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ABSTRACT 

A number of bonded composite repairs were applied to the PC9/A full-scale fatigue 
test article during its fatigue test to help achieve the target of greater than 50,000 
simulated flight hours. The aim of the test was to provide RAAF with data to enable 
the through-life structural fatigue management of PC9/A aircraft in their fleet. 
Bonded repairs were applied to cracks that occurred in the wing centre-section on the 
lower wing skin and in the fuselage skin near the tail fin. The repairs were successful 
in stopping crack growth in the skin without affecting stresses in the underlying spars, 
which was critical in allowing proper lifing calculations. This report lists all the 
bonded composite repairs applied and for each repair, details its location, geometry 
and design and application notes. While the repairs were applied primarily to assist 
the smooth running of the fatigue test some of the repairs provide a starting point for 
design of future repairs to RAAF aircraft should cracking occur or if they are to be 
applied as a preventative measure at the same locations. 
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A Compendium of Bonded Repairs Applied to the 
PC9/A Full Scale Fatigue Test Article During Testing 

Executive Summary 

AMRL has conducted a full-scale fatigue test of a PC9/A aircraft with the aim of 
establishing a validated safe-life of airframe and providing RAAF with data to enable 
the through-life structural fatigue management of PC9/A aircraft in their fleet. 
Adhesively bonded boron/epoxy repairs were applied to cracks that formed in the test 
article and were very successful in enabling continued testing. Repairs were mainly 
applied during scheduled down time of the rig and this allowed continued testing with 
minimum disruption. Bonded repairs proved to be an excellent option because their 
relatively small and unobtrusive nature meant that the critically important spar 
stresses were largely unaffected by their presence while crack growth in the wing skin 
was stopped. Consequently the lifing calculations for the critically important spars 
remained valid. This report lists all the bonded composite repairs applied and for each 
repair, details its location, geometry, design and application notes. While the repairs 
were applied primarily to assist the smooth running of the fatigue test some of the 
repairs provide a starting point for design of future repairs to RAAF PC9/A aircraft 
should cracking occur at the same locations. It is also possible that such repairs may be 
applied to the fleet as reinforcements to reduce stresses and prevent cracking. 
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1. Introduction 

AMRL undertook a full-scale fatigue test of a Pilatus PC9/A aircraft with the aim of 
providing RAAF with data to enable the through-life structural fatigue management of 
RAAFs fleet of PC9/A aircraft. Significant cracking [1,2] occurred during testing in 
the wing centre-section lower wing-skin access and drain holes, in the landing gear 
door uplock mechanism and in the fuselage skin near the tail fin attachment. 

To enable the fatigue test to attain its goal of achieving greater than 50,000 simulated 
flight hours (SFH), AMRL-designed bonded boron/epoxy repairs were applied to 
these and other crack locations. Rapid application of these repairs ensured a quick 
restart of the fatigue test. Furthermore, bonded repairs proved to be an excellent 
option because their relatively small and unobtrusive nature meant that the critically 
important spar stresses were largely unaffected by their presence while crack growth in 
the wing-skin was slowed or stopped. Also, because of their anisotropic material 
properties, the patches locally stiffen the structure only in the direction perpendicular 
to the crack path (along the fibre direction). The alternative of a mechanically fastened, 
isotropic and thicker metallic patch would most likely have changed load transfer 
around the spar cap making life assessment for this critical structure very difficult. 

This report details all aspects of the bonded repairs; Section 2 lists all the repair 
locations, Section 3 shows geometry and gives references to the design and application 
notes for each repair and conclusions are given in Section 4. 

2. PC9/A Bonded Repair Locations 

Figure 1 shows the PC9/A fatigue test article in its test rig. 
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Figure 1. The PC-9/A fatigue test article. 

Cracking during testing occurred in the wing centre-section on the lower wing-skin 
and in the fuselage skin near the tail fin. Figure 2 shows a photograph of the lower 
wing-skin with all the repairs applied. 

fwd 

port 

Figure 2. Photograph of the centre section of the lower wing-skin showing repairs. 
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A schematic of the region (from reference 2) is shown in Figure 3. The nomenclature 
for access holes is IS, 2S etc for the starboard holes and IP, 2P etc for the port access 
holes. For the drain holes, the nomenclature is SI, S2 etc for the starboard side and PI, 
P2 etc for the port side. The repairs shown over the drain holes were those present at 
50,000 SFH. 

