
THE ALTERNATING SURFACE SEGMENTED LAP JOINT: 

A DESIGN FOR THIN HIGHLY LOADED JOINTS 

Vernon E. Watkins, 3 r .  and George C. F i r t h  
NASA Langl ey Research Center 

Hampton, V i r g i n i a  23665 

ABSTRACT 

The combination o f  t h i n  a i r f o i l  sec t ions  and h igh  aerodynamic loads on many 
wind tunnel  models presents a major problem f o r  attachment o f  f l a p  elements. 
Conventional methods o f  a t tach ing  f i x e d  c o n t r o l  elements such as l a p  and tongue- 
in-groove j o i n t s  are no t  r i g i d  enouqh t o  prov ide  sur face c o n t i n u i t y  requ i red  i n  
h igh  Reynolds number research. For t he  extreme cases, t he  s o l u t i o n  has been t o  
f a b r i c a t e  separate wings f o r  each f l a p  s e t t i n g  w i t h  the  f l a p  element being an 
i n t e g r a l  p a r t  o f  t he  wing. 

This paper presents an a t t r a c t i v e  s o l u t i o n  t o  t h i s  problem, the  
"A1 t e r n a t i n g  Sur f  ace Segmented Lap Jo in t .  'I This j o i n t  provides increased r i g i d -  
i t y  and lower s t ress  l e v e l s  than convent ional j o i n t s .  Add i t i ona l l y ,  attachment 
fas tener  load ing  i s  low and the  j o i n t  can be designed t o  accommodate h igh  shear 
l e v e l s  due t o  bending w i thou t  the use o f  dowel pins. 



INTRODUCTION 

One of t h e  most f o rm idab le  tasks  f a c i n g  a  des igner  o f  high-performance 
a i r c r a f t  wind tunne l  models i s  t h e  attachment o f  f l a p  elements t o  t h i n  wings. 
The s imp les t  approach i s  t o  u t i l i z e  a  l a p  j o i n t .  Th is  j o i n t  i s  easy t o  f a b r i -  
c a t e  and assemble, and r e q u i r e s  l i t t l e  des ign i npu t .  Un fo r tuna te ly ,  the  l a p  
j o i n t  i s  o f t e n  s t r u c t u r a l l y  inadequate. The reduc t i ons  i n  sec t i on  modulus of t he  
j o i n e d  elements lead  t o  h i g h  s t r e s s  l e v e l s  and d i s t o r t i o n s .  A d d i t i o n a l l y ,  t h e  
l oad ing  may d i c t a t e  use o f  a  f as tene r  s i z e  which cannot be accommodated w i t h  
t he  th ickness  ava i l ab le .  

A second cho ice  o f  des igners i s  t h e  tongue-in-groove j o i n t .  Th is  j o i n t  
r e q u i r e s  p r e c i s i o n  f a b r i c a t i o n  b u t  p rov ides  increased s t i f f n e s s .  Fasteners a re  
n o t  as h e a v i l y  loaded, b u t  t h e  th ickness  a v a i l a b l e  f o r  t h e  f as tene r  head i s  
reduced s i g n i f i c a n t l y .  

A j o i n t  concept has been developed f o r  attachment o f  the  t r a i l i n g - e d g e  f l a p  
t o  the t h i n ,  h i g h l y  loaded wing o f  t h e  P a t h f i n d e r  I 1  model t o  be t es ted  i n  t h e  
Na t i ona l  Transonic  F a c i l i t y .  Th is  concept promises t o  be a  v i a b l e  design f o r  
s i t u a t i o n s  where a  conven t iona l  c o n f i g u r a t i o n  i s  inadequate. 



NTF CHARACTERISTICS IMPACT MODEL DESIGN 

0 HIGH REYNOLDS NUMBER RESEARCH 

o HIGH-QUALITY SURFACES 

o MINIMUM SURFACE DISCONTINUITIES 

0 HIGH DYNAMIC PRESSURES-HIGH MODEL LOADS 

o HIGH DISTORTIONS 

o JOINT DISCONTINUITIES 

o HIGH BENDING STRESSES 

o HIGH SHEAR LOADS 

The Nat iona l  Transonic F a c i l i t y  (NTF) a t  Langley Research Center, because 
o f  i t s  unique c a p a b i l i t i e s ,  imposes greater  s t r u c t u r a l  demands upon wind tunnel  
models than convent ional  wind tunnels. The NTF has the  c a p a b i l i t y  t o  operate a t  
h igher  Reynolds numbers than any other  research f a c i l i t y  i n  t he  f r e e  world. To 
the  model designer and f a b r i c a t o r ,  the  s i g n i f i c a n t  consequence o f  t h i s  capabi- 
1 i ty i s  the  requirement t o  p rov ide  h igher  qua1 i t y  aerodynamic surfaces than 
would be requ i red  f o r  the  convent ional wind tunnel  model. This requirement i s  
f u l f i  1  l e d  by b e t t e r  sur face f i n i s h ,  g rea ter  contour f i d e l i t y ,  and minimized 
d i s t o r t i o n  due t o  aerodynamic loading. 

