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      INTRODUCTION
     

    

    
       This book addresses both fasteners and plumbing as they relate to automotive performance applications, in an easy-to-understand format. Subjects include threaded fasteners (bolts, nuts, etc.), understanding different styles of bolts/screws, nuts and washers, how to measure different styles of fasteners, and more. Also included are discussions on fastener torque, thread repair, a special chapter that focuses on wheel fasteners, spherical bearing rod ends, explanations of pipe thread, the use of studs, how to use thread taps and dies, and more. The plumbing section covers the popular–AN stainless braided hose assemblies (understanding–AN sizes and how to assemble your own hoses), as well as tips on oil, coolant, fuel and brake fluid plumbing, fluid tubing and tube assembly tips, and much, much more. We’ve also included helpful source guides for both fastener and plumbing products. We think you’ll find this book helpful and useful for all of your street and race projects.

     —Mike Mavrigian

    

   


    
     
      Chapter 1
     

     
      THREADED FASTENERS
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      THREADED FASTENERS
     

     In terms of automotive applications, we encounter two basic types of threaded fasteners: straight thread (straight thread bolts, nuts and studs in both fractional and metric formats) and sheet metal screws.

     In automotive applications, we commonly deal with fractional-inch or metric straight-thread bolts, nuts and studs, which usually range in size from 1/4" diameter to 1/2" diameter (fractional), and 6mm through 14mm (metric). In addition, we often deal with fasteners that are referred to with the generic term "machine screws." Machine screws feature straight threads, and are smaller in diameter than 1/4". Common sizes include #4, #6, #8, #10 and #12. Machine screws are commonly used for street rod or race car fabrication jobs, for mounting a variety of components that require smaller-diameter fasteners. Don’t let the term confuse you. Machine screws feature straight threads and are designed to be mated to either nuts or tapped holes (unlike sheet metal screws which bite into a parent material). Don’t let the term "screw" confuse you. All threaded bolts can also be referred to as screws.

     I’ve included more detailed information regarding machine screws later in this chapter.

     Most inch-format fasteners are identified directly by their diameter measured in fractional inches. For instance, a 1/4" bolt features approximately 1/4" diameter thread (measured at the bolt shank’s major diameter…at the thread peaks). Actual diameters (if you were to measure with a dial caliper or a mic) will usually be a few thousandths of an inch less, depending on the tolerance of the particular bolt. For instance, a 1/4" bolt might actually feature threads that measure .245" instead of .250".

     Fractional-format fasteners are always referred to in inch fractional numbers (1/4", 5/16", 3/8", 7/16", 1/2", 9/16", 5/8", 11/16", 3/4", 7/8", 1", etc.). Metric thread fasteners are referred to by their diameter in millimeters (4mm, 5mm, 6mm, 7mm, 8mm, 9mm, 10mm, etc.).

     Instead of blindly scavenging through coffee cans of miscellaneous bolts and nuts in an attempt to match a bolt or nut that you’re holding in your hand, take the time to measure and identify with accuracy. Once you understand how to properly measure a threaded fastener, you’ll quickly find that doing it the right way is easier and faster, and definitely less frustrating. After all, if you’re building an engine, you wouldn’t sort through a box of rod bearings and decide to use a bearing shell size that "appears" to fit. The same holds true for threaded fasteners. Being able to identify and understand fastener sizing is critical.

     First of all, let’s clarify bolt or nut diameter. When we refer to a threaded fastener’s diameter, we’re talking about the thread diameter. This has absolutely nothing to do with the size of the drive head. I’ve seen so many mistakes in various publications over the years that identify bolts based on the size of the wrench required for service. Just because a certain hex-headed bolt requires a 9/16" wrench, this does not mean that it’s a 9/16" bolt! In most cases, as an example, if the bolt requires a 9/16" wrench, we know from experience that the bolt’s thread diameter is probably 3/8". Again…fastener size refers to the thread diameter and has absolutely nothing to do with the size of the wrench needed. If you accept this premise, you’ll avoid gobs of frustration.
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      S: Shank diameter T: Major diameter R: Root, or minor diameter
     

     
      FASTENER SIZING
     

     All bolts, screws, studs and nuts are identified for size based on thread diameter and thread pitch. In the case of bolts, studs or screws, length is also part of the sizing label.

     The first number always represents thread diameter. The second number always represents thread pitch. In the case of male threaded fasteners such as bolts, screws and studs, the third number represents length. Following are three examples of male threaded fastener identification.

     
      Fractional Inch Screw
     

     Example: 1/4 x 20 x 1 1/2. This refers to a bolt or screw that features a 1/4" diameter thread, a thread pitch of 20 and a total shank length of 1 1/2".

     
      Fractional Stud
     

     Example: 1/4 x 20 x 2. This refers to a threaded stud that features a 1/4" thread diameter, a thread pitch of 20 and an overall length of 2".

     
      Metric Screw
     

     Example: 10 x 1.5 x 30. This refers to a bolt or screw that features a 10mm-diameter thread, a thread pitch spacing of 1.5mm, and a total shank length of 30mm.

     
      Diameter
     

     Bolt, screw and stud diameters refer to just that…the outer diameter (also called the major diameter) of the thread. With inch fractional thread, the labels can seem somewhat misleading, since if you actually measure thread diameter with a caliper, you’ll generally find that the measured diameter is a few thousandths under what you’d expect. For instance, measuring a 1/4" bolt (where we know that 1/4 = 0.250), you’ll usually find that the diameter actually measures 0.243—0.246". A 3/8" bolt may actually measure 0.370" instead of 0.375". A small fudge factor of tolerance is designed in to assure fit.

     Thread diameter (the diameter by which you will identify the fastener’s diameter size) is also called the major diameter. This represents the distance from thread peak to opposing thread peak (the highest surface of the thread).