Lcadir.g E0£r 

s lb numb« 

NUM Spigot 

fwd 

t 
port 

Figure 3.        Schematic of the centre section of the lower wing-skin showing repairs coloured 
in yellow. 

Table 1 lists the bonded boron/epoxy repairs to the PC9/ A fatigue test article and the 
SFH at which they were applied [2]. 
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Table 1.     PC9/A Bonded Boron/Epoxy Repairs. 

Repair location SFHat 
which 

applied 

Comments 

Slotted hole in top skin 
at FWD fin attachment 

6,000 Two part structural acrylic adhesive. Repair 
removed when skin panel to which it was 
bonded was removed at 33,000 SFH. 

Lower wing-skin 
starboard landing gear 
door uplock 
mechanism 

10,000 Two part structural acrylic adhesive. Repairs on 
inside and outside surface of wing-skin. No 
crack growth. Repairs removed at 34,000 SFH to 
allow modification of uplock mechanism 
(including re-profiling of wing-skin to lower Kt). 
Repairs not reapplied. 

Lower wing-skin port 
landing gear door 
uplock mechanism 

15,500 Two part structural acrylic adhesive. Crack 
grown to beyond edge of repair at 17,000 SFH. 
Repairs removed at 17,250 SFH. Mod. made as 
for STBD side. 

Lower wing-skin port 
landing gear door 
uplock mechanism 

38,000 FM73 adhesive. Single repair on outside of skin 
applied to cracked blended profile. No crack 
growth. 

Lower wing-skin drain 
holes: PI, P2, and SI 

23,875 Large cracks to holes repaired. No crack 
growth. 

Lower wing-skin drain 
hole: P5 

38,000 Large crack to hole repaired. No crack growth. 

Lower wing-skin drain 
hole: S2 

44,440 Hole size that was eventually repaired was 
15mm. No crack growth. 

Wing nose skin lower- 
surface access holes: 
IP, 2P, 3P, IS, 2S and 
3S. 

>37,000 Repairs to the access holes were progressively 
applied from 37,000 SFH. Very successful in 
stopping cracking. 

Port fuel vent hole 
(outboard of P3) 

52,000 
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3. Design and Application of the Repairs 

The patches applied to the drain and access holes and the final patch to the port uplock 
mechanism were all ten plies thick and the thickness of the wing-skin was identical in 
each case. Consequently the design notes for each repair are virtually identical. 
Appendix A has the generic design notes for the drain hole repairs but these notes are 
applicable to all the ten ply repairs. 

3.1 Slotted hole in the top skin at the forward fin attachment 

An adhesively bonded boron/epoxy patch was applied to a crack in the top skin 
emanating from a slotted hole at the forward fin attachment at 6,000 SFH. 

The patch was designed simply on the basis of stiffness matching with the aluminium 
skin. A three-ply unidirectional boron/epoxy layup was chosen. The thickness of the 
patch was approximately one third that of the skin as unidirectional boron/ epoxy has 
a modulus approximately three times that of aluminium. The ends of the patches were 
stepped, at 4 mm per step, to reduce stresses at the patch ends. The patch 
configuration is shown in Figure 4. 

starboard port 

Frame N° 9 

forward 

75 mm 

Figure 4.       Repair to the slotted hole in the top skin at the forward fin attachment 
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No structural integrity or stress intensity calculations for the repaired crack were done 
for this repair. 

The surfaces of the repair were treated prior to bonding as per Table 2. 

Table 2.     Surface Treatment for the slotted hole repair. 

Surface Treatment 

Aluminium skin 

Boron/epoxy 
patch 

Paint removed to expose bare metal.    This surface was then 
cleaned by a methyl ethyl ketone (MEK) solvent wipe, cleaned 
again by abrading with Scotch Brite dipped in MEK and then grit 
blasted with aluminium oxide particles. 

The bonding surface was cleaned with MEK solvent and then 
lightly grit blasted. 

The boron/epoxy patch was bonded to the aluminium skin using the two-part 
structural acrylic - Click Bond 200-40. This adhesive cures at room temperature and 
attains 90% of full strength within one hour. No details of the pressurisation method 
were recorded. 

