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FOREWORD 

This report was prepared by the Douglas Aircraft Company, McDonnell Douglas 
Corporation, Long Beach, California, under the tenns of contract 
NOO156-7O-C-1321. It is the fourth semi-annual interim technical reoort 
covering work completed between l May 1971 and 31 Octobe· 1971. T' program 
is sponsored by the Vehicle Technology Department, Naval Air Development Center 
(NADC) . War~inster, Pennsylvania 18974. Mr. Anthony Manno, Code STD-8, is 
the Project Engineer for NADC. 

fhe fo 11 owing Doug 1 as per"' onne 1 were the pri nci pa 1 contributors ,/.o the 
program during the reporting period: G. M. Lehman, Program Manager ; A. V. 
Hawley, Structural Design Coordinator; F. C. Allen and P. T. Mikkelson, 
Structurdl Analysis~ R. J. Palmer anrl H. M. Toelln~r, Material and Process 
Engineering~ A. T. Tucci and R. L. z~~rt, Manufacturing Development; 
D. J. Hagemaier, Nondestructive Test; and D. E. McCay, Instrumentation and 
Testing. 

The Rohr Corporation, Riverside, CaliforniJ, is a subcontractor to Douglas 
for fabrication of the substructure assembly. Mr. R. A. Elkin is the 
subcontract program manager for Rohr. 

This report was prepared under Douglas Report MDC-J5317. It was approved 
by NADC for distribution in February 1972. 
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S~MMARY 

The structural weights, stress-analysis results, and manufacturing methods 
are ~u111narized for an A4 aircraft horizontal stabilizer utilizing Narmco 
5206 graphite-epoxy laminates in the primary structure. The actual weight 
of the fir~t unit produced was 178 pounds, a weight reduction of 30% in 
r.omparisor, to the equivalent metal structure. The finished structure weight 
was comprised of approximately 62 percent graphite-epoxy, 11 percent fiber­
glass-epoxy, 10, 8, and 5 percent, respectively, of aluminum, steel, and 
titanium alloys (including attachments), and 4 percent adhesive and epoxy 
fillets. Results of a discrete element stress-analysis are presented for 
the three critical load conditions on the stabilizer. The discrete element 
model included recent design changes (dimensions and elastic properties) to 
the stabilizer and provisi ns for running asymmetric load cases. Buckling 
allowables are presented for actual skin panel thicknesses and margins-of­
safety are summarized for all critical elements of the structure. Tooling, 
fabrication, and assermly procedures used during construction of the first 
stabilizer ass~mbly and the second substructure assembly are discussed. 
Details of the discrete element model, internal stress distributi ns, in­
coming material and in-proc~ss test results (including NOT), and fabrication 
procedures are contained in Appendices. 
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SECTION l 

INTRODUCTION 

The overall objective of the graphite composite structural development 
program is to obtain significant improvements in aircraft weapon system 
perfonnance through structural applications of advanced composite materials. 
A primary requirement of the program is to demonstrate the structural per­
formance and weight characteristics of graphite/epoxy composites in aircraft 
wing-type applications. This requirement will be met through the design, 
fabrication, and tes t of a graphite/epoxy horizontal stabilizer structure 
for the A-4 attack aircraft, and through analytical comparisons of its 
structural performa:1ce with the functionally equivalent metal component. 

The program involves the design and development of two full-scale stabilizers 
and selected intermediate deve~opment components. The latter components 
were chosen to substantiate design and fabrication techniques used in the 
stabilizers. Design refinP.ments to the stabilizer structure were accom­
plished at the conclusion of the intermediate component tests. The two 
full-scale stabilizers will include a static and vibration test article and 
a fatigue test article, both of which will be tested at the Naval Air 
Development Center (NADC). 

The stabilizer was designed to take maximum advantage of the engineering 
properties of graphite reinforced composites in the primary structure. Other 
materials were used selectively in the design where their properties were 
advantageous (e .g., fiberglass leading-edgP. assembly, metal fittings and 
joint reinforcements). The design concept involved the use of solid 
laminate skins stabilized against buckling by a multi-shear web substructure 
made of bonded honeycomb panels. Machined metal fittings were utilized at 
the seven elevator hinge stations and at the stabilizer attach points to 
the Tixed structure. Bonded metal reinforcing was also used to transmit 
concentrated elevator loads into the skin pa~els . However, graphite 
reinforced composites comprised approximately 62 percent of the finished 
stabilizer weight. A structural weight reduction of approximately 30 percent 
was attained on the first unit completed (the vibration and static test 
article). 

Thi s report describes work accomplished during the fourth six-month period 
of the program. Accomplishments during this period included: 

• Completion of fabrication, assembly and instrumentation of the first 
stabilizer unit 

• Completion of fabrication and assembly of the second stabilizer sub­
structure assembly at Rohr 

• Completion of the fabrication procedures for detail parts and assemblies 

• Complete revision ~nd updating of the discrete element analysis of the 
stabilizer structure. 



These activities are described following under the headings Engineeri ng 
Design and Analysis, and Manufacturing Development. Details of the stress 
analysis, fabrication procedures, incoming quality control test result5, 
and in-process test results ar~ presented in the Appendices. 

2 



SECTION 2 

ENGINEERING DESIGN ANO ANALYSIS 

Design activity during the reporting period r.onsisted primarily of 

engineering liaison with the tooling and manufacturing activities. Three 

intermediate component I-beams were also reworked by Douglas and retested 

at NAOC to verify the corminati on bolted and bonded design approach adopted 

during t he prior reporting period (see Reference 1). Weight estimates we re 

revised b~sed on the final design configuration of the stabilizer and the 

actual weight of the first unit wa~ compared with the estimates. A discrete 

element analysis was conducted using an improved analysis modP.l which 

included design thanges to the upp~r skin panel resulting from the inter­

mediate component tests. The analys is model also included revised elastic 

constants and provisions for running asymmetric load cases. The results of 

the reworked I-beam tests, the current weight summary, and the stress 

analysis results are presented in this section under the headings Structural 

Design and Structural Analysis. 

STRUCTURAL DESIGN 

Intermediate Component Tests 

Three I-beam fatigue specimens were reworked to represent the combination 

bolted/bonded skin panel design adopted during the prior reporting period 

(see Reference 1). The beams were reworked to remove the fiberglass grid 

element and the graphite/epoxy upper attach-angles by means of a rough trim, 

disc-sand, and final hand-sand operation . The grid and attach-angles were 

removtd without damaging the honeycomb shear panels or the lower skins. The 

new upper attach-angles with a revised fiber pattern were cocured and bonded 

to the shear-webs, and subsequently the upper skin was secondarily bonded to 

the attach-angles usir.g an oven cure for the adhesive layer. The upper 

surface fas+eners were installed using the standard installation torque prior 

to the adhesive cure. The resulting preload in the fasteners supplied the 

bond pressure during the over, cure operation . 

To verify the validity of the bolted/bonded skin panel attachment, two of 

the reworked I-beams were tested statically and the third was fatigue tested 

at NAOC. Static strength of 11,500 and 12,300 pounds were attained by the 

reworked I-beams, corresponding to 164 and 176%, respectively, of design 

limit load (OLL). The reworked fatigue I-beam was cycled under constant 

amplitude conditions at a maximum load of 7000 pounds (100% OLL) and a stress 

ratio R of+ 0.05. After 330,000 cycles of limit load, the fatigue beam 

f,iiled as shown in Figure 1. The fatigue failure occurred in the facings of 

the honeycomb sandwich shear-webs of the reworked I-beam. Failures of the 

original I-beam design always occurred in the tension flange (i.e., grid 

and/or skin panel) . The shear-web failure was also characteristics of the 

reworked I-beam stati c test . 

3 
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Prior to rework, the I-beams sustained static loads of 150%, 154%, and 164% 
DLL and a constant ampl i tude fatigue loading of 18 ,262 cycles at 
design limit load (7000 pounds). Thus, the reworked I-beams were superior 
to the original Jesign in both static and fatigue load performance. 

Structural Weight Summary 

At the conclusion of the I-beam ar.d box-beam intermediate componen t tests, 
a design decision was made to assemble the stabilizer structure using the 
combination bolted and bonded joint at the skin panel to substructure 
interface (see Reference 1). The preliminary weight projection for the 
bolted-bonded stabilizer design was 172 pounds. The actual weignt of 
the first stabilizer unit exceeded the weight projection by approximately six pounds. The weight difference was attributed primarily to ~he cured 
ply thickn~sses of th~ skin panels and 3ttach angles of 6 mils rather than 
the expected 5.5 to 5.8 mils, a thicker than anticipated adhesive layer at 
t~e upper panel bond surface , and the use of steel rather than tita ium 
bolts for attachment of the pivot and actuator fittings. The bolt sub­
stitution was made to avoid a procurement delay and rfsul ted in approxi­
mately a one pound weight penalty to the finished structure. 

A detailed weight and material utilization summary for the first stabi lizer 
assembly is presented in Table I. The finished structure weight was com­
prised of approximate ·y 62 percent graphite/epoxy, 11 percent fiberglass/ epoxy, 10, 8, and 5 pe rcent respectively of aluminum, steel, and titanium 
alloys, and 4 percent adhesive and epoxy fillets. The overall weight 
saving for the first unit was 28.2 percent by comparison to the equivalent 
metal structure. The redesigned structure (excluding the pivot and actuator 
fittings common to both graphite and metal stabilizers) was 30.3 percP.nt 
lighter than the corresponding metal structure. Considering only the com­
ponents in which the graphite/epoxy laminates were used (excluding all 
fittings, fasteners, and the fiberglass/epoxy learling edge as sembly), a weight saving of 36.4 percent was attained by comparison with the analogous metal 
components. 

STRUCTURAL ANALYSIS 

The previously reported discrete element analyses of the structure (Refer­
ences 2 and 3) we re completely revised and updated during the reporting 
period. The analysis model was improved to include the leading edge instal­
lation and both ~alves of the synroetrical stabilizer structure for the 
treatment of asymmetri c load cases. Element geometries, thicknesses, and 
elastic properties were also updated to the current design configuration 
of the stabilizer. The procedures and results of the discrete element 
analysis are presr.nted in this section together with revised b11ckling 
curves and the margins-of-safety calculated for critical points in the 
structure. 
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Discrete Element Analysis 

Discrete Element Model 

The analysis procedure was based on the matrix displacement approach. As 

with other matric structu~al analysis methods, the solution was based on a 

specific discrete element model of the actual structure. This model was 

obtained by first creating a basic subdivision grid in which the partitions 

and boundaries were designed to matr.h the actual structure as closely as 

possible. The basic gt'id was then subdivided into structural elements 

which required a node (or joint) at each end of a bar element or at each 

vertex of a plate element. The basic element types are illcstrated in 

Figure 2. Details of the complete discrete element model are shown in 

Appendix A. 

The origi n and orientation for the local element coordinate systems a , B, 

were established by the locations of the element vertices which are identi­

fied by the letters P, Q, Rand S. For the bar elements, the axial dir­

ection was specified by the letters P and Q. The principal directions of 

elasticity were similarly oriented with the quantity E11 parallel to the 

a direction and E22 parallel to the 8 direction. The PQ side of the element 

was artibrarily directed parallel to the a axis. This es t ablished the 

relationships between the orientation of the element geometry, the local 

coordinate axes, and the principal directions of elasticity. 

Unless the specific material is either isotropic or transversely isotropic, 

it is necessary to arrange the element subdivision grid so that the local 

coordinate axes for each element are parallel to the principal directions 

of elasticity for the mat~rial. It is preferable to arrange the element 

subdivision grid so that the local coordinate axes are parallel to the 

principal directions of elasticity and so that at least one of the axes, 

a, 8, be parallel to a base coordinate direction. When this practice is 

followed a coordinate transformation for the natural principal directions 

of elasticity is nJt necPssary. 

The orientation of the local systems a , 8, relative to the base coordinate 

x, y, z was established by the specific arrangement selected for the element 

subdivision grid. The desired node identification numbers were entered in 

the element data columns marked P, Q, Rand Son the element data sheet. 

Whenever possible, the PQ side of any element was located parallel to one 

of the base coordinate directions. This practice facilitated interpretation 

and applicatior. of the ·~tress data produced by the computer program and 

aided in maintaining the correct orientation for the principal directions 

of elasticity. The analysis system calculated and printed stress values for 

each element and each load condition. The print-out consisted of axial 

stresses for bar elements and normal and shear stresses for plate elements. 

The stresses for the plate elements were computed in two orthogonal direct­

ions relative to the local coordinate directions of each element (established 

by the PQ side of the element) . The orientation of the principal stresses 

was detennined by the angle between the max1mum stress direction and the 

PQ side. 
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The fittings we re represented by various arrangements of nodes and elements 
according to the specific design of eac~ fitting with consid~ration of the 
effect of adjacent structure. These fittings were not modeled with suffi ­
cent detail to compute accurate stresses within the parts. The additional 
degrees-of-freedom required would greatly in : rease tne dimensions of the 
overall problem. The idealized representations of these fittings were 
primarily intended duplicate rigidities and the modes of attachment to the 
structure. 

The location of each node was specified by the x, y, and z distances from the 
origin of the base coordinate system. The length and width dimer.sions for 
each element were thus determined by specifyin~ the identification number 
of the node at each end for bars or at each vertex for plate elements . The 
thickness dimension (in inches) was specified separately in the element 
input data. The elastic constants for the material represented by each 
e1ement was also included in the element input data along with any other 
special processing instructions required by the computer program. No elastic 
properties data were included in input for most of the elements. A special 
data bank routine was included in t he program which permitted the storage 
of mechanical and physi c l property data for a number of materials. Specific 
property values were retrieved on command and automatically assigned to the 
proper elements acccrding to the specific material and laminate pattern 
used in each. The material type, orientation of princ~~al elastic axes, 
and other necessary data were contained in two code numbe rs which were 
included in the element data input. 

Numerical values for the mechanical rroperties specified for metallic 
materials were obtained from Reference 4. El 1s tic properties for the fiber­
glass laminate were r bta i ned frum Reference 5. The elastic properties 
specified for the r ,.· 'te lami nates were obta ined from Reference 6. These 
Vdlues were modified on the ba~is of the I-beam and box-beam tests which 
indicated that t h~ tension values were more indicative of the specimen 
behavior than the compression values. The usual practice in discrete 
element analysis is tc specify either the tensile values or the ave1·age 
of the tensile and compressive values for each componen t. This i s do ne 
because 0:herwise, tensile or compressive elastic property values would have 
to be specified for each element according to the expected directions of the 
nonnal stresses. In situations with pronounced bi axial loading, it is dif­
ficult to predict the directions of t he normal stres s components. Also, the 
signs of the normal stresses change according to the direct ions and magni­
tudes of the external loads. 

Since the (0°/+45°/90°) ply pattern used in ti1e skin panels ~s transversely 
isotropic, the- shear modulus was modified in accordance with the relationshi p 
between E, u , and G commonly accepted for isotropic materials which is given 
by E 

G = 2 (1 + u) 

The elastic properties used in the discrete eiement analysis are shown in 
Table II. 

9 



PLY 
PATTERN 

•45 

0 / 1 45°/90° 

01 •45 

TABLE II 
MODIFIED ELASTIC CONSTANTS 

USED IN ANAL VSIS 

NUMERICAL VALUES 

DESCRIPTION OF 
ELASTIC CONSTANT SYMBOL TENSION COMPRESSION 

ELAST IC (YOUNG'S) MODULUS (MSI) E11 ,E:>2 2.52 2.52 

SHEAR MODULUS (MSI) Gl 2 

POISSON'S RATIO v12 0.818 0.8 18 

ELASTIC (YOUNG'S) MODULUS (MSI) E l l'E22 7.19 7.19 

SHE A R MODULUS (MS I) Gl2 

POISSON'S RATIO v l 2 0.305 0.305 

ELASTIC (YOUNG'S) MODULUS (MSII El I 7.88 7.88 

ELAST IC (YOUNG'S) MO DU LUS (MSI ) E22 3.54 3.54 

SHEAn ,V1ODULUS (MSI) G l 2 

POISSON'S RATI O v12 0 .731 0.731 

SHEAR 

4.36 

2. 75 

3.83 



The total thicknesses of the graphite laminates were calculated on the basis 
of 0.0058 inch per ply. This value was derived from measurements of the 
design allowable test specimens, the I-beams, and the box-beam parts. 

The thickness of the skin panel attach angles was added to the shear web 
thickness where the total depth of the web was small enough to permit the 
angles to overlap. This condition was present along a portion of the leading 
edge spar and at the aft end of the rib at station Y = 40.000. In addition, 
a filler-block replaced the portion of the core between station X = 100.000 
and X = 106.750 at station Y = 40.000. This filler-block reduced the shear 
stress in the web face sheets. 

The pivot and actuator fittings were id~~lized primarily to duplica e the 
stiffnesses of the components. However, the elements of the idealizations 
were designed to duplicate the physical dimensions of the structure wherever 
possible. Therefore, useful stress data for portions of fittings were 
obtained from the analysis. 

Fictitious bulkheads were added at the outboard ends of the spars at 
stations 112.637 and 118. 125. These elements were intended to replace the 
bending and torsional rigidity of the section which was lost due to 
idealizing the nose section as a triangular box. This step was deemed 
necessary only in the area near the outboard end because of the reduced 
overall thickness and consequent reduction in cross sectional area in this 
region. Therefore, such bulkheads were not added forward of station 118.125. 

Analysis Procedure 

An element stiffness matrix Ki was generated for each element in the 
structure dfter which all the element stiffness m~trices were arranged in 
proper 1ocations in the general stiffness matrix K. The superior bar 
indicates that the quantities were referenced to the base coordinate system. 
The external forces for all load conditions were contained in a loads 

- -i matrix P. Thermal forces Q (if presen ~) may be computed for each element 
and load condition and added to the loads matrix to form the complete 
matrix of applied forces (P-Q). The solution to the problem required that 
the matrix equation 

(P-Q) = i<u ( 1 ) 

-be solved for the displacements U. 

To solve Equation (1), the singular matrix K was rendered non-singular by 
elimination of the rows and columns which represented displacements in the 
direct-ions of six rigid body degrees-of-freedom . The rows and columns for 
additional degrees-of-freedom which were fixed to represent physical restraints 
of the structure were similarly treated. The affected rows and columns were 
set equal to zero and a value of 1.0 was given the corresponding main diagonal 

1 1 



locations to create the reduced stiffness matrix Kr having the same dimensions 
as K. The displacements were therefore obtained using the equation 

(P-Q} = i< u r (2) 

The comput~r program utilized banded matrices for Kand Kr so that computer 
core st0rage requirements were held to a minimum, thus permitting consideration of larger problems. All matrix operations were done in core which resulted in reduced processing !,ime on the computer. The solution of Equation (2) for the displacements U was done in one ~peration by means of the Cholesky decomposition procedure. The application of this method to a banded matrix is described in Reference 7. 

The primary structural elements consisted of axial bars, triangular plates and rectangular plates (see Figure 2). The quadrilateral elements were formed from two triangular plates to form an element pair. These element pairs were then treated as single, homogeneous bodies. Linearly varying boundary displacements w~re assumed for the plate elements, resulting in constant stress fields in the triangular and quadrilateral cleme ·1ts. For rectangular elements the assumption of linearly varying boundary disrlacements lead tc a distribution of strain where the extensional components were 
constant along the reference coordinate direction but varied 1inearly in the perpendicular direction. The shearing strains varied linearly along both coordinate directions. A state of plane stress was assumed to exist in the plate elements. The properties of the primnry elements are more completely described in Reference 8. 

Data input consisted of Young's moduli E11 and E22 , Poisson's ratio u12 (or u21 ) and a shear modulus G12 . Where thermal effects are required the 
thennal coefficients a1T and ~2T must also be included. The program computed 
displacements at each node for each coordinate direction, the stresses a11 , 
a22 , and T12 fo r each plate element and the reactions at nodal points 
were fixed degrees-of-freedom were imposed. Principal stresses and the direction of the maximum principal stresses relative to the local element coordinates were computed for all plate elements. 

The reactions at fixed degrees-of-freedom together with the previously defined external loads were obtained fro m the matrix equation 

- -
( 3) 

where K was partitioned into Kr and~- As before, the subscript r refers to 
the reduced stiffness matrix and the corresponding applied loads. The 
subscript w refers to the restrained degrees-of-frP.edom for which the 
displacements Ur are zero. 
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The stresses (oi ) were obtained from the displacements u by use of the relationships 

a = A£ + aT B (stress -strain relationship) and 
£ = bu (strain -di spl acement relationship) 

The matrix u defines displacements for a single element which are given relative to the local element coot~inates . Therefore, the stress-displacement relationship was obtained by the substitution of (5) into (4) which yielded 

a = Abu + aTB (6) 

where A and Bare the matrix expressions fur Hooke's l aw for elastic and thermal strains, respectively. Since the stresses were calculated relative 
to the local coordinates for each element, the displacement Di obtained from Equation (2) were transformed by means of a rotation matrix A which consisted of the direction cosines for the angles between the local 
coordinates for each element and the base system. This rotation of coorrlinates is symbolically expressed by the matrix equation 

u = AU (7) 

where u is the displacement matrix for a specific element relative to the base system. The matrix u was generated by extracting the proper rows 
from D to fonn 01 which was then rearranged to yield u. 
The displacements were computed relative to the fixed supports and printed out for each degree-of-freedom refer~nced to the base coordinate system. The appl i ed loads were regenerated by performing the matrix operation 
defined by Equation (3) which also yielded the reactions at fixed 
degrees-of-freedom. These quantities were al so printed using the proced~re described previously for the displacements. 

External Loads 

Critical load conditions for the stabilizPr are summarized in Table :.I. Critical load conditions C, D and F were ~nalyzed in detail. Condition D had the maximum total tail down-lo;d (maximum stabilizer load). 
Condition F c~used the maxi mum up-load on the orizontal surfar.e. 
Condition Chad the maximum elevator down-load combined with a near 
maximum total tail down-load and was critical for most of the structure. Condition E was critical at the leading edge but was not included in the discrete element analysis. This latter ~~ndition was analyzed in detail in Reference 6. 

Condition B was listed in previous reports as critical for the t,orizontal 
stabilizer incidence act uator . This condition produced the maxi mum 
compression load in the actuator and wa s , therefore, critical for that part as a column. However, the maximum ten sion load (which is more than t hree times as much) occured during condi t ion Candis critical for the actuator attachment to the stabilizer. Qu antitative data on each of the load conditions considered in thi s anal ysi s (C, D and F) may be found in Referen ce 6. 
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The computer program required that external loads be applied to the analysis 
model in the fo·rm of concentrated fot'ce vectors . These force vectors were 
applied at node points parallel to one of the base coordinate directions. 
Distributed loads such as aerodynamic pressures were replaced by 
a statically equivalent system of concentrated forces which were represented 
by force vectors acting at the nodes. 

Externally applied concentrated forces were also represented by force 
vectors. Since all force vectors acted on nodes, external concentrated 
forces were provided by placing odes at the proper locations in 
the analysis model. All such force vectors were statically equivalent 
to the corresponding external forces. 

The location, direction, and identification numbers for each load vector 
are shown in appropriate views and cross-sections of the analysis model in 
Appendix A. The numerical magnitude of each load vector for each load 
condition was printed out with the analysis result~. 