The c a p a b i l i t y  t o  operate a t  h igh  dynamic pressures ( requ i red  fo r  achieve- 
ment o f  h igh  Reynolds numbers) works against  t he  quest t o  minimize sur face 
d i s t o r t i o n .  The area most d i r e c t l y  impacted by the  requirement of minimized 
d i s t o r t i o n  combined w i t h  h igh  aerodynamic load ing  i s  t he  attachment of f l a p s  t o  
t h i n  wings. 



CONVENTIONAL JOINT DISTORTION TENDENCIES 

Examining t h e  d i s t o r t i o n  tendencies o f  t h e  t y p i c a l  l a p  j o i n t  as app l i ed  t o  
a  model w i n g ' s  t r a i l i n g - e d g e  f l a p  attachment r evea l s  t he  p o t e n t i a l  f o r  surface 
s teps a t  t h e  w ing - f l ap  i n t e r f a c e .  Wi th  a  p o s i t i v e  load  on t he  f l a p ,  t h e  upper 
j o i n t  element tends t o  deform as a c a n t i l e v e r  beam fo rming  a concave upper sur -  
face.  The lower element a f t  o f  t he  f as tene rs  deforms t o  match t h e  cu rva tu re  of 
t h e  upper element. Forward o f  t he  fas teners ,  however, t h e  lower element tends 
t o  ma in ta i n  i t s  o r i g i n a l  geometry, thus  depa r t i ng  f rom the  mat ing surface and 
c r e a t i n g  a forward f ac i ng  s tep  on t h e  lower sur face.  Wi th  reversed loading,  t h e  
a f t  p o r t i o n  o f  the  lower element bends w h i l e  t h e  a f t  p o r t i o n  o f  t h e  upper e l e -  
ment remains s t r a i g h t ,  thus c r e a t i n g  an a f t  f a c i n g  step. I t  i s  a l s o  wor th  
n o t i n g  t h a t  j o i n t  separa t ion  i s  r e s i s t e d  by t e n s i l e  f o r ces  i n  t h e  fasteners.  

The tongue-in-groove j o i n t  adds s t i f f n e s s  t o  t h e  p o r t i o n  o f  the  j o i n t  be ing  
bent  and consequent ly  has l e s s  depar tu re  f rom t h e  o r i q i n a l  contour  than the  l a p  
j o i n t .  The a f t  p o r t i o n  o f  t he  f l a p  element i s  ass i s ted  by t h e  a f t  p o r t i o n  o f  
the upper winq element i n  r e s i s t i n g  d i s t o r t i o n  caused by p o s i t i v e  loading.  I n  
t h i s  instance, an a f t  f a c i n g  s t e ~  i s  c rea ted  on t h e  lower surface. Wi th  
reversed l oad ing  t h e  end r e s u l t  i s  an a f t  f a c i n g  s tep  on t h e  upper sur face.  The 
f as tene rs  a re  sub jec ted  t o  t e n s i l e  l o a d i n g  t o  min imize separa t ion  o f  t h e  female 
element on t h e  s i d e  oppos i te  t h e  l oad ing  d i r e c t i o n .  



COMPARISON: NEW DESIGN VERSUS CONVENTIONAL DESIGN 

ALTERNATING SURFACE 

Comparing the  s t i f f n e s s  o f  t he  two convent ional  j o i n t s ,  t he re  i s  a marked 
decrease i n  t h e  sec t i on  modulus a t  both ends o f  t he  l a p  j o i n t  and a t  one end o f  
t he  tongue-in-groove j o i n t .  Each area o f  marked sec t i on  modulus decrease 
r e s u l t s  i n  increased r a t e  o f  d i s t o r t i o n  and an increased s t ress  l e v e l .  

The a l t e r n a t i n g  surface segmented l a p  j o i n t  combines features o f  bo th  con- 
ven t iona l  j o i n t s .  By appearance, the  s imp les t  h a l f  can be descr ibed as a se r i es  
of l a p  j o i n t  elements which a l t e r n a t e  f rom one sur face  t o  t he  other .  The sec- 
t i o n  modulus a t  t he  j o i n t  i n t e r f a c e  on t h i s  h a l f  has the  element th ickness as 
the  l a p  j o i n t  elements and the  male p o r t i o n  o f  t h e  tongue-in-groove j o i n t .  The 
sec t i on  modulus i s  g rea ter  than e i t h e r  o f  t h e  convent ional  j o i n t s  by v i r t u e  o f  
t he  displacement o f  t h e  segments about t h e  n e u t r a l  ax is .  The mat ing h a l f  has 
e s s e n t i a l l y  t h e  same geometry bu t  the i n d i v i d u a l  segments are j o i ned  r e s u l t i n g  
i n  a s l i g h t l y  h igher  sec t i on  modulus. As w i t h  t h e  tongue-in-groove , jo int ,  
fas teners  would be u t i l i z e d  t o  minimize separa t ion  f rom the  mating sur face  o f  
t he  segment on the  sur face  opposi te  the  load ing  d i r e c t i o n .  



