Engineering  Drawings

The foundation of our defense

This is the first in a series of articles dedicated to revealing a bit of the little known engineering data world.  A sometimes boring subject, sometimes simply tolerated, often thought of as an excessive added cost in a program office, and yet a vital part of our everyday lives and national defense.  This article will provide an overview and pave the way for later, more detailed articles on specific areas where engineering data is used, some of the folks involved, and maybe even a bit of interesting history.

“Yeah, right, big deal!”  You might say.  “What do engineering drawings have to do with our defense?  We’ve got jet fighters, aircraft carriers, Bradley fighting vehicles, rifles, bombs, missiles, Seals, Special Forces, Marines, etc., etc., etc.  How do some hunks of paper with a bunch of squiggly lines on them fit in this picture?”

Well let’s stop a minute and take a look at all these aspects of our defense.  Where does all this hardware come from?  How do we equip our fighting troops with the tools of their trade?  It’s a complex and sometimes rocky trail that begins with engineering drawings.

Every item in our vast defense arsenal today began somewhere as an idea.  An idea born from a very real need.  But that idea needed to be shared.  It needed to be shaped, molded, worked and reworked before it could become that new aircraft or missile or transport or ship.  Thinking and planning had to be documented as ideas bounced around before that troop in the field was issued the latest equipment.

Starting with a simple sketch, the initial idea begins to take shape.  Looking like a bunch of doodles and chicken scratching to many, this is the thinking ground for designers as they define and refine the idea.  Sometimes this doodling is by an engineer but could easily be produced by a pilot, maybe a muddy infantry “grunt”, or the troop in the line shop with a bright new idea.  Those first drawings may be the well-known sketch on the cocktail napkin but they eventually evolve into a conceptual engineering drawing as the design starts to take shape.  That conceptual drawing might even take shape as the beginnings of a formal drawing or computer file.

Those first sketches or drawings may well evolve into developmental engineering drawings as the design details begin to take shape, prototypes are built for testing, even some limited proof of concept production may occur.  This is our dreaded paperwork and documentation taking shape.  This stage in the process, often referred to as research and development or R&D or pre-production, is where the design takes shape and it is this shape that is reflected in the developmental drawing.

As the design matures the production engineering drawing emerges from the developmental cocoon.  This is the primary communication with not only the manufacturing folks but with all the many users of this data.  This is where we define how the metal is to be cut, the circuit to be wired, fiberglass to be molded, how protective coatings such as paint are to be applied.  The product drawing is where our new defense equipment becomes reality.  It may be a paper print.  It could be a program for a computer controlled manufacturing tool.  And it will become the basis for production planning.  The drawing is how the designer talks to the folks in manufacturing, to the buyers acquiring the raw materials for manufacture, to the packagers as they design shipping and storage containers, to the contractors and subcontractors involved.  The list is endless.  And at every step in the way, the engineering drawing is a vital segment.

“So, okay,” the skeptic says, “it takes drawings to produce our war fighting and peacekeeping systems and equipment.  That’s nice, but how does that affect the troops?  Haven’t seen many drawings out on the flight line or in the line shops.  Definitely not out there in the mud with our fighting troops.”

Well, how about the very basic and visible Tech Manual or Tech Order?  This is something we’re all familiar with.  It’s that big book or print-on-demand job guide the flight line troops use as they maintain and keep our fighting birds in the air.  The field repair manual that helps the soldier fix that busted tank tread.  Even the service manual for your new washing machine.  These manuals begin with the information and data contained in engineering drawings.  Some very talented logistics folks, maintenance specialists, and tech writers use engineering drawings as a primary tool in producing these manuals.

Then there is something many consider the very dull, dreary, and thankless job of getting and keeping spare parts ready for the maintenance troops.  Of making sure replacement weapons and equipment are always there for the war fighter.  How do the item managers do their job?  How do the procurement folks make sure the right items are purchased?  The engineering drawing.  This is the primary piece of information that communicates what we need to the sources we procure from.  This is the primary piece of information we use to select those sources, especially for critical use items.

Then, of course, there is the job of keeping track of what we have.  What parts of the fleet have been modified, upgraded, reworked for special missions, de-militarized, or even retired?  The System Manager needs to know as do a whole bunch of other folks.  This is the task of Configuration Management and a major tool here is the engineering drawing.  Any change or modification to any operational item in our vast arsenal must first be designed, the design transformed into reality, and then applied to the operational item.  This could be an improved design for an item, modification to upgrade an existing item, or process improvement to extend the life of an item.  Every step along the way from design to manufacture or application must first be defined on an engineering drawing.

Drawings are an essential part of just about everything we do.  Often not visible but, just like the foundation of a house, they are definitely a vital part of supporting our mission.  Very simply put, no drawing, no product.  But how come we don’t hear much about “drawings” these days?  What we do hear about are things called “Product Definition Data” and “computer aided design” or “CAD”?  We hear about “modeling” but what does that mean?  What are these?

Well, Product Definition Data, CAD, modeling, plus many other terms are simply the latest steps in the evolving saga of the engineering drawing.  All with the single purpose of defining an idea and turning that idea into reality.  What you may have experienced in high school with a triangle, T-square, compass, lead pencil, and other “manual” tools, have been mostly replaced with the computer.  Keyboard, mouse, and scanner today produce lines and figures, dimensions and notes, once laboriously done by hand.  That old drawing board is now the computer monitor screen.  And today’s ergonomic chair was once a tall uncomfortable stool where one perched while pushing a pencil over the drawing board.  But don’t despair, the old pencil and sketchpad are still alive and well.  After all, that new airplane, tank, ship, or piece of support equipment started from a simple idea and some doodling on a piece of paper.

