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ABSTRACT

In this paper, we describe the entire process of designing a
hold open rod. A hold open rod also known as engine cowler
strut is used to hold or hatch the engine cover of an aircraft
after being opened manually or automatically. It supports a
considerable amount of weight and resists loads coming from
various sources. It is desirable that the rod supports its own
weight and any other exterior load so as to avoid any
accidents during cleaning, repairing or checking of engine.

1. INTRODUCTION

Airplane maintenance now-a-days has become a very
specialized task. In order to clean, repair or replace any part of
the engine we need to have some opening to view and change
parts in the engine. Also, the engine cannot be left opened
form any section throughout the whole flight. For this reason,
the engine is covered by a cover known as engine cowling.
Now, during the servicing of the engine the cover is needed to
be held at a certain height. In order to reduce human efforts, a
rod is fixed between the cowling skin and the engine. A hold
open rod also known as engine cowler strut is used to hold or
hatch the engine cover of an aircraft after being opened
manually or automatically. They support a considerable
amount of weight and resist loads coming from various
sources. It is desirable that these rods support weight so as to
avoid any accidents during cleaning, repairing or checking of
engine.
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Depending upon the requirement and availability there are
following types of hold open rods:

(1) Telescoping struts: this type of strut opens up and closes
like a telescope.

(2) Scissor/folding struts: these type of struts can be folded
from the centre when closing the lid and opens up and are
fixed when the lid is opened.

(3) Fixed length struts: this type of strut has fixed length and
hence, is the most simplest and least complex.

The components used in this type of hold open rod are:

(a) Rod: This is the main part of the body and has fixed
length.

(b) Rod ends: These are present on both sides of the rod
joining the main rod to the cowling and skin using bearings.

2. CASES
Customer provided us with the following specifications which
the strut needs to withstand:

(1) 75 Ibf of axial load due to engine cowl and 25 knots
of wind speed (shown in fig 2)

(2) 375 Ibf of axial load due to engine cowl and wind
of speed 65 knots along with 200 Ibf of abuse load
perpendicular to the axis of strut (shown in fig 3)

(3) Minimum temperature is 75 degree C and maximum
is 250 deg C
Free body diagram

b 2

Fig. 2
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Free body diagram
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Fig. 3

3. CALCULATIONS

Calculations are done in two excel sheets for the first two
cases. For the third case, the thermal stress is avoided by
leaving space for thermal expansion. Our main purpose is to
find out the correct outer inner diameter and most importantly
the thickness of rod so that it withstands the entire load
without failure or buckling. For this, stresses acting on the rod
combined, should be less than the proof stress for SS304 i.e.
215 MPa, Young’s modulus is 193000 MPa and thermal
expansion coefficient is 1.93E-05 mm/mm/degC. Also, we
should keep in mind that our rod doesn’t buckles. Following
quantities are calculated:

(1) Direct stress

(2) Bending stress

(3) Max. shear stress

(4) Stress due to eccentricity
(5) Combined equivalent stress

Dimensions and properties of the rod provided by the
customer are:

(1) Length : 45 inches
(2) Eccentricity : 0.01

Here, for the design to be OK, the Combined equivalent stress
should be less than Proof stress and also, Critical-buckling
load should be greater than Design compressive load. After
calculating the above stresses, if any condition is not satisfied,
we adjust stresses by changing dia or thickness by hit and trial
method. The end result should also be checked from the
catalogs of the industries producing parts like rods and rod
ends.
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Calculations for all this is done in excel sheets. The
screenshot for which is provided in fig. 7 and 8.

4. RESULTS

After the hit and trial method, we got two sets of values of
radii and thickness of rod i.e. inner radii 18mm and 8.49 mm,
outer radii 20mm and 10.49 mm and thickness 1mm and 1mm
for first and second cases respectively.

From the above calculations, the values of stresses are:

(1) Direct stress: 27.72 N/mm2 for first case and 11.27
N/mm2 for second case

(2) Bending stress : 0.00 N/mm2 and 68.59 N/mmz2
(3) Max. shear stress: 0.00N/mmz2 and 59.242 N/mm2

(4) Stress due to eccentricity: 27.7 N/mm2 and 11.3
N/mm2

(5) Combined equivalent stress: 27.72 N/mm2 and
130.03 N/mm2

(6) Factor of safety : 2.38 and 1.47

To match the customer’s requirements and ease, we
select the fixed length strut, which will have least
designing complexities and also, will have the least
chances of failure. In order to have our strut a bit
adjustable, we use male rod ends and the rod has inner
threading. Hold open rod works in very unfavorable
conditions, bearing the weight of engine cowl and strong
wind currents and inside the engine in high temperature
ranges. Hence, we choose the material, which is easily
available and can have high strength i.e. stainless steel
304.

5. 3D CAD MODEL

Now that the dimensions of our parts are known, we design
two hold open rods in CATIA V-5. The hold open rod is
designed with the help of CATIA V-5 software. CATIA or
computer aided three dimensional interactive application is
multi platform CAD/CAM CAE software developed by
French company Dassault systems directed by Bernard
Charles. It is written in the C++ programming language.