Element Stresses 

Stresses were computed for all critical elements in the structure using the 
analysis model and procedure described previously for load conditions C, D, 
ar,d F. For condition C, limit stresses are plotted in Figures 3 through 6 
for the upper and lower skin panels, in Figures 7 through 11 for the rib 
and spar ~lements, and in Figures 12 and 13, respectively, for the pivot 
and actuator fittings. Similar figures for critical structural elements 
under load conditions D and Fare included in Appendix B. 

The signs for the nonnal stresses are based on the usual conventicn. 
Positive stresses indicate tension and negative stresses indicate compression. 
For the shear stresses the sign convention is as follows: positive shear 
causes a decrease in the 90° angle between the a and B element coordinates 
when oriented in their positive dire~t ions. 

Because of the curvature of the skin panels, th~• upper and lower cover skins 
are not parallel to the base cc;rdinate plane except at a few locations. 
The angular deviation of the cover skin elemerts from the x-y plane is $mall 
and (except for the leading-ed9e section) was ,,~glected. In the stress 
diagrams (Figures 3 through 13) the cover skin stress components are 
designated as ox, oy, and Txy· The stress field components for the leading 

edge section are directed parallel and normal to the leading edge spar in 
the plane of each element. For leading edge section components, the 
orientation is defined by they dirertion which is ~arallel to the front 
spar plane. 

Structural Deflections 

In the stress analysis of the metal surface. structural deflections were 
considered only in Condition C which had high elevator down-10ads and high 
stabilizer torque. The following effects of flexibility were considered: 
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NOTE, ALL STRESS VALUES ARE IN 1151 

POSll lVE DIR EC TIONS FOR 
LOAD VEClORS AR E SHOWI\I 
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ALL Sl Al ION LOCA I tONS ARE 
MEASURED RE LA l IV[ fO AI\IAL VSIS 
MODEL BASE COORDINAH SVSIEM 
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l 
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1 
'---------70 

- .O S 
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3 .35 
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I 

16 
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- ,51 

- 1.01 
- 3 2'f 
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- , / 7 - .39 
- .50 - .7/e 
- . .55 -544 

14 19 
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I 

u 1----=--u,,-'"''8 ----""\ 
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() .JJ - I 2. 1 

-/. sz 
-5,77 

tl.Jz. 

u 

u 
4- . :l l 

- . 43 
- . /0 

-10 . '10 
- 1.20 

u 

I 
I 

- 45 - . 3'1 
- . 73 - . 54 

- 3 , 7 4 - 3 .Z.5 

-l . .U 
,,------.:... __ .J,9 

r-----1 u 
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• I u u 
\...----::--:-:---i 16 --4-o""s,--'"' 

Z -14 

- 3'I -.,, 
- 1.Z I 

,_ __ -__,2e....,7;,£,._~ " J-- --';,..;·..:.1;::_4-1 

u u 

13 

r 

18 

t 
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26 33 

\....-- -,-~u:-;---"\l \-----,,7~;7: ----\11----1 
, .os 

- 42 - . 10 
- . 'f5 - .57 

- 3.5'f - 185 
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X 111. 

31 

l 

- .38 - , 17 
- .80 - .5 7 

-4 .Z'- - 3 .4Z 

u 

X • IIJ, 

31 

u 

- ' 4'1 Z" 
-.85 - r.s 

- 7. 14 - 7 Z J 

u 

X • IOI. 

13 30 
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t u 

>---2--,,-,'8,----<. ,~--3-_-7-(,---1. 

- 37 - . 04-

- .t,8 - 4 1. 
- '1 . 4'1 - 8 . 9Z 
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~O G81 •• 443 •oo 38 706 J1 036 2!> 86!, 



so 60 11 .. 91 

f i f t t 
u u 

I~ 126 
199 IOENllFICl'IION CODE 

u 96 1. 1, " · / 0 
FOR HEMENT STRE SSES 

6ti 

'"'' 
- . /0 .04 .08 

• '" .II,, . I Z 

- .57 - . 2 1 - . 0 3 e- .oz .04 

-1.SS -'·'" - . 2 0 - , IZ .ze - 1,33 

FOR LAMINATED 
GRAPHITE 011 

81 
FIIEIIGLASS PANELS 

-- 7 

Ol 

• 119 115 y J 199 

]7 •o •9 59 10 BJ 90 

r f t i 
u 

i i t 
-+ oy 

u .. 10] 
IO I ... 8 .JI 

1.40 
POS II IVl OIR (C IIONS 
OF EL EMENT S IRE SS( S 
I'll S IRl SS(S IN KSI 

- . 17 - .o'I -. 03 . 10 . IZ .Z8 
- . 57 - ,30 - .It. - - II -• II - .04-
3 . 4Z - ' . 76 - Z. Z3 - / . 8d - 1. ,8 - z . 11 

IDENTIFICATION SYMBOLS 
FOR ELEMENTS TO 
SPECIFY MATERIAL TYPE 
ANO COMPONENT 

• 85 - 8 . ro 
u - GRAPHITE FLA ... GE 

1•'!, 11~ 198 011 ANGLE 

u 

I 
V - ALUMINUM FIT JING 

w - STEEL FITTING 

X • 11 26]1 y J ]79 • - STEH OR TITANIUM 
OOUILEII 

J I ]9 .. 51 69 87 89 V - FIIEIIGLASS 

f f t i i f f 
Fl ANGE 011 ANGL E 

l - LAMINATED FIIEII 

u 
u u GLASSPANH 

&• 17 IOI 172 ••s 111 -- l9'j 

,. 'S"' 
4 ,., f.41 NOSVMIOL - LAMINAHO 

GRAPHIH PANIL 

- . Z" - ZJ -. ZI - 0 8 - , O(. - . 18 

- .,s - .4 Z - . J I - .JI - .3z I Z. 

- 7. ZJ - 7 ,a - S .'1¢ -5.4-(,, -.5 .17 _ , _s5 

8] 107 -7. 11 ·113 .'l . "IIJ 146 11] 196 

u u 
I 

X • IOb 150 
i 

y 7 8!,8 

JO ., 51 68 81 88 

t t f t 1 ♦ 
I 

u u u u u 
60 80 14J 

J.7', S -l Z S 18 / / .JO 12 . • 4 

- .04 . II - . 17 . / j . I.J - t . 5Z -o,s 
- . -#-'- - . 4 3 -. 5 7 - . 80 - / . 10 - / .4/ - 2 .46 

8 . '1Z - 8 . 'fo - /0 J9 -· 1/J 0 4 -10 . 00 -1 0 . 13 -0. 33 

-J. 1 - s .o 81 
u u u 

.AR X 1000 

7511i5 

y 7 JOO 

700 1r,o 11 0 10 V 00 

FIGURE 7. STRESS DISTRIBUTION IN SPANWISE 
SPARS - LOAD CONDITION C 
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IDENTIFICATION SYMBOLS 
FOR ELEMENTS TO 
SPECIFY MATERIAL TYPE 
AND COMPONENT: 

U - GRAPHITE FLANGE 
OR ANGLE 

V - ALUMINUM FITTING 

W - STEEL FITTING 

X - STEEL OR TITANIUM 
OOUBLEH 

Y - FIBERGLASS 
FLANGE OR ANGLE 

Z - LAMINATED FIBER­
GLASS PANEL 

NO SYMBOL - LAMINATED 
GRAPHITE PANEL 

u 
7. -1~ 

- .43 
-/, jJ 
-3.s, 

-s /4 

u 

50 82 

u 
7. fl / 

. 3" 
- .42 

-1.,4-

-4 , 77 

u 

IDENTIFICATION CODE 
FOR ELEMENT STRESSES 

0 
l 

AAA 

BBB 

CCC 

FOR LAMINATED 
GRAPHITE OR 
FIBERGLASS PANELS 

0 
l 

POS ITI VE DIRECT IONS 
OF ELEMENT STRESSES 
ALL STRESSES IN KSI 
FOR CANTEU RIB ONLV 
O' IS COOR OINATE DIRECTION 
NOR MAL TO Z DIRECTION AND :::: PA 

u 

</.D4 
.so .27 

- ,3q - . 91 
/ , 3{, -7 .12 

-s.2.s 
u 

44 443 40000 

ALL STATION LOCATIONS ARE 
MEASURED RELATIVE TO ANALYSIS 
MODEL BASE COORDINATE SYSTEM 



ION CODE 
T STRESSES 

87 75 

78 

1 
y • AAA 

-/.80 • BBB 79 

• CCC 

2. .Z/ 169>-------'"'\1601 __ _ I. 

y 

Y = 6.595 Y = 8.576 
140.411 

CROSS SECTION THROUGH LEADING EDGE STRUCTURE fCANTF.DI 

)( = 135.063 
FRONT SPAR 
PLANE 

0 RIB ONLY 
INATE DIRECTION 

Z DIRECTION ANO :::: PARALLEL TO X 

u 
i--~:.44)------;::;-;;:;:------,51)---;:--=--=-­

'f. 84-

u 

9. SS 

.27 
-, 91 

-1.12 

.Z'I 
-.70 

-/.4b 

. 4,t,, 
.oz 
.65 

- 7.41 
-s. 71 

r-----:::.:..:~---~ 58r-------....... -~ 
u 

u 

40.000 38.206 

.25 
- .oz 
I. '17 

y 

3.()3 

y 

--;-~---7 95\...-----:-,_-:::;9;:;7~-,. 

.zz 
- l,'12 
I. '16 

z 
. /I, 
. 27 z 

z .oo 

- 2 . /,(. 

y 
r---------------{97,__ ___ -_/_. ---...... 

y 

32.036 27.840 25.865 20.000 

POSITIVE DIRECTIONS FOR 
LOAD VECTORS ARE SHOWN 

LEADING EDGE SPAR MEMBER fCANTEDI 
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75 
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-/.80 
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-/.,5/ 

.03 

.33 z 
/ . IS 

76 

i .Z/ , __ l~-~4~8;,_...---1, 
159,1-----------t160-

y V 

140.411 144 .970 

.oz 
.3Z z 
.ao 

77 

148.617 

. 01 
.18 z 
.70 

78 

80 

152.633 156.528 

STRUCTURE (CANlEDI 

X = 135.063 
FRONT SPAR 
PLANE INBOARD RIB MEMBER IN LEADING FDCE STRUCTURE (CAN TEDI 

y y y 

~-----,--v------1951.------~:::----~111>-----,.-o-=1----,, 
3 3 

~,1 

.2$ 
-.oz 
/.97 

25.865 

.I) 

.zz 
-1.&2 z 
I. 'I 6 

20.000 

.lb 
. Z7 z 

z .oo 

15.000 

.10 
.28 z 

/ .51 

11 .000 

.os 
. /6 z 
-98 

6 .595 

Y ISPANWISEI STATIONS 

FIGURE 8., STRESS DISTRIBUTION IN LEADING 
EDGE SPAR AND INBOARD RIB -
LOAD CONDITION C 
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X • !M.62S 
ELEV HINGE 

LINE 

4 .?8 
- .4-3 w 
/0 .02 

2 3 

CROSS SECTION AT RIB FITTING 
LOCATED AT Y • 58.187 

)( 

IJ . '1.S 

- .2 O 
- .1.8 

/Z .57 

-11.87 

)( • 100.00 
REAR SPAR 

PLANE 

)( 

u 
S,7J 

- 4- . 8. 

u 

30 
28 5 .2'1 

- . Z4 - .4-1 
- .59 - .81 
'I .JI 4-.Z7 

-3.,7 
31 

CROSS SECTION AT Y • 40.000 RIB 

106.7S0 

X • !M.62S 
ELEV HINGE 
LINE )( . 98.500 I 

)( & 100.0 
REAR~ 
PLANE 

ALL STArlON LOCATIONS ARE 

MEASURED RELATIVE TO ANALYSIS 

MODEL BASE COORDINATE SYSTEM 

- .4-3 
- .82 

101 

4- . 74 



X • 91.500 
X • 100.0 
REAR SPAR 
PLANE 

192 FIXED SUPPORT POINT 

BAR ELEMENT NO. 1 SIMULATES THE STABILIZER ACTUATO H ROD 

POSITIVE DIRECTIONS FOR 

LOAD VECTORS ARE SHOWN 

X • 94.625 
ELEV HINGE 
LINE 

)( 

X • 100.0 
REAR SPAR 
PLANE 

~-------.:201\.----------

-e­
e­

-/.58 

CROSS SECTION THROUGH CENTERLINE Y • 0.0 

u 

-. 09 
- .Z3 
4-. 3/ 

u 

106.750 

86
\.-------._ae\.-------­

'------· 

· 18 
- . /8 
4- , 1? 

as,,-------' a1 )---------4 89 )-------11 

123.812 

112.437 
118.125 

CROSS SECTION AT Y • 20.000 RIB 



)( • 135.063 
FRONT SPAR 
PLANE 

~\.------~U)......---------4 

\.-----, 

- . OZ 
- . If 
4- . ,4-

-.01,, 

- , /0 
5 , // 

· 18 
-./8 
4- , 17 

r--------J111--------' 19 ..,_ ______ ..... 

112.437 
118.125 

123.1112 129.437 

CROSS SECTION AT Y • 20.000 RIB 

-.42 
-. 3S 
.3 . ,0 

133.263 135.063 

IDENTIFICATION COOE 
FOR ELEMENT STRESSES 

o,. = AAA 

oz = BBB 

T yz = CCC 

FOR LAMINATED 
GRAPHITE OR 
FIBERGLASS PANELS 

POSITIVE DIRECTIONS 
OF ELEMENT STRE!>SES 
ALL STRESSES IN KSI 

0 
l( 

IDENTIFICATION SYMBOLS 
FOR ELEMENTS TO 
SPECIFY MATERIAL TYPE 
AND COMPONENT: 

U - GRAPHITE FLANGE 
OR ANGLE 

V - ALUMINUM FITTING 

W - STEEL FITTING 

)( - STEEL OR TITANIUM 
DOUBLER 

Y - FIBERGLASS 
FLANGE OR ANGLE 

Z - LAMINATED FIBER· 
GLASS PANEL 

NO SYMBOL - LAMINATED 
GRAPHITE PANEL 

FRONT SPAR 
PLANE 

FIGURE 9. STRESS DISTRIBUTION IN CHORDWISE 

RIBS - LOAD CONDITION C 
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20.000 

)( 

. /7 2 .4-5 / , 77 

r-------.J160 

15.000 11.000 

CROSS SECTION THAU)( = 140.411 
LEADING EDGE ~TRUCTURE - SHEAR PANELS 

54 

• 55 

-2.1'1 - /. '13 

114 

135.063 140.41 1 144.970 

CROSS SE CTION THAU LEADING EDGE 
STRUCTURE ATV - 15 000 - SHEAR PANELS 

V - 6.304 

56 

2 .22 Z. .04-

15.000 11 .000 V : 6.412 

CROSS SECTION THAU )( = 144.970 
LEADING EDGE STRUCTURE - SHEAR PANELS 

)( 

64 

134}'-------· 

-2.8I 

' 
135\-------\137 

135.063 140.411 

CROSS SECTION TH 
STRUCTURE ATV • 



Z.04-

I 
11 .000 V = 6.499 

CROSS SECTION 
THRU )( = 148.617 
·LEADING EDGE 
STRUCTURE -
SHEAR PANELS 

65 

140.411 144.970 148.617 

CROSS SECTION THRU LEADING EDGE 
STRUCTURE ATV = 11 .000 - SHEAR PANELS 

132- - --

133 -- --

11 .000 7.000 5.051 1.800 V = 0.0 

CROSS SECTION THRU >< = 133.263 -
SHEAR PANELS 

45 

46 

-3.08 

X = 135.063 140.411 

CROSS SECTION THRU LEADING EDGE 
STRUCTURE AT V = 20.000 - SHEAR PANELS 

V = 5.200 ICANTEDl 

X = 133.263 

)( = 135.063 

NOTE: ALL 



.., 

I 
i 

1.800 Y = 0.0 

CTION THAU X = 133.263 _ 
NELS 

-3.08 

140.411 

SECTION THAU LEADING EDGE 
URE AT y = 20.000 - SHEAR PANELS 

46 

CHORDWISE SHEAR PANELS ADJACENT TO FRONT SPAR 

Y = 5.200 (CANTE DI Y = 7.000 Y = 15.000 

X • 133.263 

Z.35 

X = 135.063 
Y = 25.865 

{, ,37 

X = 133 263 

X = 135.063 

NOTE : ALL STRESS VALUES ARE IN t<SI 

POSITIVE DIRECTIONS FOR 
LOAD VECTORS ARE SHOWN 

ALL STATION LOCATIONS ARE 

MEASURED RELATIVE TO ANALYSIS 

MODEL BASE COORDINATE SYSTEM 

.38 

Y = 11 coo 

- .2.3 

X = 133.263 

X = 135.063 
FRONT SPAR 
PLANE 

FIGURE 10. IN-PLANE SHEAR STRESSES IN SHEAR 
PANELS - LOAD CONDITION C 
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IDENTIFICATION CODE 
FOR ELEMENT STRESSES 

o AAA 
y 

0
2 

: BBB 

T yz CCC 

FOR LAMINATED 
GRAPHITE OR 
FIBERGLASS PANELS 

POSITIVE DIRECTIONS 
OF ELEMENT STRESSES 
ALL STRESSES IN KSI 
(NOT APPLICABLE TO 
CANTED RIB) 

J7 

♦ 

ALL STATION LOCATIONS ARE 

MEASURED RELATIVE TO ANALYSIS 

MODEL BASE COORDINATE SYSTEM 
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SPANWISE STAT 
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34 

1 

42 

1 
U \.------"'\Be~-----"\ 

\....--~-:----\68 
1.JI 

- .oz 
- .57 

-Z .43 

r------...lag 

25.865 

• liP 
-,0.3 

- 1, 23 

r------1 

SPAR AT>< • 123.612 

TED RIB ONLY 
RDINATE DIRECTION 

TO Z DIRECTION AND ,. PARALLEL TO X 

. !'I 
,73 
.Jj 

1M 85 

I . r . 
u '---~:-::--"'\11a~---~s~.~15r--.: 

\__-..-:;~--7 176 -S-4" 
-1•'" 

-.o, 
/ . ()/ 

- -~4 

I 
11 .000 

u 

- . 70 
- . 25 

,58 

85 92 

t t 
;~----~201 

lr-----...(202 

I I 
7.000 4.269 Y z 0.0 

SPANWISE STATIONS IINCHESI 

87 

t 

- . 71, 
-2 . 13 

.67 

POSITIVE DIRECTIONS FOR 
LOAD VECTORS ARE SHOWN 

IDENTIFICATION SYMBOLS 
FOR ELEMENTS TO 
SPECIFY MATERIAL TYPE 
AND COMPONENT: 

U - GRAPHITE FLANGE 
OR ANGLE 

V - ALUMINUM FITTING 

W - STEEL FITTING 

>< - STEEL OR TITANIUM 
DOUBLER 

S',"'I 
,,_ _ __,;;;.;.:;.:,.._--l.111,,_ _ _,;,~.;.• .:.~.:6~-..J179 ., . 7o ,,, .I 

u I u I -r--..;.;.;.u.::....._..J1i 1,;---r-:· ~:~ 

Y - FIBERGLASS 
FLANGE OR ANGLE 

Z - LAMINATED FIBFR­
GLASS PANEL 

112.637 
I I 

118.125 123.812 129.637 133.263 135.061 
NO SYMBOL - LAMINATED 
GRAPHITE PANEL 

CANTED RIB MEMBER IN TORQUE BOX STRUCTIJRE 

FIGURE 11 . STRESS DISTRIBUTION IN RIBS AND 
SPARS - LOAD CONDITION C 
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IOI N flf IC A f lON S YMBOl , 
J OA llf.MFNJS f O 
SPrC lf Y MAU RIAL lYPI 
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I : 

GRAPHlf( fLA NG I 
OR ANGU 

AL UMINUM J I T f tNG 

S U IL OA TllAN IUM 
OOUBlf R 

Y fltllAG lASS 
flANGl OR AN GLl 

lAMINAfl.0 f 181 A 
GL ASS PANll 

1'110 S VM80l LAMINATED 
GA APHI l l PANL l 

BOTTOM VIEW 

- 8 .8, 
J .S I V 
7. 7t,, 

- . 70 
-. 2.5 
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Y • · • 169 

Y • 4 269 

2011)---------------l 

TYPICAL FOR LEFT 
AND RIGHT VIEWS 
Q I S COORDINATE-DIRECTI ON 
IN PLANE OF ELEMENT AND 
NORMAL TO z COORDINATE 

224 

Z • • 00!> - - I 

I 

TOP VIEW 

ORIEN TATION OF STRESSES 
TYPICAL FOR TOP AND 
BO TTO M VIEWS 

I 

-Z - 73 
3 .J / • 

- .Z9 

- 1. / 4 
1,J 7 

- .,z 

I 

I X • 113111 )( • 119437 Ill • 1314JI X • Ill 163 X • ll5 06l 

Y •!t 700 

Y • • 1100 

'i. 

1100 

]!,00 

- Y • ~100 

1M - 4 1 • 4 15"0 

I 
I 
I 
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TOP VIEW 

I 
I • Ill 01 

I 

_z , 13 
3.J I • - .z, 

_ / , /4 
I . J 7 _ ,,z 

I 

I 
X • Ill 163 IC • 13506J JC • 1l7l1l 

- V • •~100 

-- Y • • 11100 

- V • 1800 

-- - V • 3'>00 

- --Y • ~100 

Z • 415'0 

NOTES 

QUANTITIES MAAKEO • AEPAESENT STRESSES IN THE LUG AREA OF THE 
PIVOT POINT FITTING ANO THE ELEVA TOA MECHANISM ATTACH FITTINO 

SINCE JHESE AREAS ARE H!GHL V IDEALIZED, THESE VALUES ARE NOT 
fU,tUSENTA JIVE OF THC ACTUAL STRESS FIELD IN THE FITTINGS AND 
ARE LtSU.O FOR REFERENCE ONLY 

NODES NO 210 ANO 135 ARE FU(EO SUPPORT ,01NfS 

ALL STATION LOCATIONS ARE MEASURED RELATIVE TO ANAL V$1 $ MODEL 
USE COOAOl"'IA U SVt lEM 

SECTION 9 I 

SCCltON A A 

FIGURE 12. STRESSES IN IDEALIZED PIVOT 
FITTING AND ADJACENT STRUC· 
TURE - LOAD CONDITION C 
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I\ ,, 
lljOTE All STRESS VALUES ARE 11\j KSI 

IDEl\jTIFICA flOl\j SYMBOLS 
FuR ElEMEl\jTS TO 
SPECIFY MATERIAL TYPE 
AlljD COMPOl\jEl\jT 

U - GRAPHITE flAl\jG[ 
OR AlljGlE 

V ALUMllljUM FITTll\jG 

w S TEE FITTl~lG 

X STEEL l)R TIIAl\jl\lM 
DOUBLER 

y FIBERGLASS 
FLANGE OR ANGI.E 

l LAMINATED FIBER 
GLASS PA!\IH 

NO SYMBOL LAMINATED 
GRAPHlll PANEL 

,_ ________ ,961-------,c 

a~ = -,,.eo} 
CY1,, = 8 78 

J'--.,; " - 8 .43 

{

-7. '17 
• 7.a4 

- / .39 

0 

~MOCAc,o, 
PLATE ELEMENTS 
IN TOP ANO 
BOTTOM VIEWS 

0 

BOTTOM VIEW 

/I 
II 

I 
I i i 
I I\ 

II I 
II I 

- - - .. - - - 1731-------"'"(172 

TYPICAL FOR PLATE E 
IN LEFT ANO RIGHT VI 
ALSO FOR SECTION A·A 
Cl! IS = TO>< 



II I 
II I 

I 

OR PLATE ELEMENTS 
0 RIGHT VIEWS 

SECTION A-A WHERE 

• 

A ◄ 

V • 2.IIO 

I 
V • - 2.ftO 

I 
I I\ 
I I I 

11 I 
/ I I 

,_. _____ _,,.~-,----~: 
i ' 

- · · - X • 101.750- · · - 21&,--------'Z11 ---

\ 
\ 
\ 
\ 

0 

O".c = 10.8'1} r. • -7.03 
7.,.~• - Io . 'i() 

- --~-:-v-. P+-~-c-:-i-L '°" 

PLATE ELEM EN TS 
IN TOP AND 
BOTTOM VIEWS 

' I 

I I 
I I 
I I 
I 1 

I 
I 

/ ·f-l;; 
f 2 .'il 

0 

l 
V • - 2.300 

TYPICAL FOR PLATE ELEMENTS 
IN LEFT AND RIGHT VIEWS 
ALSO FOR SECTION A-A WHERE 

Q IS =' TO x 

-- ---- -- - - - - ---- -- - - . e --- - -- - --- - X • 94.625 -
HINfiE LINE 

e - EXACT LOC 
NODE IS DE 
STABILIZF.R 
FOR A SPEC 

A ◄ 

TOP VIEW •THESE QUANTITIES AAE STRESSES IN THE CANT A18 FLANGES. 