SHEAR LOADING COMPARISONS 

LAP 

TONGUE I N  GROOVE 

ALTERNATING SURFACE SEGMENTED LAP 

A major cons idera t ion  i n  f l a p  element attachment i s  the  shear load ing  due 
t o  spanwise bending. The l a p  j o i n t  r e l i e s  on fas teners  i n  s i n g l e  shear t o  
r e s i s t  the  shear load. The advantage enjoyed by the  tongue-in-groove j o i n t  of 
having the  fas teners  i n  double shear i s  o f f s e t  by the  l i m i t a t i o n s  imposed by the  
1 i m i  ted  bear ing area. For both j o i n t s ,  t he  fas tener  s i z e  i s  r e s t r i c t e d  by &$he 
meager j o i n t  th ickness and the  necess i ty  o f  having the  head below the  a-erody- 
namic surface. The a l t e r n a t i n g  sur face segmented l a p  j o i n t  i s  no t  dependent 
upon fas teners  t o  c a r r y  the  shear loads. The j o i n t  segments themselves can ac t  
as shear t i e s  provided t h a t  to lerances are c o n t r o l l e d  t o  main ta in  adequate con- 
t a c t  between the s ides o f  the  i n d i v i d u a l  segments and the  mating recesses. 



PATHFINDER I[ FLAP ATTACHMENTS 

The a l t e r n a t i n g  sur face segmented l a p  j o i n t  was developed and w i l l  be used 
f o r  attachment of t he  t ra i l i ng -edge  f l a p  t o  the  wing o f  t he  i n i t i a l  con f igu ra t i on  
o f  the  f i r s t  high-performance f i g h t e r  model t o  be designed and fab r i ca ted  f o r  
t e s t i n g  i n  t h e  Nat ional  Transonic Faci 1  i ty. This generic model, desiqnatd the  
Pathf inder I I, features  the  capabi 1  i ty o f  t e s t i n g  several aerodynamic conf igu-  
rations.' The forebody, strakes, canopy, lower fuse1 age, wings, and s t a b i  1 i z e r s  
are a1 1  rep1 acable, a1 lowing incorpora t ion  o f  swept wings, d e l t a  wings, forward 
swept wings, and modif  i e d  area d i s t r i b u t i o n s .  



The Path f inder  I 1  wing i s  t h i n  (4% t / c )  and tw is ted .  The th ickness d i s t r i -  
bu t ion  was such t h a t  a convent ional l a p  j o i n t  was s u i t a b l e  f o r  t he  leading-edge 
attachment, al though the  wing t w i s t  d i c t a t e d  t h a t  the  mating surfaces had- to con- 
s i s t  o f  t h ree  i n c l i n e d  planes. The s e v e r i t y  o f  t he  problem due t o  th ickness of t he  
t r a i  1 ing-edge f 1 ap attachment i s  i 11 us t ra ted  i n  the  drawing above. The a i r f o i  1 
thickness i n  the  reg ion  f o r  t h i s  j o i n t  ranges from a quar te r  o f  an i nch  a t  the 
r o o t  t o  l ess  than a t e n t h  o f  an i nch  a t  t h e  t i p .  

A proof-of-concept specimen which w i l l  d u p l i c a t e  the  wing geometry and 
t ra i l i ng -edge  f l a p  attachment i s  being f a b r i c a t e d  a t  t h i s  time. This  t e s t  
a r t i c l e  w i l l  be subjected t o  thermal c y c l i n g  between room and cryogenic tem- 
peratures, s t a t i c  loading, and dynamic load ing  a t  cryogenic temperatures t o  
v a l i d a t e  the  design be fore  f i n a l  processing o f  t he  wing tunnel  model component. 



CONCLUSIONS 

THE ALTERNATING SURFACE 

SEGMENTED LAP JOINT OFFERS : 

0 INCREASED STIFFNESS 

0 DECREASED STRESS LEVELS 

0 REDUCED FASTENER LOADS 

0 ELIMINATION OF SHEAR PINS 

0 MODERATE COST 

I n  conclusion, a unique j o i n t  con f i gu ra t i on  has been developed which o f f e r s  
a more e f f i c i e n t  'method o f  a t tach ing  t h i n  h i g h l y  loaded members. This j o i n t  
fea tures  increased s t i f f n e s s  and reduced s t ress  l e v e l s  when compared t o  conven- 
t i o n a l  l a p  and tongue-in-groove j o i n t s .  The j o i n t  a l so  reduces the  tendency o f  
mating elements t o  separate under load ing  thus reducing the  need f o r  fasteners. 
The j o i n t  elements themselves prov ide  shear t i e s  thus e l i m i n a t i n g  the  need f o r  
shear pins. The manufactur ing cos t  should be s i m i l a r  t o  t h a t  associated w i t h  
manufacture o f  p r e c i s i o n  tongue-in-groove j o i n t s .  



BIBLIOGRAPHY 

! Young C .  P., J r . ;  Bradshaw J. F.;- Rush, H. F.; Wallace, J. W . ;  and 
Watkins, V .  E. : Cryogenic Wind-Tunnel-Model Technology Development 
A c t i v i t i e s  a t  the NASA Langley Research Center, A I A A  Paper No. 84-0586, 
March 1984. 