3.2 The uplock mechanism repairs 

Essentially, two sets of repairs were applied to the port and starboard uplock 
mechanisms: 

1. two patches, applied to the inside and outside surface of the skin, to both the 
starboard and port wings. The repair adhesive was the structural acrylic adhesive 
Click Bond 200-40. 

2. one patch applied to the outside of the skin on the port uplock mechanism after it 
had been re-profiled. The patch was applied using the structural epoxy adhesive, 
FM73. 

3.2.1 Click Bond 200 Structural Acrylic Repairs 

A total of four patches - two on the starboard and two on the port uplock mechanism - 
were applied using the structural acrylic Click Bond 200. Three ply patches were used. 
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Figure 5 shows the crack location on the starboard wing as at approx. 10,000 SFH. 
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Figure 5.        Starboard Wing Uplock Mechanism- Crack Location. 

Figure 6 shows a drawing of the patches which were bonded to the aircraft using Click 
Bond 200. 
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Figure 6.        Starboard Wing Uplock Mechanism- Patches. 
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No crack growth occurred in the starboard lower skin after repair. The patches, which 
were applied at 10,000 SFH, were removed at 34,000 SFH to allow a re-profiling 
modification to the region. The port side patches were fitted at about 15,500 SFH. By 
17,000 SFH the crack had grown beyond one edge of the external patch. It is thought 
that the use of the structural acrylic paste resulted in a very thick adhesive bondline 
which meant that the effectiveness of the patches in reducing crack opening would 
have been reduced. The patch applied subsequently to the port side used the 
structural epoxy adhesive FM73. A thicker patch was also employed (a single ten ply 
patch rather than two three ply patches). 

The design and application of these repairs was carried out in accordance with the 
RAAF Engineering Standard on Composite Materials and Adhesively Bonded Repairs 
[3]. The structural acrylic adhesive Click Bond 200 was used because it cures at room 
temperature and it was a requirement of the fatigue test that nearby strain gauges not 
be damaged by heat. The patch thickness was restricted as the load in the spar could 
not be affected by the presence of the repairs because this would invalidate the spar 
lifing calculations. Should such a repair be implemented for the fleet it is 
recommended that the structural epoxy adhesive FM73 be used. Full design details of 
the repair are given in Reference 4. 

3.2.2 FM73 Structural Epoxy Repair 

A thicker ten-ply patch was bonded using FM73 to the blended-skin of the port uplock 
mechanism at 38,000 SFH following re-cracking of this part. At 38,000 SFH the 
underlying spar had satisfied the requirement of undergoing three lifetimes of loading 
and so the restriction on patch thickness due to lifing considerations was removed. 
Eddy-current inspection of the crack showed that this patch stopped crack growth. 
Figure 7 shows a drawing of the patch. 

■  trimm«)  lo  6l*n4ad  rwqioi 

E*q« of Mrs en a/c 
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SITS - umxicrau ntsufoi UMUVIKT - uuxunxt. uarum 

pee UNLOCK UECHANSU P*TCH AFTER BLEND 

± 
Figure 7.        Draining of the port uplock mechanism -patch applied at 38,000 SFH. 
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The design and application of these repairs was carried out in accordance with the 
RAAF Engineering Standard on Composite Materials and Adhesively Bonded Repairs 
[3]. The design of this patch is as described in Reference 5. 

3.3 Lower Wing-Skin Drain Hole Repairs 

Five cracked lower wing-skin drain holes (P1,P2, SI, P5 and S2) were patched as shown 
in Figure 3. The drain holes were progressively patched between 23,875 SFH and 
44,000 SFH (see Table 1) at scheduled downtimes for the test rig so as to minimise 
disruptions to the test. The locations of the drain hole patches were shown in Figure 3. 
The boron/epoxy patches stopped crack growth. A drawing of the generic patch 
applied to the drain holes is shown in Figure 8. 

some scalloping of this edge 
(on individual patch basis) 
necessary to avoid rivet heads 
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124 
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160 

all dimensions in millimetres 

Figure 8.        Drawing of the generic patch applied to the drain holes. 

Details on the design and application of the drain hole patches are given in Reference 6. 
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3.4 Wing Skin Lower-Surface Access Hole Repairs 

Seven patches to six cracked lower wing-skin access holes were applied progressively 
from about 37,000 SFH. The locations of the drain hole patches are shown in Figure 9. 
Inspection by eddy currents showed that the boron/epoxy patches were very 
successful in stopping crack growth. 