II 

' " 

- • • - X • 1111.750- • • - 211,--------1 

\ 

TYPIC~L FOR PLATE ELEMENTS 

IN LEFT ANO RIGHT VIEWS 

ALSO FOR SECTION A· A WHERE 

Q IS = TO x 

9 - · 

/I I 
II 

I I I 
I II 

I 
-- _ • - - -- - • - - 195 

FIXED 
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1. Elevator twist was taken into account in detennining the effective 
elevator setting. In condition C, full 25° up elevator angle was 
required by the design condition. This angle was achieved at the 
airplane centerline where the system stops prevented greater 
deflection. Elevator torsion reduced the average angle to 19.2° 
(Reference 9, Vol. Ill, Pg. 214). 

2. Stabilizer and elevator twist in condition C shifted the spanwise 
center of total load from station 33.8 to station 32.2 (Ibid, 
pg. 214, 216, and 217). 

3. Stabilizer bending was considered in detennining the elevator hinge 
reactions. Examination of the deflection terms in the hinge reaction 
equations showed that they were relatively small and affected the 
hinge reactions by less than 10 percent. 

The general effect of the structural deflections was to produce a small reduction in structural loads, except for the hinge loads where some were 
increased and some were reduced. 

Graphs of experimental deflections at the front and rear-spars as obtained 
from tests on the metal stabilizer and from calculated data for the graphite stabilizer are shown in Figure 14 for load condition C. Calculated 
deflections for conditio~ D at the rear-spar are also included. 

The deflection curve for the metal stabilizer at the rear-spar as given in 
Reference 2 has been revised for the present report. When this data (from 
Reference 10) was first examined, it was determined that the deflections 
for the front and rear-spars for load conditions C and D contained a 
spurious increment, most of which was caused by deformations in the support 
fixture. The deflection _curve sho#n in Reference 2 was derived by sub­
tracting the estimated increment due to fixture deformation. A subsequent 
study of this data revealed that not all of this defonnation was accounted 
for in this correction. Therefore, a further modification for fixture 
defonnation was made when deriving the deflection data shown in Figure 14. 
The data given in Figure 14 for load condition C is a reasona~le accurate 
representation of the actual load deflection curve for the metal stabilizer. 
The comparable deflection data for load condition D founa in Reference 10 
contained a greater error than the data for condition C. This latter 
deflection data was therefore not used as a basis for comparison in 
Figure 14. 

A direct comparison of the calculated deflections for the graphite stabilizer 
with those of the metal structure is difficult since the elevator was not 
included in the discrete element analysis, and the metal stabilizer tests were made with the elevator attached. The elevator was placed in the 
prop~r flight attitude as defined by the angle of elevator deflection (oe) 
which for condition C was 25.0 degrees nose-down. The elevator caused an 
increase in the apparent stiffness of the stabilizer structure since each 
elevator is attachP.d to the stabilizer through a statically indetenninate 
(four hinge point) system. However, it was possible to draw some conclusions from the test data by comparing the effect of the elevator on the 
deflections measured at the rear-spar with the comparable effect on 
front-spar deflections. 
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Figure 14 indicates the experimental front-spar deflections are greater 

than the calculated deflections for both the left and right sides. In 
contrast, the calculated rear-spar deflection is greater outboard of 
spanwise station 20.0 but follows the experimental curve quite closely 
to station -40.0 at which point the two curves began to deviate again. The 

rather large difference in the deflections noted at the rear-spar outboard 

of station 20.0 can be caused by the presence of the elevator as previously 

discussed. The stiffening effect of the deflected elevator would ~lso 
influence the deflection at the front-spar in the region adjacent to the 

outboard hinge fitting. This effect is verified by the relationship of 
analytical and experimental deflections at the front-spar. The two 
curves diverge with increasing distance to the 1eft of the centerline up 
to about station 30.0 or 35.0 after which they began to approach each 
other again. Near the outboard hinge fitting they are nearly parallel. 
It appears that the spanwise bending rigidities of the metal and graphite 

structures are approximately equal. In view of the generally small effect of 

the structural deflections on loads, the differences in the rigidity of the two 

structures is not considered significant. Since a production metal elevator 

will be used with the composite structure, the elevator twist will be 
identical to that previously computed. 

Allowable Buckling Stresses 

Critical buckling stresses for the cover skins were recomputed using the 

5.8 mil per ply thickness and the elastic properties given in Table II. 
For this analysis, the degree of edge fixity was accounted for by assuming 

pin-jointed panels with dimensions equal to those between the bolt 
centerlines. Buckling allowable curves obtained in this manner are 
presented in Figures 15 through 19 for cormined biaxial coff1)ression and 
shear loadings. A graph of critical buckling stress versus thickness for 

pure shear and for uniaxial compression is shown in Figure 20. This 
figure illustrates the correlation between the maximum compressive stress 
obtained in the box-beam test and the critical buckling stress for uniaxial 

compression. Since the box-beam skin did not buckle in this test, it was 
concluded that the PANBUCK program and the assumed panel dimensions gave a 

satisfactory solution. 

The (0°, +45°, 90°) pattern is quasi-isotropic. Consequently, isotropic 

stability-equations should give nearly the same critical stresses as the 
PANBUCK solution. Table IV compares the buckling stresses obtained from 

PANBUCK with the buckling stresses obtained from cormnonly used isotropic 

formulas for uniaxial compression and for shear. 

The isotropic relationships are in fair agreement with the PANBUCK 
solutions. Interpolation or extrapolation of buckling allowables from 

PANBUCK is, therefore, considered permissible on the basis of Fer proportional 

to Et2/b2. 
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TABLE IV 

COMPARISON OF BUCKLING STRESSES 

PANBUCK ISOTROPIC 
NO. OF 

LAYERS I COMP. SHEAR COMP. SHEAR 

16 0 .0928 10,644 14 ,760 11 ,000 14,700 
24 0 .139 23,690 32,430 24 ,000 33, 100 
32 0 .186 41 ,400 55,800 44 ,000 58,800 

Margins-of-Safety 

A general stress analysis of all load resisting components and details in 
the stabilizer structure was completed during the current reporting period. 
The detailed c~lculations may be found in Reference 6. Significant results 
from this effort are sumarized in the list of critical margins-of-safety 
presented in Table V. Attention is directed to the margin-of-safety value 
for load condition Fas given in the table. This margin is based on 
buckling of the upper panel which could result from the up-load 
associated with condition F. This load is opposite to conditions C and 
D where the down-load induces tension in the upper panel. The prevailing 
stress levels for condition Fare less than one-half of the corresponding 
values for conditions C and D. Since the above referenced margin-of-safety 
is greater than 2, there is no possibility of a structural failure 
resulting from condition F and experimental verification is therefore 
considered unnecessary. 
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SECTION 3 

MANUFACTURING DEVELOPMENT 

All fabrication and assembly tools for the stabilizer and leading edge 
structures were completed during the reporting period. The stabilizer 
laminated details were laid-up and cured against high temperature 
plastic lami nating molds (PLMs) which were supported on welded steel 
reinforcing structures. Although care was exerci sed during tool design 
to match expansion characteristics of the tool components, some difficulty 
was encountered due to mold distortions under curing conditions of 350°F 
temperature and 100 psi pres3ure. Mold surface porosity was a1so a 
problem during the high-pressure cure cycles. Corrective actions for 
these problems are described in the follow i ng discussions. 

Stabilizer unit one was completed and sent to NADC for vibr3tion and 
static tests. The substructure for stabilizer unit two was completed 
at Rohr and sent to Douglas for inclJsion in the fatigue test article. The 
second substructure was completed using essentially the same techniques 
described previously (Reference 1) for stabilizer unit one. The fabrication 

and assembly of the stabilizers are disc~ssed in this section. Detailed 
fabrication ~r cedures for substructure machining, attach-angle bonding, and 
final assembly are included in Appendix D. 

STA~ILIZER UNIT ONE 

Detail fabrication and final assembly for stabilizer unit one were completed 

during the reporting period. After the skin panels were laminated and cured, 

the substructure was machined to precise contour to match the inner profiles 

of the skin panels. The skin panels were then located and bonded to the sub­

structure. The fittings, leadinq-edge assemblies, and attaching hardware 
were installed in an assembly jig to complete the structure. 

Skin Panels 

Both upper and lower skin panels were laid-up and cured on the same tool 
since the aerodynamic contours of both upper and lower surfaces are 
identi:al. The plastic laminating mold 25569973-lPLMl female layup and 
bond tool, Figure 21, was completed using high temperature epoxy laminates 
in the mold surface. The reinforcing structure was fabricated of welded 
steel framework which was attached to the under surface of the epoxy 
laminate for rigidity. After several test bond-cycles (both heat and 
pressure) it was noted that the steel reinforcing structure developed a 
permanent set that distorted the tool surface. The reinforcing structure 

wa3 cut free in several locations and the tool surface returned to 
original contour. The tool was reworked using welded clips clamped to 
the mold surface and al lowed lateral motion of the surface relative to 
the support frame without di stortion of t he contour. 

The skin panels were laminated using mylar templates as cutting patterns 
for the graphite prepreg pl i es . The completed layups were double bagged 
with one ba~ over the tool surface to eliminat e tool porosity and the other 
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bag over the layup. The cure r.ycle required the release of vacuum when 

the press~re reached 100 psi but the vacuum at the mold surface was main­

tained to keep the part pressed against the tool. After curing, the 

graohite skin laminates were trimmed using air routers and 0.25 inch 

diameter medium diamond pattern carbide bits running at approximately 

12,000 rpm. Dry cutting was accomplished in one pass at a feed rate 

of 6 to 7 incres per minute through laminate varying in thickness from 

0.144 to 0.288 inch. Trim locations were established by router templates 

which were indexed to the laminates by means of coordinated tooling holes. 

After the trim operation, the skin panels were examined using ultrasonic, 

C-scan and X-ray nondestructive test (NOT) techniques. The NOT indicated 

several areas of porous or low-resin laminates near the elevator hinge 

doublers and along the built-up area near the aircraft centerline. The 

NOT techniques and results are discussed in Appendix C. 

Substructure Machining 

The upper and lower edges of the substructure assembly, including the 

flanges cf the rear-spar and cant-ribs, were machined to contour using a 

profiling setup, Figure 22. The plaster profile templates were cast 

directly against the inner surfaces of the graphite skin panels. The 

manufacturing plan originally called for obtaining the plaster templates 

from the skin panels while the latter were installed in the PLM. However, 

the PLM was not deemed suitable after the previously mentioned contour 

checks, so the plaster templates were made using an exact cast taken from 

the master tooling. The skin panels and plaster templates were held against 

the cast using vacuum pressure so that minor distortions of the skin panels 

were removed. The plaster templates were reinforced with standard metal 

tubular base structures. 

The substructure, holding fixture, and the plaster templates were optically 

aligned at thr~e master tooling points and cl~~ped to the bed of the Rockford 

machine as shown in Figure 22. The machine operator traced the contour of 

the plaster template with the machine stylus as shown in Figure 23. The 

substructure attach-angles and honeycomb webs were machined at a rate of 6 to 

12 inches per minute with a 1/4 inch diameter diamond-stem router rotating at 

3600 rpm. The honeycomb pane 1 faces 1vere machined i ndi vi dually as shown in 

Figure 24 without the use of a cutting fluid. A 1/2 inch diameter, two-flute 

carbide end-mill was used to machine the solid laminate front-spar web, the 

rear-spar flanges, and the cant-rib flanges. Critical flange thickness 

dimensions were monitored during machining to limit the depth of cuts. The 

machine cutter accurately reproduced the inner contour of the skin panel at 

the mating surface of the substructure. After machining, the total indicated 

dimer.sional variation across the length of the cant-ribs was within 0.020 

inch. 

The substructure was removed from the holding fixture, inverted, and relocated 

in the holding fixture on the Rockford machine with the lower surface up. The 

same setup and machining operations were performed on the substructure lower 

surfaces. The machined substructure was inspected and certified, then re­

moved from the Rockford and prepared for attach angle bonding. 
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figure 24. SUBSTRUCTURE HONEYCOMB PANEL MACHINING WITH DIAMOND STEM-ROUTER



Assembly Bonding 

After the upper and lower skin panels were cured, extensive rework of the 
PLM was accomplished to insure that proper contour was maintained while 
curing the substructure attach -angles to match skin contour. The PLM was 
re-laminated with a continuous reinforcing flange around the edges and an 
extensive backup structure of fiberglass laminate rather than steel. Some 
improvement was also noted in the surface porosity of the t ool. 

The attach-angles for the bond of the upper skin oanel to the substructure 
were laminated and densified in preparation for the co-cure and bond oper­
ation. After densification, the angles were cut to length and stored under 
refrigeration until used. The substructure was cleaned by hand-sanding and 
located on the upper skin panel in the PLM. A layer of 5 mil teflon film 
was placed between the skin panel and the substructure to preclude bonding to 
the skin during the attach-angle cure and bond cycle. An epoxy fillet to 
control the bend-radius of the attach-angles was swept into the corners at 
the junctions between the substructure and skin panels as shown in Figure 25. 
The upper attach-angles were then applied to the substructure/skin bond 
assembly in accordance with the fabrication procedure (Appendix D). The 
attach-angles, edge-dams, glass stripper ply, Armalon and Mockburq bleeder 
paper were applied as shown in Figure 26. A teflon film seal was also 
applied to the layup before the silicone-rubber pressure bag was installed 
and sealed. 

At a critical point in the cure cycle (280 °F and 50 psi) the silicone rubber 
pressure bag failed at a bonded seam and autoclave pressure was lost. At 
that time, the resin was about to gel and there was insufficient time to 
open the autoclave and reseal the baq. Thus, the cure cycled was continued 
to completion without pressure. The resulting angles were low-density, high­
void laminates with approximately half the required strength properties and 
were therefore rejected. 

The rejected attach-angles were removed from the substructure using a trim, 
disk-sand, and final hand-sand technique developed during rework of the 
I-beam specimens (see Section 1). All the defective graphite was removed, 
but most of the Narmco 329 adhesive laver was left on the substructure. This 
adhesive layer was properly cured and of excell en t quality. The thickness of 
this adhesive layer (about 0.007 inch) minimized sanding damage to the sub­
structure sandwich facings during the salvage operation. 

After repair of the silicone rubber bag, the replacement attach-angles were 
laid-up and vacuum bagged . Just prior to positioning the silicone rubber 
bag, all interior corners of the substructure assembly were filled with 
leather fillets with a one-half inch concave-radius as shown in Figure 27. 
The fillets eliminated the deep corners in the substructure cavities and 
reduced the amount of elongation required from the silicone rubber. The 
bagged assembly was placed in the autoclave and cured under the standard 
heat and pressure cycle. The resultant angles and bond were of acceptable 
quality as shown by the in-process quality control tests, Appendix C. The 
silicone rubber bag developed leaks four times during the early part of the 
cure cycle (prior to the qel-point) and each time the autoclave was opened 
and the bag repaired. It became apparent that the failures occurred in the 
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cavities where excessive stretch (about 3/4 inch) was designed into the 
bag to prevent wrinkling of the attach-angles. 

The lay-up and vacuum-bagging of the lower attach-angles were accomplished 
using the same procedure as the upper attach-angles except the bond to the 
lower skin panel was included and the silicone rubber pressure bag was 
replaced by a large sheet of conventional nylon bag mate;-ial. The nylon 
was carefully hand forme d into each cavity. The ~ylon bag developed leaks 
three times early in the cure cycle but was easily repaired and the cycle 
was successfully completed. 

After completion of the attach-angle hond cycles, 34 strain-gages were 
bonded to the structure in accordance with the test-plan (31 three-channel 
rosettes and three single-channel axial gages), Reference l. Wiring from 
the internal gages (37 channels) was fed through the tooling holes toter­
minal strips aft of the rear spar. 

Hole Preparation 

After completion of the strain-gage installation, the structure was installed 
in the assembly jig (AJ). Approximately 1500 holes were piloted, drilled, 
reamed, and countersunk in the upper and lower skin panels, attach-angles, 
brackets, fittings, and the rear-soar. The pivot, actuator, and elevator 
hinge bracket fittings were located on the ~tabilizer in the assembly jig, 
and all pilot holes were drilled through the fitting flanges and the corre­
sponding composite parts. 

After curing the upper and lower attach-angles, the Armalon separator film 
and the Mockburg bleeder plies were left in place on the cured attach-angles. 
These plies served as back-up rrembers during the drilling operations and 
minimized splintering of the graphite laminates due to drill break-out. The 
inner surface of the upper skin panel and the inner surfaces of the cant-ribs 
and rear·-spar were similarly protected with a layer of peel ply covered with 
a bleeder cloth impregnated with a room temperature curing epoxy resin. After 
the drilling operations, the peel plies and bleeder cloths were stripped-off 
and the excess resin was scraped from the inner surface of the skin panel 
using carbide deburring tools. The excess resin was completely removed 
without damage to the graphite-epoxy laminate. 

The drilling, reaming, and countersinking operations were accomplished with 
the structural bond assembly installed in the AJ as shown in Figure 28. A 
drill-jig, Figure 29, was used to locate the lower surface fastener holes. 
The drill-jig was indexed to the skin panel using coordinated tooling holes 
and then "C" clamped in place as shown in Figure r9. 

The position of the drill -jig was initially checked by drilling number 30 
(0.128 inch diameter) pilot holes at selected locations and verifying the 
hole locations with respect to the attach-angles and substructure webs. A 
drill table was used to maintain the hole center-line normal to the skin con­
tuur. When the drill-jig was properly positioned, all hole locations were 
piloted with a number 30 drill at 2700 rpm. The holes were then enlarged with 
a 3/16 inch diameter carbide drill and finished to the required size with a 
piloted 0.1895 inch diameter reamer in a 450 to 600 rpm ainnotor. An offset 
bushing was used to realign any pilot hole which was too close to the attach-
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angle comer radius or to the flmge-edge. All hole drilling, reaming, and 
countersinking on the final assembly was performed without a cutting fluid.

The upper skin panel and attach-anqles were drilled using a thin translucent 
fiberglass-epoxy hole template made from the master plaster pattern. The tem­
plate was first checked against the attach-angles since the drilling oper­
ation was blind when the upper skin panel was In place. After verifying that 
the upper attach-angle hole pattern satisfied design requirements, the sta­
bilizer was removed from the assembly jig and placed on a work bench. The 
skin panel was Indexed to the template and clamped In place as shown In 
Figure 30. The upper surface holes were piloted, drilled, and reamed In the 
same manner as the lower surface holes.

All holes for flush fasteners were countersunk in a two-step operation. The 
countersinks were started with a piloted 3-flute hlgh-soeed steel cutter, 
and finished with a piloted 2-flute carbide cutter. 7ne two-step operation 
was necessary because the outer surface of the graphite-epoxy skin chipped 
If the countersinking was started using a 2-flute cutter. The operation 
could be accomplished In one-step using a carbide cutter with 3 or more 
flutes.

The pivot fitting was jig located while the upper panel was properly Indexed 
to the substructure bond assembly. A special pivot fitting drill plate was 
Indexed to the drill-jig as shown In Figure 31. The pivot fitting flanges 
and the mating skin panels were piloted, drilled, and reamed to size using 
the drill plate to locate the holes. The stabilizer actuator fitting at 
the rear-spar centerline was also jig located. The attach holes were drilled 
and reamed full-size using pilot holes in the fitting to locate the holes.

Leading-Edge

The laminating molds for the leading edge skins also Indicated some porosity 
during 100 psi cure cycles. The 75569975-13 and -14 panels (see Reference 1) 
were fabricated using the double bagging technique to eliminate porosity. A 
unique method was used to seal the mold for the -27 skins since the double 
bagging technique could not be used because of the more severe contour. A 
male thix-fiber cast was made from the female mold and subsequently polished 
and prepared with a layer of release film. The female mold was sandblasted 
and liberally coated with a hiqh ten^jerature epoxy resin filler (Fiberesin 
1445). The thix-fiber cast was then forced into position and the resin was 
cured on the female mold surface. The excess air and resin flowed out during 
the cure cycle and the resultant tool surface was smooth and free of porosity. 
Detail tools for the leading edge support structure (I.e., ribs and channels) 
were machined from aluminum alloy stock and therefore did not present a 
porosity problem.

The leading-edge honeycomb san(K*ich details (-13 and -14) were fabricated 
using Scotchply 1009-26s fiberglass epoxy skins. The outer skin was pre­
cured for aerodynamic smoothness and secondarily bonded to the honeycont core. 
The inner skin was laminated in place over the honeycomb and co-cured and 
bonded in a single cure cycle. Two adhesive systems (Metlbond 329 and Hysol 
EA9bi) were considered for the honeycomb bonding. These adhesives were 
evaluated using small sandwich panel flexural and flatwise tension specimens 
fabricated using the same processes planned for the -13 and -14 panels. The
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Metlbond 329 adhesive system was selected for this bonding operation. Although 
the skin to core tensile strenqth was slightly lower, the Metlbond 329 spec­
imens were significantly stronger in flexural strength. The Metlbond 329 
film also had excellent "tack" and therefore offered better handling properties 
for the sandwich construction. The balance of the laminated fiberqla ss details 
for the leading-edge installation were fabricated using the appropriate fab­
rication procedures (see Reference 1). 

Final Assembly 

The final assembly operations consisted of bonding the internal nutplates, 
installing and bonding the upper skin panel, attaching the pivot, actuator, 
and hinge bracket fittings, and locating and installing the leading-edge 
components . 

The internal nutplates were bonded to the structure using EA951 adhesive 
film. After cleaning, the nutplates and adhesive were secured in position 
against the structure with sprinq-loaded Cleco-clamps. The structural bond 
assembly was then secured on the PLM and the nutplate adhesiv~ was cured in 
a circulating air oven for two hours at 350°F. 

