm m N/m N/m N/m 

1 -1475 581 1.138 - 400 - 1980 6280 

2 4410 1733 1.124 -1.190 - 5988 19100 

3 7324 2864 1.105 -2000 -10117 32200 

4 - 578 -3648 1.100 

5 -8303 -9327 1.090 19590 34421 37000 

6 -5667 -8153 1.070 20020 32376 25700 

7 -1879 -6893 1.050 19230 27358 8700 

8 1578 -5680 1.040 18900 23235 7280 

9 3025 -4505 1.020 17090 19270 14500 

10 4773 -3366 1.000 15070 14085 21600 

11 8018 -2714 0.990 13650 12418 24300 

12 827 -2163 0.980 8308 10019 4080 

13 -6547 -1279 0.963 1330 5890 33000 

14 -3920 - 421 0.950 625 1963 20000 
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TABLE 2.2 

SHEAR FLOW IN OUTBOARD 'LE` 1TOR 

Panel Shear Torque CEL 
N Nm 

q1 
N/m 

q2 q12 
N/m ^:/m 

1 1405 458 0.940 -1318 -2889 2350 

2 4187 1350 0.92u -4175 -7175 7170 

3 6912 2206 0.900 -7000 -11973 11750 

4 - 750 -1.374 0.890 

5 -.3097 -5385 0.375 11900 33880 -43600 

6 -4387 -4915 0.865 16933 28763 -27200 

7 -1927 -4501 0.850 18942 27547 -10900 

8 975 -3207 0.825 16790 20327 5690 

9 3650 -2424 0.805 16470 16550 21860 

10 6250 -1704 0.790 1690b 12236 38200 

11 1268 -1310 0.765 8910 9909 32000 

12 -4040 -1098 0.750 2070 -8503 -28000 

13 -2249 - 588 0.731 1040 -4313 -14800 

14 - 696 - 170 0.710 267 -1457 - 4720 
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SECTION 3 

AFT CELL SKINS AN.9 STIFFNERS 

3.1 INTRODUCTION.

Aft cell skins are analysed for shear 
buckling and deflection of skin under air loading. 
Preliminary design of elevator in Appendix has shown 
that shear buckling is more predominant criterion. 
Shear flows in skin panels are taken from Tables 2.1 
and 2.2. Stiffners are designed to provide simply 
supported condition for skins. 

3.2 SKIN Ski ;AR BUCKLING. 

Skin shear stresses an reserve factors are 
given in Tables 3.1 and 3.2. The stiffners are 
assumed to provide simply supported edge conditions. 
Perlissible shear stresses are calcuLited from 
ESDU 71005. 

17crit 
= K Em (t/b)2

For a/b = 250 = 0.23 K = 5.0 
1090 

r crit = 25.0 x = 0.00014 (1.2) 
250 

E
T 

crit 
= 8.34 "4N/'i

'or panels with stiffner in tb.e middle the 
panel size is 125 mm x 1090 71m. 

rcrit = 4.9 x 1.2 
125 

ET 

= 32.69 ̀ vlDt/tli 7:crit 

2 
= 0.0001+5 
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3.3 Si IN DEvf,ECTION Or PANTL. 

The skin deflection of panel under proof 
loadinj should not exceed 1/50 of denth of elevator 
at the station. 

Considering ; panel withcylt the effect of 
stiffner, 

1090 M M 

L 72 1'2 MM TiCk 

, :aximum air pressure at the section is 
8500 

Using R.Ae.Soc. 02.09.07 

P (b/t) = 8500 x  250 2 = 460.1 
E 72.4 x 109 1.2 

For this value of P (b/t)4 ¢ = 2.25 

E 

Deflection of panel A = 2.7 mm. 

Permissible deflection 

Reserve factor 

6c ,- 1 x220 
50 

= 4.4 mm. 

1.6 R.F 16 

The presence of stiffner decreases the 
deflection of panel. As the panel already las 
a margin against deflection detailed calculations 
are notcdone. 
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3.4 STIFFN":2.

The stiffner is able to provide simply 

sul)ported end conditions against shear buckling. 

Considering a panel of 125 rim x 1090 mm 

for a/b = 0.11 K = 4.9 from ESDU 71005 

From R.Ae.Soc. 02.03.02 
value of FL= 1.63. 

t-t = 

a - Panel width. 
b - stiffner spacing. 

I c 
2 

x a
2
t
3 

b 

for K = 4.9 

1.63

1.632 x 250 x 1.23

2180 rvirrt4

30 times the width of skin effective in 

bending . 

MM 

36 MM 

3'84 MM 
A 

L 72 IS MM„ ZOMN1

1'2 MM . 

Item A Y Ay 

1 43.2 0.6 25.9 

2 18 1.8 32.4 

-5 24 11.2 269 

85.2 327.3 

INA = 2665 m7111-

Y' Ay' I. 

3.2 4/43 

2.0 72 

7.5 1350 Zoo 

1865 
800 

24.. 2665 
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Therefore stiff:"Ier .moment of inertia is adequate 
to provide simplu supeorted condition. 

3.5 DIRECT STRESSES IN DU AIR PRESSURE 

When the skin deflects under air pressure 
direct stresses ar produced in the skin.

2 
From R. 

Ae. Soc. 02.09.07 the value of h (t/10) is 
esti-..ated from the value of S . 

t 

For panel 250 m x 1090 TM the maximum 

deflection is found to be 2.7 mm from section 3.3 

d = 2.25 for 2 (b/t)4 = 460.1 
t S 

4-2 (b/t)
2 

90 

E 

G-2 
= 145 MN/m2

2 0.1% proof stress of material L 72 is 
RF 1.6 231 MN/m: 

Reserve factor = 1.6 

3.6 ATTACH:: AFT CELL SKIN TO THE FRONT STRAP 

Maxilui shear flo in panel is 34420 N/m 
from. table 3.2. 

Shear load = 34420 x 0.250 

= 3600 N. 

Selectng nine rivets 5/32" diameter L 69 
counter sunk head, load for rivet = 950 N. 

For D = 0.3 from CIT S-12-13 
t 

K
u 

0.55 K = 0.43 

So 2.56KN 

S = 0.53 x 2560 = 1360 N. 

0.43 x 2560 x 1.5 x .7 = 1150 E. 

