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INTRODUCTION 

I want to tell you something about our experience with arc guidance, 

remote weld observations systems, and some electrical aspects of our S-IC 

welding equipment. The S-IC vehicle, as you know, is no small item. To 

rely on tooling for joint tracking accuracy sometimes stretches the limit 

of practicality. Likewise, observation of the weld process is no longer 

an outpost check in the passing traffic; now the torch traverses'the 

seam to make the weld, and the technician must move with it. For example, 

the weld carriage in Figure 1 moves up the meridian weld on this bulkhead 

welding fixture. A second example, Figure 2, shows a weld carriagg, or 

so-called skate, moving around a container, and the operator moving with 

it. The final success of such fixtures as our bulkhead assembly tool 

will greatly depend upon automatic arc guidance, weld observation systems, 

and closed loop controlled weld parameters to eventually allow the welder 

to operate from a remote console. 
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TRANSDUCER SYSTEMS 

One solution to joint tracking lies in an eddy current transducer system. 

Figure 3 shows such a unit installed on a gore segment weld fixture. This 

unit ia suspended directly from the weld carriage. The boxes containing the 

proximity and ream tracking eervo mecheniam can be seen in the l e f t  hand 

corner, 

Figure 4 shows a transducer installed on the welding torch. In MIG weld- 

ing the transducer is used for both seam tracking and proximity control. It 

is used for seam tracking only in TIG welding with arc voltage supplying the 

proximity control. 

If the weld plates have zero offset (Figure 5) the unit will track the 

joint within / .005 inch. Under offset conditions of .040 inch, which is 

beyond our design limitations, the unit tracks withib _f_ 1/32 inch. There 

is a total range of 2 inches cross-seam and 4 inches proximity movement in 

the maximum travel speed of cross-seam and proximity is about 5 inches per 

minute. This will give you some idea of the inaccuracy which can be 

tolerated in fixturing. 

However, the principles of a low frequency eddy curr3nt transducer 

require the weld backing to be a non-magnetic material, such as stainless 

steel, ceramics, etc, Tack welds, if used for jigging, are a source of 

trouble. 









CAYUGA SYSTEM FOR ARC GUIDANCE 

We also are evaluating a guidance system development by the Cayuga Company. 

The principle is quite different from the eddy current transducer system. First 

of all, light beams and photo cells make up the intelligence complex. The unit 

shown in Figure 6 has a two axis control; proximity and seam tracking. We are 

considering a third control consisting of lead and lag torch angles. 

The systems work equally well on square butt or prepared joints. A small 

chamfer on one plate edge (Figure 7) is necessary on square butt joints for 

seam tracking. To track the seam, a spot of 1.ight is focused on a plate edge. 

Any lateral deviation from this null position upsets the quantitative balance 

of the two photo cells. The servo mechanism is then signalled to bring the 

torch back to position. 

The servo system consists of a bydraulfc pump and miniature cylinders 

operating at about 500 psi. This provides a very rapid response; something 

like 500 inches per minute. The cylinder response is proportionas to the 
1 

signal intensity; thus, in the null position the unit is effectively locked 

in place. 

fhe proximity control follows a similar principle. A light beam makes 

an acute angle to the photo cell. A change in the distance of the torch to 

the work changes the location of the light spot relative to the cells, again 

upsetting the quantitative balance. 

The system is not influenced by magnetic fields, types and thickness of 

material, or arc illumination. However, there are limitations of significance. 

One limitation is that the tracking light spot is on one plate only and cannot 







distinguish or compensate for offset or gap. Also, tack welds on the crown side 

of the joint erase the plate edge definition and the optical system will follow 

not the seam but rather track the side of the tack weld. The most objectionable 

point is that the system presently depends on hydraulic actuators which are 

subject to periodic leakage of hydraulic fluid. Seepage of hydraulic fluid on 

a weld joint could seriously damage a vehicle part. 

In spite of these limitations, the optical system more nearly approaches 

true automation, I mentioned a planned three-axis control. This is to be 

used on a light weight skate for welding irregular ehape~. Actually, we have 

added a fourth dimension of travel speed, controlled by a transducer running 

on the work surface. I believe this to be a significant step forward in 

dynamic detection and correction in contrast to conventional static memory 

programming. 