On completion of the nutplate adhesive bond cycle, the Clecv-clamps were 
removed from the structural bond assembly and a fit-check was conducted to 
determine the gap between the inner profile of the upper skin panel and thP. 
mating attach-angles. The gap was determined by effecting a skin panel fit­
up against a lay2r of room-temoerature curing si1ir.one rubber contained be­
tween two teflon films. After curing, the rubber layer was removed and 
carefully measured with a micrometer to determine th~ uniformity of the gap. 
The rubber thickness was constant within 0.015 inch in all but two regions 
of the planform area. These two regions were 11ear the forward ends of the 
two cant-ribs. Special graphite-epoxy shims varying in thickness from zero 
to 0.030 inches were prepared for these two regions. The rest of the plan­
form area was mapped to indicate regions where more than one layer of 
adhesive film was required during the skin panel bond-cycle. 

The faying surfaces of the upper attach-angles, cant-ribs, and rear-spar 
and the inner surface of the upper skin were prepared for bonding and the 
surfaces were primed with Hysol ADX228 adhesive primer. The primer was 
dried in a circulating air oven for one hour at 250 °F. A number of internal 
nutplates debonded during the fit check were also repaired during this oven 
cycle. These nutplates we Ae cleaned and relocated usino C1eco-clamps and 
Hysol EA9306, a 250 °F curing adhesive. Hysol EA951 adhesive film was then 
applied to the faying surface of each upper surface attach flange for the 
rear-spar, cant-ribs, and attach-angles. Additi0nal local layers were cut 
and fit in appropriate areas identified during the fit-check. 

The upper skin was carefully located on the substructure to avoid displacing 
the adhesive film. The upper sk in fasteners 1·.rere then installed and torqued 
to the required value. During the fastener ins tallat ion, several additional 
nutplates were unbonde d. (The screws at these locations were subsequently 
replaced with Jo-Bolt blind fasteners after the skin bond was effected). 
The stabilizer ass embly was located on the PLM and the too l and bond assembly 
were placed in a circula ting air oven pre-set to 350°F. After 15 minutes the 
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stabilizer was removed from the oven and the fasteners were re-torqued . The 
stabilizer was then returned to the oven and the adhesive was cured for two 
hours at 350°F. After curing, the bond was tested nondestructively using a 
Fokker bond tester and ultrasonic testinq techniques. The NOT results are 
discussed in Appendix C. • 

The structural bond assembly was returned to the AJ and the tooling pins were 
installed through the station 58.187 hinge brackets. The station 20.000 and 
40.000 hinge bracket fittings and the pivot and actuator fittings were also 
jig located. The attaching hardware was installed in the previously pre­
pared holes in accordance with the engineering drawing. 

The leading-edge structure was also built-up in the AJ against contour boards 
which controlled the external dimensions. The Z5569975-13 and -14 panel 
assemblies were installed against the contour boards and the supporting mem­
bers (e.g., the -17 and -19 rib assembly and the -33 and -35 channel assembly) 
were located. The latter members were designed as two piece assemblies for 
tolerance take-up at the lofted surfaces. Rivet hole patterns were drilled 
through the rib and channel details and the parts were subsequently bonded 
with a cold-set adhesive and riveted together (see Figure 32). 

The -27 leading-edge caps were placed in a special drill and trim jig and 
pilot holes were drilled for attachment to the panel assemblies and the 
graphite-epoxy stabilizer skins. The outboard ends of the leading-edge caps 
we~e trimmed net, but the inboard edges were left oversize as shown in 
Figure 33 to allow final trirrrning on assembly. 

The leading edge caps and panel assemblies we re relocated on the stabilizer 
in the AJ as shown in Figure 33. A drill tahle ~nd bushing were used to 
align and drill the -27 leading-edge cap pilot hole pattern through the 
-13 and -14 leading-edge and the graphite-epoxy stabilizer skins. The holes 
were drilled, reamed, and countersunk to design requirements. The inboard 
edges of the -27 leading-edge caps were measured and marked for final trim. 
The leading-edge cap and panel assemblies were removed from the AJ and pre­
pared for final assembly by removing peel plies and cleaning. The leading­
edge components were finally assembled into the Z5569975-3 and -4 inboard 
and the -5 and -6 outboard leading-edge assemblies which were installed on 
the structure to complete the stabilizer as shown in Figure 34. 

STABILIZER UNIT TWO 

The substructure assembly for stabilizer unit two was completed at the Rohr 
Corporation using essentially the same techniques employed for unit one. A 
drawing change was issued on completion of stabilizer unit one to correct 
minor dimensional errors and to facilitate bonding of acute and obtuse attach­
angle pairs. The change required revisions to the detail planning paper and 
bonding tools for the affected parts. Fabrication and assembly of the second 
substructure are discussed in this section unde r the headir.gs Detail Part 
Fab rication and Substructure Assembly. 
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FIGURE 32. LEADING EDGE TWO PIECE RIB ASSEMBLY
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Detail Part Fabrication 

Modifications to parts and operations logs (POL) and detail tooling were necessitated by a drawing change issued on completion of the first substructure assembly. The flat pattern temp l ates (FLTP) and the POL's for cutting the Z5569970-23, -25, and -33 sandwich webs were modified for revised dimensions. The bond-jigs (BONJ) for the -81, -85, and -91 obtuse angles were also changed. The latter changes also necessitated revisions of the heated clamps used for assembly bonding. The clamp for joining the -35 web to the -43 web (-79 and -81 angles) required rework of the obtuse angle ram. The clamp for bonding the -23 web (-83 and -85 angles), -25 web (-87 and -89 angles), and -33 web (-99 and -101 angles) to the -35 web were remade. The rear-spar to cant-rib bonding clamp (Figure 35) was also modified to conform to a change in the cant-rib flange thickness. 

Three large, honeycomb sandwich panels were fabricated from which the sub­structure web details were subsequently cut. The honeycomb core and fiber­glass inserts for the sandwich panels \see Reference 2) were cut to required sizes and the panels were bonded in a platen press. Flatwise tension spec­imens to check the bond quality were cut from the panels and tested with satisfactory results. The 20 required sandwich webs were rough-cut from the three panels. The 112 required corner attach-angles were laid-up, cured, quality tested, and trimmed to net dimensions. 
Substructure Assembly 

After the first substructure assembly was machined to contour at Douglas, the assembly bond-jig was returned to Rohr together with the rear-spar and cant­rib blanks and the necessary metal details. Using the bond-jig as a holding fixture, the ends of the rear-spar were machined to net requirements. The aft ends of the cant-ribs were also machined to the point where only hand finishing to net dimensions was required prior to bonding. 
A fit check of the substructure details on the assembly bond-j i g was con­ducted prior to actual bonding. As with unit one , the cant-, ·:~s were first bonded to the rear-spar. Hand sanding of the cant-rib ends was required to obtain uniform bondline thickness . The heated bond clamp for this joint was shown in Figure 35. Note that springs, rather than clamps were used to re­tain the cant-ribs against the locators without restraining cant-rib move­ment in a fore and aft direction. This setup allowed the cant-ribs to move approximately 0.050 inch into the rear-spar as the adhesive softened and flowed. 

The assembly bonding proceeded in stages similar to those used during assembly of unit one. Generally, two joints \'Jere bonded at one time as shown in Figure 36. During each cure cycle the joints to be bonded during the sub­sequent cure cycle wer e setup a~ shown in the figure. After completion of the assembly bonding, t~e joints were inspected ul t rasonically as shown in Figure 37. 
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FIGURE 36. ASSEMBLY BONDING OF SUBSTRUCTURE UNIT TWO
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APPENDIX A 

DISCRETE ELrMENT ANALYSIS MODEL 

The discrete element model of the stabilizer structure was prepared according 
to the general procedure discussed in Section 2. The subdivision grid for 
the model was designed to correspond to the natural boundaries and subdivisions 
of the actual structure. The analysis model was subdivided at each spanwise 
spar between the rear-spar (at x = 100.000) and the front-spar (at x = 
135.063). The coordinate distances and locations utilized in the analysis 
were referenced to the analysis model base coordinate system. The basic sub­
division grid and element geometry for the upper and lower cover sheets is 
illustrated in Figures Al and A2, respectively. Enlarged views of the 
upper and lower cover sheets in the area adjacent to the pivot fitting are 
shown in Figures A3 and A4 for the upper and lower panels, respectively. The 
origin and directions for the base coordinate sys tern may be found on Figure 
Al. 

Element details for interior portions of the stabilizer structure are shown 
as section cuts at the interior subdivisions. Only the left-hand portions 
of the idealization are shown because the model is symmetrical about the 
centerline of the ai rplane. The spars at station x = 106 .750, 112.t37, and 
118.125 together with the rear-spar are shown in Figure AS. Except for the 
rear-spar and the two cant-ribs (which have continuous int~gral flan~es), the 
bar elements represent the shear angles only and are present where the 
angles were considered continuous across one or more adjacP.nt nodes. The 
spars at station x = 123.612, 129.437, and 135.063 (front-spar) and the cant­
rib adjacent to the torque-box are illustrated in Figure A6. The ribs at 
stati ns y = 20.000, 40.000 and 58.187 together with the cross-section 
thro gh the center plane of synmetry are shown in Figure A7. The leading 
edge spars and the inboard ribs for the leading edge structure (both of whi ch 
are canted members) are shown in Figure AB. 

Several shear panels were added to provide a connection between t~p and bottom 
nodes at the leading edge cover sheets and the region between stations x = 
133.263 and 135.063 adjace~t to the front-spar. These panels provided 
lateral stability to the cover sheets in these areas by simulating the bendin9 
stiffness of the individual cover she~ts. The added panels are shown in 
Figure A9. Th~ diagonal bars shown in Figure A7 perfonn a similar function 
for the upper and lower panel nodes located at the plane of symmetry. 

The element subdivision arrangements used to represent the pivot and actuator 
fittings are illustrated in Figures AlO and All, respectively, together 
with the adjacent structures. 
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APPENDIX B 

STRESS ANALYSIS RESULTS -
LOAD CONDITIONS D and F 

Limit stresses for load condition D determined by di~crete element analysis 

(describP.d in Section 2) are shown in Figure Bl through 810. The portions 

of the structure investigated for the critical up-load condition (load con­

dition F) are shown in Figures 811 and 812. 
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APPENDIX C 

INCOMING MATERIAL, IN-PROCESS, AND 
NONDESTRUCTIVE TEST RESULTS 

Incoming material and in-process coupon test resu l ts are tabulated in this 
appendix together with the discussion and intepretation of the nondestructive tests conducted on the stabilizer graphite-epoxy skins and bond assemblies. 

INCOMING MATERIAL AND IN-PROCESS TEST RESULTS 

Incoming material tests were conducted on seven lots of Modmor II/52O6 graphite prepreg during the reporting period. Material receipts are summarized in 
Table CI. Acceptance test results are summarized in Tables CII through CVIII. 

In-process test results for skin panels, attach angles, and leading-edge 
detail s of stabilier unit one are presented in Tables CIX and CX. In-process 
test results for the rear-spar and cant-ribs of stabilizer unit 2 are pre­
sented in Table CXI. 

The in-process test results in flexure and interlaminar shear for the 
fabricated stabilizer parts were compared to the results obtained from the 
intermediate component I-beam and box-beam skin panels (~ee Reference 2). 
The in-process test results from the fabricated stabilizer parts were 
significantly lower than the corresponding values measured on the intermediate 
component skins, especially in interlaminar shear where strength reductions 
ranged between 13% and 47%. The strength and modulus reductions were attributed 
to higher void contents in the stabilizer arts (up to about 2% actual void 
volume) in compariscn to the essentially vnid-free intermediate component 
skins. The reasons for the higher void volumes in the stabilizer parts have not been fully investigat~d but they may have been influenced by the following 
differences in processing. These processing differences were necessitated 
by the relative part complexities and heat-sink capacities of the full-
scale tooling. 

INTERMEDIATE 
COMPONENT STABILIZER 

ITEM SKINS PARTS 

Layup Time 1-2 days 3-4 ddyS 

D~bulking None 3 or 4 debulk 
Stages cycles 

-
Heat-up Rate 5°F per 1° - 2°F per 
during Cure minute minute 

9 1 



TABLE Cl 

SUMMARY OF GRAPHITE PREPREG MATERIAL RECEIPTS 

LOT OR 
DATE AMOUNT 

BATCH TYPE MATERIAL RECE IVED ILBI 

60C METER LENGTH SHEETS 4/22/7 1 15.35 

81B METER LENGTH SHEETS 3/18/7 1 9.57 

81C METER LENGTH SHEETS 4/22/7 1 25.38 

98 METER LENGTH SHEETS 6/29/71 27.00 

317 3-INCH TAPE: 7/16/71 27.45 

319 3-INCH TAPE 7/16/71 23.24 

320 3-INCH TAPE 7/1/71 32 .35 

TOTAL 160.34 



MATER I AL MODM R 11 /5206 
VENDOR NARMCO 

QUANT I TY RECEIVED _ ___;,..15;;.,;..3.;;;_;5:;....;;;;.;LB;c_ ______ _ NUMBER OF UNITS 

REQ'TS 
VENDOR 
AVERAGE 
RESULTS 
SHEET -I 
246 --2 

-3 
- 4 
-5 

AVE. 
SHEET_-1 
278 -2 

-3 
-4 
-5 

AVE. 
SHEET -I 
311 --2 

·-3 
- 4 
-5 

AVE. 
SHEET -I 
325 - -2 

-3 
-4 

A\'E, 

SHEET_-1 
-2 
-3 
- 4 
-5 

AVE. 
REMARKS: 

RESIN VOLATILE 
CONTENT CONTENT 
WT. % WT. % 

39 
To 

45.0 

43.1 

3.0 
Max. 

PREPREG PROPERTIES 
GEL 
TIME 

MINUTES 

18 
To 
26 

VISUAL HANDL IN 

TABLE 
PREPREG QUALITY CONTROL RE 

-------

TENSILE TENSILE RESIN 
STRENGTH MODULUS CONTENT 

103 PSI 106 PSI WT. % 

145,0 
Min. 

216.3 
166.6 
183.6 
222.6 
228.2 

193.5 
185.7 
193.5 
208.6 
147.3 
200.5 

187.1 
236.1 
226.9 
231.8 
255.6 
222.4 

234.5 

186.6 
186.8 
181.6 
127.8 
188.5 

174.2 

19.0 
Min. 

24.4 
24.8 
24.5 
25.3 
26.2 

25.0 
23.9 
24.1 
20.7 
23.1 
24.7 

23.3 
·n.2 
26.3 
25.1 
23.5 
24.2 

24.3 

23.6 
22.5 
21.8 
23.0 
24.1 

23.0 

28 
To 
34 
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T BLE CII 
t()L RECEIVING INSPECTION REPORT 

LOT NUMBER 6QC OMS 1936A II PAGE 1 OF 1 

DATE OF MANUFACTURER 12-17-70 DATE RECEIVED 4-22-71 I 

MIT SIZE METER S/0 16105411 P/0 OCY-665602-9 

LAMINATE PROPERTIES 
,SIN VOID FLEXURAL FLEXURAL SHEAR RESIN VOID !THICKNESS COMMENTS ITENT CONTENT STRENGTH MODULUS STRENGTH CONTENT CONTENT PER PLY 

% Vol. % 103ps1 106 PSI 103 PSI WT. % VOL.% INCHES 

ta I 195.0 17.5 14.0 28 I •o 
Max. Min. Min . Min. to ~~ax. 

.4 34 
- -

250.0 18.1 
i 

:,, 
204.3 19.1 14.5 
220.9 19.2 17.0 

;, 16.6 
ii - --
- 212.6 19.2 16.0 I 

if 
·i: 

~ 

' 

I 
,: 

i 

~ 

200.7 21 .1 16.6 
' ·'. 

204.5 19.3 17.2 
~ - 1"/.0 
:: •: 

!', ' - - ·- ---
202.6 20.2 16 9 

:-r: 

t 
;:, 
J 

~ I 

1'; 
MEETS SPEC . Ix] DOES NOT MEET SPEC D 

fl MEETS P.O. Ix} DOES NOT MEET P.O. 0 

' 
Q.C . REPRESENTATIVE l'I; M fri:«!.Li.1) 

!l 
DATE: 7- 7- 71 

r: 

93 

,,,,,,,.{""''"'"'' •.·, --~ :~,.,. ----~ •~a_,_.. ___ .,_..,~ 

-- . - .. 
.,c~._...,.-;_ ... -"'--• ,-ttc -· .. • •----



TABLE CIII 
PREPREG QUALITY CONTROL RECEIVING I 

MATERIAL _...:.;M.;..:O:...::D:..:.M;.:.;O::..;R~ll.:..;::/5=2-=-06~------------------------­

VENDOR _ ___;N...:.:A~R...:.:M.;,;.C.::..O=-----------------------,---------
QUANT I TY RECEIVED __ 9_.5_7_4_L_B ______ _ NUMBER OF UNITS AN 88 91 -144 

OMS 

REQ'TS 
VENDOR 
AVERAGE 
RESULTS 

SHEET-.--I 
99 -2 

-3 
-4 
-5 

AVE. 
SHEET -I 
119 --2 

-3 
-4 
-5 

AVE, 

SHEET_-1 
-2 
-3 
-4 
-5 

AVE. 
SHEET_-1 

-2 
-3 
-4 
-5 

AVE. 
SHEET_-1 

-2 
-3 
-4 
-5 

AVE, 

REMARKS: 

RESIN VOLATILE 
CONTENT CONTENT 
WT.% WT,% 

39 3,0 
To Max, 

45,0 

42.7 

45.3 0.56 
44.4 
46.1 

45.3 0.56 

44.08 0.50 
42.7 
43.2 

43.3 0.50 

PREPREG PROPERTIES 
GEL TENSILE TENSILE 
TIME VISUAL HANDLING STRENGTH MODULUS 

MINUTES 103 PSI 106 PSI 

18 145,0 19 .0 To Min. Min, 
26 

25:21 200.8 23.6 
26:07 176.5 22.6 

163.6 23.0 
208.9 22.8 
173.2 22.5 

25:44 184.6 22.9 
24:48 166.0 20.9 
24:07 181.0 21.4 

197.4 21.4 
190.5 19.5 
212.8 22.4 --

24:28 189.5 21.1 

RESIN 
CONTENT 
WT,% 

28 
To 
34 Max. 
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. -LE CIII 
L RECEIVING INSPECTION REPORT 

I . - LOT NUMBER 81B OMS 1936B ~ PAGE 1 OF 1 

--- DATE OF MANUFACTURER _ 3-5-71 DATE RECEIVED 3-18-71 
I SIZE METER S/0 16105411 P/0 OCY-665602-9 
' 

LAMINATE PROPERTIES 
VOID FLFXURAL FLEX!JRAL SHEAR RESIN VOID rT°HICKNES~ COMMENTS rr CONTENT 

' 
STRENGTH MODULUS STRENGTH CONTENT CONTENT PER PLY Vol. % to3Ps t 106 PS I to3 PSI WT,% VOL. % INCHES 

1.1 

I 195.0 17. 5 14.0 28 I Max . Min . Min. Ml n. to Max. 
34 

! t. 
221 .0 15.9 

235.0 21 .2 18.2 28.5 - 0.6 0.00567 
" t 236.3 20.9 16.5 28.8 - 0.6 0.00567 235.8 22.4 17.4 28.4 - 0.6 0.00557 :• 

i 235.7 21.5 17.4 28.4 - 0.6 0.00560 

1_ ( 

ii' 
I ! 

:, 

i.1 
f,;: 

' 

' 

,, 

' 

\ 

1, 

' 
:i 

MEETS SPEC. ~ DOES NOT .EET SPEC D 
!!:: MEETS P.O. ~ DOES NOT MEET P.O. □ ,: 

Q.C. REPRESENTATIVE H . J1' 1-;~ 
! -i·l 

DATE: 4 - q_ 2L ,, . 
If: 94 

' 
= 



TABLE C 
PREPREG QUALITY CONTROL REC 

MATERIAL _ _::M~O:.:D:.:.:M:.:..:O:..:R...:....:..:.11/::...:5~2,=.;06:__ _______________________ _ 

VENDOR NARMCO 

QUANT I TY RECEIVED _---=.2::.:5•.;;;.38;:;_4~L=.,;B;._ _____ _ NUMBER OF UN I TS SH 145-286 

PREPREG PROPERTIES 

RESIN VOLATILE TENSILE TENSILE 
CONTENT CONTENT 

GEL 
TIME 

MINUTES 
VISUAL HANOLI NG STRENGTH MODULUS 

OMS 

REQ'TS 

VENDOR 
AVERAGE 
RESULTS 

SHEET_-1 
228 -2 

-3 
-4 
-5 

AVE. 

SHEET_ -1 
233 -2 

-3 
-4 
-5 

AVE. 

SHEET -I 
238 --2 

·-3 
-4 
-5 

AVE. 

SHEET_ -I 
242 -2 

-3 
-4 
-5 

AVE. 

SHEET_-1 
247 -2 

-3 
-4 
-5 

AVE. 

REMARKS: 

WT. % WT. % 

39 
To 

45.0 

42.9 

47.78 
45.52 
46.82 

46.71 

3.0 
Max. 

1.12 

1.1 

18 
To 
26 

103 PSI 106 PSI 

145.0 19.0 
Min . Min. 

214.1 23.5 
207.1 21.0 
245.6 22.4 
202.8 20.0 
151.7 23.1 --
204.3 22.0 

179.6 21.6 
224.1 20.2 
195.9 20.4 
181.7 20.4 
162.5 21.5 

188.8 20.8 

177.2 21.8 
161.2 21 .3 
170.9 21.8 
175.9 22.8 
165.7 23.1 

170.2 22.2 

207.3 23.3 
178.0 22.3 
211 .3 21 .9 
183.5 22.7 
145.7 21.7 

185.2 22.4 

232.8 21.0 
188.2 19.3 
201.7 19.2 
216.9 21.9 
205.7 20.5 

209.1 20.4 

RESIN 
CONTENT 
WT, % 

28 
To 
34 

APPROVED ON AVERAGE FLEXURAL MODULUS DUE TO HIGHER THAN TYPICAL STRUCTUR 



TABLE CIV 
CONTROL RECEIVING INSPECTION REPORT 

LOT NUMBER 81C OMS 1936B PAGE 1 OF 2 
DATE OF MANUFACTURER 3-5-7 1 

UNIT SIZE METER S/0 16105411 

LAMINATE PROPERTIES 
VOID FLEXURAL FLEXURAL SHEAR 

CONTENT STRENGTH MODULUS STRENGTH 
Vol. % I03PsI 106 PSI 103 PSI 

28 195,0 17.5 14,0 To Max. Min. Min. Min. 34 

221 .0 15.9 

217.6 17.5 17.6 
266.6 19.8 17.0 
269.4 21 .0 17.5 

17.3 

251 .2 19.4 17.3 

213.8 16.3 17.4 
224.4 17.0 17.6 
235.6 17.7 17.8 

17.1 

224.6 17.0 17.5 

STRUCTURAL PROPERTIES ON THE OTHER TESTS. 

DATE RiTEIVED 4-22-71 

RESIN 
CONTENT 

WT. % 

28 
to 
34 

28.4 
29.0 
29.5 
29.7 

29.2 

29.4 
29.9 
28.6 
28.6 

29.1 

P/0 OCY-665602-9 -

VOID 
CONTENT 
VOL. % 

Max . 