But the function is still the same.  To capture, develop, then communicate, the idea and design data to the user.  The engineering drawing today is no longer the manually prepared vellum or mylar drawing of times past.  Today a drawing may never be “drawn” in the old-fashioned traditional sense, never be seen on paper, never be reproduced as the once common “blueprint.”  Today that engineering drawing may be a computer file transmitted directly to robotic controls in manufacturing.  Today that engineering drawing may be used to test a virtual design in cyberspace before the first bit of metal is formed or that first circuit board is populated.  Today that engineering drawing may be used to assemble the product in virtual reality to reveal any potential flaw or conflict and allow correction before the item is actually fabricated.

These design tools may seem to many like very expensive toys, but they can and often do save much more than their purchase price.  It’s a lot less expensive to fix mistakes and improve designs inside the computer than to rework a machined item or tear down that black box to correct or try another circuit board.  Just take a look at some of the stories from the F-22 development, or check out Boeing’s 777 story.

The engineering drawing of today is far different from the drawings that produced Henry’s Tin Lizzie, or brought the original DC-3 into being.  That package of paper drawings outweighing the finished product, as happened with the B-29, is being overtaken by the digital file.  The old drafting office with drawing boards jammed together in long rows is now a roomful of computers where designs are produced, analyzed and tested, often without the need for a single piece of paper.  The stinky ammonia fumes clinging to prints commonly produced just a few years ago are now mostly a thing of the past.  Plotters and printers give us the paper copies of the “drawing” today.  Networking allows instant sharing of data with others both near and far to further refine a design and to make sure everything fits and works as planned.  Many products today are designed in one place, the engineering drawing or data file sent out all over the country or world to fabricate bits, pieces, and major assemblies, then brought together for final assembly.  Just take a look at where major components were both designed and built for the B-1, and are being done today for the F-22.

And keeping engineering drawings ready at our fingertips has also changed radically over the years.  Imagine a huge room filled with oversize multiple drawer filing cabinets.  Drawers capable of holding hundreds of flat 34 x 44 inch drawing sheets.  Cabinets often stacked so high you needed the ever-present portable steps just to reach the higher drawers.  All too often the old file room was dusty, poorly lit, seldom with proper temperature or humidity controls, and the drawings stored there deteriorated at an alarming rate.  Sounds like the setting for a horror movie but just ask some of the old pencil pushing drafting folks, this was the real world “back then.”

Then microfilm made an appearance.  The age of photographic miniaturization arrived and drawings could now be stored on film.  Reels of 16mm, 35mm, and 105mm were the primary drawing storage medium and often included the famous microfiche sheet.  While an improvement, reels of film still proved difficult although they sure did save space.  Then the aperture card was adapted from early computer punch cards heralding the first step towards full adoption of the computer.  The Hollerith or punch card data now allowed sorting, indexing, and much more effective management.  Microfilmed drawings could now be kept separately in a retrievable media, vastly more space efficient than ever before.  And a drawing could be replaced in the files without redoing the entire reel of microfilm or sheet of microfiche.

But even this marvel of modern technology had some drawbacks.  These aperture cards were filed manually with the usual shortcomings of most manual processes.  Once an aperture card was pulled and used, returning the card to its proper place in the files was much too often less than perfect.  Checking behind the file tubs, deep in the depths of the rotary bins on a regular basis, the “lost” aperture cards were rediscovered.  Plus, aperture cards are very vulnerable to heat and humidity, easily damaged and worn by even the most careful handling.

Then the computer took another step into the engineering drawing realm and digital storage arrived.  Initially just an electronic picture of the drawing known as a raster image, these new age technical libraries were soon capable of storing data, not just images.  Vector data of “intelligent” drawings.  Solid modeling databases.  All that is necessary to fully define the product documented, related analysis data, all aspects of the original product definition file.  Links to associated data necessary to support not only the design but also manufacturing, packaging, shipping, and much more.  Fully accessible, on-line, available to the local user at the repository site and the remote user whether stateside or overseas, any time of the day or night.  What used to take days or even weeks to be obtained can now be received in hours or even minutes.  Once loaded, this data is never lost or misfiled since it really never leaves this magical library.  Just a digital copy is sent on its way to where it is needed.

To the engineering and drafting folks who so brilliantly gave us the technology we used to win past conflicts, today’s drawing must seem a very puzzling thing indeed.  But, even though our present product definition data seems so different than the drawings used to build the original Yankee Clippers, the function is still the same.  Today’s design tools may seem like magic compared to what our grandparents used, but they are still just that, tools.  And even as the engineering drawing of today is so very different than yesterday, what it becomes tomorrow may seem equally different and strange to us.

But let’s stay in the present and take a look at those involved with engineering data today.  From many sources we have gathered the stories of these people and will share them with you in future issues.  Some you may already know quite well.  Others may have been hidden from view.  Whether dancing in the spotlight, or toiling in the shadows, they are each an extremely important link in supporting our very vital mission, PEACE.
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