Reserve factor = 1.21 1.21 



122 

3.7 INTER RIVET BUCKLING. 

Using R.Ae.Soc. 02.01.08, 

= K (t/1)2 K = 1.23 for 
6—crit

CSK 

= 1.23 x 1.2 2 = 0.00195 
30 

From DES 7306/2 

crit = 
140 ,11Nim, 

Applied shear stress r-- 34420

1.2 x 
10_3

= 28.5 MN/trl 

eserve factor > 2 RF ) 2 
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TAPLE 3.1 

INBOARD ?J.:El/ATOP r-j'T OELL SHEAR STRESSES 

Panel 
(12 

N/m 

t 

mm 

Applied 
shear 
stress 
MN/m'" 

No. Of 
Stiffner 

Allowable 
shear 

Stresses 
'INN,-

-i.-Ic 

1 - 1980 1..2 1.65 0 3.34 > 2 

2 - 5988 1.2 4.99 C 8.311 1.67 

3 -10117 1.2 3.48 1 32.69 >2 

4 1.2 0 

5 34421 1.2 23.7 1 32.69 1.14 

6 32376 1.2 26.9 1 32.69 1.21 

7 27350 1.2 22.5 1 32.69 1.45 

8 23235 1.2 19.3 1 32.69 1.70 

9 19270 1.2 16.0 1 32.69 2 

10 14805 1.2 12.3 32.69 >2 

11 12418 1.2 0 

12 10019 1.2 9.49 1 32.69 >2 

13 5390 1.2 4.91 0 3.34 1.7 

14 1963 1.2 1.63 0 3.34 %' 2 
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TAIL[ 3.2 

OUTBOA.RD ELEVATOR AFT CELL SKIN  SHER STRESSES 

Panel 
q1 
N/m 

t 

mm 

Applied 
shear 
stress 
mrvirnl- 

No. of 
Stiffner 

Allowable 
shear 
stress 

Mighl,7-

: 
RF 

1 - 2289 1.2 1.91 0 8.34 2 

2 - 7175 1.2 5.98 0 3.34 1.4 

3 -11970 1.2 9.98 1 32.69 >2

4 1.2 0 

5 33880 1.2 28.2 1 32.69 1.16 

6 28760 1.2 2h.0 1 32.69 1.36 

7 27547 1.2 22.9 1 32.69 1.49 

8 20317 1.2 17.3 1 32.69 1.89 

9 16550 1.2 13.3 1 32.69 >2 

10 10250 1.2 10.2 1 32.69 >2 

11 9870 1.2 0 

12 3630 1.2 7.1 1 32.69 -> 2 

13 4340 1.2 4.0 0 3.34 >2 

14 1L70 1.2 1.21 0 8.34 >2 



r 
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DRA'NING NUMBER A 74-E 

SECTION 4. 

NOSE CELL SKIN. 

Refer Drawing A 74 - 2 2 

4.1 INTRCDUCTION.

Analysis of nose cell is carried out 
considering the nose section as a curved panel. 
The method given in Chapter 13.6 of structural 
principles anu data is followed. As the nose 
cell is not a semi-circular section a further 
check on shear buckling stress is carried out, 
considering it as a flat panel for the portitm 
of nose cell where it is flat. 

4.2 SII-2,1A.R BUCKLING. 

Considering a nose cell uanel on the 
inboard elevator, 

/ zso MM 

..*-----------------.., L72 O•S Mr4k TEK 

Equivalent radius = 110 mm. 

b- = 706 
Rt 

Prom Fig. 13.42 B, K = 90 
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DPA-SING NUMBER A 74 - E 2 P.F 

= K (t/b)2
crit 

ET

crit. 
= 90 x 72.4 x 109 0.3 

2 

250 
= 67 MN/m

2 

Maxinum applied stress from table 4.1 
= 25.0 14N/m2 

Reserve factor >2 >2 

Considering only the straight nortion 
of nose celL of 100 mm. wide, 

For a/b of 0.4 K = 5.8 

Z7crit = 5.3 x 0.3 
100 

T 

r crit. = 27 MN/m. 

Max. applied stress = 25 MN/m2 

Reserve factor = 1.07 

2 

However this is a very consrvative assump-
tion as the effect o: curvature on panel is 
completely neglected. Also no allowance is 
made to take into account of the reduction 
in radius as depth of .section decreased with 
increasing span. This again is a conservative 
assumption. 

4.3 ATTACHTENTOF NOSE SKIN. 

Max. shear flow in panel = 20020 N/m 

Total load = 20020 x 0.25 

= 5050 N. 

Providing 9 numbers CSK 5/32" L 69 
rivet on top and 5/32" Avdel rivet on bottom 
surface. 

1.07 
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NUMBER A 7L E 2 R.F 

Load tier rivet = 5050 = 560 N. 
9 

Frorn CIT S - 12 - 19 for Avdel rivets, 

K
u 

0.42 Kr = .33 

So 2.53 KN 

S
u 

0.42, x 2530 = 1000 N. 

1.5 7  0.7 -,: .33 2530 = 

1-eserve f..ctor = 1.57 

7 7A RIVET BUCKLING. 

Using R.Ac.Soc. 02.01.08 

1.23 for CSK rivets. 

6Thrit= 
1.23 0.8 2 

E
T
 

30 

m.c-crit= 
63 MN/

Applied shear stress 

1.57 

= 25 IN RF >2 

Reserve factor > 2 
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TABLE 4.1 

INBOARD ELEVATOR NOSE CELL SHEAR STRESS. 

Panel 
ql 

N/M TM MN/m2

crit 

MN/M2' 

R.F

1 - 400 0.8 0.5 67.0 } 2 

2 -1190 1.49 67.0 > 2 

3 -2000 O. ' 2.50 67.0 > 2 

14- 

19590 0 8 24.5 67.0 > 2 

6 20020 0.8 25.00 67.0 > 2 

7 19230 0.3 24.1 67.0 2 

8 18900 0.8 23.6 67.0 >2 

9 17900 0.8 21.4 67.0 > 2 

10 15070 0.8 18.9 67.0 > 2 

11 

12 13650 0.1 17.0 67.0 > 2 

13 8306 0.S 10.0 67.0 >2 

14 1330 0.9 1.66 r?. c > 2 

IL
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TABLE 4.2 

OUT BOARD ELEVATOR NOSE CELL SHEAR STRESSES 

Panel q
1 

N/m 

t 

MM 

tcrit 

MN/m2

Z 1 

MN/m
2 

R.1? 

1 - 1318 0.8 67.0 1.61 > 2 

2 - 4175 0.8 67.0 5.21 > 2. 

3 - 7000 0.8 67.0 8.75 > 2 

4 0.9 

5 L17990 0.8 67.0 22.5 >2 

6 16930 0.8 67.0 21.2 >2 

7 18940 0..8 67.0 23.5 ) 2. 