- 0.7 
- 0.7 
- 0.6 
- 0.5 

- 0.6 

- 0.5 
- 0.5 
- 0.5 
- 0.5 

- 0.5 

COMMENTS 

0.00497 
0.00497 
0.00499 

0.00498 

0.00547 
0.00531 
0.00507 

0.00528 

M'.: ETS SPEC. 0 DOES NOT MEET SPEC [81 
Mt.:ETS P.O. ~ DOES NOT MEET P.O. 0 
Q.C . REPRESENTATIVE ftm (Q,e}J~ 

DA TE: 7 - 7 - 7 / 

95 



MATER I t __ M_O_O_M_O_R_ll_/5_2_06 _________________________ _ 

VE OOR __ N_A_R_M_C_O ____________________________ _ 

QUANTITY RECEIVED __ 2_5_.38_4_l_B ______ _ l."1BER F UN I TS SH 1 5-282 ---

REQ'TS 

VENDOR 
AVERAGE 
RESU LTS 

SHEET_-1 
245 -2 

-3 
- 4 
-5 

AVE. 

SHEET_-1 
-2 
-3 
-4 
-5 

AVE. 

SHEET_-1 
-2 
-3 
-4 
-5 

AVE. 

SHEET_ -I 
-2 
-3 
-4 
- 5 

AVE. 

SHEET_-1 
-2 
-3 
-4 
-5 

AVE. 

REMARKS: 

RES I VOLATILE 
CCNTENT CONTENT 
WT. % WT. % 

39 
To 

45 .0 

3.0 
ax. 

PREPREG PROPERTIES 

GEL 
Tl E VISUAL HANDLING 
INUTES 

18 
To 
26 

21 ' 30" 
23'00" 
24'30" 

TENS ILE 
STREt(;TH 

103 PS I 

145.0 
in . 

185,047 
195,755 
161 ,429 
202,830 

186,265 

I . O 
11 n. 

22.196 
24.610 
23.376 
23.008 

23.318 



E CIV (CONTINUED) 

LOT NUMBER __ 8_1_C ____ _ OMS __ 1_93_6_8 ____ _ PAGE 2 OF 2 
DATE OF MANUFACTURER __ 3_-_5-_71 __ _ DATE RECEIVED ____ 4.:....;·2=2:....:•7:....:1 ________ _ 

SIZE METER S/0 16105411 ---------- P/0 OCY-665602-9 

LAMINATE PROPERTIES 
VOID FLEXURAL FLEXURAL SHEAR RESIN VOID 

CONTENT STRENGTH MODULUS STRENGTH CONTENT (;QNTENT 
Vo I. % I o3ps I I 06 PS I I o3 PS I WT. % VOL. % 

Max. 
195.0 
Min. 

194.6 
228.7 
220.0 

214.6 

17.5 
MI n. 

20.2 
20.3 
19.7 

20.08 

14.0 
Min. 

14.8 
15.1 
17.1 

15.7 

28 
to 
34 

Max. 

0.0053 
0.0053 
0.0052 

0.0053 

COMMENTS 

MEETS SPEC. 0 DOES NOT MEET SPEC 0 
MEETS P.O. 0 DOES NOT MEET P.O. 0 
Q.C. REPRESE~TATIVE _______ _ 

DATE: 

96 
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+ 
j:: TABLE CV 

PREPREG QUALITY CONTROL RECEIVING INSPE 
f! 
:1 

MATER I AL _ MODMOR 11 /5206 LOT NUMBER 

VENDOR NARMCO DATE OF MAI 
:, 

QUANTITY RECE IVED 27 LB NUMBER OF UNITS UNIT SIZE METER 

I~ 

PREPREG PROPERTIES 

RESIN VOLATILE GEL TENSILE TENSILE RESIN VOID FLEl 
CONTENT CONTENT TIME VISUAL HANDLING STRENGTH MODULUS CONTENT CONTENT ST~ T 

T WT.% WT. % MINUTES 103 PSI I06 PSI WT. % Vol. % 10 
:, 

OMS 39 18 28 :, 3.0 145.0 19.0 I I! 
To Max. To - - Min. Min. To Max. Ml 

REQ'TS 45.0 26 34 

VENDOR 

:.iI 

AVERAGE ::43.5 21 
RESULTS 

SHEET_-I 43.61 1.324 21 :48 191 .8 22.4 
~ 13 -2 44.33 203.5 22.6 

-3 37.22 237.0 22.8 
I>, - 4 233.2 23.2 
I ,,. -5 189.0 22.8 7 :: AVE . 41.72 1.324 21 :48 210.9 22.8 

SHEET_ -I 43.59 0.910 225.0 22.2 
24 -2 40.86 196.9 20.8 

,,, -3 38.19 237.3 22.2 

:,. - 4 255.5 21.4 
J: -5 231.9 22.3 -AVE. ,, 40.88 0.910 229.3 21.8 

SHEET_ -I 42.44 1.026 20:14 204.8 22.3 

[l:1, 

77 -2 39.89 166.9 21 .5 
-3 39.96 231 .0 21.2 
- 4 201 .5 21 .4 

~ -5 208.1 21 .6 -
} AVE. 40.76 1.026 20:14 202.5 21 .6 

Ii: SHEET_ -I 38.16 0.930 20:43 230.1 22.7 
107 -2 38.35 223.9 22.7 

': 
I 

1:i 
-3 33.12 214.2 22.2 
-4 236.0 22.7 

ii - 5 214.1 22.5 

[i: 
-- 7 AVE. 39.88 0.930 20:43 223.7 22.6 

i): SHEET_-I 35.32 0.845 154.7 21.4 2~ 
144 -2 41.48 198.4 21 .9 21 

I: -3 34.43 194.5 21.6 21 :,, 
-4 189.6 21 .1 

,, 
- 5 223.8 22.2 -

ru. 
AV E. 38.08 0.845 192.2 21.6 z 

REMARKS: 

t' "' 

11: 
!·, 

,;ti 

~: 
"" .. ·- .. ,_ .... -- <,, ... . -· ... __ , __ 

·~ 
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TABLE CV 
1 CONTROL RECEIVING INSPECTION REPORT 

I 

: LOT NUMBER 98 OMS 19368 II PAGE 1 OF 2 
l! DATE OF MANUFACTURER 6-1-71 DATE RECf. I VED 6-29-71 
i'; 

METER 16105411 _ UNIT SIZE S/O P/O OCY-665602-9 

' LAMINATE PROPERTIES 
RESIN VOID FLEXURAL FLEXURAL SHEAR RESIN VOID !TH ICKNESS COMMENTS CONTENT CONTENT STRENGTH MODULUS STRENGTH CONTENT CONTENT PER PLY 

WT. % Vol. % 103ps1 106 PS I 103 PS I WT.% VOL. % INCHES 
28 I 195. 0 17. 5 14.0 28 I 
To Max . Min. Min. Min. to Max. 34 34 

218.9 16.8 

' 

,, 

0.0055 
I 

0.0052 
0.0053 
0.0058 
0.0055 

0.00546 

' 
: 

' 

; 
230.4 17.7 16.0 .-
215.2 18.0 16.1 
216.5 17.8 16.0 

220.7 17.8 16.0 
-"-

MEETS SPEC . (2J DOES NOT MEET SPEC D 
I.• 

MEETS P.O. (29. DOES NOT MEET P.O. □ 't; Q.C . REPRESENTATIVE 1/:,ffl , )-"urJRcri&~) 
:: DATE: 3_-(~ · 71 I 

1.) 
97 

- ·- .. -
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TABLE CV (CONTINUED) 

MATERIAL MODMOR 11/5206 
LOT NUMBER_ 

VENDOR 
DATE OF MANUI 

QUANTITY RECEIVED NUMBER OF UNITS UNIT SIZE 

~ 
PREPREG PROPERTIES u 

RESIN VOLATILE GEL TENSILE TENSILE RESIN VOID FLEXIJ 

CONTENT CONTENT TIME VISUAL HANDLING STRENGTH MODULUS CONTENT CONTENT STREN 
T 

T WT.% WT.% MINUTES 103 PSI 106 PSI WT.% Vol, % 103,l 

OMS 39 3.0 18 145.0 19.0 28 I 195 

To Max. To - - Min. Min. To Max. Min 

REQ'TS 45.0 26 34 

VENDOR 
AVERAGE 
RESULTS 

SHEET_-1 42.04 0.880 19:57 232.0 23.0 
I 

178 -2 38.84 238.4 21.9 

-3 42.39 239.6 21.6 

-4 
225.8 21.4 

-5 
246.4 22.1 

AVE. 41.09 0.880 19:57 236.4 22.0 7 
SHEET - -I 34.93 0.783 20:42 165.9 21.7 

202 -2 43.47 176.0 21.6 

-3 43.01 204.0 21.8 

-4 
207.7 20.8 

-5 
194.6 21.6 

AVE. 40.47 0.783 20:42 
-

189.6 21.5 

I, SHEET_ -I 
221i 

79 -2 
221i 

-3 
209 

I: 
I, 

- 4 
-5 

AVE. 
-22:I 

:-

l 

SHEET_ -I 
-2 
-3 
_,\ 

-5 
AVE. ' 

SHEET_-1 
-2 
-3 
-4 ~ -5 

AVE. 

REMARKS: ! 

I , 

L --"'-'"'" -- -:=_""!-;:::-_uc~ .. ec--'< . __ . -••-
' 
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li:: . 
aLE CV (CONTINUED) 

~. 
I,· LOT NUMBER 98 OMS 1936B II PAGE 2 OF 2 r DATE OF MANUFACTURER DATE RECEIVED ..__ 
SIZE S/0 P/0 

LAMINATE PROPERTIES 

• VOID FLEXURAL ~LEXURAL SHEAR RESIN VOID 1THICKNES~ COMMENTS IT CONTENT STRENGTH MODULUS STRENGTH CONTENT CONTENT PER PLY 
Vol. % 103ps1 106 PS I 103 PSI WT. % VOi.. % INCHES 

Ii 
I 195.0 17.5 14.0 28 I 

Max. M,n. Min. Min. to Max. 
34 

!:: 

1 1 

~ ' 

j 
I .. --
t: 229.1 18.1 16.6 

! 22~.2 17.5 16.6 
11 209.7 17.3 16.2 

t 
I ' 222.7 17.6 16.5 ,· 

i 

~ 

~ 

I\ 
tr· 
i MEETS SPEC. D DOES NOT MEET SPEC D 
t:[;: MEETS P.O. □ DOES NOT MEET P.O. □ 

}! 
v.C. REPRESENTATIVE 

:j:'. 
DATE: . 

[( 98 

- ,~-~t--=·· - -- - ' 



TABLE CVI 
PREPREG QUALITY CONTROL RECEIVI 

MATERIAL MODMOR 11 /5206 

VENDOR NARMCO 

QUANTITY RECEIVED 27.45 LB NUMOER OF UNITS 27 

PREPREG PROPERT IES 
RESIN VOLATILE GEL TENSILE TENS ILE RES IN 
CONTENT CONTENT TI ME VISUAL HANDLING STRENGTH MODULUS CONTENT 
WT. 'I, WT.% MINUTES to3 PSI 106 PS I WT. % 

OMS 39 3.0 18 145. 0 19 .0 28 
To Max . To Min. Min. To Max 

REQ'TS 45.0 26 34 

VENDOR 
AVERAGE :=!43.0 
RESULTS 

SHEET -I 40.31 0.776 22 :17 207.4 23.8 
4 -2 40.82 183.3 22.9 

-3 193.6 22.8 
- 4 184.5 22.4 
-5 200.3 23.8 

AVE. 40.57 0.776 22:17 193.8 23.1 

~HEET_ -I 41.34 1.300 22 :43 215.2 24.1 
-2 43.18 215.2 21.8 
-3 42.40 206.5 22.4 
-4 187.3 21.4 
-5 198.5 23.3 

AVE. 42.31 1.300 22 :43 204.5 22 6 

SHEET_ -I 39.71 0.565 23:26 191.9 21.9 
12 -2 45.21 209.3 22.3 

-3 195.7 22.6 
- 4 167.6 20.8 
-5 202.9 23.0 

AVE. 42.46 0.565 23:26 193.5 22.1 

SHEET __ -I 43.37 1.211 200.6 23.2 
16 -2 42.26 191 .5 23.9 

-3 174.0 21 .2 
- 4 154.2 21 .8 
-5 179.6 23.3 ---AV E. 42.82 1.211 180.0 22.7 

SHEET_-1 40.82 21 :08 203.8 21.7 
20 -2 39.18 206.3 22.2 

-3 196.3 21 .8 
- 4 184.0 21.4 
-5 185.8 22.5 

AVE. 40.41 21 :08 195.2 21 .9 

REMARKS: 
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TABLE CVI 

CONTROL RECEIVING INSPECTION REPORT 

•: LOT NUMBER 317 OMS 1936B ~ PAGE 1 OF 2 :l DATE OF MANUFACTURER 6-21-71 DATE RECEIVED 7-6-71 I 

_ UNIT SIZE 3" TAPE S/0 16105411 P/0 OCY-665603-9 

LAMINATE PROPERTIES 
RESIN VOID FLEXURAL 

I 

RESIN VOID THICKNESS FLEXURAL SHEAR 
COMMENTS CONTENT CONTENT STRENGTH MODULUS STRENGTH CONTENT CONTENT PER PLY 

WT.% Vol. 'I, 103ps1 t06 PSI 103 PSI WT. % VOL. % INCHES 
28 I 195.0 17.5 14.0 28 I To Max. Min. Min. Min. to Max . 34 34 

204.9 15.7 

I:' 

It 
► 

215.4 18.6 15.6 0.00566 ,; 215.2 18.4 14.0 0.00562 
:·, 211.7 18.5 15.4 0.00560 , 
ii ,· 
' I 

:,} 214.1 18.5 15.0 0.00563 

IJ 
Ii 

" i:.' 

t 
::: ' 

~. 
It r 
ji 

1EETS SPEC . gJ DOES NOT ME ET SPEC D 'I 

I ' MEETS P.O. [X] DOES NOT MEET P .0. 0 

tr Q.C. REPRESENTAT IVE J../ m . '11~ fi:::r1 .. all) 
DATE: S. - l3 • 7L 

I 

I: ' 99 

••··· ·-··•·. ~ + 
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ft· 
;1 TABLE CVI ,i 

~ 

'r 
I W\TERIAL MODMOR 11/5206 L01 

j:: DA1 VENDOR 
~ QUA~TITY RECEIVED NUMBER OF UNITS UNIT SIZE~ 

t: 

I~ 

PREPREG PROPERTI ES ;i -
~. RESIN VOLATILE GEL TENSILE TENSILE RESIN VOii 

CONTENT CONTENT TIME VI SUA L HANDLING STRENGTH MODULUS CONTENT CONT 
[ 

T 
T wT. % WT. % MINUTES to3 PSI to6 PSI WT, % Vol 

lo 
OMS 39 3.0 18 145.0 19.0 28 I 

"' To To - - To 
:·: , REQ'TS 45.0 Max. 

26 Min. Min. 34 Mall 

VENDOR 
t I'! AVERAGE 

.r, I RESULTS 

Ii SHEET _-I 39.51 0.900 19:44 211.4 24.4 
24 • -2 38.72 191 .8 22.1 ' -3 202.9 22.5 : ,, 

- 4 193.2 21 .9 ' 

-5 221 .6 23.3 I 

AVE. 39.12 0.900 19:44 204.2 22.8 ,, 
SHEET _-I 
19 -2 

1, -3 
-4 
-5 

} AVE. 
I 

SHEET_ -I l ,, 
-2 

I -3 
- 4 
-5 

AVE. 
I 

' SHEET __ , 
I 

( 
-2 I 

-3 l ,, 

! 1, 

-4 
-5 

·, AVE, -
' I 

SHEET_-1 
-2 

1 -3 
,, 

-4 ,, 

-5 
AVE. -

:,; REMARKS: 
rr 

l 
' 
I 

'ti 
: 

,t 
" 

·,A •• ,.-. 



LOT NUMBER __ 31_7 _____ OMS __ 1_93_6_8 ____ _ PAGE 2 OF 2 

DATE OF MANUFACTURER ______ DATE RECEIVED _____________ _ 

SIZE _____ S/0 P/0 

VOID 
CONTENT 

Vol. % 

Max. 

LAMINATf PROPERTIES 
FLEXURA~ 
STRENGTH 

103Ps 1 

195.0 
Min . 

208.2* 
218.2* 
205.0* 

210.5* 

FLF.XURAL 
MODULUS 

106 PS I 

17. 5 
Ml n. 

18.9* 
18.7* 
19.1* 

18.9* 

SHEAR 
ST~ENGTH 
103 PSI 

14.0 
Min. 

15.3 
15.6 
12.8 

14.6 

RESIN 
CONTENT 

WT,% 

28 
to 
34 

VOID 
CONTENT 

COMMENTS 

VOL. % 

Max . 

MEETS SPEC. 0 DOES NOT MEET SPEC 0 
MEETS P.O. 0 DOES NOT MEET P.O. 0 
Q.C. REPRESENTATIVE _______ _ 

DATE: 

100 



TABLE CVII 
PREPREG QUALITY CONTROL RECEIVI 

MATER IAL MODMOR 11 /5206 

VENDOR NARMCO 

QUANTITY RECE IVED 23.24 LB NUMBER OF UNITS 8 

PREPREG PROPERTIES 

RESIN VOLATILE GEL TENSILE TENS ILE RESIN 
CONTENT CONTENT TIME VISUAL HANDLING STRENGTH MODULUS CONTENT 
WT.% WT.% MINUTES 103 PSI 106 PSI WT.% Vol, 

39 3.0 18 145.0 19.0 28 
To Max. To Min. Min. To Max 

REQ'TS 45.0 26 34 

VENDOR 
AVERAGE =!:43.0 
RESULTS 

SHEET_-I 40.03 0.742 21 : 19 200.7 23.7 
1 -2 40.47 111.4 23.3 

-3 111.8 22.9 
- 4 128.9 22.6 
- 5 172.2 23.4 ---

AVE. 40.25 0.742 21: 19 145.0 23.2 

SHEET_ -I 46.46 0.671 21 :54 183.8 23.1 
3 -2 43.40 168.3 22.3 

-3 43.30 193.0 22.8 
-4 183.4 21 .4 
-5 192.7 23.3 

AVE. 44.39 0.671 21 :54 184.2 22.6 

SHEET_ -I 41 .78 0.510 20:26 210.9 23.0 
4 -2 39.73 192.3 22.4 

·-3 44.27 175.6 21 .1 
- 4 211.2 22.2 
-5 203.5 23.4 

AVE. 40.76 0.510 20:26 198.7 22.4 

SHEET_ -I 44.27 0.650 22:58 218.8 23.8 
5 -2 43.07 193.1 22.7 

-3 46.20 203.0 22.3 
- 4 201 .2 23.5 
-5 174.7 22.4 

AVE. 44.51 0.650 22:58 198.2 23.0 

SHEET_-I 43.59 0.629 21 :59 187.0 21.1 
7 -2 44.28 189.8 21 .6 

-3 178.3 21 .3 
-4 179.6 21.0 
-5 195.7 22.0 

AVE. 43.94 0.629 21 :59 186.1 21.4 

REMARKS: 



TABLE CVII 
CONTROL RECEIVING INSPECTION REPORT 

LOT NUMBER __ 3_1_9 ____ _ OMS __ 19_3_6_8_____ PAGE 1 OF 1 

DATE OF MANUFACTURER _.....;;6_-2;;..;.9...;..-7..;..1 ___ DATE RECEIVED ____ 7_-6_-7_1 ________ _ 

UNll SIZE 3" TAPE S/0 16105411 P/0 OCY-665603-9 

LAMINATE PROPERTIES 

RESIN VOID FLEXURAL FLEXURAL SHEAR RESIN VOID 

CONTENT CONTENT STRENGTH MODULUS STRENGTH CONTENT CONTENT 

WT. % Vo I . % I o3ps I I 06 PS I I o3 PS I WT. % VOL. % 

28 
To 
34 

Max. 
195.0 
Min. 

201.1 

200.3 
184.6 
203.4 

196.1 

189.2 
214.0 
202.4 

201.9 

17.5 
MI n. 

18.1 
18.0 
18.6 

18.2 

19.6 
19.4 
19.3 

19.4 

I4.0 
Min. 

15.4 

14.5 
15.2 
15.0 

14.9 

15.4 
15.4 
14.8 

15.2 

28 
to 
34 

Max. 

0.00568 
0.00565 
0.00567 

0.00567 

COMMENTS 

MEETS SPEC. ~ DOES NOT MEET SPEC 0 
MEETS P.O. [gl DOES NOT MEET P.O. 0 
Q.C. REPRESENTATIVE '7{.7Z1 ?;J /!<nJ.,., ) 

DATE: 8 - I 3 - 7 / 



TABLE CVIII 
PREPREG QUALITY CONTROL RECEIVING I 

MATERIAL MODMOR 11/5206 

VENDOR NARMCO 

QUANTITY RECEIVED 32.35 LB NUMBER OF UN ITS 12 UNIT S llE 

PREPREG PROPERTIES 
RESIN VOLATILE GEL TENSILE TENSILE RESIN 
CONTENT CONTENT TIME VI SUAL HANDLING STRENGTH MODULUS CONTENT 
WT.% WT. % MINUTES 103 PS I 106 PSI w -. % 

OMS 39 3.0 18 145.0 19.0 28 
To Max . To Min. Min. To Max . REQ'TS 45.0 26 34 

VENDOR 
AVERAGE ~ 41 .5 
RESULTS 
SHEET_-! 39.34 1.397 22:39 187.2 23.3 2 .:2 40.56 182.5 21 .5 

-3 174.8 21 .2 
-4 165.0 22.3 
-5 202.4 24.2 

AVE. 39.95 1.397 22:39 182.4 22.5 
SHEET_-1 40.13 187.2 21 .7 4 -2 39.23 193.8 22.3 -3 198.7 22.2 

-4 196.6 22.0 
-5 193.1 23.3 

AVE. 39.68 193.9 22.3 
SHEET_ -I 42.50 1.408 21 :52 175.3 22.1 6 -2 40.82 168.3 20.9 -3 41.52 166.1 22.3 -4 174.9 21 .6 

-5 178.2 22.8 
AVE. 41 .61 1.408 21 :52 172.6 21.9 

SHEET_ -I 41.57 196.5 23.2 8 -2 40.75 179.1 21.9 -3 184.6 21.5 -4 132.8 20.6 
- 5 169.0 19.8 

AVE. 41.16 ---
172.4 21.4 

SHEET_-1 44.71 1.575 20:39 178.9 21 .1 9 -2 39.79 184.1 22.7 -3 186.7 22.3 
-4 166.2 20.5 
-5 196.9 22.5 

AVE. 42.25 1.575 20:39 182.6 21 .8 
REMARKS: 



CVIII 
ECEIVING INSPECTION REPORT 

PAGE 1 OF 2 
LOT NUMBER _ 320 OMS 1936B --- -----
DATE OF MANUrACTURER __ 7_-1_-7_1'---- DATE RECEIVED ____ _;_7-~6...:..-7...:..1 _______ _ 

IZF. 3" TAPE S/0 16105411 P/0 OCY-665603-9 

LAMINATE PROPERTIES 
VOID FLEXURAL FLEXURAL SHEAR RES IN VOID 

CONTENT STRENGTH MODULUS STRENGTH CONTENT CONTENT 
Vol. % 103ps 1 106 PSI 103 PSI WT . % VOL. % 

Max. 
195.0 
Min. 