LeiutJis: bds« 

Rib numbs I- 

Nuve S-J*CII 

S7 an; Acc«r. -rcla "S 

p[ Ajx Jh'ed te Air«* I lolts »|| A3p;iofi :.o Drain Hole; V'ptoi'k Crovk 

Figure 9.        Drawing showing the locations and the nomenclature for the access hole repairs 
[21 

10 



The following figures show drawings for each of the repair patches. 

Drawings of the access hole repairs - port side 
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Figure 10.      Access hole 2P - AFT patch. 
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Figure 11.      Access hole IP - FWD patch. 
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Figure 12.      Access hole 3P - AFT patch. 

3.4.1 Drawings of the access hole repairs - starboard side 

Starboard Inspection Hole 

Exiitinc i»*tai »ouW»< 

Figure 13.      Access hole IS - AFT-patch. 
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Figure 14.      Access hole IS - FWD patch. 

 & 

Patch  CintHflin« 

-©-$- 
in «wcu PBOJEcnoH 

csro -iiKMtmcti.üiaacä iuwuiwr- MSuammz.mmm 

PRE PBCTg-AS. 1100/1101 

gxwacr  HOLE 063/B 

BMSCH HB. a      |SHT  1   DfT 

Figure 15.      Access hole 2S - AFT patch. 
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figure 16.      Access hole 2S - AFT patch. 

3.5 Port fuel vent-hole repair 

A patch was applied to the port fuel vent hole located just outboard of access hole P3 
(see Figure 9) at 52,000 SFH. Figure 17 shows a drawing of the patch. The patch was 
ten plies thick and design was as for that given in Reference 5. 

14 
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Figure 17.      Drawing of-patch applied to the port fuel vent hole. 

4. Conclusions 

The application of bonded boron/epoxy repairs to the PC9/A fatigue test article was 
very successful in enabling the test to continue once significant cracking had occurred 
at several locations. Bonded repairs were probably the only option that could stop 
crack growth in the wing-skin yet not significantly change the stresses in the tension 
spar boom. 

With just one exception, the patches applied to the PC9/A fatigue test article stopped 
the growth of cracks to which they were applied. The one exception was the original 
set of patches applied to the port uplock mechanism where the crack grew past one 
edge of the external patch within 1,500 SFH. These patches were tailored to meet the 
fatigue test constraints of not damaging nearby strain gauges and of not changing the 
spar cap stresses. Consequently thin patches were bonded to the uplock mechanism 
with a room temperature curing adhesive. The repair applied to the uplock 
mechanism at 38,000 SFH was applied without these constraints and consequently 
used a thicker patch bonded using FM73 at 80°C which was successful in stopping 
crack growth. 

Should cracking occur at the same locations in service then these repair designs 
provide a useful starting point for fleet wide repairs if this option is chosen.  Designs 

15 
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for fleet aircraft would need to consider environmental issues such as moisture, 
temperature and aircraft fluids which did not form part of the design for the test article 
repairs. For locations where cracking occurs early in the life of the aircraft then the pre- 
emptive approach of applying bonded reinforcements prior to cracking may be worthy 
of consideration. 
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Appendix A: Generic design notes for the drain hole 
repairs 

A.l.   Materials selection 

The repair materials selected for this application were uni-directional boron fibre 
patches bonded with Cytec FM73 epoxy adhesive. 

The material properties assumed at room temperature are as follows [3]: 

Boron/Epoxy Composite Term Value 

Young's Modulus Eo 207x103 MPa 

Failure Strain eo 0.0064 

Ply Thickness tply 0.127 mm 

Thermal Expansion Coefficient ao 4.1 x 10"6 in/in °C 

Date of Manufacture 

Lot Number 

Cytec FM73 Term Value 

Shear Modulus G 355 MPa 

Thickness Tl 0.2 mm 

Shear Yield Strength X 
P 

35.5 MPa 

Elastic Strain Limit Ye 0.1 

Failure Strain Yf 0.6 

Plastic Strain Limit YP 0.5 

Poisson's Ratio V 0.33 

Date of Manufacture 

Lot Number 137 (roll # 4903-01185-0008) 

17 
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Al. Alloy 2024 T3 Term Value 

Young's Modulus Ei 72.4 xl03 MPa 

Thickness ti 2mm 

Thermal Expansion Coefficient ai 22.9 xlO"6 in/in °F 

Ultimate Strength Cfui 441 MPa 

Yield Strength Oyi 324 MPa 

Poisson's Ratio V 0.33 

Fracture Toughness Kic 91.7 MPa.mV2 

A.2.   Repair design 

The repair design follows procedures given in Reference 3. 