8 16740 0.8 67.0 20.8 >2 

9 16490 0.8 67.0 20.5 >2 

10 16960 0.8 67.0 21.1 >2_ 

11 0.8 

12 2070 0.8 67.0 2.56 > 2 

13 1040 0.8 67.0 1.31 >2 

14 267 0.8 67.0 0.31 



SETION 5 

ANALYSIS OF NON-HINGE RIB 



130 
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SECTION 5 

ANALYSIS OF NON-HINGE RIB. 

Rib at station 1880 Inboard elevator. 
Refer to Drawing A 74-E5 for details. 

5.1 INTRODUCTION.

Rib at stJtion 1880 mm. from centre 
line of aircraft is taken as a typical non-hinge 
rib for analysis. All non-hinge ribs are made of 
Aluminium Alloy L 72 pressings with lightening holes 
in the web to decrease weight and increase stiffness 
of the panel. The nose portion of rib is shaped as 
shown in the drawing. Thy' nose cell and aft cell 
have seperate ribs and are rivetted on to the spar. 

Ribs are analysed to react incremental 
shear force and torque given by the steps in Table 2 
of section 1. The air loadin on. half the bay on 
either side of rib is contributing to the shear force 
and torque increments on the rib. 

5.2 LOADINr, AN-2. SHEAR FLOW. 

Incremental loads on the rib at station 1880, 

Shear V = 3395 N. 

Torque T = 1174 Nm. 

From Section 2 the analysis of shear flow 
in the box is given as, 

0.865 V - 3.347 T 

'EL C
EL
2 

= 0.0235 V - 4.422 T 

CEL
2 

cEL 

q12 = 
4.848 V 

C
EL 



value of V and 

ql = 

q2 = 

q12 = 

Substituting in the equations above the 
T, 

-750 N/m

-4594 Nlm 

15600 N/m. 

Shear flow in the web q = 
w 

qw 

5.3 MOMENT B,1,11\C 52. AT I .6] SPAR. 

q12 q2 ql 

11?56 N/m. 

Area of nose cell = 0.03375 CEL-
2 

Area of aft cell = 0.0'75 C
EL
2 

Pending moment due to shear flow, 

2) 
57.2 Nm. 

-912 Nm. 

Net 'foment = 969.2 Nm. 

The load distribution on the elevator dur 
to control deflection are plotted in rig. 5.1. 
From this the bending moment due to air loading 
is obtained. 

Nose cell 2 A1q1=

Aft cell = 2 A2q2= 

Pending moment due to air to •.d at 

Nose cell = -103.5'?gin.

Aft cell = 1071.9 N . 

Net moment = 968.4 Nm. 

Bending moment on rib is balanced 
spar. 

spar 

24) 

at the 
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5.4 SHEAR FORCE AND FENDING MOMENT DI.W.4RAM. 

Detailed calculation of shear force and 
bending moment at different stations are presented 
in Table 1. The bending moment and shear force 
diagrams are presented in Fig. 5.2 and Fig. 5.3 



4mill111 

TABLE 5.1 

SHEAR  FORCP-, Eat.TRIBUTION ON RIB. 

6TATIoN1 h, AtR.L04-D ASTR LOW SIIEAR 
-60 1 1 wil$ 

h -h 1 g's- 4 ) 
N PA X CHoRD '111, 4ON grap N N s sklecive 

l' h. N 

0.1-7L- C.22 13.8 468 468 165 633 

0.625 0.215 14-3 485 953 161 -2526 0 0 11114. 
-1412 

0.675 0.18/4_ 14,15 480 1433 161 -2526 0.031 -142 -1074 

0.725 0.148 14.00 475 1908 161 -2526 0.067 -308 - 765 

0.775 0. 113 13.70 465 2373 161 -2526 0.102 -468 - 400 

0.825 0.085 13.00 442 2815 161 -2526 0.130 -596 - 146 

0.875 0.059 9.40 319 3134 161 -2526 0.156 -717 52 

0.925 0.33 5.65 192 3326 161 -2526 0.182 -836 125 

0.975 0.009 1,95 69 3395 161 -2526 0.206 -940 0 

ar position. 
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TABLE 5.2 

RENDING MOMENT DISTRIBUTION ON RIB. 

Station NetShear B.M due BM due Net BM 

- of N to shear to air Nm 
Nm loading 

0.575 633 35.0 9.5 44.5 

A 0.625 1114 57.2 103.5 160.7 

-1412 -912.0 1071.5 159.5 

0.675 -1074 -660 731.9 71.9 

0.725 - 765 -468 460.6 - 7.4 
r 

0.775 - !00 -219 262.7 -43.7 

0.825 -i 146 -182 123.7 -58.3 

0.875 52 - 84.5 44.9 -39.6 

0.925 125 - 19.2 9.4 - 9.8 

0.975 0 0 0 0 

• sPAR. post nom 
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DRAWING NUMBER A 74 - E 5 

Analysis of rib in bending. 

Moment of inertia of aft rib in bending. 

For analysis it is assumed that 30 times 
the thickness of skin is effective in bending. 

30 x t = 30 x 1.2 = 36 ram. 

Depth of web at spar= .210 nrn. 

3G MM 

L72. aisMMTL 

W.A. 

Item A 
2 

nm mm 4 nm  4 

1 36 105 3.47 x105 - 

2 12 104 1.30 x105 -

3 32 80 2.05 x105 5.3x103

7.32 x105 

0 
% 

0 

A y
2 

I.2 MM 

.053x105 

TEA 2. 7.373y105

R .F. 
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DRAWING NUMBER A 74 E 5 R.F. 

INA = 2 x 7.37 x 105

= 1.474 x 10-6 nal/. 

mmit 

Maximum bending moment in the aft rib 
occurs at spar section. From Table 5-2 Fending 
moment is 160.7 Nm. 

Bending stress in flange = 160.7 x 0.105 

1.474x10-6

= 10.9 MN/m.2

5.4 Check against local instability of 
rib flanges. 

Flange thickness = 0.8 mm. 

Flange width 15 mm. 

One end is assumed free and other end 
simply supported. 

6—crit. = K ET (t/b)2

K = 0.58 for above condition. 

ET 

From DES 7306/2 

0.58 x 0.8 2

= 0.00165 15

120 MN/m2 

Applied stress = 10.9 2[1\!/m
2 

Reserve factor on flange instability 
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DRAWING NUMBER A 74 - E 5 R.F. 

Nose cell rib at station 1880. 

This rib also has same thickness 0.8mm. 
and 15 mm. flange. There are no lightening 
holes on nose rib. Moment of inertia is 
calculted as before. 

2.4 mtki 

ts-MM 

L72. os Ntm 

Nh 

Item A 

mm2

VI 
O 

mm 

Avg I
o 

mm4 7-14 

1 24 105 2.65x105

2 12 104 1.30x105

3 32 50 0.8oxio5 0.36x105

4.75 
.36 
5.11 x 105

INA a 2 x 5.11 x 105 mm. 