     The minor diameter (also called the root diameter) is measured from the thread valleys (the deepest area of the threads.

     
      Thread Pitch
     

     Pitch is often misunderstood, but it’s easy to grasp once you learn the basics. Thread pitch refers to the thread count or thread spacing (in layman’s terms, whether the thread is "fine" or "coarse"). It’s important to also understand that inch-fractional thread pitch and metric thread pitch are measured differently.

     Inch-fractional thread pitch represents the number of threads that would exist along a one-inch length of thread; while metric thread pitch represents the distance between adjacent threads, measured in millimeters.

     
      
       Fractional Thread Pitch—
       Let’s say we have a bolt that’s labeled as 5/16 x 18 x 3/4. This means that we have a bolt that features a 5/16" thread diameter, a thread pitch of 18 and a shank length of 3/4".

     The thread pitch, in this case, 18, indicates that the threaded section of the bolt features a thread spacing that would allow 18 threads within a one-inch length. It doesn’t matter how long the shank really is…. the point is that the threads are spaced so that a one-inch length would include 18 threads.

     In fractional fasteners, the more threads that can exist along a one inch length, the "finer" the thread pitch is. As a result, the greater the pitch number, the finer the threads. Here are a few examples:

     
      
       
        	
         
          Thread Dia.
         

        
        	
         
          Pitch
         

        
       

       
        	
         1/4"

        
        	
         20 (coarse)

        
       

       
        	
         1/4"

        
        	
         28 (fine)

        
       

       
        	
         5/16"

        
        	
         18 (coarse)

        
       

       
        	
         5/16"

        
        	
         24 (fine)

        
       

       
        	
         3/8"

        
        	
         16 (coarse)

        
       

       
        	
         3/8"

        
        	
         24 (fine)

        
       

      
     

     
      [image: image]
     

     
      Shown here is a metric pitch gauge. Each blade is clearly marked for thread pitch. A selection of pitch blades will be included, covering every metric thread pitch that you’ll ever encounter.
     

     As you can see, the coarse pitch numbers in each case are lower than the same-diameter’s fine thread count.

     Inch lower pitch number = coarse thread

     Inch higher pitch number = fine thread

     In the inch world, we have two distinct thread pitch groups (since there are usually two pitches offered for each given thread diameter size). In inch fractional terms, we have coarse thread and we have fine thread. Note: "fine" thread may also be referred to as "SAE" thread, and coarse thread may be referred to as "USS" thread.

     
      Metric Thread Pitch
     

     Let’s say we have a bolt that’s labeled 8 x 1.25 x25. This means that we have a bolt that features an 8mm thread diameter, a thread pitch of 1.25 and a shank length of 25mm.

     The thread pitch, in this case, 1.25, indicates that two adjacent threads are spaced 1.25mm apart (the distance from one thread to the next thread). Since we’re measuring the distance between threads on metric fasteners, the less the distance, the more threads exist along the length. The greater the distance between threads, the fewer threads exist along the length. As a result, metric pitch numbers graduate opposite those of inch fractional pitch numbers. Here are some examples:

     
      
       
        
         	
          
           Thread Dia.
          

         
         	
          
           Pitch
          

         
        

        
         	
          10mm

         
         	
          1.50

         
        

        
         	
          10mm

         
         	
          1.25

         
        

       
      

     

     Since the 10mm bolt that features a pitch of 1.50 has a thread-to-thread spacing of 1.50mm; and the 10mm bolt with a 1.25 pitch has a thread-to-thread spacing of only 1.25mm, the 1.25 pitch is considered "finer" than the 1.50 pitch.

     Metric lower pitch number: fine thread

     Metric higher pitch number: coarse thread

     In the metric world, the distinction between coarse and fine isn’t as clear-cut. Depending on thread diameter, certain pitches are considered as standard, while other pitches may be considered coarse, fine or extra-fine.

     My suggestion is to stop using the terms coarse and fine altogether, because these are vague terms at best, whether you’re dealing with inch or metric stuff. Instead, get into the habit of using the actual dimension nomenclature to accurately identify any threaded fastener. After all, isn’t the label of 3/8 x 24 x 1 1/4 much more precise as opposed to asking for a 3/8" course bolt that’s a bit longer than an inch long? If you use precise dimensional terms, you’ll eliminate confusion, second-guessing and wasted trips to the parts store.

     
      Measuring Diameter
     

     It’s important to note that there is a difference between theoretical thread diameter and actual thread diameter. Thread diameter will always be slightly less than labeled, or theoretical, diameter, due to manufacturing tolerances and because the thread peaks on a machine screw, bolt or stud must be slightly smaller than the theoretical diameter in order to allow a fitment tolerance. Listed on chapter 1 are examples of measured thread diameters of bolts (actual measurements taken using a calibrated micrometer, measuring the bolt at the thread peaks).
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      Shown here are two pitch gauge sets. The top set is for measuring fractional thread pitch, and the lower set is for metric thread pitch.
     

     
      [image: image]
     

     
      Here we check thread pitch on a bolt using a pitch gauge. This is a 1/2"-diameter bolt. Using our set of fractional pitch gauges, we find a perfect pitch match with the 20-pitch blade, confirming that this bolt features a 20 pitch, which, when dealing with a 1/2" fastener, is commonly referred to as a "fine" pitch (a 1/2" coarse thread would have a pitch of 13). Remember: when dealing with fractional sizes, the pitch number refers to the number of threads found along a 1" length of threaded area. With metric fasteners, the pitch number refers to the distance between threads. For example, a metric bolt with a pitch of 1.25 means that the distance from one thread peak to the next adjacent peak is 1.25mm.
     

     
      

      
       METRIC THREAD PITCH TABLE
      

      Shows thread pitch available in various thread diameters, and indicates the general use terms of standard, fine and extra-fine thread pitch. Thread pitch indicates distance, in mm, between threads.