REMOTE WELD VIEWING 

With the fixture stationary and torch moving, we naturally create the 

problem of the operator's viewing the arc weld. The meridian ,wel'd on the 

bulkhead fixture shown in Figure 8 is an excellent example of this problem, 

If a technician or welder is to monitor the weld with the usual welder's 

shield, he must climb up a special rope ladder. 

We have tried both close circuit television and fiber optics as a 

solution to remote monitoring of arc welding. Presently, we are planning 

to evaluate a close circuit television system made by General Electric. 

This system is similar to the one demonstrated at Douglas Aircraft in April 

of this year. Our other approach to this problem is the use of fiber optics. 

The fiber optic viewer of Figure 9 consists of a flexible cable containing 

approximately 500,000 glass fibers and a focusing lens assembly on each end, 

Figure 10 illustrates a projection screen type viewer which is more conven- 

ient for operator use since the picture is actually projected on an etched 

screen. The principle advantages of fiber optics are its ability to trans- 

mit color, its ruggedness, and its reliability. The major disadvantage is 

the fact that approximately one-half of the light gathered in the cable is 

lost every 5 feet; therefore, it can be seen that, due to transmission losses, 

the distance over which fiber optics can be used is definitely limited. 
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ELECTRICAL WELDING EQUIPMENT 

Our decision to erect the tank structure in a vertical position meant 

that we had to extend our welding technique, Three years ago, high quality 

mechanized welds were made almost exclusively in the flat position. Today, 

we are making welde of equal quality in the vertical and horioontal attitude, 

Obviously, this means more freedom in choice of vehicle design and the 

manufacturing approach. 

All major welds on the S-IC will be made with the TIG process on square 

butt'joints. We weld up to 0,5 inch material single pass and 0.4 inch 
, 

plate with weld backing. One inch plate is welded with one pass ob each 

side. For instance, representative machine settings for a one inch plate , 
weld are as follows, Figure 11; 482 amperes fi 1.5 percent, 11.75 volt8 f 

1.5 percent, 3 , 9  inches per minute travel speed f 5 percent and approximately 

6 ipmwire feed lepeed, Using precision equipment we obtain a 99 percent 

confidence level of 40,000 psi ultimate weld strength, er higher, above the 

design minimum of 35,000 psi, But such success has only been possible through 

the advent of precilion weld equipment, The major equipment manufacturers 

have been highly responsive to our needs. At most weld stations of the S-IC, 

we have equipment which satisfies the requirements shown in Figure 12. Ob- 

viously, if we are to have precision wklding, we must also have precision 

recording, The recorders which are proposed to furnish for the S-IC welding 

equipment will have the characterirtics shown in Figure 13. One item 'of 

interest to engineers is the slow speed transducer8 which are proposed for 
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accurately recording these low t rave l  and wire feed speeds, A t  t h i s  time we 

have two transducers under development. One transducer i s  a specia l  multipole 

tachometer with a l i n e a r i t y  of b e t t e r  than 1 percent, but a r ipp le  fac tor  of 

4 percent. A mecond myatem i r  bared on the principle of  a rervo meehanirm and 

w i l l  have a planned accuracy of b e t t e r  than f 1 percent and a r ipp le  f ac to r  of 

no more than 1 percent. These transducers w i l l  require l e s s  than 1 oz-in of 

driving torque and operate d i r ec t l y  on the work, o r  wire, a s  requlred t o  de tec t  

s 1 ippage . 



CONCLUSION 

It is hoped that these very general remarks will form a basis for communi- 

cating our mutual problems in this area. Obviously, a vast amount of technology 

will be required to relieve the manufacturer of the burden and expense of heavy 

fixed tooling for short run operations. While numerical control bas its place, 

it does not appear very practical or attractive in the welding of large space 

vehicle parts. As containers become larger and shapes more complicated, hard 

tooling becomes very expensive. The answer appears to be electrical control 

from transducers which sense the instantaneous needs and correct the parameters 

as required. 
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