1.022 x 
10-6 m4 

Bending stress in flange = 160.7 x 0.105 

1.022 x 10
-6 

= 16.4 MN/m2 
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From section 5.4 allowable stress for 
local instability is 120 MN/m. 

Reserve factor on flange instability 2 

5.6 Shear buckling of aft rib. 

Shear web analysis is carried out 
as per NLL Report S 446 by M. Botman. 

(Natonal Luchvaart Laboratoriuni) 

D 75)4,1 

N=Z14MM

L72. (71.Mnii 

A = 125 ikit1 

210 = 260 A = 125 = 0.6 
0.8 H 210 

D = 75 = 0.6 
A 125 

Buckling stress for a plain panels 2
without lightening holes = 2.8 x 10 lbAn 

From Fig. 2 of the report 

= 1.1 

tb 



DRA'VING NUMBER A 74 - E 5 k. 

crit 
, 

1.1 x 2.8 x 103 lb/m2

= 3060 lb/m
2 

21.1 MN/m. 

Shear flow in rib = 4594 N/m 

Applied shear stress = 4594 

0.8 x 10-3

5.75 MN/r11 

Reserve factor = 21.1 
5.75 

5.7 Shear buckling of nose rib. 

Shear flow in rib 750 N/m. 

Applied shear stress= 750 

0.8 x 10-3 

0:9 

From ESDU 71005 for all sides simply 
supported b/a = 0.5, K = 5.8 

rcrit.
E
T 

= 5.3 x 0.8 2
100 

From DES 7306/2 

crit = 25.6 MN/ i2 

= 0.000371 

Reserve factor on shear buckling 

5.8 Inter rivet buckling. 

The rib has smaller thickness than 
the skin and hence the inter rivet buckling 
stress of rib flange is calculated using 
R.Ac. 02.01.08 

72 

I{ 
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DRA IG NUMBER A 74 - E 5 R.F. 

crcrit. = K ET (t/l)2 

1.23 for counter sunk rivets. 

Thickness, 1 - rivet pitch. 

G- = 1.23 x[0.81 2
crit. 

1 

mm 

`crit. 
MN/m 

20 115 

2.5 77 

30 44.7 

35 35.0 

40 27.0 

50 22.8 

Shear stress in aft cell flanr'es = 5.75MN/m2

However because of the super critical 
section of elevator a rivet pitch of 30 mm 
is used. 

Reserve factor > 2 

Rivet pitching in nose cell rib is 
taken as a minimum of 2 rivets betwe.-n notches. 
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DRANING NUMBER A 74 - E 5 P.F. 

5.9 Rib-Flange skin attachment. 

Flange thickness 0.8 mm, material 
L 72 Rivets im diameter L 69, 100o csK 
for aft cell. 

Shear flow 1412 N/m. 

Length of flange = 1.05 ;I. 

Shear load on flange = 1470 N. 

From CIT S-12-01 single shear strength 
of rivet S

o 
1.64 KN. 

Using: a reduction factor of 0.7 
design load is the smaller of 

S = K S S = K
D 
S 

u U o 

From. CIT S-12-13, 

the 

0

For t/d. = 0.25 K
u 

= 0.48 

0.38 

S
u = 0.48 x 1.4 = 0.69 KN 

Sp 0.38 x .7 x 1.5 x 1.4 = 0.60 KN. 

Design load is 600N. in single shear 
when rivets are provided at 30 mm. pitch 
33 rivets have an applied load of 45N. 
per rivet. 

Where it is not possible to provide 
reaction for solid rivets in AVdel rivets 
are used. 

Single shear strength So = 1,82 KN 

From CIT S-12-19 for t/d = 0.25 

K
u 

0.35 Kp = 0.27 

RF >2 
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S
u 

0.35 x 1.82 = 634 N. 

Sr 0.27 x 1.5 x .7 x 1.82 = 515N.

As against an applied load of 45N RF > 2 

(b) Nose cell. 

Shear flow = 750 N/m. 

Flange length = 0.34 m. 

Total shear load = 255 N. 

A total of 15 rivets ar,,, nrovided 
Therefore applied load of only 17 N per rivet. RF > 2 

5.10 Bearing strength of rivets on rib. 

Applied load on rivet = 45 N. 

Bearing stress = 45 

0.8 x 3.19 x 10-6 

= 13 MN/m
2 

Allowable bearing stress for L 72 401MN/m2 RF >. 
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SECTION 6 

Analysis of hinge rib at station 1420 on 
Inboard ,1_evator. 

Refer drawing A 74 - E 6. 

6.1 INTRODUCTION.

Rib at station 1420 is taken to show 
the analysis of a typical hinge rib. In this 
case the moment due to airloading only balances 
at the spar. Ther= is an input of shear and moment 
at spar coming from the hinge reaction and torque. 

6.2 LOADING.

Air loadinT which contributes to incremental 
shear and torque are taken from Table 1.1 as 
contributed by half bay width on either side of rib. 

Incremental shear due to 
airloading = 2126 N. 

Increlental torque due to 
air loading =  767 Nm. 

Vertical load and torque increment due to 
reactions at hinge ar • taken from Table 1.2 of 
Section 1. 

Vertical reaction on each 
hinge rib 

Reaction torque on each 
hinge rib 

-10051 N. 

- 6104 N. 

Net vertical reaction = - 7925 N. 

Net torque - 6104 N. 

6.3 SHEAR FORCE AND BENDING MOMENT DISTRIBUTION. 

The shear and bending moment calculations 
are similar to the analysis of section 5. 



r 
146 

°Li 0.865 V - 3.347 T = 10900 1, /m. 
2 

EL 

q2 
0.0235 V - 4.422 T = 22180 N/u 

2 
C
EL 

C
EL 

q12 = 4.848 v = -35100 Tc/ 
eEL 

= q12 q2 ql 
-23820 Vn. 

Calculations are given in Table 6.1 and 
6.2 and shear force and B Mt diagras on Fig. 6.1 
and Fig. 6.2 



5I+EAR. FORCE ON RIG 142O. 

STA.-1'10N 
C ry, h ks-h• l zoch) 

0.575 

A 0.625 

.223 

.223 

-2486 

-2430 0 0 

0.675 .191 -2430 .032 720 

0.725 .154 -2430 .069 1530 

0.775 .117 -2430 .106 2350 

0.825 .088 -2430 •135 2995 

0.875 .061 -2430 .162 3590

0.925 .034 -21+30 .189 4190 

0.975 .009 -2430 .214 4750 

A. Spar position 

TABLE 6.1 

Aitz Lob) 

13.3 

14.3 

AIR LORD 
N 

293 

304 

S He A R. 