      
       
        
         	
          
           Bolt Dia.
          

         
         	
          
           Standard
          

         
         	
          
           Fine
          

         
         	
          
           Superfine
          

         
        

        
         	
          2

         
         	
          0.4

         
         	
          —

         
         	
          —

         
        

        
         	
          2.5

         
         	
          0.45

         
         	
          —

         
         	
          —

         
        

        
         	
          3

         
         	
          0.5

         
         	
          —

         
         	
          —

         
        

        
         	
          4

         
         	
          0.7

         
         	
          —

         
         	
          —

         
        

        
         	
          5

         
         	
          0.8

         
         	
          —

         
         	
          —

         
        

        
         	
          6

         
         	
          1.0

         
         	
          —

         
         	
          —

         
        

        
         	
          7

         
         	
          1.0

         
         	
          —

         
         	
          —

         
        

        
         	
          8

         
         	
          1.25

         
         	
          1.0

         
         	
          —

         
        

        
         	
          10

         
         	
          1.5

         
         	
          1.25

         
         	
          1.0

         
        

        
         	
          12

         
         	
          1.75

         
         	
          1.5

         
         	
          1.25

         
        

        
         	
          14

         
         	
          2.0

         
         	
          1.5

         
         	
          —

         
        

        
         	
          16

         
         	
          2.0

         
         	
          —

         
         	
          —

         
        

        
         	
          18

         
         	
          2.5

         
         	
          —

         
         	
          —

         
        

        
         	
          20

         
         	
          2.5

         
         	
          —

         
         	
          —

         
        

       
      

      
       FRACTIONAL/INCH THREADS PITCH TABLE
      

      Shows thread pitch and common coarse/fine definition. Thread pitch indicates number of threads along a 1-inch length.

      
       
        
         	
          
           Bolt Dia..
          

         
         	
          
           Coarse UNC
          

         
         	
          
           Fine UNF
          

         
        

        
         	
          #2

         
         	
          56

         
         	
          —

         
        

        
         	
          #3

         
         	
          48

         
         	
          —

         
        

        
         	
          #4

         
         	
          40

         
         	
          —

         
        

        
         	
          #5

         
         	
          40

         
         	
          —

         
        

        
         	
          #6

         
         	
          32

         
         	
          —

         
        

        
         	
          #8

         
         	
          32

         
         	
          —

         
        

        
         	
          #10

         
         	
          24

         
         	
          32

         
        

        
         	
          #12

         
         	
          24

         
         	
          —

         
        

        
         	
          1/4

         
         	
          20

         
         	
          28

         
        

        
         	
          5/16

         
         	
          18

         
         	
          24

         
        

        
         	
          3/8

         
         	
          16

         
         	
          24

         
        

        
         	
          7/16

         
         	
          14

         
         	
          20

         
        

        
         	
          1/2

         
         	
          13

         
         	
          20

         
        

        
         	
          9/16

         
         	
          12

         
         	
          18

         
        

        
         	
          5/8

         
         	
          11

         
         	
          18

         
        

        
         	
          3/4

         
         	
          10

         
         	
          16

         
        

        
         	
          7/8

         
         	
          9

         
         	
          14

         
        

        
         	
          1

         
         	
          8

         
         	
          12 or 14

         
        

        
         	
          1 1/8

         
         	
          7

         
         	
          12

         
        

        
         	
          1 1/4

         
         	
          7

         
         	
          12

         
        

        
         	
          1 1/2

         
         	
          6

         
         	
          12

         
        

       
      

      

     

     
      [image: image]
     

     
      Bolt sizing cards are readily available. Shown here is a yellow card that handles both fractional and metric sizes, and a green card dedicated to metric sizes.
     

     
      [image: image]
     

     
      This sizing card handles both fractional and metric sizes. Simply insert a bolt into the hole that most closely fits in order to identify bolt diameter. This card also features incremented scales (rulers) to allow measuring bolt shank length, as well as sizing studs to determine nut diameters.
     

     
      [image: image]
     

     
      Identifying a 1/2" diameter bolt using the sizing card.
     

     Bear in mind that these actual diameters shown here represent an average measurement, since variances of a few thousandths of an inch will be seen depending on the fastener manufacturer.

     
      [image: image]
     

     
      This aluminum sizing card features smooth holes for diameter measuring, along with handy threaded holes to check thread pitch. 
      Shown here is a metric thread sizing card. This is the easy way, eliminating the need for a pitch gauge. You still need pitch gauges in your tool chest, but this type of card can prove handy. 
      We grabbed a metric bolt to test. We found that it was a perfect fit in the 12mm hole (see the left side of the card). We then tried to thread it into several of the 12mm holes, to find that it threaded smoothly into the 1.5 pitch hole. So, we know that this bolt is 12mm x 1.5. After you deal with thread fasteners long enough, you’ll be able to visually identify diameter and pitch without the need for tools. But it’s always nice to have a few cards lying around to verify, or to help you out on those days when you’re a little bleary-eyed.
     

     
      [image: image]
     

     
      Micrometers may also be used to measure thread diameter as well as shank length, if you don’t have a sizing card handy.
     

     
      [image: image]
     

     
      A caliper (vernier, digital or dial as shown here) may also be used to measure bolt diameter and shank length. While you may or may not have these precision measuring instruments in your tool inventory, picking up an inexpensive sizing card makes the job easier and faster.
     