197.5 

215.9 
188.0 
201 .0 

201.6 

17. 5 
Min. 

18.4 
18.0 
19.2 

18.5 

14.0 
Min. 

17.1 

14.0 
14.6 
14.0 

14.2 

28 
to 
34 

Max. 

0.0059 
0.0056 
0.0061 

0.0055 

COMMENTS 

MEETS SPEC. ~ DOES NOT MEET SPEC 0 
MEETS P.O. ~ DOES NOT MEET P.O. 0 
Q.C. REPRESENTATIVE )f ]n ~~ 
DAT E: <£- /:J - 7/ 

102 



TABLE CVIII ( 

MATERIAL _.:.:.M~O:..::D:.:.:M.:.:O:..:.R.:...:....:..:11 /-=5-=-20::..:6=--------------- ------------ LOT 

DAT 
VENDOR _______________________________ _ 

QUANTI TY RECEIVED ___________ _ NUMBER OF UN I TS _______ UN IT SIZE 

OMS 

REQ'TS 

VENDOR 
AVERAGE 
RESULTS 

SHEET - I 
11 --2 

-3 
-4 
-5 

AVE. 

SHEET_-I 
13 -2 

-3 
-4 
-5 

AVE. 

SHEET_-I 
-2 
-3 
- 4 
-5 

AVE. 

SHEET_ -I 
-2 
-3 
- 4 
- 5 

AVE. 

SHEET_-I 
-2 
-3 
- 4 
-5 

AVE. 

REMARKS: 

RESIN 
CONTENT 
WT.% 

39 
To 

45.0 

40.63 
41.87 
41 .90 

41.47 

42.09 
40.58 

41 .34 

VOLATILE 
CONTENT 

WT. % 

3.0 
Max . 

1.600 

1.600 

1.456 

1.456 

PREPREG PROPERTIES 

GEL 
TIME VISUAL HANDLING 

MINUTES 

18 
To 
26 

22 :27 

22 :27 

21 :10 

21 :10 

TENSILE TENSILE RES IN VOID 
STRENGTH MODULUS CONTENT CONT 

I o3 PS I I 06 PS I WT. % Vo I • 

145.0 
Min. 

198.3 
173.9 
171.9 
186.6 
152.8 

176.7 

188.4 
176.5 
191.4 
154.0 
167.9 

175.7 

19.0 
Min. 

22.9 
21.2 
21 .2 
21.2 
18.2 

20.9 

21.4 
20.1 
21.0 
~!0.9 
22.8 

21.2 

28 
To 
34 Max 
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" ~. 
TABLE CVIII (CONTINUED) 

LOT NUMBER 320 DMS 1936B II PAGE 2 OF 2 '' I DATE OF MANUFACTURER DATE RECEIVED _ UNIT SIZE S/0 P/0 
LAMINATE PROPERTIES 

I' RES IN VOID FLEXURAL FLtXURAL SHEAR RES IN VOID 1TH ICKNESS CONTENT CONTENT STRENGTH MODULUS STRENGTH CONTENT CONTENT PER PLY COMMENTS WT.% Vol. % 103ps1 106 PSI 103 PSI WT.% VOL. % INCHES 
y 28 

I 195.0 17.5 14.0 28 I ~ 
To Ma x. Min . Min. Min. to Max. 34 

34 
,', 

ti 
,, 201 .6 18.1 14.4 1: 208.5 18.3 13.8 

177.1 17.9 14.3 
I 

195.7 18.1 14.1 
\ 

0.0063 

I 0.0056 
., 

0.0059 
! 

0.0056 
0.0049 --
0.0057 I 

, 
i 

--

l , 
'J 

~ 
I 

' --, 
I 

MEETS SPEC . DOFS NOT MEET SPEC D J; MEETS P.O. DOES NOT MEET P.O. □ ,I 

; Q.C. REPRESENTAT IVE 
' 

l 
' I' DATE: 
~ 

l 

103 

!:'i:l ~ .. - ~~-•-



0 .i:
:,.

 

P
R

O
P

E
R

T
Y

 

F
L

E
X

U
R

A
L

 S
T

R
E

N
G

T
H

, 
P

S
I 

F
L

E
X

U
R

A
L

 M
O

D
U

L
U

S
, 

P
S

I 
x 

1
0

 -
6 

S
H

O
R

T
 B

E
A

M
 S

H
E

A
R

, 

P
S

I 

R
E

S
IN

 C
O

N
T

E
N

T
, 

W
E

IG
H

T
 P

E
R

C
E

N
T

 

V
O

ID
 C

O
N

T
E

N
T

, 

V
O

L
U

M
E

 P
E

R
C

E
N

T
 

T
E

N
S

! L
E

 L
A

P
 S

H
E

A
R

 

I 
{A

D
H

E
S

IV
E

) 

R
E

A
R

 S
P

A
R

 

T
A

B
L

E
 C

-I
X

 
IN

-P
R

O
C

E
S

S
 Q

U
A

L
IT

Y
 C

O
N

T
R

O
L

 T
E

S
T

S
 -

S
T

A
B

IL
IZ

E
R

 U
N

IT
 O

N
E

 
G

R
A

P
H

IT
E

 C
O

M
P

O
N

E
N

T
S

 

C
A

N
T

 R
IB

 N
O

. 
1 

C
A

N
T

 R
IB

 N
O

. 
2 

S
K

IN
S

 

U
P

P
E

R
 

L
O

W
E

R
 

U
P

P
E

R
 

L
O

W
E

R
 

U
P

P
E

R
 

L
O

W
E

R
 

U
P

P
E

R
 

L
O

W
E

R
 

F
L

A
N

G
E

 
F

L
A

N
G

E
 

F
L

A
N

G
E

 
F

L
A

N
G

E
 

F
L

A
N

G
E

 
F

L
A

N
G

E
 

L
E

F
T

 
R

IG
H

T
 

L
E

F
T

 
R

IG
H

T
 

7
3

,5
0

0
 

7
3

,6
0C

 
6

6
,2

0
0

 
6

6
,7

0
0

 
7

0
,7

0
0

 
6

5
,5

0
0

 
6

9
,2

0
0

 
7

4
,0

0
0

 
7

9
,9

0
0

 
6

5
,4

0
0

 

6
.6

 
7

.0
 

6
.1

 
6

.5
 

8
.2

 
7

.9
 

6
.2

 
6

.1
 

5
.4

 
6

.0
 

11
,4

0
0

 
11

,5
0

0
 

7
,1

0
0

 
7

,8
0

0
 

7
,9

0
0

 
8

,2
0

0
 

9
,6

0
0

 
7

,8
0

0
 

7
,0

0
0

 
8

,0
0

0
 

3
6

.4
 

3
6

.5
 

3
6

.2
 

3
5

.0
 

3
5

.5
 

3
5

.7
 

3
5

.6
 

3
4

.5
 

3
3

.1
 

3
3

.8
 

-0
.9

5
 

-
1

.0
3

 
-

0
.3

1 
-

0
.0

4
 

0
.3

1 
0

.5
4

 
-0

.0
3

 
0

.1
7 

1
.1

8
 

0
.6

7
 

-
-

-
-

-
-

-
-

-
-

(I
 )

D
A

T
A

 "
.)

N
 U

N
ID

IR
E

C
T

IO
N

A
L

 P
A

N
E

L
 A

N
D

 T
E

N
S

IL
E

 L
A

P
 S

H
E

A
R

 A
D

H
E

S
I

V
E

 C
O

U
P

O
N

S
 C

U
R

E
D

 W
IT

H
 P

A
R

T
. 

A
T

T
A

C
H

 A
N

G
L

ES
ll

) 

U
PP

E
R

 
L

O
W

E
R

 

1
7

9
,6

0
0

 
18

1
,6

0
0

 

1
6

.3
 

1
7

.6
 

1
4

,1
0

0
 

1
3

,6
0

0
 

3
4

.1
 

0
.8

4
 

2
,7

1
0

 
2

,4
5

0
 



TABLE C-X 

IN -PROCESS QUALITY CONTROL TESTS - STABILIZER UNIT ONE 
FIBERGLASS LEADING-EDGE COMPONENTS 

COMPONENT NO. 

TEST 
.131'> _1411 I .17 .17 -19 -19 .3311) .35 

NO.1 NO. 2 NO. 1 NO. 2 NO. 1 
RESIN CONTENT, 

19.6 19.0 15.9 16.9 16.8 15.4 17 .1 16.8 PERCENT BY WEI GHT 

VOID CONTENT, 
2.9 3.3 1.5 1.2 1.7 2.4 1.4 1.8 PERCENT BY VOLUME 

l1)2 PARTS MAD E · I PART TESTED 

105 

.35 
NO. 2 

18.6 

1.7 
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The structural performance of the stabilizer parts is more dependent on 
in-plane properties than ori flexural properties. The assessment of the 
effects of voids on structural performance will therefore be performed on 
completion of the static tests of the stabilizer assembly. 

NONDESTRUCTIVE TESTS 

The skin panels and various adhesive bonds in the stabilizer structure were 
nondestructively tested using ultrasonic and radiogrdphic techniques. The 
upper and ~ower graphi te-epoxy skin panels were tested using the ultrasonic 
pulse-echo, ultrasonic C-scan, and X-ray techniques. ~eference standard 
specimens were fabricated to represent the various pattern and thickness 
combinations in the stabilizer which were joined by adhesive bonding. These 
specimens were then used to determine the presentations on the various items 
of testing equipment for both high and low quality bonds. 

The upper and lower skin panels were ultrasonically inspected by the pulse­
echo (loss of back-surface signal) technique at 5 MHZ using a 1/2 inch 
diameter SPZ contact search-unit. Areas exhibiting more than 75% loss of 
back-surface signa (indicative of low resin or porous conditions) were 
obser· ed in relatively thick laminates (48 layers or greater) and in areas 
adjacent to the bonded titanium doublers (Figures Cl and C2). These areas 
were subsequently X-rayed using 100 KVP, 5 ma, GEVAERT D4 film. The X-ray 
photographs indicated fiber patterns in the areas exhibiting loss of back­
surface signal. Graphite composite skins exhibiting good u1trasonic 
transmission are generally homogeneous and do not reveal fiber orientations 
when radiographed. The upper skin was also inspected using the ultrasonic 
C-scan technique. A highly damped, 5 MHZ short-focus search-unit was used 
to make a C-scan record at the forward center section and at the aft hinge 
at x = -20. Light areas in C-scan record corresponded to locations on the 
panel exhibiting more than 75% loss of back-surface signal. 

The NOT results for the stabilizer skins are qualitative in nature and are 
not conclusive from the standpoint of accepting or rejecting of the parts 
involved. The results appear consistent with the indications of laminate 
voids from the previously discussed in-process tests. Validity of the NOT 
results will be assessed during the post-static test analysis of the 
stabilizer. 

The lower skin (25569974) was bonded to the honeycomb ribs using graphite 
attach-angles. Roth sides of the bond assembly were accessible for inspec­
tion since the upper panel was not in place at this time. The bond assembly 
was located in the assembly jig in the vertical position . The graphite 
angle-to-skin and angle-to-honeycomb bond quality was checked by tap test, 
contact pulse-echo ultrasonic, and Fokker bond tester. No bond disconti­
nuities were indicated. 

The ultrasonic test was conducted using contact pulse-echo techniques at 
2.25 and 5.0 MHZ using a 3/8 inch diameter SFZ search-unit. Reference 
standards representing no-bond and good-bond between the angle to skin, 
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FIGUR E C-1. NONDESTRUCTIVE TEST RESULTS 
FOR UPPER SKIN 
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and angle to honeycorrb were prepared. The cathode ray tube (CRT) presenta­

tions of the ultrasonic test results at 5 fll-lZ for various test response are 

shown in Figure C3. The structure was tested from the inner surface with 

the probe placed on the individual angles. No bond discontinuities were 

indicated. 

The Fokker bond tester was also calibrated on the applicable reference 

standards. Various probes and frequency settings were evaluated. The final 

selection for optimum response was Probe No. 1214-0518 (1/2 inch diameter). 

Fokker bond tester fluid was used as a couplant for all tests. Results 

obtained from angle-to-honeycomb bond quality are shown in Figure C4. The 

angle-to-honeyconb bond quality was checked from the accessible side with 

no lack-of-bond indicated. 

The instrument was then calibrated to the angle-to-skin standards yielding 

results shown in Figure C5. The angle-to-lower-skin bond was tested from 

the inner surface. During testing, it was observed that the Fokker A-scope 

and B-meter readings changed when the probe was placed on variable thickness 

areas of the skin. Figure C2 shows five changes of thickness in the lower 

skin ranging from 0.144 to 0.366 inch. Figure C6 shows the change in Fokker 

readings as the probe was placed over two variations in skin thickness. 

Note that the same reading are obtained for a skin-to-an~le bond 0.242 inch 

thick, and for skin only 0.240 thick (Figure C6-(2), (3)). 

Based on the foregoing findings, a second set of reference standard spec­

imens, Figure C7, were fabricated. Evaluation of the bond joint between 

the upper skin and graphite angles was performed from the outer su rface of 

the upper skin since the interior of the structure was inaccessibl . Be-

cause of this fact, the reference standards specimens were designed to 

represent the variations in the upper skin thickness as shown on drawing 

number Z5569973. The design for the three reference standards is shown in 

Figure C7. Specimen A (3 x 9 inches) is typical of the adhesive system used 

to bond the upper skin to upper attach-angles. Specimen B (2 x 9 inches) 

is typical of the adhesive system used to bond the upper skin to upper 

attach-angles, except it was cured in an autoclave. Specimen C (2 x 9 inches) 

is typical of the actual adhesive system with bolt-pressure bonding of the 

upper skin to upper attach-angles. Specimen C is typical of the actual con­

dition used on the horizontal stabilizer upper skin to upper attach-angle 

bond jr,1nts. All three specimens had six thickness steps of 24, 32, 40, 48, 

56, il.'1d 68 plies. Precured angle layers of 8 and 16 plies were bonded to each 

of che three specimens as shown. Specimen A represents a condition of bare 

skin (no-bond) and also 8 and 16 ply bonded a gles. 

After the specimens were fabricated, they were eva'uated by radiography and 

irrmersed ultrasonic C-scan recording at 5 MHZ. Radiography showed no di s­

continuities in the specimens. The results by ultrasonic C-scan recording 

shown in Figure CB indicate good bond quality for all three specimens. The 

ultrasonic C-scan system is shown in Figure C9. The specimens were also 
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A-SCOPE B-METER 

I 
150 

\ 

0 

PROBE ON 

(1) ANGLE ONLY 

UNBOND 

PROBE ON 
(2) 

HONEYCOMB 

PROBE ON AN GLE 

(3) TO HONEYCOMB 

GOOD BOND 

(4) PROBE IN AIR 

NOTES: SWEEP 5 
TUNE 9.5 
SENS. 8 
BAND 3 
PROBE 1214-0518 

FIGURE C-4. FOKKER BOND TESTER PRESENTATIONS FOR ATTACH-ANGLE TO 

HONEYCOMB BOND QUALITY 
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A-SCOPE 
8-METER 

(11 PROBE IN AIR 

(21 PROBE ON SKIN 
GOOD BOND 
SKIN TO ANGLE 10.2501 

131 PROBE ON ANGLE 
GOOD BOND 
ANGLE TO SKIN 10 .2501 

141 PROBE ON ANGLE ONLY 10.0501 
NO BOND 

151 PROBE ON SK IN ONLY I0.200I 
NO BOND 

NOTES SWEEP 5 
TUNE 9 5 
SE NS. 8 
BAND 3 
PROBE 1214-0518 

FIGURE C-5. FOKK.ER BOND TESTER PRESENTATIONS FOR ATTACH-ANGLE TO SKIN BOND QUALITY 
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A-SCOPE 

(1) SKIN ONLY 

0.192 THICK 

(2) SK IN TO AN GLE BOND 

0.242 THICK 

(3) SKIN ONLY 

0.240 THICK 

(4) <:KIN TO ANGLE BOND 

0 .290 THI CK 

FIGURE C-6. FOKKER BOND TESTER READINGS VS GRAPHITE COMPOSITE THICKNESS 
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evaluated using contact pulse-echo ul t rasonic tests. A Reflectoscopc 
(Figure Cl0) was used in conjunction with a 3/8 inch diameter SFZ, 5 ri-lZ 
search unit with Fokker bard ~est fluid as a couplant. The search unit was 
placed on each step of Spec.i , .n A (Fi1ure C7) and the CRT presentation ~as 
photographed. The results J; ~his test were recorded to facilitate inter­
pretation of the change in signal spacing with changes in thickness. The 
difference in response between a bond and no-bond condition was evaluated 
by comparing t he bare skin (no-bond) condition with a bonded condition for 
an 8 ply angl e and for a 16 ply angle. 

The specimens were also evaluated using the Fokker bond tester, Figure Cll. 
The F~kker probe was placed on each step of Specimen A and the results 
indicated by the A-scope (CRT) and B-meter readings were recorded (see 
Figure Cl2). There was an obvious and distinct variation in response be­
tween the bond and no-bond condi t ions . The instrument settings were also 
recorded in Fi~ure Cl2. Specimen A was tested with the probe placed both on 
the skin side (Figure Cl2) and on the angle side (Figure Cl3). Comparison 
of Figures C12 and Cl3 indicate simil ar results . 

Each of the three srecimens were then tested to evaluate the Fokker response 
regard·ing differences in adhesive (i.e., Narmco 329 and Hysol EA951) or 
differences in curing (i.e., Specimen B, autoc l ave versus Specimen C, oven 
cured using bolt pressure). The Fokker results for the bonded 8 ply angle 
on the three spe imens show a marked similarity, Figure Cl4. The test was 
repeated on the bonded 16 ply angle on all three specimens. The results 
illustrated in Figure Cl5, again showed a similarity of response. 

Having established the test criteria from the reference standards, the 
actual bond joints on the horizontal stabilizer were evaluated. The Fokker 
was cali urated to the specific thi ckness step of the test standard prior to 
evalua t ing that thickness in the horizontal stabilizer. Each upper skin 
constant thi ckness section of the stJhilizer was checked for bond to the 
upper attach-angles and the results were indicated on a drawing of the part. 
The results are shown in Figure Cl6 (LH side) and Figure Cl7 (RH side). 
The Fokker probe was moved along each angle between the fasteners and the 
results were indicated as good bond, partial bond, or poor bond. The good 
and poor bond responses were compared di rectly to the reference standards. 
The partial-bond response was one which did not correlate directly to the 
applicable r~ference standard. The bond quality as determined by the Fokker 
was also evaluat~d in specific areas using the contact pulse-echo technique. 
The bond versus unbond responses correlated with results of the ultrasonic 
test. The partially bonded areas showed an erra t ic bond response associated 
with a decrease in signal amplitude when evaluated by the pulse-echo technique. 

Reference standards for evaluating the bond at the skin to rear-spar and skin 
leading-edge-to-angle were not available. The skin leading-edgP-to-angle 
bond joint consists of a skin thickness of 0.084 inch (14 ply) bonded to 
the -45 (8 ply) angle. To evaluate the join~. a piece of skin material 0.088 
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FIGURE C-11. FOKKER BONO TESTER

120



PLYS 

24 

32 

40 

48 

68 

SKIN ONLY 

PROBE IN AIR 

8PLY ANGLE 
BONDED TO SKIN 

BAND 3.0 
CAL 2.0 
SENS 8.0 

NOTES 

SWEEP 5.0 
TUNE 8.0 

16 PLY ANGLE 
BONDED TO SKll\i 

PROBE 1214-0518 
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CAL 2.0 
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FIGURE C-14. FOKKER BOND TESTER PRESENTATIONS FOR SPECIMENS 
A, B. AND C WITH 8-PLV ANGL.E 

123 



-PLYS 

24 

32 

48 

56 

68 

SPECIMEN-A 
NARMCO-329 

PROBE IN AIR 

SPECIMEN·& 
HYSOL AE-951 

BAND 3.0 
CAL 2.0 
.;ENS 8.0 

NOTES 

SWEEP 5.0 
TUNE 8.0 

SPECIMEN·C 
HYSOL AE-951 

PROBE 1214-0518 

FIGURE C-15. FOKKER BOND TESTER PRESENTATIONS FOR SPF.CIMENS 

A, B, AND C WITH 16-PL Y ANGLE 

124 



Z5569966 
TOP SKIN PLAN VIEW 

FOKKER TE ST RE SUL TS 

• INDICATES GOOO BONO QUALITY 

1111111 
# 

D 

INDICATE S Poon BONO QUALITY 

INDI CATE S MARGINAL B'JNO QUALITY 

INDICATE S TAPER IN SKIN THICKNESS 
84 

41 

/ 

----• + • + • ------
/ + +-. +-.~ 

1
.1. ----

1+11+1 ?2~~
4 

/ /. ____ __J!Jl•I ____ _____ 
/x _!...._+ _!f ±JI~_±~_±~ 

X __ • __ + __ •-~illiP-•-+ __!_ + ,-, -----
,/ I= 11= 

/e ✓: 1+,1~1 
/.X / _L ii 
x• ~ ~.!_..±_•_!!!±.!!!I~ +II~• + _!____±_ • 

<II <II + ±__ !..._+ e 1111111 + 11111111111 ::8!i\ :ti I ±J!!!±.1~ + e 11111111 + Ill e 

: <Ill F114 
~ @I 1l+11+I, 
@ @r+ •+_# __ + . + .~+11+11+11+# +11111+11111+. 
@ @Jl!lll~!_.±._!_~_..:!::_.!_+_!~I _!_~!!!!!._-t_!.2:_ -

0 



0 .144 
(241 

+. 
• + 

LJ ___,.__ LJ 
------

FIGURE C-16. FOKKER BOND TEST RESULTS 
FOR UPPER SKIN 1·0 
ATTACH-ANGLE BOND - LH SIDE 

125 



0.2IIR 
148) 

0.240 
I (40) 



• 
1111111 

# 

D 

00 
4 

0 

Z55699G6 
TOP SKIN Pl I\ N Vlf l'I 

FOK KE I~ l ES l HE ~, Jll S 

INDI CI\ !ES GUOO BON O QUALi l Y 

INDI CATE S POUR BONOOUI\Ll lY 

I N OIC A TE S M ARG I NAL BOND QUALi TY 

1NDI C A 1ES I /\PER IN SKIN THI CKN[ SS 

0.192 
(. ,21 

0 0 
I 

0 

FIGURE C-17. FOKKER OND TEST RESULTS 

FOR UPPER SKIN TO 

ATTACH-ANGLE BOND - RH SIDE 

126 



inch thick was obtained to detennine the Fokker response for this thickness 

which represents a no-bond condition. The probe was placed on the part and 

the response was noted (see Figure Cl7). The left hand side showed a good 

bond response along the full length. Partial unbond was shown along the 

right hand side. The skin to rear-spar was checked by calibrating the Fokker 

to Specimen A (24 and 32 plies) which represented no-bond along the rear-spar. 