23



ISSN (O): 2393-8609

¥ International Journal of Aerospace and Mechanical Engineering

Volume 2 — No.4, July 2015




Hold open rod

Material Properties {$5304}

ISSN (O): 2393-8609

International Journal of Aerospace and Mechanical Engineering

Volume 2 — No.4, July 2015

INPUTS
Load ‘Load in front strut‘ |wmd
case along strut axis speed
E(RE34) | 335.96 | 3343

=

- Positive loads are tension, negative are compression
Tensile strenght (Rm): 757 of Am - Positive inertia load factor is acting downward on brace and negative inertia loa
Proof suess (Rp, ) 215 Mpa
Youngs Modulus (F) 1393000 Mpa
E ic 100E-02 mm
Thermal expansion coefficient 193E-05 mmimmideaC
Brace Dimensions and Sectional properties g
Outer Diameter (D) 7540 mm Free body diagram
Thickness (1) 242 mm
Inner Diameter (d) 20.56 mm
Length (L) 1143.00 mm
Distance of extreme fibre from neutral fibre (y) z.70 mm 2
Cross sectional Area (A) 7471 mmZ r g
Moment of Inertia () TI6E0.45 mmd
Section Madulus (2] I35 i
Radius of i 1633316767 i
Resolving forces as per the FBD shown
Aaial ive Load (F4) 654,74 7] T
75.00 deaC
max temp 250.00 deaC
Total Load :F=F, +F5 + fy 185474 N
Extra Stresses
Stiess due to elasticil (1+echiZseclkliZ))] | 9.48E+00 | Mimmz
Thermal expansion | 3.66E+00 [ mom | | |
| | [ [ [
Buckling Computation by considering both ends hinged case
Critical Buckling Load, Per = nENL* = | 700121 [ 1] [ [ T
Effective Youngs Modulus [Ey): (F /Porl E E754.83 [ Wimmz_ | | |
Direct stress due to total auial load
Direct Stress o, - F oA T 347 [ Mimmz | T T
[ [ [
Bending Stress due to transverse force [resultant force due to inertia load and drag force]
Resultant tansverse force (Fg): WMf ) + (Fp)?
k="(PIE y ) 0.0027 1)
Max moment, My = F 512k ~ tanikLiZ): 0.00 Hrmm
Bending Suess,z, = Myll: 0.00 Himm 2
Direct Shear Stiess C
Max. Shear Stress, 1 :(4F g {3A) {1+(D°dID +d**} 0.000 Mimm'Z
Total Direct Stress - o ,+o0, 9.471 Mimmz
Mlimm2
Combined Equi Siress: {{og+oy)’ 317 9.47 W/mm? Dasinn is OK
Fig. 7
INPULS
Hold open rod Load Load in strut|abuse wind
case along the axis (P} |load speed
E(RE34) | 2359 [ see63 | 3343
Material Properties {3.2315 T6 (AIMgSi1 F28-F32)}
- Positive loads are tension, negative are compression
Tensile strenght (Am): 75 of Rm - Positive inertia load factor is acting downward on brace and negative inertia loa
Proof suress (Rps,;) 215 Mpa
Youngs Modulus (E) 153000 Mpa
E icity (e) 100E-02 mm
Thermal expansion coefficient 193E-05 mmimmideq C .
Brace and Free body diagram
Outer Diameter (D) 2540 mm
Thickness () 242 mm A
Inner Diameter (d) 2056 mm
Length (L) 1143.00 mm E
Distance of extreme fibre from neutral fibre (y) 1270 mm ra
Cross sectional Area (A) 17471 mim'Z
Moment of Inertia () 1166045 mri'd
Section Modulus (Z) 318,15 i
Radius of gyration (r] 16. 33916767 i’
Resolving forces as per the FBD shown
Load in strut along the axis (P) 335.96 ]
Abuse load (A) 669,63 7]
75.00 deal
Max_temp 250.00 deal
Total Load - 335.96 | N ‘ | |
| | [ | |
Other
Stress due to elasticit [ 1.92E+00 [ Mimmz | [ [
Thermal expansion I 5.86E+00 [ mm | I I
Buckling Computation by considering both ends hinged case
Critical Buckling Load, Pcr = w?ENL? = 7001 21 [ 0] [ I I
Eftective Youngs Madulus (Ey): [F4lPer)E 361366 | Mmmz | | |
Direct stiess due to total axial load
Direct Stress .o, © | 19z [ Mmmz | | |
[ | |
Bending Stess due to force (resultant force due to inertia load and diag force)
Resultant transverse force (Fg): 1(f 5)° + (Fp)® 889,63 N
k=\[PTE 41 0.0027 o =1)
Max moment, My = FgiZk " tan(kLiZ): 4437.94 Hmm
Bending Stess,o, = Myll: 483 Himm 2
Direct Shear Stress C i
Max. Shear Stress, 1 :(4F gI3AX {1+(0"dN(D* +d*'} 0.10 Mimm2
Total Direct Stress : o 4o, MimmZ
Factor of salety 5060455111
18.77 Nimm® Design is OK

Combined Equi Stress: V{(0g*0,)° + 317
Critical buckling load > Design ive load

Fig. 8
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