     
      

      
       FRACTIONAL BOLTS/STUDS
      

      
       
        
         	
          
           Labeled
          

         
         	
          
           Measured
          

         
         	
          
           Theoretical
          

         
        

        
         	
          
           Diameter
          

         
         	
          
           Diameter
          

         
         	
          
           Diameter
          

         
        

        
         	
          1/4"

         
         	
          0.245"

         
         	
          0.2500"

         
        

        
         	
          5/16"

         
         	
          0.310"

         
         	
          0.3125"

         
        

        
         	
          3/8"

         
         	
          0.370"

         
         	
          0.3750"

         
        

        
         	
          7/16"

         
         	
          0.430"

         
         	
          0.4375"

         
        

        
         	
          1/2"

         
         	
          0.495"

         
         	
          0.5000"

         
        

       
      

      
       METRIC BOLTS/STUDS
      

      
       
        
         	
          
           Labeled
          

         
         	
          
           Measured
          

         
        

        
         	
          
           Diameter (inches)
          

         
         	
          
           Diameter
          

         
        

        
         	
          5mm

         
         	
          0.1969"

         
        

        
         	
          6mm

         
         	
          0.2362"

         
        

        
         	
          8mm

         
         	
          0.3150"

         
        

        
         	
          10mm

         
         	
          0.3937"

         
        

        
         	
          12mm

         
         	
          0.4724"

         
        

        
         	
          14mm

         
         	
          0.5512"

         
        

       
      

      We decided to show measured diameter in inches, because it’s easier for most people in the U.S. to measure in this manner, especially given that most automotive enthusiasts/builders own calipers and micrometers that are formatted for inches.

      

     

     
      LENGTH
     

     The majority of bolts and screws are always measured for length by measuring the distance between the underhead and the tip of the threads (in other words, total length minus the head). This applies to any hex headed cap screw, socket head cap screw, button head, pan head, carriage bolt, truss head, etc. (any screw or bolt that features a flat underhead).

     However, if the bolt or screw is the flat-top design (where the top is flat and the underhead is chamfered for a countersunk fit), length always denotes overall length, from top of the head to the tip of the threads. Stud length refers to overall length, from tip to tip.

     
      METHODS OF MEASURING BOLTS
     

     Shank diameter can be checked in one of two ways: to actually measure the shank diameter with a caliper or micrometer, or to use a bolt sizing card. A bolt sizing card features a series of holes, individually labeled for diameter. Simply insert the bolt shank through the holes until you achieve a close-tolerance fit and read the size marking for that hole. That’s the quick "cheater" way of identifying diameter.

     Thread pitch is measured using a pitch gauge. Two pitch gauges should be obtained (one for metric pitch and one for inch pitch). Simply match the bolt’s threads to the toothed gauge blades until an exact profile match is found. Each pitch gauge is marked with its pitch number. Or, you can compare a questioned bolt to a bolt of a known pitch by attempting to mesh the threads together. Whether you’re using a pitch gauge or a known-size bolt, the thread mesh must be a perfect fit. "Close" isn’t close enough. If the threads don’t match perfectly, it isn’t a match.

     
      [image: image]
     

     
      Here, we’re checking thread diameter of a Porsche wheel bolt. Simply insert the bolt into holes until you locate the one that most exactly fits. As you can see here, the 14mm hole provides an exact fit for our wheel bolt. Sizing cards are easy to use and rapidly clear up any confusion that you might have had regarding thread diameter.
     

     
      [image: image]
     

     
      Sizing cards often include nut-sizing posts. This card offers nut posts, clearly labeled, for both inch and metric nuts.
     

     
      [image: image]
     

     
      Using the sizing card, this hex head bolt measures 2 1/2" in length. Hex head bolt length is always measured from the underside of the bolt head to the threaded tip of the shank.
     

     
      [image: image]
     

     
      Here we measure shank length of a hex headed bolt using a dial caliper. Never include the head height when identifying a hex head bolt for length.
     

     Shank length is measured from the underside of the bolt head to the shank tip. A caliper or straight ruler can be used for this. Most bolt sizing cards feature two edge rulers (one in inch format and one in metric format).

     
      
       Hex Head Bolt Length:
       Measured from the underside of the head to the tip of the threaded shank.

     
      
       12-Point Bolt Length:
       Measured from the underside of the head to the tip of the threaded shank.

     
      
       Button Head Bolt Length:
       Measured from the underside of the head to the tip of the threaded shank.

     
      
       Cap Screw Length:
       Measure from the underside of the head to the tip of the threaded shank.

     
      
       Flat-Top Screw Length:
       Measure overall length, from the top of the head to the tip of the threaded shank.

     
      
       Stud Length:
       Measure overall length.

     
      MACHINE SCREWS
     

     Machine screw size designations indicate both thread diameter and thread pitch. The diameter number represents the diameter of the thread. In the case of machine screws, a code designation is used that translates into thread diameter (machine screw diameters are referred to by single or double-digit numbers…#4, #6, #8, #12, etc.). The pitch number is based on the fractional format. For instance, a 32 pitch features 32 threads per inch of shank length.

     Machine screws are available in a variety of materials and head styles. Materials may include nylon, brass, steel and stainless steel. Stainless is a popular choice, especially for street rod applications (since stainless heads are easily polished and will resist corrosion).

     
      [image: image]
     

     
      Button head screws are also measured for length from the underside of the head. Here we identify a 1" long button head screw.
     

     
      [image: image]
     

     
      Here we measure the length of a button head screw using a dial caliper. This length, while actually measuring 1.475", is boxed/labeled as 1 1/2" in length. Due to manufacturer tolerances, length won’t always be exactly as advertised. This screw length is 0.025" shy of the advertised length, which isn’t uncommon.
     

     
      [image: image]
     

     
      A cap screw length checked on the sizing card. Sizing cards offer ruled edges (one in inches and one in millimeters) in addition to providing holes to check diameter. This cap screw is advertised as being 1 1/4" long. We can see here that it’s actually a few thousandths shorter, but that’s no big deal.
     

