Cold-Drawing and Cold-Rolling: The Cost-Effective Alternatives for Precision Parts

By Robert Brock, Profiles, Inc.

When manufacturers are considering processes for creating precision shapes they generally start with the typical suspects -- machining and metal-stamping. However, in many cases, these processes are less-than-optimal; for example, in high volume, low-cost applications where precision is critical and margins are tight. In these instances both prior technologies have drawbacks – machining can be very expensive and wasteful in high volume cases and metal-stamping may lack the necessary precision and part-to-part consistency.

Fortunately, there is an alternative – cold-drawing – which reduces waste and increases quality in high volume production runs.

Cold-drawing involves the manufacture of precision parts using a cold metal formation process. Simply put, it is the drawing of metal wire through a series of dies. These dies are typically made from a solid piece of silicon carbide that has been precisely sized with CAD-controlled EDM equipment to create precision geometric shapes with tight dimensional tolerances of ± .0002 inches and cross sections ranging from hundredths of an inch up to several inches. Often an additional process called cold-rolling is used to pre-shape metal bar or coil stock between rollers before drawing. Cold-drawing lends itself to processing numerous grades of metal alloys to finish dimensions, including high and low carbon steel, stainless steel, tool steel, brass, copper, bronze, aluminum and many other exotic metals. After drawing, the shaped metal can be further processed by heat treating to harden the metal for high-strength applications; cut-off, to provide intermediate or final lengths; and straightening, to remove cast (any twisting caused by drawing) and camber (the slight curve left in processed stock).

Practical, cost-effective alternative to machining

Unlike machining, cold-drawing and rolling reform metal instead of removing amounts of it to create a shape; to make the same form in a machining process generates waste as material is removed to create the desired form. Machining uses more coolant than cold-drawing to protect the expensive tooling and lubricate the metal during the machining process. In addition to the waste material generated by machining you now have a hazardous waste as well – used coolant – which must be disposed. Cold-drawing uses a dry lubricant that stays on the metal and prevents corrosion. The result is a total waste stream of about 3% for cold-drawing, compared with rates as high as 15% for machining. This is important as manufacturers increasingly come under the gun from consumers and investors alike to become more “green” and show environmental responsibility.

Cold-drawing also provides a number of other benefits, including the ability to impart a variety of mechanical characteristics such as strength, stiffness, and hardness during the actual metal forming, enabling manufacturers to eliminate expensive and time-consuming secondary processing. Further time savings can be realized by the ease of tooling change-up – new tools can be quickly CAD-generated and EDM machined without specialty fabrication, exotic coatings, and labor-intensive installation that is often required of CNC (computer numerically controlled) machining. CNC machining can present further drawbacks if complex features are required on the metal component surface, which often necessitates several tooling change-ups that can slow production considerably. Precision cold-drawing can create complex features in a single, continuous, high-speed, in-line process, resulting in a considerable set-up and labor cost-savings.

Case Study: Blendtec commercial blender splines

Manufacturers are discovering that cold-drawing can often provide the magical three features everyone looks for – speed, quality AND cost. In the highly competitive world of appliance manufacturing, the component shaping process used can often make or break the ability to deliver a quality product at a competitive price.

Blendtec is the commercial blender division of Orem, Utah-based K-TEC, a commercial mill, mixer, and blender company. Blendtec commercial blenders are used throughout the world by major restaurant and specialty food chains such as McDonalds and Starbucks. Because of the heavy, daily use these blenders experience, K-TEC manufactures many of the components out of 304L stainless steel, including the torque transfer device used between the base motor unit and the blades in the blender jar. The manufacture of this key component is critical to producing a quality blender suitable for the abuse inherent in the commercial marketplace. 

According to Shawn Elgaaen, K-TEC’s Senior Engineer, the company originally used an off-the-shelf 3/8” hex shape from which they machined a driveshaft, but they quickly discovered that this was unsatisfactory. “We decided to go to a 12-point spline for better alignment, better wear, and less noise,” stated Elgaaen.

K-TEC attempted to manufacture a 12-point spline for their drive shaft using various methods, including CNC machining and broaching. According to Elgaaen, both methods proved unsatisfactory from a number of standpoints. “The machined parts required the use of a swiss-style turning center – we were paying too much for parts,” commented Elgaaen. “The broaching was fast, however the stainless material didn’t agree with the broaching process. Due to excessive galling and tool wear, we were unable to produce good parts consistently.” 

According to Elgaaen, an additional problem with the broached parts was wear. “They had a tendency to wear out earlier than drawn parts, and they were noisier,“ observed Elgaaen. Noise is a major issue in commercial blenders, where ice crushing runs about 90 decibels, creating a significant noise problem for employees and customers alike in bars and restaurants. “Any little bit (of noise) you can take out is beneficial,” said Elgaaen. By switching to cold-drawing, K-TEC was able to improve the precision fit of the component, reducing the amount of noise present during operation. In addition, when K-TEC switched from a broached to a cold-drawn spline manufactured by Profiles Inc. in Palmer, Massachusetts, they were able to reduce the part cost by approximately 19% while improving part-to-part quality and consistency by 100%. The difficulty of maintaining close tolerances and consistency during the broaching process resulted in large numbers of splines getting chipped or otherwise rendered unusable. “When you’re shipping thousands of assemblies and you’re compelled for the sake of quality to throw away as much as 50% of a key component, you cannot find an alternative fast enough,” added Elgaaen.

K-TEC’s 12-point spline is produced with 304L stainless steel, starting with raw material a little over half an inch in diameter. The steel is first oxicoated, or “soaped”, to enable a better draw and prevent deformation, called “galling”, that can occur when straight steel-on-steel contact causes the metal to bind in the die.

Just prior to drawing, the metal coil’s tip is dipped in nitric acid to reduce its diameter so that the tip will fit through the die. After an initial sizing draw to get the 304L down to a diameter closer to the finished product, the steel wire is cleaned and annealed to relieve the stresses created by the sizing. One more oxicoating and it’s now ready for the first shaping draw. This time, the die is initially heated to prevent any changes in sizing that can be created by the slow build-up of frictional heat that occurs as the steel wire is drawn through the die. After this drawing, the wire is once again cleaned, annealed, and recoated for a final draw through a finishing die. With the third and final draw, the wire is cleaned of all lubricants and sent to the straightener, before being cut to 12’ lengths with a hydraulic cutter, packaged, and shipped to K-TEC’s machine shop for final drive shaft processing.

Because 300 series stainless steel cannot by hardened with heat treating, the gradual reduction of the wire diameter through the drawing process actually achieves the required hardness. In this particular case, K-TEC’s spline goes through an approximately 40% reduction in diameter over the course of the three draws, achieving a finish Rockwell of RC19. Any harder can result in the finished product being too brittle and susceptible to cracking and shearing.      

The single, inline processing of complex surface features made possible by cold- drawing helped K-TEC also reduce total product turn-around time. “Previously we had to machine blank parts in one facility and then broach them in another,” Elgaaen said. “It was a considerable hassle having to pass the material back and forth between several locations. We’re now able to have the material drop-shipped to our machine shop for processing into finished parts. This enables the machine shop to better manage their supply of raw material and eliminate downtime. It has also restored some level of sanity to our purchasing agent. More importantly, the number of reject parts produced is very close to zero.”
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