The probe was scanned along the rear-spar and readings shown in Figure Cl8 

were obtained. Test results are shown in Figures Cl6 and Cl7. Hinges 1 

through 4 were checked by setting up to the Specimen A (24 and 32 plies) 

standards which represented a non-bond condition. No lack of bond was 

detected in any of the hinge areas. 

127 



I\
.)

 
a

, 

0
.0

8
8

 I
N

. 
T

H
IC

K
 S

T
D

 
N

O
B

O
N

D
 

A
. 

S
K

IN
 L

E
A

D
IN

G
 E

D
G

E
 T

O
 D

O
U

B
L

E
R

 B
O

N
D

 J
O

IN
T

 

2
4

 P
L

Y
 S

T
D

 
N

O
B

O
N

D
 

32
 P

L
Y

 S
T

D
 

N
O

B
O

N
D

 

I 

B
. 

S
K

IN
 T

O
 R

E
A

R
 S

P
A

R
 B

O
N

O
 J

O
IN

T
 

N
O

 S
T

D
 

G
O

O
D

 B
O

N
O

 

N
O

 S
T

D
 

G
O

O
D

 B
O

N
O

 

0
.1

3
2

 I
N

. 
T

H
!C

K
 I

N
O

S
T

D
I 

G
O

O
D

 B
O

N
D

 

' 
N

O
 S

T
D

 
P

A
R

T
IA

L
 B

O
N

D
 

N
O

 S
T

D
 

P
A

R
T

IA
L

 B
O

N
O

 

F
IG

U
R

E
 C

-1
8

. 
F

O
K

K
E

R
 B

O
N

D
 T

E
S

T
E

R
 P

R
E

S
E

N
T

A
T

IO
N

S
 F

O
R

 S
E

C
T

IO
N

S
 T

E
S

T
E

D
 

W
IT

H
O

U
T

 S
T

A
N

D
A

R
D

 S
P

E
C

IM
E

N
S

 



APPENDIX n 

FABRICATION PROCEDURES 

This appendix describes fabrication and asserrbly procedures used in ~he 
manufacture of the horizontal stahili1.er. Step-by-step procedures are 
presente~ for laminate layup and curing, machining, bonding, and in-process 
qua ·lity testing of details and a~ mblies. Tooling, materials, and processes 
required during detail part fabrication and assembly are defined. 

In-process quality test specimens were made during each cure and bond cycle. 
The types, numbers, and locations of specimens are indicated in the panel 
cutting and i dentifi cation d·i aqrams included in the fabrication procedures. 
Test data were reccrded on a Fabrication and Control Traveller (FACT) shee~ 
which uccompanied each component during fabrication. 

STABILIZER ASSEMBLY 

Fabrication Procedure Summary 

The upper and lower surfarp graphite-epoxy attach angles were laid-up in the 
"B" stage, debulked, trirrmed to length, and stored at 0°F until needed 
during assembly bonding. The substructure assembly was machined to contour 
at the upper and lower surfaces using machining templates (plaster back-casts) 
taken directly from the inner surfaces of the mating skin panels. The first 
assembly bond cycle was accomplished in the autoclave to co-cure and bond 
the upper surface attach angles to the substructure assently. The upper skin 
panel (suitabiy prntected with a teflon film to preclude bor.~ing) was used 
as the mold surface to insure the proper bevels and contours on the attach 
angle skin flanges. The seco~d assembly bond cycle was also accomplished in 
the autocl;ve to co-cure and bond the lower surface attach angles to both 
the substructure assembly and the lower surfa~e panel. The resulting bond 
assembly w1s installed in the assembly-jiq and fastener hol2s were prepared 
for the skin panels, the leading-edge, and the var~~~~ ,itting attachments. 
The lower surface attachments were installed, and nutplates were located and 
bonded at the upper surface, leading-edge, and fitting attach holes. The 
upper skin panel was bolted in place with an adhesive film at the faying 
surface between the panel and the attach angle flanges. The adhesive 
film was suhsequently oven-cured using the bolt pre-load to supply bondin~ 
pressure to the adhesive. The leading-edge assemblies and the various 
fittings were then installed to complete the horizontal stabilizer assembly. 

Applicable Drawings 

25569970 
25569966 
2556°975 

Substructure Assembly-Graphite Composite Horizontal Stabilizer 
Horizontal Stabilizer Assembly-Graphite Composite 
Structure Installation-Graphite Composite Horizontal Stabilizer 
Leading Edge 
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Special Tooling 

Z5669970-BONJ 
C6652-Z5569973-3ET1 
C6652-Z5569974-3ET1 
C6652-Z5823615-35BJI 
C6652-Z5569973-3PLM1 
C6652-Z5569973-3ET2 
C6652-Z5569966-1AJ1 
C6652-Z5569966-AT1 
C6652-Z5569975-17LT1 
C6652-Z5569975-25LT1 
C6652-Z5569966-1ATP1 
C6652-Z3569977-lLTl 
C6652-Z5569975-27AT1 

Materials 

Substructure Assent>ly Bondinq Jig 
Plaster Back Cast - Upper 
Plaster 1ack Cast - Lower 
Attach Angle Mandrel 
Laminatfog and Bonding Mold 
Bonding Pressure Plate 
Assembly Jig 
Ori 11 Temp 1 ate 
Rivet Layout Template 
Bolt Layout Template 
Drill Template 
Bolt layout Template 
Trim and Drill Template 

o Nannco 5206 graphite/epoxy, DMS1936, Type II (Nannco) 
o 5-3008 Epoxy Filler (Organoceram Company) 
o Prekote 87-76 Mold Release (Ram Chemical Company) 
o Mockburg Bleeder Paper CW-1850 (West Coast Paper Company) 
o EA951 Adhesive Film, MMM-A-132, (Dexter Corporation, Hysol Division) 
o ADX 228 Adhesive Primer (Dexter Corporation, Hysol Division) 
o EA9306 Adhesive, (Dexter Corporation, Hysol Division) 
o Metlbond 329 Adhesive, MMM-A-132, Type II, 0.070 lb/sq.ft. (Narmco) 
o Annalon Penneable Release Cloth, Type 403F-DPM3463 (Hastings Plastic) 
o Coreprene DK-153 Edge Dam (Western Gasket a~d Packing Company) 

Methods and Processes 

1. 11 811 Stage Attach Angle F3bri cation 

a. layup the upper and lower surface 11 B11 stage attach angles on the 
attach angle mandrel (C6652-Z5823615-35BJ1) i n accordance with 
Tables DI and DII, respectively. 

b. Debulk each layup at 100 psi and l50°F for 10 minutes in the 
autoclave. 

c. After debulk~ng, cut the attach angles to length as indicated in 
Tables D1 and DII. 

d. Apply Metlbond 329 adhesive film to the external surfact of the 
tapered leg only of the upper surface attach angles (Table DI). 

e. Apply Metlbond 329 adhesive film to the external surfaces of both 
legs of the lower surface attach angles (Table DII). 

130 



PATTERN 

-
m0 /45° /- 45° /90°12S 

(16PLYI 

(00/450 /-450 /90o)S 
(8 PLYI 

TABLE 01 

UPPER S!JRFACE "B" STAGE 
ATTACH ANGLE LA YUP SUMMARY 

PARTSCUTFROMEACHLAYUP 
LAYUP 

LENGTH NUMBER OF 5569966 LENGTH 
ON.I LAYUPS REOD DASH NO. QTY UN.I 

JiJ.00 2 - 5 1 14.50 
- 51 1 23.00 

44.50 1 - 3 8 5.50 

50.00 2 - 3 9 5.50 

50.00 1 - 13 3 16.50 

52.50 I 1 - 13 1 16.50 
- 15 1 17 .00 
- 37 2 9.25 

57 .25 2 - 19 1 6.50 
-45 1 43.50 
- 49 1 6.75 

57 .50 1 - 21 6 9.50 

58 .50 1 - 17 (STA 201 4 6.76 
- 17 (STA40) 4 7.75 

58 .50 1 - 23 2 11 .50 
- 25 2 13.00 
- 27 2 4.5J 

59 .50 1 - 29 2 17.75 
-43 2 11 .75 

59 .50 1 - 31 :, 19.25 
-41 2 10.2!i 

59.75 4 - 35 3 19.75 

61 .00 1 - 15 3 17.00 
- 33 2 4.75 

61 .00 1 - 39 2 13.75 
- 47 2 16.75 

-
61 .50 1 - 7 4 15.25 

62.50 1 - 9 4 15.50 
-

64.50 1 - 11 4 16.00 
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PATTERN 

(0° /45° / - 45° /90°)2S 
16 PLY 

(0°/45°/ - 45°/90°)S 
8 PLY 

TAB LE D11 

LOWER SURFACE "B" STAG E 
ATTACH ANGLE LAYUP SUMMARY 

LAYUP PARTS CUT FROM EACH LA YUP 

LENGTH NUMBER OF 5569966 LENGTH 
UN.I LAYUPS REQD DASH NO. QTY (IN. I 

38 .00 2 --55 1 14.50 
- 53 1 23.00 

44.50 1 - 63 8 5.50 

50.00 2 - 63 9 5.50 

50.00 1 - 69 3 16.50 
-

52.50 1 - 69 1 16.50 
- 71 1 17.00 
- 93 2 9.25 

57 .25 2 - 5 1 6.50 
- 59 1 43.50 
- 101 1 6.75 

57 .50 1 - 75 6 9.50 

58 .50 1 - 89 (STA 201 4 6.75 
- 89 (STA 40) 4 7.75 

58.50 1 - 77 2 11 .50 
- 79 2 13.00 
- 83 2 4.50 

59.50 1 - 73 2 17.75 
- 97 2 11.75 

'..>9 .50 1 85 2 19.25 
- 95 2 10.25 

59.75 4 - 87 3 19.75 

61 .00 1 - 71 3 17.00 
- 81 2 4.75 

61 .00 1 - 91 2 13.75 
- 99 2 16.7!> 

61 .50 1 - 61 4 15.25 

62 .50 1 I - 65 4 15.50 
I 

65.50 1 - 67 4 16.00 
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f. Wrap the attach angles and adhesive in a rooisture proof film, 
identify (desh number) each angle, and store at O"f until 
needed during the stabilizer assemh ly bonding. 

?.. Substructure Machining 

a. Using the substt ·ucture bonding jig (BONJ ) as a holding fixture, 
mount the 255699/0 substructure assembly on the Rockford Profile 
Milling Machine. Ind~x the upper surface plaster hack -cast 
(C6652-Z5569973-3ET1) to the substructure. 

b. Machine the rear-spar and cant-rib flanges to contour using il 
four-flute carbide t~t i~l -mill (1/2 inch diameter, 3600 rpm). 
See drawing number Z~569966 for flange thickness and din~nsional 
restraints. Conduct the machining operations dry (without 
cutting fluid) to protect the honeyconti panel edges . 

c. Machine the honeycomb sandwich facirigs one face at a tirne without 
cutting fluid using a diamond router (1/4 inch diamete r , 3fi00 rpm). 

d. Invert the Z5569q7o suhstructure assemhly and reinstall it in the 
holding fixture (BONJ). Index the lm-1er surface plaster back cast 
(C6652-Z5569974-3ETl) to the substructurP. 

e. Machine the lower surface to contour as in steps ( b) and ( c) abovr. . 

3. First Bond Cycle - Upper Attach /\ngles to Substructure 

a. Locate the upper skin panel on the C6652-7556g973-3PLMl Laminating 
and Bonding Mold. 

b. Completely cover the inner surface of the skin panel with a 5 nril 
teflon film to preclude adhesion to the panel during the first 
bond cycle. 

c. Prepare the Z556997n substructure assembly for bondinq by grit­
blasting and/or scuff-sanding a one-inch wide strip along the 
upper edge of the web assent>lies. Areas not to be cleaned sha ll 
be protected with masking tape. 

d. Carefully vacuum-clean the substructure assenoly to remove the 
grit-blast res idue. 

e. Locate the substructure assembly on the honding mold aqai nst the 
teflon film on the upper skin panel. 

f. Apply a bead of Organoceram 5-3008 at the junctions of the sub­
structure web assemblies and the teflon film (upper ~anel) and 
fonn a fillet with a concave radius of 0.103 to 0.134 inch. 



g. Cure the Organoceram 5-3008 fille~s at. room temperature for 24 
hours. 

h. Remove the 11 811 stage upper-surface attach angles (TcJble DI) from 
cold storage and warm to room-temperature before openinq the 
sealed package. 

i. Locate the upper at t ach angles on the bonding mold with the 
adhesive against t he webs of the substructure assembly in 
accordance with drawing number 25569966, view A, zone 9. 

j. Fit all attach angles into place and press down firmly to assure 
intimate contact between the angles, the web skins, and the 
teflon film (upper skin) so the proper skin bevels and contours 
will be attained during the cure cycle. 

k. Layup a graphite-epoxy quality control panel (Figure D1) and the 
adhesive test coupons (Figure D2) and position them on t•~e mold 
surface between the right and left-hand cant-rib flanges so the 
panel and adhesive will cure during the autoclave cycle. 

1. After all angles are fitted in place, apply edge dams at both 
edges of each angle. Use teflon tape for edge dam at the tapered 
leg of the angle, and Coreprene at the edge of the skin flange and 
around the edges of the quality control panel. Cut and apply a 
teflon coated nylon stripper-ply to the skin flange of each 
attach-angle. 

m. Cut Armalon to fit over all the angles. Apply the Armalon in two 
strips, one on the vertical (tapered) leg of the angle, and one 
0n the skin flange of each angle. Two pieces are required to 
preclude bridging at the corners of the angles. Apply one layer 
of Armalon to the quality control panel. 

n. Cut Mockburg bl eeder paper into strips in a simi'lar manner and 
apply one strip to the vertical (tapered) leg of the angle and two 
strips to the skin flange of each angle. Apply Mockburg bleeder 
paper to the quality control panel at a ratio of one layer of 
bleeder to four layers of laminate. 

o. Cover the bleeder paper with teflon film and seal the edges of 
film with tape. Allow sufficient slack in the teflon film to 
allow it to slide into the apex of the attach a~gles without 
bridging. Apply leather fille ts in all corners of the substructure 
to prevent bridging of the vacuum-bag in these areas . 

p. Fit the bonding pressure plate (C66 S2-Z5569973-3ET2) on the top 
of the subs t ructure as~embly to prevent direct pressure 
application of the edges of the honeycomb webs. 
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L FLEXURAL TEST SPECIMEN, 1/2 X 5 INCHES 13 REO'D) 

INTERLAMINAR SHEAR SPECIMEN, 1/4 X 3/4 INCHES 15 REC'D ) 

FIGURE 01 . LAMINATE QUALITY CONTROL PANEL ANO CUTTING 
DIAGRAM 
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FIGURE 02. IN-PROCESS ADHESIVE TEST COUPON 
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q. Apply fiberglass bleeder cloth to the assenbly taking care to 
assure that the bleeder cloth reaches all areas of the assembly 
and that sufficient material is used to allow 50 psi pressure to 
be applied without any bridging. Pay particular attention to 
the lower corners of the assent>ly so that the total area of the 
11811 stage angles receives full pressure. 

r. Vacuum-bag the entire assembly with a large sheet of nylon bagging 
material. Fit the nylon bag carefully into each cavity so that 
no wrinkles occur over the prepreg angles. Seal the edges of 
the bag and apply vacuum. 

s. With vacuum applied to the assembly, check for leaks and recheck 
the position of ba~. Reposition the bag if necessary to insure 
that there is no wrinkling or bridging in the areas of the 
prepreg angles. When the bag position and va~uum are satisfactory, 
place the assembly in the autoclave for cur~. 

t. Cure in autoclave using the following curP cycle sequence: 

(1) Apply vacuum pressure 

(2) Turn on autoclave wit~ temperature setting at 285°F. 

(3) When part temperature reaches 275°F or after autoclave has 
been at 275°F or hi ghcr for three hours, whichever occurs 
first, apply 50 psi pressure (using nitrogen) and vent 
vacuum to atmosphere. 

(4) Increase part temperature to 350°F. 

(5) Cure two hours at 350°F and 50 ps ·i. 

(6) Cool undP.r pressure to less than l 50°F and remove from 
al'tocl ave. 

(7) Record the cure cycle on the FACT sheet. 

u. Remove the bag and clean the substructure asseMbly as required. 

v. Cut quality-control flexure, interlaminar shear, resin, and 
void-content ~oupons from the QC panel as shown in Figure D1. 
Record test results on the FACT sheet together with the adhesive 
test coupon results. 
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w. Inspect the adhesive bond lines visually and with a Fokker Bond 
Tester and record observations and results on the FACT sheet. 

4. Second Bond Cycle - Lower Attach Angles to Substructure and Lower 
Panel. 

a. Locate the lower skin panel on the C6652-25569973-3PLM1 Laminating 
and Bonding Mold. 

b. Prepare the inner surface of the lower skin panel (25569974) for 
bonding by grit-blasting and/or scuff-sanding in areas where 
bonding is required. Areas not to be cleaned shall be protected 
with masking tape. 

c. Prepare the 25569970 substructure assembly for bonding by grit­
blasting and/or scuff-sanding a one-inch wide strip along the 
lower edge of the web assemblies. Areas not to be cleaned shall 
be protected with masking tape. 

d. Carefully vacuum-clean the substructure assembly and the lower 
skin panel to remove the grit-blast residue. 

e. Locate the substructure assembly on the bonding mold against the 
lower skin panel. 

f. Apply a bead of Organoceram 5-3008 at the junctions of the 
substructure web assemblies and the lower skin panel and form a 
fillet with a concave radius of 0.103 to 0.134 inch. 

g. Cure the Organoceram 5-3008 fillets at room temperature for 24 
hours. 

h. Remove the 11 B11 stage lower-surface attach angles (Table OIi) from 
cold storage and warm to room-temperature before opening the 
sealed package. 

i. Locate the lower attach angles on the bo11ding mold with the 
adhesive agai~st the webs of the substructure assembly and the 
lower skin panel in acc-: rdance with drawing number 25569966, view 
A, zone 9. 

j. Fit all attach angles into place and press down firmly to assure 
intimate contact between the angles, the web skins, and the lower 
skin panel so the proper skin bevels and contours will be attained 
during the cure cycle. 

k. Layup a graphite-epoxy quality control panel (Figure 01) and the 
adhesive test coupons (Figure 02) and position them on the mold 
surface between the right and left-hand cant-rib flanges so the 
panel and a1hesive will cure during the autoclave cycle. 
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1. After all angles are fittt:?d in place, apply P.dye dams at both 
edges of each angle. Use teflon tape for edge dam at the tapered 
leg of the angle, and Coreprene at the edge of the skin flange 
and around the edges of the quality control panel. Cut and apply 
a teflon coated nylon stripper-ply to the skin flange of each 
attach-angle. 

m. Cut Annalon to fit over all the angles. Apply the Armalon in 
two strips, one on the v~rtical (tapered) leg of the angle, and 
one on the skin flange of each angle . Two pieces are required to 
preclude bridging at the corners of the angles. Apply one layer 
of Annalon to the quality control panel. 

n. Cut Mockburg bleeder paper into strips in a similar manner and 
apply one strip to the vertical (tapered) leg of the angle and 
two strips to the skin f1ange of each angle. Apply Mockburg 
bleeder p~per to the quality control panel at ~ ratio of one 
layer of bleeder to four layers of laminate. 

o. Cover the bleeder paoer with teflon film and seal the edges of 
film with tape. Allow sufficient slack in the teflon film to 
a11ow it to slide into the apex of the attach angles without 
bridging. Apply leather fillets in all corners of the substructure 
to prevent bridging of the vacuum-bag in these areas. 

p. Fit the bonding pressure plate (C6652-Z5569973-3ET2) on the top 
of the substructure assembly. 

q. Apply fiberglass bleeder cloth to the assembly taking care to 
assure that the bleeder cloth reaches all areas of the assembly 
and that sufficient material is used t o allow 50 psi pressure to 
be applied without any bridging. Pay particular attention to the 
lower cor11ers of the assembly so that the total area of the 11 811 

stage angles receives full pressure. 

r. Vacuum-bag the entire assembly with a large sheet of nylon 
mate. ial. Fit the nylon bag carefully into each cavity and 
position such that no wrinkles occur over the prepreg angles. 
Seal the edges of the bag and apply vacuum. 

s. With vacuum applied to the assembly, check for leaks and recheck 
the position of bag. Reposition the bag if necess ary to insure 
that there is no wrinkling or bridging in the areas of the 
prepreg angles. When the bag position and vacuum are satisfactory, 
place the assembly ir. the autoclave for cure. 

t. Cure in autoclave using the following cure cycle sequence: 
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(1) Apply vacuum pressure 

(2) Turn on autoclave with temperature setting at 285°F 

(3) When part temperature reaches 275°F or after autoclave has 
been at 275°F or higher for three hours, whichever occurs 
first, apply 50 psi pressure (using nitr-ogen) and vent 
vacuum to atmosphere 

(4) Increase part temperature to 350°F 

(5) ture two hours at 350°F and 50 psi 

(6) Cool under pressure to less than 150°F and remove from 
autoclave 

(7) Record the cure cycle on the FACT sheet 

u. Remove the bag and clean the substructure assembly as required. 

v. Cut quality-control flexure, interlaminar shear, resin, and 
void-content coupons from the QC panel as shown in Figure Al. 
Record test results on the FACT sheet together with the adhesive 
test coupon results. 

w. ins pect the adhesive bond lines visually and with a Fokker Bond 
Tester dnd record observations and results on the FACT sheet. 

5. Fastaner Hole Preparation and Installation - Lower Panel 

a. Locate the substructure to lower skin bond assembly (25569970 and 
25569974) in the C6652-25569966-1AJ1 assembly jig (AJ) with the 
open upper surface facing inward toward the AJ frame structure. 

b. Insert two tooling pins through the rear spar web tooling holes 
at stations X = +32.560 and Y = 453.125. 

c. Install a third tooling pin through the front spar web at 
station X = 0, on the stabilizer centerline at station Y = 
418.062. 

d. Install tooling pins through the 23569971 hinge brackets at 
stations X = +58.187 and Y = 457.250. 

e . Locate and identify the stabilizer chord plane (horizontal plane) 
through two tooling holes located at station X = +32.560 in the 
rear spar web. ·-

f. Locate and identify bracket location points at stations 
X = +20. 000 a net -~40. 000. 
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g. Locate and identify all hole locations on rear spar web for the 
aerodynamic seal attachment. 

h. Locate and clamp the appropriate drill bushings to rear spar outer 
surface and 1/2-inch thick aluminum blocks against the 
corresponding inner surface for drilling the aerodynamic seal 
attach holes. 

i. Hand drill the holes using an air-motor at 2400 rpm. Remove all 
drill chips from the su~structure assembly. 

j. On the lower skin (25569974) complete drilling of two 1/8- inch 
diameter coordinating holes tt1rough the attach angles. These 
holes were previously located dnd drilled in the skin at 
stations X = 30.000 and Y = 447.135, prior to bonding attach 
angles. 

k. Check coordinating holes for proper distance from datum surface 
of -31 web at station Y = 446.375 (25569970). 