     
      

      
       MACHINE SCREW SIZES
      

      (These are common sizes/pitches. Smaller sizes exist, but generally have no automotive application)

      
       
        
         	
          
           Diameter
          

         
         	
          
           Thread Pitch
          

         
         	
          
           Actual Thread Diameter
          

         
        

        
         	
          
           Designation
          

         
         	
          
           Designation
          

         
         	
          
           Standard (Inches)
          

         
        

        
         	
          #4

         
         	
          40

         
         	
          0.112"

         
        

        
         	
          #6

         
         	
          32

         
         	
          0.138"

         
        

        
         	
          #8

         
         	
          32

         
         	
          0.164"

         
        

        
         	
          #10

         
         	
          24, 32

         
         	
          0.190"

         
        

        
         	
          #12

         
         	
          24

         
         	
          0.216"

         
        

        
         	
          
           Metric (in mm)
          

         
         	
           

         
         	
           

         
        

        
         	
          M1

         
         	
          0.25

         
         	
          1.0

         
        

        
         	
          M1.2

         
         	
          0.25

         
         	
          1.2

         
        

        
         	
          M1.4

         
         	
          0.30

         
         	
          1.4

         
        

        
         	
          M1.6

         
         	
          0.35

         
         	
          1.6

         
        

        
         	
          M2

         
         	
          0.40

         
         	
          2.0

         
        

        
         	
          M2.5

         
         	
          0.45

         
         	
          2.5

         
        

        
         	
          M2.6

         
         	
          0.45

         
         	
          2.6

         
        

        
         	
          M3

         
         	
          0.50

         
         	
          3.0

         
        

        
         	
          M3.5

         
         	
          0.60

         
         	
          3.5

         
        

        
         	
          M4

         
         	
          0.70

         
         	
          4.0

         
        

        
         	
          M5

         
         	
          0.80

         
         	
          5.0

         
        

        
         	
          M6

         
         	
          1.0

         
         	
          6.0

         
        

       
      

      

     

     Common head styles may include button head, flat-top, Phillips, slotted, pan head, socket head cap screw. These small-diameter machine screws are ideal choices for mounting dash plates, small adel or line clamps, etc., due to their conveniently small size and appearance.

     Instead of referring to theoretical thread diameter, the "actual thread diameters" listed in the chart are measurements that you would note if you actually measured the diameter, at the thread peaks, of the specific size machine screw. This will help you to identify machine screw diameter if you had one in your hand but were unsure about its size.

     As far as the number size designation of machine screws is concerned, to be honest, I’m not sure where these numbers were originated. However, the diameter identification numbers (#4, #6, #8, #10) are also used in sheet metal screw sizes.

     I’ve included information regarding metric machine screws for those who might be performing a restoration on vintage import vehicles. As far as common availability is concerned (at your local hardware stores or fastener supply houses), it’s likely that you’ll only have access to inch-format machine screws in sizes #4, 6, 8, 10 and 12. Thread pitch is measured the same as with larger diameter fasteners. Inch-format pitch refers to the number of threads along a 1-inch length; while metric pitch numbers refer to the distance (in millimeters) between threads.
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      Flat-top screws are measured for length by measuring overall length, from the top of the flat to the tip of the threaded shank. Unlike hex head, cap screw or button head bolts, we do include head height when determining length whenever measuring or ordering any flat-top screw. This flat-top screw is advertised as 5/8" long. Remember…it’s not the just the thread that we measure when identifying a bolt or screw for length…. we’re measuring the total "depth" length that will insert into the material or component. Since a flat-top’s chamfered underhead inserts past the surface of a parent object, we must consider the overall length of a flat-top screw. Note that a good sizing card (like the one we’re using here) will feature a chamfered end of the rule. This angle-cut end is designed for measuring flat-top screws. Nestle the screw head’s chamfer against the angle on the card to measure screw length.
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      Here we measure a flat-top screw using a dial caliper. Again, always measure any flat-top screw for overall length.
     

     
      [image: image]
     

     
      Shoulder screws feature a bare shank of a specified diameter, terminating with a threaded shank of a specific diameter and length. This example features a 1" shoulder shank length with 5/16" diameter, accompanied by a short 1/4" diameter threaded tip.
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      The head of a shoulder screw is typically round, featuring a female hex drive. The head of a shoulder screw usually offers a fairly low profile. This 5/16"-shoulder x 1/4-20 shoulder screw head measures 0.220" in height.
     

     
      BOLT/SCREW HEAD STYLES
     

     A wide variety of head styles exist (the array is amazingly broad, with styles you’ve probably never seen nor will ever encounter). Here we’ll discuss those head styles most routinely used in performance automotive applications.

     
      
       Hex head
       bolts feature a drive head that features six flat sides. This is the most common style used throughout the world, and the style you’re most familiar with. This requires the use of a hex wrench (although 12-point wrenches will fit as well).

     
      
       12-point
       bolts feature a dozen engagement points around the circumference of the head. This style offers a more precise wrench fit, and is often preferred for applications that require precision tightening and repeated on-off use. A 12-point wrench is required.

     
      
       Socket-head
       cap screws are screws/bolts (pick the term you like) that feature a drive head that has a round outer diameter, a flat top and bottom surface, and a female hex socket in the top male hex wrench (commonly referred to as an Allen wrench, even though Allen is a brand name) is required. Cap screws are suitable for tight spaces (where a socket, closed or open-end wrench would be difficult or impossible to use). Quite often, custom builders simply prefer the appearance of cap screws, even if access isn’t an issue.
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      A hex head bolt features six flat sides.
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      A button-head screw features a head with a flat underside and a domed, or "button" shape head. This button-head screw features a hex socket drive (female hole with six flat sides). Button heads are also available in phillips and torx drives
     

     
      [image: image]
     

     
      Flat-top screws feature a…you guessed it…. flat-top head design. The head underside is chamfered to allow the top of the head to be flush-installed to a mating surface, providing the hole features a chamfered hole entrance. Flat-top screws are offered with hex sockets, as well as slotted and phillips drives.
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      Socket-head cap screws feature a round outer head surface, relatively tall head, and a hex socket drive. Some cap screws feature a smooth-surfaced head perimeter, while others (like the example shown here) features a series of flutes, or grooves, which provide a grip area in case the hex socket is damaged. The grooves/ridges help to accommodate the use of pliers or vise grips. Socket-head cap screws are so-named because the head is shaped like a cap, and the drive style features a female six-sided hex"socket."
     