293 

597 

RGACTIbN 

-10051 

Ne-r 
S trE12. 

N 

- 2193 

-11884 
- 6574 

14.15 300 897 -10051 5554 

14.00 297 1194 -10051 - 

13.7 291 1485 -10051 - 3336 

13.0 276 1761 -10051 - 2415 

9.4 198 1959 -10051 - 1622 

5.65 120 2079 -10051 - 902 

1.95 45 2125 -10051 - 296 
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TABLE 6.2 

SHEAR AND BENDING MOMENT ON RIB. 

Station 
% of 
chord 

Shear 

NI 

Moment 
due to 
shear 

Nm 

Moment 
due to. 
airload 

Net 
Moment 

0.575 - 293 -486 8 -480 

0.625 -11884 -83? 17.1 -815 
- 6574 4460 279.6 4739.6 

0.675 - 5554 3250 188.1 3438.1 

0.725 - 4447 2290 119.2 2409.2 

0.775 - 3336 1465 67.1 1532.1 

0.825 - 2415 892 31.1 923.1 

0.875 - 1622 414 11.1 425.1 

0.925 - 902 93.7 2.20 95.1 

0.975 - 296 0 
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DRAWING NUMBER A 74 E 6 R.F 

6.3 ANALYSIS OF RIP 1420 II' B7:NDING. 

The rib is machined fro DTD 5020 

material and has web of 1.4 mm. thick and 
flange 1.6 mm. thick, 30 x t skin width is 
assumed effective in bending. 

30 x t = 30 x 1.2 = 36 mm. 

  36 MM  

14 PIM 

DTD 5020 

• NA 

14-

O 

Item A y Ay
2 

I
o 

mm2 mm mm mm4 

1 

2 

3 

36 110 3.96x1o5

24 109 2.85x105 -

3 55 4.74x105 1.55x105 

11.55 
1.55 

13.10x105 

-6INA = 2 x 1.31 x 10 m. = 2.62 x 10-6m1: 



DRAWING NUMBER A 74-E 6 R.7. 

Maximum bending moment in the rib occurs 
at aft rib at the spar. 

Maximum bending stress = 4739.2 Nm. 

Pending stress = 4739.2 x  0.11 

2.62x10
-6 

200 MN/111 

6.4 LOC1L INSTABILITY OF FLANGES. 

Flange thickness = 1.6 mm. 

Flange width = 15 mm. 

One end.is assumed simply 
and one end free. 

K(t/b)2c-erit. 

supported 

1.6 2 = 0.0066 

E
T 

= 0.58 x 
tcri . 15 

E
T 

From DES 7306 

c-crit.= 250 11//-Z 

Applied stress = 200 MN/m
2 

1.25 
feserve factor = 250 

200 

Nose rib bending stress = 815 x .11 

2.62 x 10-6 

= 34.5 MN/m2

Reserve factor > 2 
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DRAWING NUMBER A 74 - E 6 R.F. 

6.6 SHEAR BUCKLING OF RIB. 

No lightening hales are provided on 
the rib. The shear buckling of panels 
supported on all sides supported as given in 
ESDU 71005 is used. 

For b/a = 0.62 K = 6.2 

crit. 
6.2 x 1.4 

140 
E
T 

0.00065 

From DES 7306/2 

2 

crit = 4b, MIMm•2

Shear flow in the rib = 22180 N/m. 

Applied shear stress = 22180 

1.4 x 10-3

15.7 
MN/m2

eserve factor 7 2 

6.7 STIFFENER INSTABILITY. 

From ESDU 71005 Fig. 2 (R.Ae.S. 
02.03.08.) for the panel having K = 6.2 

14 rit. = 1.34

M tal 

a = 220 mm. b 140 mm. t = 1.4mm. 
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I = 1800 mml-
xx 

Therefore, 

= 1800 x 140 = 1.40 

220
2 

x 1.43 

= 1.34 

R.F. = 1.05 1.05 

6.8 JOINT STRAP AT SPAR POSITION 

Bending moment at spar is trans-
mitted through 1.2 mm thick finger plate to 
nose rib. 

Bending moment at spar = 4739.2 -T ft. 

Spar depth = 223 17... 

End load on joining strap = 21500N 

s?ArK FLA-N4E. 

4-

Tottal S.72.AP 

14- rlos 3 rivets A" 
C 

i+tki4G P-Arl 

Load on each rivet = 15.4 KN. 
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DRAWING NUMBER A 74 - E 6 

For t/D = 0.3 K
u 

= 0.53 

0.43 

From DES 7306 strength of 3/16" rivet 
is 3.69 KN. 

S
u 

0.53 x 3.69 = 1.95 KN 

0.43 x 1.5 x .7 x 3.69 = 1.67KN 

Design load on rivet = 1.67 KN. 

Applied load on rivet = 1.54 KN 

Applied finger stress. 

Tensile stress = 2 x 1540 

30 x 1.2 x 10
-6 

33.2 MN/m2

Shear stress = 2 x 1540 

2 x 30 x 1.2 x 10-6 

42.6 MN/m2

Bearing stress = 1540

4.74 x 1.2 x 10
-6 

1'O8 

271 

From CIT S - 14 02 

Failing stress. 

Tensile stress. = 361 MN/m2

Shear stress' = 193 MN/m2

Proof stress x 1.5 x 0.7' 

Tensile stress = 314 MN/m2 :?B' >2 

Shear stress = 142 MN/m RF;>2 

1.71 Bearing stress 481 MN/m2 
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6.9 AFT SKIN RIE ATTACHMENT. 

Shear flow 22180 N/rn. 

Length offlange= 1.09 m. 

Total load on 
flange = 24200 N. 

Assuming 35 5/32" L 69 rivets at 30mm. 
pitch, load on each rivet = 700 N. 

Considering that Audel rivets will be 
required in the area where reaction cannot 
be provided for solid rivets. 

From CIT S - 12 - 19 

K = 0.42 

S0 for 5/32" 

S
u 

= 0.42 

SP = 0.33 

for t/d = 0.3 

K = 0.33 

rivet = 2.56 KN 

x 2.56 = 1.15 KN 

x 1.5 x 0.7 x 2.56 = 0.89 KN 

Reserve factor = 1.27 1.27 

6.10 NOSE CELL RIB SKIN ATTACHMENT. 

Shear flow 

Length of 

Total load = 3710 N. 

Providing 15 rivets -k" diameter L 69, 

= 10900 N/m 

flange = 0.34 m. 

Load an rivet 

Reserve factor 

= 247 N. 