Assumptions 

1. The metal skin has cracked the full width of the patch and the patch is left spanning 
the crack. 

2. The spar, and ribs in the wing will provide sufficient support to prevent out-of 
plane bending. 

3. The repair is considered to be a single-sided supported bonded repair. 

Calculate the patch thickness 

The repairs were stiffness matched to the wing-skin and were made up of six plies of 
unidirectional boron-fibre composite. To increase the stiffness of the repair it is 
proposed to increase the patch thickness to ten plies. The patch thickness is thus: 

t0 = 0.132 x 10 = 132mm. 

Evaluate the repairability based on the potential load capacity of the adhesive 

The strength of the adhesive in the joint is given by the smaller of 

18 
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where 

277^(0.5^ + ^)2^. 1 + -   ' ' 
E t J 

<f> = [(ao -«^)(23-9-^e) + («0 -^)(Toper -23.9)]^. 

or 

Pjo*=0 + 

where 

2r1rp(0.5ye+rp)lEotc 1 + - ° ° 
E,t, 

9 = [{aieff -a0\22>.9-Tcure)+{ai -a0^oper -23.9)K*0. 

The cure temperature (TCUre) for FM73 is 80°C and the operating temperature (Toper) is 
assumed to be room temperature or 23.9°C for the fatigue test article. The surrounding 
structure is assumed to provide some restraint during cure and thus the effective 
thermal expansion coefficient of the wing-skin is given by 

g,-(l + v) 
<*& ~       2      " 

The load intensity in the adhesive is thus given by 

Pjoint = Ullx 10" N/m. 

For the Rapid Repairability Criterion [3], if it is conservatively assumed that the 
maximum stress that could be experienced by the aluminium wing-skin is the material 
ultimate stress in the wing-skin near the damaged location, then load intensity is given 
by 

Therefore 

^=1-2<V/ =1062xl03A/7rc. 

P     >P joint metal ' 

Based on the above, the repair should be capable of withstanding the maximum loads 
expected in the wing-skin even if cracked to the width of the patch. 

19 
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Evaluation of structural integrity of repaired structure 

The stress in the metal skin at the end of the patch is given by 

aep =C1L* + E,[(ae -aieff)(23.9 - Tcure) + {a0 -a){Toper -23.9) 

where a = \5<7U and the load inclusion factor is given by 

Qi=1.2[3]. 

Thus 

Therefore 

<7eB = 333MPa. ep 

<?ep < Vui 

and the metal skin at the end of the patch should be capable of withstanding the 
maximum loads expected. 

The stress in the wing-skin under the repair is given by 

Eta i i     ep 

(E0t0+Ettty 

The maximum adhesive shear strain is given by 

rmax=-TT-'where 

A'-^ 
n 

{1    1A 

■ + ■ 
\Eih   EoU; 

Therefore 

v     = 0.089. / max 

This indicates that the adhesive will be elastic near the crack.   Also, the maximum 
adhesive shear strain is below the allowable strain yimx < 0.8(je +yp) ■ 

For elastic behaviour in the adhesive, the stress intensity in the repaired metallic 
structure is given by 

JC-J^fS 

20 



DSTO-TN-0324 

Therefore 

KK = 12.2 MPa.m1'2. 

This is below the room temperature fracture toughness of the wing-skin material of 
91.7 MPa.mV2. 

Peel stresses in adhesive bonds are induced by load path eccentricity. The maximum 
peel stress in the adhesive is given by 

cmax f 

3£>0(l-v
2) 

l 
\7 

E0n 

where E\ is the effective transverse stiffness of the adhesive system and for joints 
between dissimilar materials, is approximated by 

_L-_L A JL 
Ec~ Ec

+ Et
+ E0 

where Ec is the tensile elastic modulus of the adhesive, and is approximated by 

Ec=2G{\ + v). 

ac    =\Z.lMPa. 
•-max 

This is below the peel stress allowable that is conservatively approximated for FM73 as 
Dp. Also, it important to note that the peel stress concentration in the adhesive at the 
end of the repair is reduced significantly by tapering the ends of the repair [7]. 