     
      
       Torx
       drive screws feature a 6-point extended-tip star drive pattern. Most Torx screws that you’ll encounter feature a female Torx recess, requiring the use of a male Torx bit. However, male Torx screws are also out there (though not as common), requiring a Torx style socket wrench. The Torx drive style provides a no-slip engagement for the tool, and greater surface area for drive contact. Lots of people whine about dealing with Torx, but the reality is that it’s a great design. Just buy a set of Torx bits and be done with it. Torx fasteners are sized according to an alpha-numeric format. Sizes (for the range that you may encounter in automotive applications) range from T9 (0.093" major diameter) to T60 (.512" major diameter).

     
      
       Button-head
       screws feature a flat head underside and a domed top surface, with a female hex recess. Use of a male hex wrench is required. Button heads are often suitable for applications where a lower head profile is needed (for clearance issues), or for areas where the driver’s body might make contact, since the domed head doesn’t feature any sharp raised edges to snag clothing, etc. As with cap screws, button heads are often chosen for customs, street rods or race cars simply based on appearance.

     
      
       Shoulder screws
       feature a cylindrical bare shoulder area under the head, that serves as a bearing area or as a radial spacer. The threaded area is smaller in diameter than that of the shoulder. Shoulder screws can be used for a number of applications, including precision-aligning mating holes, to serve as pivots, etc. A good example is use in steering column shaft connection, where a cross-drilled steering shaft tube fits over a cross-drilled steering shaft. The bare shoulder area serves as a load bearing spacer, when the bare shoulder area alone contacts all hole edges. The exposed thread shank then accepts a retaining nut. Shoulder screws can be ordered in a wide range of closely-incremented lengths, so you’ll be able to find the correct length for your needs. Head drive styles include hex socket (the most popular), Phillips and slotted. Shoulder screws are offered in both "standard" and "precision" versions, with the precision versions offering tighter diameter tolerance control. Of course, you’ll pay more for the precision versions.

     
      
       Flat-top
       screws feature a tapered head underside and a flat top surface. The drive style may feature either a female hex, a straight slot or a cross-slot (Phillips). While these different drive styles exist among flat-tops ranging in size from #4 through about 3/8" or 10mm, in general, larger sizes are only commonly found in the female hex drive style. Flat-tops are ideal where the fastener must be installed flush with the adjacent mating surface. Installation requires a chamfered hole, to allow the top flat surface of the screw to sit flush with the material surface.
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      Carriage-head bolts feature a domed, round head and an oversized square area under the head. The square is designed to fit into a square hole, which prevents the bolt from rotating while attaching or removing a nut. Since carriage bolts feature no drive provision on the head, this square locating nub is needed. Carriage head bolts are used wherever a smooth domed surface is required or desired, either for function or appearance. Personally, I hate these things, but lots of folks prefer them for applications such as truck beds, running boards, fender brace fasteners on older cars and trucks, etc. I’d rather use button heads, but if you’re performing a loyal restoration, sometimes you don’t have a choice.
     

     
      TORX
     

     The Torx drive style features a 6-point star pattern. Although many folks hate Torx fasteners (only because it’s something different and because they may not own a set of Torx bits), in fact, the Torx drive style is a great design. Because of the distinct extended points, this is considered a no-slip design…as long as you use the correct size wrench bit, and the drive socket is clean, your chances of ever stripping out the drive socket are extremely remote. Torx design is similar to a spline engagement. Multiple "fingers" engage around the perimeter, making it very, very tough to slip or break tool engagement. While this style of fastener drive may have once been considered a "tamper proof" design (when the style was new and the required wrenches weren’t common), in reality it’s simply a better design that prevents "rounding out" during service. A set of Torx wrench bits are not that expensive. Just buy a set so you’ll have ‘em when you need 'em. By the way, Torx drive isn’t used by the car makers only. We’re seeing more Torx employed in high-end aftermarket components as well since engineers appreciate the value of this fastener drive (on ATI Super Damper crank balancers and Jesel timing systems to name only two). In cases where a female drive socket is required or preferred, the Torx pattern provides much more engagement reliability than a female hex socket (female hex sockets are commonly referred to as "Allen").
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      Shoulder screws serve as a centering device, load-bearing or pivot surface, depending on the application. The trick is to select a shoulder length that exactly matches (or a couple of thousandths less than) the total attachment material thickness, so that only the threaded tip protrudes. In that way, this type of screw serves as a nice, fat locating pin, that just happens to offer the convenience of a drive head and a threaded tip for secure placement. The example shown here features a 5/16" diameter shoulder and a 1/4" diameter thread. Drop this through a 5/16" hole and secure the exposed tip with a 1/4" x 20 nut, and you’re in business. Just remember that shoulder screws do not offer the same tensile strength as other fasteners of the same material in the same thread size. Even though the shoulder on this screw is 5/16" in diameter, it’s only going to offer the tensile strength provided by the smaller 1/4"-diameter threaded stem. Shoulder bolts are employed not in high tensile strength/clamping load applications, but rather in applications that demand exact hole centering/alignment, and for applications where the shoulder can serve as a pivot pin.
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      You can clearly see here that the hex head on this 3/8" bolt measures a mere 3/8" from flat-to-flat. "Common" or "traditional" hex head bolts that feature a 3/8" thread diameter would normally feature a 9/16" head.
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      Speaking of reduced-size bolt heads for restrictive spaces, a common application involves the mounting of exhaust header flanges to the cylinder head. Depending on the engine and the style of header, space can be at a premium due to bolt proximity to adjacent header tubes. Header mounting bolts have been designed that specifically address this common problem. From left: a reduced-diameter 12-point bolt head. Next, a common-sized socket-head cap screw (even though not a dedicated style, the round head doesn’t require as much space as a full-size hex head, and a slender male hex bit wrench requires less working room than a female socket). Next, a 12-point hardened-steel bolt with a thicker base flange. Finally, a hex-head bolt with base flange where the hex is smaller than normal. All four examples shown here feature 3/8" thread diameter. However, the three male-head bolts shown here all require a 3/8" wrench, as opposed to a 9/16" wrench that would be required for a "common" 3/8" bolt. The heads require less installed space, and the wrench (due to its smaller size) requires less working room.
     