> 2 7? 
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DRAWING NUMBER A 74 - E 6 R.F. 

6.11 SPAR-RIB ATTACH- NT. 

Shear flaw• = 23820 N/m. 

Applied shear 
load = 23820 x 0.22 

5250 N. 

Using 10 numbers 5/32" rivet, 

Load for rivet = 525 N. 

S
P 

= 890 N. from section 6.9 

Reserve factor 1.70 
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DRANING A 74 7 7*- F 

SECTION 7 

STRESS ANALYSIS OF INBOARD ELEVATOR SPAR. 

7.1 LOADING ON THE SPAR AND CROSS SECTION. 

Bending moment and shear on spar 
is tabulated in Table VI . The maximum 
bending moment in spar occurs at the inboard 
hinge section between ribs 6 and 7. 

The spar section is shown below. 

?DINT STRAP. 

L 72. 1.0M0 TK 

SPAR 

L.72 1•C, MM TCk 

For calculation of section moment 
of inertia 30 x t of the material is assumed 
effective in bending. 

7.2 MOMENT OF INERTIA OF SECTION. 

0 

30 x t =30x1.2 

= 36 mm 

Nt A 
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As the section is symetrical Neutral 
axis is in the 7tiddle. There isnightening 
hole between rib 6 and 7. 

Item Area A y Ay
2
 Io

1 

MM2

36 

MM 

110 4.36x105

hiwt4 

2 30 109 3.57x105

3 32 108 3.73x105 

4 86.5 27.0 0.63x105 0.21x105

12.29x105 

.21x105 

12.50x105 ram.4 

Ixx mm. 2 x 12.50 x 105 4 

25.0 x 10-7m4. 

Applied bending stress = 3413.0 x 0.11 

25 x 10-7 

150 MN/m2 

7.3 CHECK LOCAL INSTABILITY OF SPAR FLANGE 

Flange thickness= 1.6 mm. 

Spar width = 20 mm. 

Assuming one end simply supported 
and one end free. 

G- crit.
= K (t/b)2

= 0.58 x 1.6 2 = 0.00371 
20 
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From DES 7306/2 

R.F 

Allowable critical stress = 175 MN/m.2 1.15 

Reserve factor = 175 
150 

7.4 WEB SHEAR BUCKLING. 

Thickness = 1.6mm 

D = 100mn 

RIG7 RKSI? 

2 
c4 

Shear buckling stress for a panel with-
out lightening holes. From ESDU 71005 for 
A = 0.88 K 
H 

rcrit 

ET 

Grit 

t 

A 

= 6.8 

6.8 x 1.6 
2 = 0.100360 

220 

= 26.0 MN/m.2 

220 = 137 
1.6 

100 = 0.4 
250 
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DRA':1ING NUMBER A 74 - E 7 R.F. 

From Fig. 1:1 b Vs H on extrapolation. 
t 

rb 

eb = 0.86 
b 

b 
= 0.86 x 26.0 AN/m2

= 22.4 MN/m, 

Shear flow in panel. 

From TablelAi shear in the web, 

-q12 q2 - ql 

-37000 + 3L421 - 19590 

She7i.r stress in panel = 22100

Reserve factor 

7.5 Inter rivet buckling. 

1.6 x 10-3 

13.8 IN/m2

= 22.4 
13.8 

From R.Ac.Soc. Data Sheet 02.01.08 

Gr-crit. K ET (t/1)2 

For counter sunk rivets K = 1.23 

For a rivet pitch of 18 mm. the 
outer rivet buckling stress of 0.8 mi. thick 
front box skin. 

67-crit 

E
T 

1.23 0.8 2
18 

= 0.00243 

1.61 
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From DES 7306/2 

crcrit. 
= 175.6 MN/TZ 

R.F. = 175.6 
150 

7.6 SPAR DEFLECTION AT MID SPkN. 

For calculation of spar deflection 
a simplified uniformly, distributed load and 
inertia distribution is assumed. 

loading 
Deflection at mid span under these 

c5 w 1
2 

334E I 
(512 - 24 112) 

In this case 1 = 1.53 m. 

1
1 
= 0.65 m. 

Average value of u.d.l. on inboard 
elevator is 14200 N/m. 

I = 2.5 x 10-6m4

E = 72.4 x 109 MN/m2

= 14700 x 1.532x(5 x 1.532 - 24 x 0.652) 

384 x 72.4 x 109 x 2.5 x 10 -6 

1.15 

0.767 x 10-3

0.767 mm. 

Permissible deflection of control 
surfac,? is 2% of depth of structure at section. 

Permissible deflection = 0.02 x 220 
= 4.4 mm. 

Reserve factor 72 
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SECTION 8 

HINGE BRACKETS 

DRAWING NUMBER A 74 - E 7& E 8 

8.1 This section gives stress analysis of 
hinge bracket at station 1370 on inboard 
elevator Drawing A 74 - E8 gives the details. 

NIATeRIAL 

L65 FORGING 0 

8.2 ACTUATOR HINGE BRACKET 

The shortest effective moment arm 
for the actuator occurs at maximum elevator 
deflection. 

Maximum torque at hinge line = 13742 Nm 

Lever arm 0.180 m 

Maximum load on actuator = 13742 
0.13 

= 76,400 N 

By combining the maximum load due 
to actuator and hinge reaction using the 
parallellogram of forces for the elevator 
positioned at maximum deflection the maximum 
reaction is obtained. 



163 

DRAWING NUMBER A 74 E7 8 T'g R.7 

7674-o o 

Zolo2 %5 70a 

Assuming for 'fail safe considerations' 
in the event of one of the brackets failing 
the other should be able to resist 80% of 
ultimate load 

8.3 SELECTION OF BEARING 

Maximum reaction at the hinge 
bracicet = 8740 KG 

Load on each bearing = 0.8o x 8740 

6980 KG 

From Ampep catalogue of self aligning 
standard spherical bearings 15 GSW bearing has 
a maximum st-itic load of 8890 KG radially.. 

Design load = 1.5 x 0.7 x 8890 

= 9240 KG 
Reserve factor = 9240 = 1.31 

6980 
1.31 
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DRAWING NUMBER A 74 - E 8 R.F 

dimensions in mm. 

Part No. 

15 GSW 

H Wt. 

15 17 29 13.5 0.064 

8.4 HINGE BOLT BENDING 

t.

tc 

F 1425 N 

21425 IV 

Effective off set of 
bolts = t + gap + ti

o.
2 4 

Applied bending 
moment 

= 2.5 + 3.0 + 17 
4 

= 9.75 mm. 