The structural integrity of the composite patch is given by 

= _JL± = 506MPa . 

This implies a strain of 

£ = -f = 0-0024. 

This is below the failure strain for the boron epoxy composite of 0.0067. 
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Evaluate the fatigue susceptibility of the repair and structure. 

The fatigue stress is very conservatively approximated as 

G$ = cn = 160 MPa 

The fatigue stress in the metal skin at the end of the patch is given by 

Ctf = QLaf • 

aepf=\92MPa. 

Comparing this to SN data described in [8] for the 2024 T3 aluminium alloy (for a 
alternating stress of 192 MPa and assuming a mean stress of zero) we get a fatigue life 
of approximately 250000 cycles. The strain gauge data indicates that the wing-skin is 
loaded at a much lower level than assumed above and thus it is believed that the 
fatigue life of the wing-skin will not be compromised by the application of the patch. 

The stress under the repair is given by 

a  = 

and the maximum adhesive shear strain is given by 

/max /-> 

Therefore 

r    =0.051. / max       v •'-'-' *■ 

This indicates that the adhesive will be elastic and the maximum adhesive shear strain 
is below the allowable strain (y max < 2y e). 

For elastic behaviour in the adhesive, the stress intensity in the repaired metallic 
structure is given by 

K.-o>]*gl 

Therefore 

K   = 7.06MPa.mlu. 
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For the 2024 T3 wing-skin aluminium alloy, Reference 8 gives a crack growth rate of 
approximately 0.00002 mm per cycle at a stress intensity 7.06 MPa.mVz. The above 
indicates that very slow crack growth may continue after repair, however, it should be 
emphasised that conservative loads have been used in this analysis and it is expected 
that in fact no crack growth will occur after repair. To ensure the effectiveness of the 
repair, it is recommended that the crack be periodically Non-Destructively Inspected 
by eddy currents until sufficient confidence is gained that crack growth has ceased. 

Calculate the required patch dimensions 

The repair transfer length is the minimum bond length required to transfer load into 
the patch. The transfer length is required to be large enough to carry load at the un- 
notched yield stress of the metal. The transfer length is calculated as the sum of the 
required plastic zone (lp) to transfer material ultimate stress [3] and the elastic zone (le) 
necessary to ensure creep resistance. For this repair to minimize the stress 
concentration at the ends of the patch a logarithmic taper scheme as detailed in 
Reference 7 was used. 

The load transfer length is given by 

Normally the overlap length is equal to 2LT and is the distance from the crack to the 
edge of the repair. For this repair, in which logarithmic tapering of patch is 
implemented, the overlap length is LT plus the twice the taper length. The taper length 
is estimated initially by calculation of the first ply step length x as follows [7]: 

5 
x = — = 18mm. 

X 

The step lengths of the remaining plies form approximately a logarithmic sequence. 
Such a stepping scheme, however, would result in a prohibitively long patch for this 
application. The location of cutouts in the wing-skin and associated rivets can also 
dictate that the maximum patch length. Given these restraints and that the smallest 
practical step length was 3mm, the following stepping scheme was proposed: 

Ply# 1 2 3 4 5 6 7 8 9 10 

Step Length (mm) 11 7 4 3 3 3 3 3 3 - 
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Thus the total taper length LTaper = 40mm and the minimum patch length is given by 

LP=2LTaper+2LT = l50mm. 

Such a scheme implements the logarithmic stepping advocated in Reference 7 and so 
results in low adhesive stresses at the tapered ends. The initial step length satisfies the 
following relation: 

3 
x = — = 1 \mm 

A 

The minimum patch width (Lw) is 

Lw = 2 x 12.7 + defect. 

It was decided to make all the patches the same size to simplify manufacture and thus 
the largest defect size (17.5 mm crack plus 6.35 mm diameter hole) was used to 
determine the patch width. This gives a Lw of 50mm. To avoid rivets, a patch width of 
55mm and a patch length of 160mm were chosen. 

In summary: 

L    = 160mm and L= 55mm. w P 

Figure 8 is a schematic drawing of the patch. 

A.3.    Repair application 

The repair is to be manufactured and applied in accordance with the procedures 
outlined in Reference 3. 
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