     
      

      
       TORX SIZES
      

      
       
        
         	
          
           Torx
          

         
         	
          
           Major Diameter
          

         
         	
          
           Max Torque
          

         
        

        
         	
          
           Size
          

         
         	
          
           (peak to peak)
          

         
         	
          
           (peak to peak)
          

         
        

        
         	
          T1

         
         	
          0.031"/0.81mm

         
         	
          0.02–0.03 Nm

         
        

        
         	
          T2

         
         	
          0.036"/0.93mm

         
         	
          0.07–0.09 Nm

         
        

        
         	
          T3

         
         	
          0.046"/1.10mm

         
         	
          0.14–0.18 Nm

         
        

        
         	
          T4

         
         	
          0.050"/1.28mm

         
         	
          0.22–0.28 Nm

         
        

        
         	
          T5

         
         	
          0.055"/1.42mm

         
         	
          0.43–0.51 Nm

         
        

        
         	
          T6

         
         	
          0.066"/1.70mm

         
         	
          0.75–0.90 Nm

         
        

        
         	
          T7

         
         	
          0.078"/1.99mm

         
         	
          1.4–1.7 Nm

         
        

        
         	
          T8

         
         	
          0.090"/2.31mm

         
         	
          2.2–2.6 Nm

         
        

        
         	
          T9

         
         	
          0.098"/2.50mm

         
         	
          2.8–3.4 Nm

         
        

        
         	
          T10

         
         	
          0.107"/2.74mm

         
         	
          3.7–4.5 Nm

         
        

        
         	
          T15

         
         	
          0.128"/3.27mm

         
         	
          6.4–7.7 Nm

         
        

        
         	
          T20

         
         	
          0.151"/3.86mm

         
         	
          10.5–12.7 Nm

         
        

        
         	
          T25

         
         	
          0.173"/4.43mm

         
         	
          15.9–19 Nm

         
        

        
         	
          T27

         
         	
          0.195"/4.99mm

         
         	
          22.5–26.9 Nm

         
        

        
         	
          T30

         
         	
          0.216"/5.52mm

         
         	
          31.1–37.4 Nm

         
        

        
         	
          T40

         
         	
          0.260"/6.65mm

         
         	
          54.1–65.1 Nm

         
        

        
         	
          T45

         
         	
          0.306"/7.82mm

         
         	
          86–103.2 Nm

         
        

        
         	
          T47

         
         	
          0.312"/.97mm

         
         	
          110–127 Nm

         
        

        
         	
          T50

         
         	
          0.346"/8.83mm

         
         	
          132–158 Nm

         
        

        
         	
          T55

         
         	
          0.440"/11.22mm

         
         	
          218–256 Nm

         
        

        
         	
          T60

         
         	
          0.519"/13.25mm

         
         	
          379–445 Nm

         
        

        
         	
          T70

         
         	
          0.610"/15.51mm

         
         	
          630–700 Nm

         
        

        
         	
          T80

         
         	
          0.690"/17.54mm

         
         	
          943–1048 Nm

         
        

        
         	
          T90

         
         	
          0.784"/19.92mm

         
         	
          1334–1483 Nm

         
        

        
         	
          T100

         
         	
          0.871"/22.13mm

         
         	
          1843–2048 Nm
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      A Torx socket-head (female Torx) screw. Note the six spline fingers for wrench engagement.
     

     I’m aware of thirteen Torx sizes (at least for the range that may apply to automotive applications). These include T9, T10, T15, T20, T25, T27, T30, T40, T45, T47, T50, T55 and T60 (Note: Torx sizes T1, T2, T3, T4, T5, T6, T7 and T8 also exist, but I’ve never seen these used in automotive applications. Larger sizes also exist but are uncommon in automotive applications, including T70, T80, T90 and T100).

     Torx wrench bits (and sockets, for those rare instances when you encounter male-drive-head Torx fasteners) are identified for size using the T-alpha-numeric sizing system.

     If you ever want to identify Torx wrench bit size by measuring (maybe the marking has worn off), I measured my sets and listed the results here. The diameter shown here was measured across the major diameter (peak spline to opposing peak spline).
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      The wrench-to-fastener engagement provides a much more positive engagement than would be found in a socket-head, Phillips or slotted drive.
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      Here’s a low-head Torx screw. Similar to socket head cap screws, Torx screws are available with various head heights.
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      Flywheel bolts are another example of head designs that accommodate a specific need. Primarily because of space restrictions, engine flywheel mounting bolts must feature a fairly low profile. However, because of the need for secure flywheel clamping to the crankshaft, a large bolt head footprint is also desired. Here are two typical flywheel bolts. The bolt on the left features an ultra-low profile in a 12-point design, while the bolt on the right features a low profile hex head design. Bolt head diameter, head thickness and drive style (obviously as well as thread diameter and shank length) is dictated by the specific flywheel/crankshaft/clutch application. If your crankshaft features 7/16" x 20 threaded holes in the crank base flange, don’t grab just any flywheel bolt. Always be sure to use only the specific flywheel bolt recommended for your application.
     