= 21425 x 9.75 x 10-3 

= 200 Nm. 
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DRAWING NUMBER A 74 - E8 R.F 

From R.Ac.S. 01.06.01 

Form factor = 1.54 

Section modulus= Ti d = 3.32 x 10-7m3
32 

For 3 99 material t
2 

Allowable bending moment 
on bolt = 1.54 x 1150 

x 106 x 3.32 x 10-7 

Reserve factor 

8.5 LUG STRESSING. 

589 Nm 

1150 MN/m2

2 RF >2 

Lug stressing is due as per the method 
given in DES 7312 

C = 12:5-

d 18MM 

=5 MM 

Ci..•=2S" 

a = = 1.37 d = 3.6 
18 

Lug is analysed for a maximum load of 
80% of ultimate. 

Applied load on each lug = 0.8 x 85700 
2 

= 34300 N 
Applied stress. 

Tensile stress = 34300 

2 x 5 x 12.5 x 10
-6

272-MN/m2
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DRAWING NUMBER A 74 - E8 R.F 

Shear stress = 34300

Bearing stress= 

From S 14 - 02 
Failing stress 

Tensile stress 

Shear stress 

2 x 25 x 5 x 10 

136 MN/m
2 

34300 
18 x 5 

380 MN/m2

-6 

= 64500 psi = 444MN/m
2

= 33000 psi = 211 MN/m
2 

As a = 1.1 
a 

Factor for shear = 1 - 0.1+ (1.5 - 1.11) 

= 0.85 

Bearing stress = 132600 psi = 911 MN/rn2

Proof stresses 

Tensile stress = 56500 x 1.5 x 0.7 

= 59000 psi = 406 MN/m2

Shear stress = 27000 x 1.5 x .7 x 0.85 
= 26300 psi = 181 MN/m2

Bearing stress = 90900 x 1.5 x 0.7 

= 95000 = 658 MN/M2

Allowable stress 

Tension = 406 MN/m2 1.5 

Shear = 181 MN/m2 1.39 

Bearing = 658 MN/m2 1.7 

Actual loading of lug is only 21425 N 
will give a 'Reserve factor ,>2 in all 
the three cases. 
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DRAWING NUMBER A 74 - E8 

8.6 BEARING OF BOLT IN BUSH 

15 mm I/D S30 bush 1.5 mm thick 
is provided in the actuator bracket. 

Bolt diameter 15 mm 
Bolt material S99 
Applied bearing stress = 68000

10 x 15 x 10 

450 MN/m2

Allowable bearing stress for S 80 
material from CIT S - 14 - 01 

129900 x 1.5 x 0.7 

Reserve factor 

8.7 ACTUATOR BOLT BENDING 

= 135500 psi 

= 930 MN/m
2 

> 2 RF )2 

,t o
192OO N 

ti. 

192oo 

12 mm diameter bolt is used with 1.5 mm 
thickness of bush material S 80. 

Effective off set of bolts = t0 + can + t. 

2 

= 5 + 3.0 + 17 
2 

= 4.75 mm 
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DRAWING NUMBER A 74 - E 8 

Applied bending moment = 19100 x 9.5 x 10 5

= 181 Ism. 

Form factor for bolt = 1.54 J 

R.Ae.S. 01 - 06 01 

Section modulus = ii d3
32 

= 1.69 x 10-7m3

0.2% proof stress for2S 99 bolt 
material is 1150 MN/m. 

,Allowable bending moment on bolt 

= 1.54 x 1150 x 1.69 x 10-7

= 300 MN/m2

Reserve factor 1.66 1.66

8.8 BEARING OF BOLT IN BUSH 

For 12 mm I/D and 1.5 mm thick S 80 
bush bearing on S 99 bolt 

Applied bearing stress = 38200 

10 x 12 x 10-6 

318 MN/m
2 

Allowable bearing stress from section 
8.6 is 930 NIN/m.. 

Reserve factor >2.. > 2 



DRAVING NUMBER A 74 - E 8 R.F 

8. ACTUATOR BRACKET ATTACHMENT BOLTS 

r000nf 

6z3

• 

L(NF (3.61..-rs - 396 

The fitting is designed to carry 30% 
of the loads at the station. 

Attachment bolts are subjected to 
vertical shear dlie to reaction and tension 
load due to the moment produced by the 
actuator. The effect of offset on vertical 
reaction is to reduce the moment due to the 
actuator. 

Vertical reaction at hinge = 20100 N. 
Vertical load on bracket = 0.8 x 20100 

= 16000 N 
Moment due to actuator = u.8 x 13740

= 10993 Nm. 
Moment to be resisted 

by bolt group 10993 - 800 
10193 Nm. 

Assuming a lever arm of 160 mm between 
bolt groups 

Max. tension load in bolts = 10193 

Max shear load on bolts 

0.16 x 6 
= 10.61 KN. 
= 16000 

12 

= 1.330 KN 
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DRAWING NUI•BER A 74 - E 8 R.F 

From DES 7306 for im UNF 

Single shear strength = 

Tension = 

S 96 

17.7 KN 

bolts 

13.9 KN 

s = 1.33 = 0.094 
17.7 

10.61 = 0.55 
18.9 

From CIT S - 11 - 04 

t' = 1.00 

Reserve factor = 1.0 = 1.8 J . : 
.55 
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DRAWING NUMBER A 74 - E 8 R.F 

SECTION 9 

TRAILING EDGE, BRACKETS 

Tail plane edge brackets are designed 
to take up the hinge and actuator reactions 
and the side load produced by 12 times the 
weight of elevators. Each. bracket is designed 
to,,,carry 80% of the ultimate load at the hinge. 
Selection of bearing for bracket is given in 
Section 8.3. 

The brackets are to be designed for the 
loads as shown below. 

16000nl 

r1/41 

6I2oo 

Cog000nf 

Side load = 12 x 38.1 x 9.81 = 4435 N. 

9.1 BEARING HOUSING 

"t =IS 

t = 15 m 
2.0 
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DRAdING NUMBER A 74 - E p R.F 

Shear stress = P = 63000  
tat 

2 x 10 x 15 x 10-6 

84 MN/m2

Applied tensile stress = 63000

2 x 10 x 15 x10 - 

= 210 '-1N/m
2 

Bearing stress = 63000 

30 x 15 x 10-6 

140 IAN/m2

From section 8.5 permissible lug stresses are 

Tension = 406 leT/m2 RF > 2 

Shear = 181 MN/m2
2 F / 

Bearing = 658 KN/m
2 

9.2 HINGE BRACKET IN  BENDING 

61200 
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DRAWING NUMBER A 74 - E 8 R.F 

Moment at section 'AA' = 16000 x 0.27 

= 4320 Nm. 