1. Locate the C6652-25569966-AT1 drill template (ATl) in the AJ 
against the lower skin throuqh the two coordinating holes at 
stations X = +30.000 and Y ~ 447.135. Support the weight of the 
ATl at bracket stations X = +20.000 and +40.000 ana along ATl 
trailing edge. Clamp edges of ATl to the lower skirt. 

m. Insert a 0.128 inch inside diameter (10)/0.500 inch outside 
diameter (OD) bushing in one of the ATl holes and drill a pilot 
hole. Check for proper hole location on the attach angles per 
25569966. Relocate bushing in same bolt line, drill, dnd check 
again. Repeat pilot hold ~rillinq and checking as necessary. 

n. Insert 0.1875 inch 10/0.500 inch OD bushing in ATl and drill hole 
with 3/16 inch diameter carbid~ ~pade insert drill at 2400 rpm 
using an air-motor. Drill all 0.1875 inch ID holes in 25569974 
lower skin, except in 23569971 bracket fitting. Drill t~e latter 
holes with same carbide spade drill mounted in a 450 to 600 rpm 
air-motor. 

o. Ream all appropriate holes with a 0.1895 inch diameter body 
reamer with an 0.1875 inch diameter pilot mounted in a 450 to 
600 rpm air-motor. 

p. Adjust a countersink stop gage to the proper epth with a 100° 
countersink cutter and a nurmer 12 pilot. Mount in an air-motor 
and countersink all appropriate 0.1895 inch diameter holes using 
450 to 600 rpm per note 10 of 25569966. Start with a high-speed­
steel cutter and finish with a carbide cutter. 
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q. Adjust a countersink stop gage to the proper depth with a 100° countersink cutter and a 0.250 inch diameter pilot. Mount in an air-motor and countersink all appropriate 0.250 inch diameter holes using 450 to 600 rpm, per note 10 of 25569966. Start 
with a high-speed-steel cutter and finish with a carbide cutter. 

r. Grind the vertical flange portions of the ~ttach angles to allow proper fit of the 23569977 pivot fitting web flanges. Make 3 x 5 inch oval cutout in the fr011t-spar web per 25569966, View K-K. 

s. locate an ~ install the 23569977 pivot fitting and the AJ-230 assembly as shown in View B of the tool drawing, 
C6652-25569966-AJ1. 

t. Install the 5547524 actuator fitting in the AJl and on the horizontal stabilizer s0 that it is sy111T1etrical about the centerline and is aligned with the chord plane. 

u. Apply a release coat to the appropriate side of one each of 
the -109, -111, and -113 shims per 25569966, General Note 16. Insert shims and apply adhesive per General Note 16 and bond shims to the rear-spar or lower skin. 

v. Install and clamp the -3 and -5 assemblies of C6652-25569966-1ATP1 in place on the ATl. Use a low speed 450 to 600 rpm air-motor for the following operations. 

w. Use a number 12 (0.1875 inch diameter or a 3/16 inch diameter) carbide bit and a number 10 bushing to drill the 24 required holes through the lower skin and each cant-rib flange. Remove the -3 part of the -1 ATPl from the ATl drill template. Ream the 48 holes using a 0.1895/0.1915 inch diameter reamer with a 
0.1875 inch diameter pilot. 

x. Use a 0.421 (27/64) inch diameter carbide bit and bushing in the lATPl-5 to drill 17 holes through the pivot fitting flange and the lower skin. 

y. Remove the -5 part of the lATPl from the ATl. Ream the 17 holes using a 0.4370/0.4390 inch diameter reamer with 0.421 inch 
diameter pilot. 

z. Install bolts, washers, and nuts in the lower skin (excluding the pivot and actuator fitting bolts) and torque in accordance with the instructions on 25569966. 
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6. Fastener Hole Preparation-Upper Panel. 

a. Remove the bond assembly from AJl, rotate 180° , and relocate and 
pin in AJl. 

b. Insert two tooling pins through the rear spar web tooling holes 
at stat~ons X = +32.560 and Y = 453.125. Install a third 
tooling pin through the front spar web at Station X =) on the 
stabilizer centerline at station Y = 418.062. Install tooling pins 
through the 23569971 brackets at stations X - +58.187 and 
Y = 457.250. -

c. Locate and identify stations X = +30.000 and Y = 447.735 on the 
top side of upper attach angles -35 and -87. 

d. Install drill breakout surface material (peel-ply) for actuator 
and pivot fittings and between cant-rib flanges. Locate the 
upper skin (25569973) in the AJ so that the corresponding 
coordinating holes at station X = +30.00 are centered over the 
station lines identified above. -

e. Locate the C6652-25569966-AT1 drill template (ATl) in the AJ 
against the upper skin through the two coordinating holes at 
stations X = +30.000 and Y = 447.135. Support the weight of the 
ATl at bracket stations X = +20.000 and +40.000 and along ATl 
trailing edge. Clamp edges of ATl to the lower skin. 

f. Insert a 0.128 inch 10/0.500 inch OD bushing in one of the ATl 
holes and drill a pilot hole. Check for proper hole location 
on the attach angles per 25569966. Relocate bushing in same 
bolt line, drill and check again. Repeat pilot hole drilling 
and checking as necessary. 

g. Insert 0.1875 inch ID/0.5000 inch OD bushing in ATl and drill 
hole with 3/16 inch diameter ~arbide spade insert drill ac 2400 
rpm using an air-motor. Dril I all 0.1875 inch diameter holes 
in 25569973 upper skin and attach angles except in the 23569971 
br~cket fitting. Drill these holes with the same carbide spade 
drill mounted in a 450 to 600 rprn air-motor. 

h. Re~m all the holes with a 0.1895 inch diarreter body reamer with 
a 0.1875 inch diameter pilot mounted in a 450 to 600 rpm air-motor. 

i. Adjust a countersink stop gage to the proper depth with a 100° 
countersink cutter and a nuni>er 12 pilot. Mount in an air-motor 
and countersink all appropriate holes using 450 to 600 rpm per 
note 10 of 25569966. Start with a high-speed steel cutter and 
finish with a carbide cutter. 
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j . Adjust a countersink stop gage to the proper depth ·11ith a 100° 
countersink cutter and a 0.250 inch diameter pilot. Mount in 
an air-motor and countersink all appropriate holes ~sing 450 
to 600 rpm per note 10 of Z5569966 . Start with a high-speed steel 
cutter and finish with a ca rbide cutter. 

k. Locate and install the Z3569977 pivot fit t ing and the AJ -230 
assently as shCMn in View B of the tool drawing, 
C6652-Z5569966-AJ1. 

1. Install the 5547524 actuator fitting in the AJl and on the 
horizontal stabilizer so that is is synmetrical about the 
centerline ~nd is aligned with the chord plane. 

m. Install and clamp the -3 and -5 of the Z5569966-1ATP1 in place on 
the ATl. Use a 450 to 600 rpm air-motor for the following 
operations. 

n. Use a number 12 (0.1875 inch diameter or a 3/16 inch diameter) 
carbide bit and a number 10 bushing to drill the 24 required holes 
through the upper skin and each cant-rib flange. Remove the -3 
part of the -1 ATPl from the ATl drill template. 

o. Ream the 48 holes using a 0.1895/0.1915 inch diameter reamer with 
a 0.1875 inch diameter pilot. 

p. Use a 0.3594 (23/64) inch diameter carbide bit and bushing in the 
lATPl-5 to drill 18 holes through the pivot fitting flan ge and 
the upper skin . 

q. Reroove the -5 pijrt of the lATPl from the ATl. 

r. RP.am the 18 holes using a 0.3745/0.3765 inch diameter reamer and 
a 0.3594 inch diameter pilot. 

s. Remove the ATl drill template from the upper ski,. 

7. Fastener Hole Preparation - Fittings 

a. Layout the 12 hole centers on the pivot fitting web as shown in 
Zone 4, View E-E on drawing Z5569966. 

b. Drill the 12 pilot holes (0.125 ir,ch diameter) through the 
fitting web and front-spar using layout template C6652-Z356997-1LT 
with a carbide drill. 



c. Use a 0.2969 (19/64) inch diameter drill with a 0.125 inch diameter pilot to enlarge the 12 holes . 

d. Ream the 12 holes through the pivot fittin(J web and the front -<; par web using a 0.3125 inch diameter r er1 nier with a 0.2969 inch diameter pilot. 

e. Use a 0.375 inch diameter carbide drill and a drill - tabl e hushing aligned with the pilot hole in the actuator fitting 5547524 and drill the two pilot hol es throuqh the upper skin and cant-rib flanges , View E-E of 75569966. Do not drill normal to the lower skin contour. 

f. In a similar manner. drill the two 0.375 inch diametPr holes through th, actuator fitting and the r ea r-<;par . 

CJ. Ream the two holes through the actuator fitting and the rear- sp,1r usinq a 0.5000 inch diameter re;imer with a 0.4fl44 inch diameter pilot. 

h. Ins tall the Z3559978 an<1 Z3S69979 brackets with a r elea se a(Jenl: on the shim surfaces which contact the brackets. Locate a -105 shim against the lower skin inner surface and a - 107 shim against the rear spar web outer surface at stations X - +20.000 and +40.000. Fill the gaps between shims and sk in with adhesiv<' per Note 6 of Z5569966 just prior to installinq the toolinq pins which locate the Z356997fl and 23569979 bracket<;. Cure thr adhesive at room temperature. 

i. Using the two 0.190/0.194 inch diameter rilot holes in each bracket, drill the pilot holes throu(Jh th e r ea r spar web with a number 10 high speed steel drill 1-1/2 inches long. mounterl in a 2WJO rpm right an (Jle drive(American Pneunlilti c IJrill Motor-Model #810). 

j. On 11 0.234 inch diameter hol e<; thr-ough the pilot hol es in th<• bracket from the r ea r -s par weh ir.11er surface with a 0.234 inch diameter dri 11 body w i th a O. 190 foch di ilfll<' te r pilot. 

k. Ream from the rear - spa r web inner SL1rface with a O. 232 inch diame ter l eft hand sriral - piloted re<1mer. Operate the r<1 an1C•r d t 450 rrm. 

l. RPnove shavin(Js anrl clean the r ea r- spa~ and brackets. 

111. Ins tall N/\Sn4041J- 8 and -9 holts through the brr1cket web hol es dnd the adjacent rear- spar ho1es at Stations X ~ ➔ 20.00 and 
:!:_40.000. lnstall l2524Hill w;i shers per Z55699 t,6 and MS21075-L4 nutp late<; . Tor<111e the ho lts to 50-70 inch pou. rfs in accordanc(' with OP2. 70-?.. 
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11. Drill an 0.234 inch diameter holes through the lower skin shims, doublers, and bracKet fittings at stations X = +20 .000 and +40.000 with a high speed steel drill mounted in a- 450 to 600 rpm air-motor. 

o. Ream the holes with a 0.2~0/0.254 inch diarreter body reamer and a 0.234 inch diameter pilot rotating at 450 to 600 rpm. 
p. Install the upper skin panel and the -105 shims in the AJ and repeat steps n and o for the upper panel hinge bracket attachments. 

q. Remove the upper skin panel from the AJ and strip all drill breakout material (peel ply ) from the skin panel and substructure assembly. 
8. Fastener Hole Preparation - Leading Edge 

a. Locate a Z5569975-13 (lower right) and a -14 (lower left) panel assembly against the ATl with the inboard leading edge in Place between the ATl loft line contour and the Z5569974 lower panel leading edge recess. 

b. Locate the other -13 (upper left) and the -14 (upper right) panel assemblies against the AJ-525 contour boards and clamp in place. 
c. Insert a .1875 inch diameter handle or flanged drill bushing with a .500 inch OD into one of the inboard leading edge pos 1tions of the ATl on the lower surface. Drill a hol e with a 3/16-i nch diameter carbide spade insert drill mounted in a 240G rpm air-motor. 

d. Relocate the bushing and complete drilling the holes through the -13 and •·14 panels, the lower skin panel, and atta ch an gles Z5569966-51 and -53. 

e. Ream the ho 1 es with a O. 1895/0. 1915 inch diameter body reamer i,,i th a 0.1875 inch diameter pilot rotating at 450 to 600 rpm. 
f. At stations X = +5.750 (ref.) ijnd Y = 4,7.232 insert a 0.234 inch ID/0. 500 inch OD- drill bushing. Drill two O.l34 inch diameter holes with a 2400 rpm air-motor. Remove the bushings and ream the two holes with a 0.250/0.254 inch diameter body reamer wi th ~ 0.234 i nch diameter pilot rotating at 450 to 600 rpm. 

g. Adjust a countersink stop gage to the proper depth with a 100° countersink cutter and a nunt>er 12 pilot. Mount in an air-motor and countersink all approµriate holes using 450 to 600 rpm. Start with a high-speed-steel cutter and finish with a carbide cutter. 
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h. Repeat steps (c) through (g) for the upper surface Z5569975-13 
and -14 panels. 

i. Plat~ t~e Z5569975-27 leading edge skin so that its net tri1T1T1ed 
inboard edge fits around the Z5569975-17/-l9 rib assenbly and 
along entire left hand leading edge to the net trimmed outboard 
end at X = 58.968. Scribe upper and lower edge trim lines. 
Remove the -27 leading edge skin and trim. 

j. Place the -2, in the C6652-Z5569975-27AT1 and drill 0.125 inch 
diameter pilot holes i~ the upper and lower edges. 

k. Fit the left-hand -27 leading edge skin in place, clamp , and 
drill all holes thrnugh the -27 and the lower and upper skins 
with a 0.1875 (3/16) inch diameter carbide drill aligned with a 
drill table bushing and the pilot hole in the -27. 

l. Adjust a countersink stop 9agc to the proper depth with a 100° 
countersink cutter and a number 12 pilot. Mount in an air­
motor and countersink all holes using 450 to 600 rpm. Start 
with a high-speed-steel cutter and finish with a carbide cutter . 

m. Repeat steps (i) through (1) for the right-hand leading edge . 

Third Bond Cycle - Upper Panel to Attach Angles 

a. Place the substructure to lower skin bond assernb1y in the 
C6652-Z5569973-lPLMl laminating and bon~ing mold for the upper 
panel flt check. 

b. Locate the upper panel on the substructure with a layer of uncured 
silicone rubber between two 0.002 mil teflon fil Ms at the faying 
surfaces between substructure and ur,'.)er panel. 

c. Cure the silicone rubber layer 24 hours at room temperature. 

d. Remove the upper panel and mea~ure the thickness of the rubber 
sheet with a micrometer over the planform area of the stabilizer. 
Note thickness variations on the FACT sheet. 

e. Locate the substructure to lower skin bond assembly in the AJ 
with the closed (lower) surface facing the AJ frame structure. 

f. Ir1stall tooling pins through the Z356997l hinge brackets at 
stations X = +58.187 and Y = 457.250 . 

g. Prepare all laminate bondinq surfaces for internal nutplates by 
light scuff-sanding and solvent (MEK) wipe. 
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h. Locate all internal nutplates for the pivot and actuator fittings 
and the hinge-bracket fittings (stations +20.000, +40.000, and 
+58.187). locate the nutplates on EA951 adhesive tilm and secure 
Tn place for bonding with setup screws of appropriate diameter. 
Coat the setup screws with mold- release prior to iristallation. 

i. locate all internal nutplates for the upper panel to the cant-rib, 
rear-spar, and upper attach angle fasteners. Locate the nutplates 
on EA951 adhesive film and secure in place for bonding wit~ setup 
screws or Cleco-clamps of appropriate diameter. Coat the setup 
screws with mold-release prior to installation. 

j. Remove the bond assembly from the P.J and place it on the C6652-
Z5569973-1PLM1 laminating and bonding mold. Cure the nutplate 
adhes)ve in a circulating air oven at 350°F for two hours. 

After removal of the bond assembly from the oven, remove all 
setup screws and Cleco-clamps from the nutplates. Test the 
nutplate bonds by installing a screw of appropridte diameter in 
each nutplate. 

Clean the internal surface of the upper skin panel and the mating 
flanges of the upper attach an9lcs uc;ing light scuff-sa11d and/or 
grit blast. Remove the sanding or grit-hlast residue using a 
clean cloth. Prime the cleaned surfaces using Hysol ADX228 primer. 
Also relocate all nutplates unbonded during c;tep (k) abcve. 
Relocate these nutplates using Hysol EA 9306 adhesive and secure 
in place for rebonding with setup screws of appropriate diameter. 

Cure the adhesive primer and nutplate bonds in a circulating 
air oven at 250°F for two hours. 

After re1roval of the bond assembly from the oven, remove the 
setup screws from the rebonded nutplates. 

Cut and fit EA951 adhesive film on the faying surface of each 
upper surface attach flange for the rear-spar, cant-ribs. and 
attach angles. Cut and fit additional local layers to bridge 
gaps noted during step (d) above. 

Locate the upper surface panel on the substructure assembly taking 
:are not to displace the adhesive film at the f~ying surface. 

Install and torque the upper surface fasteners, (excepting those 
for the pivot fitting) per instructions on drawing number 
25569966. 
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r. Locate ten 3/8 inch diameter nutplates for the pivot fitting on 
the inner surface of the upper panel between the cant-rib 
flanges. Locate the nutplates on EA951 adhesive film and secure 
in place using 3/8 inch diameter setup screws. Coat the setup 
scre~,s with mold-release prior to installation. 

s. Cure the adhe~ive film in a circulating air oven at 350°F for two 
hours. 

t. Inspect the bond with a Fokker Bond Tester and record 
observations and results on the FACT sheet. 

10. Fitting and Leading Edge Installation 

a. Locate the structural bond assembly in the AJ and install tooling 
pins through the 23569971 hinge brackets at stations X = 

+58.187 and Y = 457.250. 

b. Locate the pivot and actuator fittings (23569977 and 5547524, 
respectively). Instal 1 and torque all attaching hardware per 
instructions on drawing number 25569966, excepting the six 5/16 
inch diameter bolts thmugh the front-spar web, the 23569977 
fitting, and the 25S69975-25 angles. 

c. Locate the 25569975-13 (lower right and upper left) and -14 
(lower left and upper right) panel assemblies in the AJ and 
index the previously drilled holes to the hole pattern in the 
structural oond assembly. 

d. Install the left-hand 25569975-19 rib angle against the AJ-515 
locator bar with the flanges facing inboard. Place a .007-inch 
thick adhesive bondline spacer (2 and 5 mil mylar sheets) on the 
-19 attach flanges and clamp the -19 rib to the -13 panel. 

e. Install the left-hand Z5569975-17 rib channel against the -19 rib 
angle webs with a .007 mylar adhesive bondline spacer located 
on both the web and attach flanges that bond to the -14 panel 
assemblies. Clamp the -17 rib channel to the -19 rib angle 
and the -14 panel. 

f. Using a caliper, measure a 0.82 + .030-inch from the front spar 
and scribe cut off lines on the ::;7 rib channel and the -19 
rib angle. 

. . .. 
149 



g. Identify hole vertical centerline as shown in Zone 8 of 25569975 and extend lines .75-inch forward of the vertical centerline. Bolt centers are +0.50 and +1. 4,i inches from the horizontal stabilizer chord Tine. 

h. Remove -17 and -19 from the AJ. Cut to scribe net size at the 1 i nes. 

i. Relocate the left-hand -17 and -19 in posit ion in the AJ . 
j. Lorate the C6652-Z5569975-17 LTl rivet layout template against thE -17 rio channel, clamp in place with a drill breakout surface (peel ply and bleeder cloth or aluminum plate) against the exposed -19 rib angle web surface. 
k. Drill the 0.128-inch diameter (#30 drill) holes in the rib web for the MS20470AD4 rivets with a high-speed-s t eel or carbide drill mounted in a 2400 rpm air motor. 
1. Install the left-hand 25569975-25 angle against the -19 rib angle as shown in Zone 8 of drawing 25569975. Install and torque the three 5/16-inch diameter bolts through the -25 angle, the 23569977 fitting , and the frontspar web per instructions on drawing number 25569976. 

m. Locate and clamp the C6652-Z5569975-25 LTl so that its centerline aligns with the holes centerline on the -19 rib angle. 
n. Drill the two 0.190/0.194 inch diameter holes through the -19 rib angle and -£.5 angle with a 450 to 600 ,·pm air motor . Remove the -25 LTl. 

o. Locate the -25 LTl on the -17 rib channel and drill two 0.190/0.194 inch diameter holes through the -17 and -25 angle . 
p. Locate a 25569975-35 leading edge zee against the lower left -17 panel forward edge so that its vertical inboard web flange rests against the -19 rib angle. Install 0.007 inch bondline spacers between ine -14 panel, -19 rib and the -35 zee flanges. Clamp the -35 zee in place. 

q. Locate a -33 leading edge channel against the upper left -13 panel forward edge, the -35 web, and the substructure front-spar (Z5569970-43) extension. Insert the -31 spacer, view G-G, 25569975, Zone 5. Place a 7 mil adhesive bondline spacer between -33 and -13 and between -33 and -35. 
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r. Layout the -33 and -35 leading edge rib web hole pattern on ribs 
as shown in view M-M of drawing nunt>er Z5569975. Provide a 
backup surface for drill breakout ~nd drill the required holes 
using a #30 drill (0.128 inch diameter) mounted in a 2400 rpm 
air motor. 

s. Remove -17, -19, -33, and -35 from the AJ and bond -17 to -19 and 
-33 to -35 in ~ccordance with general note 14 on drawing nurrber 
Z5569975. Install the MS20426AD4 rivets through the rib and 
channel webs in accordance with drawin nurrber Z5569975. Install 
rivets through the rib and channel webs in accordance with 
drawing nunt>er Z5569975. Install rivets per standards drawing 
S-5076260. 

t. Install the bonded -17/-19 rib assembly and the -33/-35 channel 
assembly ag inst the -13 and -14 panels. Locate the -17/-19 
rib assembly against the -25 angle and install the four 
NAS6403U-5 bolts throuqh the -25 angle and rib. Torque to 
20-25 inch-pounds. 

u. Bond the -17/-19 and the -33/-35 assemblies to the -13 and -14 
panels in accordance with general note 14 on drawing nunt>er 
Z5569975. 

v. Install the MS20426AD4 rivets though -13 and -14 panels and lower 
flanges of the -17 and -19 ribs per standards drawing S-~n76260. 

w. Install the torque the six NAS4903U-3 bolts in the rib to 20-25 
inch-pounds. 

x. Install the left-hand -?7 leading edge using the previously 
drilled holes. Instali and torque the attaching screws to 
20-25 inch-pounds. 

y. Locate and clamp a 25569975-29 rib in the end of the -27 leading 
edge skin against the Z4569980 tee. Layout the centerline on 
$tation X = 57.968, per view E-E on drawing number Z5569975. 

z. Drill a 0.125 inch diameter pilot hole through each centerline 
location on the -29 and the Z4569980 tee. Enlarge with a 3/16 
inch diameter carbide drill guided by a drill table. Ream 
with a -.190 inch diameter reamer with a -.1875 inch diameter 
pilot. 

aa. Layout the six MS20426AJ4 rivet centerlines on -27 leading edge 
skin for the -29 rib. Use a #30 (0.128 inch diameter drill) 
mounted in a 450-600 rpm air-motor and a drill table to drill 
the holes. 
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Adjust a countersink stop gage to the proper depth with a 100° 
countersink cutter and a #30 pilot. Counter·s1nk the rivet 
holes using 450 to 600 air lll)tor. Install the rivets per 
standards drawing S-5076260. 

Repeat steps (d) through (ab) for the right-hand leading edge 
installation. Note that 25569975-34 replaces -33 for the 
right-hand inboard leading edge assembly (-4). 

Remove the completed stabilizer assembly from the AJ. 
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