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A b s t r a c t  
SESITAP (Serpentine End Match TApe Program) is an easy and 

inexpensive method of programing a numerically controlled router 
for the manufacture of SEM (Serpentine End hfatching) joints. The 
SEhITAP computer program allows the user to issue commands 
that  will accurately direct a numerically controlled router along 
any SEM path. The user need not be a computer programer to 
produce a variety of SE141 patterns. 



Serpentine End Matching (SEhl) is a new 
method of precisely end-joining short pieces of 
dimension lumber in an esthetically pleasing 
manner (Gatchell e t  al. 1977). SEM camouflages 
the end joint so well that, a t  best, the joint can- 
not be detected. The SEM joint is disguised as  a 
part of the grain pattern of the two pieces of 
wood t h a t  are joined together. 

Assuming tha t  grain and color requirements 
are met,  the acceptance or rejection of a SEM 
joint depends on how well the two curves that  
form the  joint fit together. The manufacture of 
SEM joints requires a precise machining 
technique; this requirement is easily met by us- 
ing a numerically controlled router. 

A SEM joint is composed of many arcs that  
resemble a single continuous curve. Computing 
these arcs manually has been time consuming 
and impractical, but now this is unnecessary. 
With the aid of a computer any number of SEM 
patterns can be easily and inexpensively pro- 
duced. 

Numerically 
Controlled Routers 

Numerically controlled routers are used 
primarily for continuous path machining, or 
contouring. Similarly controlled machines such 
as drills and boring machines are used in point- 
to-point operations. The basis for positioning or 
locating the points in both operations is the rec- 
tangular coordinate system; any point in a given 
plane is described by a unique set of coordinates 
in that  plane. 

The primary difference between contouring 
and point-to-point operations is the way the cut- 
ting tool moves from one point to another. The 
primary concern in point-to-point operations is 
the precise location of the points; the path from 
one point to another is irrelevant because i t  oc- 
curs outside of the work piece. 

In contouring, the path between points is as  
important as  the location of the points because 
the machining operation is continuous through 
and between these points. The path taken by the 

cutting tool between these points is determined 
by interpolation. 

Three types of interpolation are used in 
numerically controlled routers: linear, circular, 
and parabolic. All numerically controlled 
routers perform linear interpolation, and many 
perform linear and circular interpolations; but 
only a few perform all three functions. Only 
linear interpolation is required if straight lines 
and a few simple curves are desired. However, if 
most of the routing is done in arcs and requires 
a close tolerance, linear interpolation is imprac- 
tical. A combination of linear and circular inter- 
polation will perform all but the most complex 
contouring jobs. 

Complicated aerodynamic designs and free- 
form designs used by the automobile industry 
require expensive additional parabolic inter- 
polation. Because providing parabolic interpola- 
tion in numerical control units is costly, only 
linear and circular interpolation were con- 
sidered for manufacturing SEM joints. 

When the same command points were used 
for linear or circular interpolation, the error 
that  resulted from linear interpolation was 
almost eight times greater than that  from cir- 
cular interpolation. For precision, circular inter- 
polation should be used as often as  possible for 
describing SEM router bit paths. 

As with any computer, the numerical control 
unit that  directs the router is only as  accurate as 
the instructions it  is given. The control unit 
receives instructions from a perforated or 
punched tape. If the curves become the least bit 
complex, the trigonometric and geometric 
analogues become complicated. Because of the 
large number of computations and the increased 
chance for human error, computing SEM 
patterns manually is impractical. 

SEMTAP (Serpentive End Match TApe 
Program) eliminates these problems; this  
FORTRAN program is very easy to use, and the 
user need not be a computer programer to 
produce a variety of SEM patterns quickly and 
inexpensively. 



SEMTAP 
Two paths are required to produce a SEM 

joint. If a router bit is moved through a piece of 
wood along a curved path, the two pieces of 
wood that  are produced will not fit together 
because the rate of curvature is different for 
each piece of wood (Fig. I). If the pieces are to 
fit, two router bit paths must be used-one on 
either side of the desired glue line (Fig. 2). 

SEMTAP enables the user to issue commands 
that  will accurately direct a numerically con- 
trolled router along any SEM path. SEMTAP 
uses the sine function to describe SEM joints; 
each SEM pattern requires a router bit path on 
either side of the sine wave. These paths must 
be parallel to the sine wave, and offset a dis- 
tance equal to the radius of the router bit. 

Only three pieces of information are required 
by SEMTAP to produce commands for each 
SEM pattern: the amplitude and period of the 
sine wave describing the SEM joint, and the 
radius of the router bit that will be used in cut- 
ting the joint. By changing the amplitude or 
period or both, a variety of SEM patterns can be 
produced. To obtain the required accuracy, 
measurements of the radius of the router bit 
must be within 1/1000 of an inch. 

The printout by SEMTAP includes all of the 
necessary preparatory ("G") codes and mis- 
cellaneous ("MI") command codes (Fig. 3). These 
commands can easily be transferred from the 
printout to a punched tape. 

The following is a list of the G and M codes 
used in SEMTAP: 

G01: Linear interpolation 
G02: Clockwise circular interpolation 
G03: Counterclocku~ise circular interpo- 

lation 
604: Dwell 
G90: Absolute input mode (all X and Y 

values are measured from zero) 
G92: Absoluteoffset~usedtosetstart ing 

point a t  zero) 
G94: Inch per minute programing that  

permits feed speeds (speeds a t  
which the router bit travels) to be 
read in direct inches per minute 

M02: End of program 
M04: Head up 
M08: Head down 

These commands m a y  be indicated by 
different G or M codes in some control units; 
however SEMTAP could still be used as  is, and 
proper substitutions could be made before the 
tape is punched. SEMTAP may also be altered 
to print desired codes directly. 