"foment of inertia of section = 
1 x .010 x .2503
12 

= 13 x 10-6 m 4 

Applied bending stress 4320 x 0.125 

1.3 x 10
-6 

415 

Tension stress in bracket =6120:N/m2 

250 x 10 x 10
-6 

= 
24.5 

MN/112 
Permissible bending stress 

in L 65 = ft 4. t
1 

= 463 401 = 432 MN/m2
2 

b = 
41.5 = 0.096 
432

Permissible stress in tension = ft 
463 MN/m

2 

Pt 24.5 = 0.053
463 

Reserve factor for combined = 1 - 1 
R
b t 

SECTION BB 

Depth of section = 50 mm 

Tensile stress = 61200 

50 x 10 x 10
-6 

122 MN/m
2 

Permissible tensile stress = 463 MN/m-

Reserve factor > 2 RF > 2 
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DRLIVING NUMBM A 74 - E 8 R.F 

9.3 ATTACHMENT BOLTS 

G12.OO N 

-r 

N 

 I 

tensile load is assumed to be taken up 
by 6 bolts at top. 

Tension per rivet = 61200 = 10,200 N. 
6 

Moment at spar 4320 Nm. 

Tension due to this moment = 4320 
200 
21,600 N. 

Tension per rivet = 21,600 = 3600 N. 
6 

Wension load on rivet = 13800 N 

shear load on rivet = 16,000 
6 ---

= 5350 N. 

From DES 7306/3, 
Allowable shear strength of Z-" UNF S 96 
bolt 17:7 
Allowable tensile stress = 18.9 KN 
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DRAWING NUMBER A 7L - F. 8 

5350  = 0.283 
18900 

13800 = 0.78 
17700 

Prom S - 11 - 04 of CIT, 

t' = 1.0 

Reserve factor = 1.0 = 1.28 RF 1.23 
0.78 
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WEIGHT ESTIMATE 
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I. 

SECTION 10 

'WIGHT ESTIMATE. 

10.1 INBOARD ELEVATOR. 

Area of aft cell skin = 5.72 mf:.2

Area of nose cell skin = 1.90 m.2 

Aft skins are of 1.2 mm thickness and nose skins 
0.8 mm. 

Weight of aft cell skin = 5.72 x 1.2 x 10-3x 2768 

18.9 KG. 

Wt. of nose cell skin = 1.90 x 0.8 x 10-3x 2768 

4.2 KG. 

10.2 RIBS. 

The light ribs are made of 0.8 mm thick 
L 72 material with 3 lightening holes and has 15 mm 
flange width. 

Area of aft cell rib = 0.0875 CEL 
2

Area of nose cell rih = 0.0375 CFL2 

For rib with C
EL 

= 1.04 m taken as average, 

Area of Aft cell rib = 0.094 m2

Area of nose celL rib = 0.040 m
2 

Area of flanges = 0.036 m2

Area of lightening 
holes = 0.016 m

2 

Total area = 0.154 m
2 
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':'eight of rib = 0.154 x 0.3 x 10-3x 2768 

= 0.34 KG. 

Total wt. of light ribs = 12 x 0.34 

= 4.08 KG. 

Area of nose hinge rib = 0.041 

Area of aft cell rib = 0.096 

Area of flanges = 0.036 

There are no lightening holes on rib. 
!eb is 1.4 mm thick and flanges 1.6 mm thick. 

Wt. of rib = (0.137 x 1.4 + 0.036 x 1.6)2.768 

.1913 + .0576 = 0.69 KG 

Wt. of 4 hinge ribs = 2.76 KG 

E 
10.3 STIFF;NERS.

Area of stiffer = 0.036 m2

Total weight of stiffter = 0.036 x 1.2 x 2.768 x8 

0.95 KG 

10.4 SPAR.

Net area of spar after deducting the area 
of lightening holes = 1.02 ml" 

Weight of spar = 1.02 x 1.6 x 10-3x 2768 

= 4.51 KG 

10.5 HINGE BRACKETS. 

Volume of hinge bracket = 0.000132 m3

Weight = 0.36 KC. 

Total weight of hinge 
brackets = 0.72 KG 
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10.6 Weight of trailing edge 
honey comb = 1.0 KG 

Weight of other small 
iteis not included = 1.0 KG 

10.7 

Total weight of inboard elevator = 38.12 KG 

OUTBOARD ELEVATOR. 

SKINS 

Area of aft cell skin = 2.92 m2

Area of nose cell skin = 0.97 m
2 

Aft skins are 1.2 mu thick and forward 
skins 0.8 mm thick. 

leight of aft cell skin = 2.92 x 1.2 x10-3x 2768 

9.69 KG 

Weight of nose cell skins = 0.97 x 0.8x 10-3x 2768 

2.15 KG 

10.8 RIBS. 

out of L 72 material 
holes and 

Light rib are pressed 
0.8 mm. thick and has three lightening 
has flange width 15 mm. 

For an average rib of C
EL 0.825 

u., 

Area of aft cell rib - 0.059 m
2 

Area of nose cell rib = 0.025 re-

Area of flanges 0.024 m2

Area of lightening 
hole = 0.010 m

2 

Net area of rib = 0.102 m
2 
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Weight of light rib = 0.102 x 0.8 x 10-3x 2768 

= 0.282 KG 

Total weight of 
light ribs = 2.53 KG 

Area of nose hinge rib = 0.028 m
2 

Area of aft hinge rib = 0.064 m
2 

Area of flanges = 0.026 m
2 

Considering these were again made of 1.4 mm 
web and 1.6 mm flange machined ribs with no lightening 
holes, 

Weight of rib = (1.6 x 0.026 + 1.4 x 0.0092)1.4 

= 0.65 KC 

Total weight of 4 hinge rib = 2.6 KG 

10.9 STIFVERS. 

Total weight of stiffijaers = 0.90 KG 

10.10 SPAR. 

Area of spar = 1.04 m2

Weight of spar 1.04 x 1.6 x 2.768 

= 4.60 KG 

10.11 HINGE BRACKET. 

Volume of hinge bracket 0.00011 m3

Weight of hinge bracket 0.3 KG 

Total weight of hinge 
brackets = 0.6 KG 

x 2.768 
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10.12 Weight of trailing edge honey 
comb = 1.0 KG 

Weight of other small items = 1.0 KG 

GFRP failing at tip = 1.0 KG 

Total weight = 26.07 KG 

Total weight of inboard elevator = 3a12 KG 

Total weight of outboard elevator= 26.07 KG 

Total weight of elevator = 2(38.12+26.07) 

= 128.28KG 

A 7400/16 estimates the weight of tail 
plane and elevator is 726 KG. So the elevator 
weight is 17.6% of tail plane weight estimated. 
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