The command points are printed in absolute 
mode, that  is, all command points (represented 
by X and Y) are referenced to zero. In circular 
mode (GO2 or (3031, the radius components "I" 
and "J" are referenced to the previous command 
point; "I" is the distance in the X direction, and 
"J" is the distance in the Y direction from the 
center of the arc to the reference point. The 

figure 1.-If a router is passed through a Figure 1A.-. . .the resulting pieces do not fit 
piece of wood along a curved path. . . together. 



Figure 2.-Two router bit paths are necessary. . . Figure 2A.--. . .if the pieces are to fit. 

Figure 3,--Sample printout from SEMTAP that includes the 
necessary preparatory (G) and miseellanous (M) codes. 

AMPLITUDE = 2a50 PERICO = 5,CO E I T  R A C f U S  = 0,250 
G 9 4 G 9 2 X C O C C O V C 6 6 0 0  
G90 
G O l X  2750f3'6 12500F4000000 
M Oro 
G04F00000 
603X 26185V 160381 57303 Ll5F 45e458 
G 0 3 X  23286Y 18580I 93513 7720F 976063 
G 6 3 X  131143' 212911 184433 2934fF20C0000 
G 8 3 X  9270V 246181 43775Jt0295LF2000000 
603X 758V 21382I2927183884630F2QGCOCO 
G 0 2 X  -1 1190Y 31350 I 962823309936F2800040 
G 0 2 X  -18146Y 342371 224983 64030F Z O O C O G 0  
GOZX - 2 L 3 8 B Y  36201 I 81693 L7C97F1515838 
G O Z X  -22403V 372681 26723 35eZF 3 5 7 4 S C  
G 0 2 X  -22500Y 375001 397J 299 f  39348 
G O Z X  -22403Y 377321 4573 7 1 f  46181 
GOZX -21380Y 387991 34313 2 2 6 2 f  328805 
G 0 2 X  -18602Y 405311 f 0 4 2 8 J  f3634F1373228 
G 6 2 X  -fL850Y 636051 271973 54416FZOOG000 
G 0 2 X  -27Y 473681 955QOJ265630F2000000 
G 0 2 X  758V 4761811136043365132f2QOOOOO 
C03X 12897Y 516SCI 976C9J3%4L26F2CCCOOO 
G 0 3 X  20380Y 56763I 261353 68556F2000000 
603X 24L18V 565981  108083 22311flS82953 
G 0 3 X  26460Y 59337 f 40883 843SF 83242e 
G03X 275QCV 625001 45763 32575 449319 
M08 
GC4F60080 
6421 X 82500Y 12580F4000000 
kt04 
GCbF60000 



Figuse 4.--Machining sequence for manufacture of §EM joint. 
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feed speeds prefixed by "F" are in inches per 
minute. 

The numerical control format for X and Y is 
3.4; this means that  the first three places are to 
the left of the decimal, the last four places are to 
the right. Decimal points are not printed-the 
number 16220 is read by the numerical control 
unit as  1.6220. The format for F is 3.4; the for- 
mat for I and J is 2.4. 

The set  of commands produced by SEMTAP 
directs the numerically controlled router to 
make two cuts (Fig. 4); the first cut produces the 
concave part of the SEM joint; the second 
produces the convex part. From the starting 
point-zero-the router bit is moved to the 
point where the first cut begins. The router bit 
is then lowered into cutting position and the 
first cut begins. After the first cut is completed, 
the router bit is raised and moved to the point 
where the second cut begins. Although we used 
an offset of about 6 inches from the beginning of 
the first cut, any offset is possible. After the se- 
cond cut, the router bit is raised and is returned 
to the starting point. This completes the cycle. 

SEMTAP is written so that the feed speeds 
are determined by the length of the radii of the 
arcs describing the router bit path. The longer 
the radius, the faster the feed speed (up to a 
maximum of 200 inches per minute). This is a 
logical way of determining feed speeds because 
large circles can be machined a t  a faster rate 
than small circles on a numerically controlled 
router. 

At higher feed speeds, a "reader-bound" con- 
dition may occur; this is when the tape reader of 

the control unit is unable to read the commands 
as fast as  they are being carried out. The reader- 
bound condition results in unprogramed pauses 
during the machining operation, but these 
pauses can be eliminated by lowering the feed 
speeds. 

The cost of SEMTAP is moderate; when 
SEJITAP has been used with an IBM-370 com- 
puter, costs were always less than $1 per run. 

Summary 

SEMTAP is easy to use, Each set of com- 
mands requires only a knowledge of the 
amplitude and period of the desired sine wave, 
and the radius of the router bit. 
SEMTAP is accurate. If the radius of the 
router bit is measured to within 1/1000 inch, 
the commands produced by SEMTAP will 
provide all of the information needed to pro- 
duce acceptable SEM joints. 

@ SEMTAP is inexpensive-less than $1 per run 
on an IBM-370 computer. 
Additional information about SEMTAP or 

SEM may be obtained from the USDA Forest 
Service, P.O. Box 152, Princeton, West Virginia 
24740. A program listing of SEMTAP also is 
available upon request. 
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