     
      CROSS-DRILLED AND HOLLOW BOLTS
     

     Special-duty bolts may feature cross-drilled holes (a hole through the threaded shank or through the bolt head) for locking purposes. If a hole is drilled through near the tip of the shank, this allows the addition of a cotter pin or safety wire for added security against loss. Race car applications, may, at the discretion of the builder, employ a series of cross-drilled bolts on such items as oil pans, allowing stainless steel safety wire to be routed from one bolt head to another, in series. This prevents all of the bolts from loosening, providing the safety wire is oriented so that wire tension pulls at the bolt in the direction of tightening (preventing the bolt from rotating in the opposite loosening direction.

     
      
       Cross-drilled
       bolt heads can come in mighty handy to remedy problem leaks. For instance, when my race team campaigned 2.0L Neons in 24-hour races, we found that the oil drain plug loved to loosen from its aluminum pan. We cross-drilled the head of the plug, ran safety wire from the plug head to a hole we drilled through one of the cast pan’s cooling fins, and no more loose plug.

     
      
       Banjo bolts
       are designed for routing liquids. The bolt shank is hollow, intersected by a cross-drilled hole at a specific distance from the underside of the head. Typically used in applications such as brake hose-to-brake caliper connections, or for fuel connection to carburetors or fuel logs. The use of a banjo bolt requires a banjo fitting (straight hollow shank that connects to a hose or line, with a round eyelet-type head that accepts pass-through of the banjo bolt. The inside of the fitting hole features an open feed from the hose or line. When the banjo bolt is installed, fluid fed from the hose or line enters the banjo fitting, and fluid routes from the feed hole inside the fitting to the cross-drilled hole in the banjo bolt. Fluid then routes through the hollow bolt shank. Any application that requires a banjo setup will require typically two sealing washers (one on each side of the fitting eyelet). This seals the bolt head to the fitting, and the fitting to the parent material.
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      A banjo bolt features a side orifice on the shank, positioned to align with the banjo fitting. Fluid passes from the fitting housing I.D. to the orifice, then through the hollow bolt shank.
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      A banjo bolt features a hollow shank for fluid delivery. This is a brake caliper banjo bolt. If a copper or aluminum crush washer won’t seal (copper seen here), try Stat-O-Seals.
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      Carburetor inlet fittings are available in both slip-on hose (nipple) and threaded–AN versions.
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      All externally-mounted banjo bolt assemblies require two sealing washers: one between the bolt head and fitting, and another between the fitting and component.
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      Installing a banjo fuel fitting onto a carb. This allows positioning of the fuel inlet hose 90-degrees to the fuel bowl, providing an option in terms of routing for clearance.
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      This is a banjo bolt from a Honda B18C1 engine. A series of these bolts secure special oiling nozzles inside the block that spray oil to the underside of the pistons for improved lube and piston cooling. The bolt shank is hollow. A side hole intersects the main hole to allow oil to travel from the main oil galley (with oil running through the main hole), and exiting the side hole, which allows oil to exit through the nozzle fitting. Notice the internal spring, which provides a degree of oil pressure control.
     

     
      NUTS
     

     Nuts feature female threaded holes, allowing attachment to an exposed bolt or stud thread body. Nuts are available in all thread sizes in inch and metric formats. The outside face of the nut permits tool/wrench engagement. Nut driving styles typically include square (four-sided), hex (six-sided) and 12-point. Specialty nut driving styles (round bodies with dimple holes, etc.) exist but are rarely applicable for automotive use, so we’ll ignore those.

     Most nuts that you’ll encounter are open (the threaded hole passes all the way through the nut body). However, when using an enclosed, or capped nut (such as acorn nuts that are sometimes preferred by rodders for their neat appearance on items such as air cleaner lids or valve covers), always make sure that the stud will not bottom-out inside the nut. If the nut bottoms-out, it will not be able to deliver any clamping force at all, which will lead to rattles or vibrating parts, leakage, or nut loss due to vibration.

     Square nuts are only used in some vintage automotive applications, where the builder is intent on maintaining originality (for instance, running board nuts on older truck bed rails or running boards). Square nuts have their place, when wrench access to the nut is difficult, and when the nut drops into a channel that will prevent it from rotating during installation or removal. Otherwise, avoid them.

     Hex nuts (obviously the most common) require the use of a hex or 12-point box, open or socket wrench, while 12-point nuts can be serviced only with 12-point wrenches.
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      Here’s an oil nozzle assembled to a banjo bolt. The base of the nozzle head mounts flush against the block wall. Banjo bolts allow fluid routing in a 90-degree angle from the fluid source to the intended output.
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      Hex nuts feature six flats as the drive profile, allowing the use of a 6-point or 12-point wrench.
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      Acorn or "capped" nuts. These are available in flanged style (left) and non-flanged. Acorn nuts are available, as are most nut styles, in zinc-plated steel, stainless steel and chrome-plated steel.
     

     Nut materials are offered in a wide array, including plastic, steel, aluminum, titanium and other alloys. Typically you’ll be using steel, stainless steel or titanium.

     Nut heights vary as well, from full-height nuts to very thin, low-profile nuts that are used in constricted spaces or as "jam" nuts to prevent unwanted rotation of an assembly.

     Nut styles also vary in terms of the base design. Nuts may feature a larger flange base (often called a flange nut) that provides a larger "footprint" at the mating surface, for wider, more even dispersion of the clamping load (especially useful if a separate flat washer isn’t being used). A fixed-flange nut features a larger-diameter base as part of the nut…not a separate component. A spinning-flange nut will feature a "washer" that’s captive-installed onto the nut, and is allowed to rotate independently of the nut. The free-spinning type flange is a good choice where you don’t want the washer to rotate against the component surface.

     Commonly, nuts used in suspension and steering systems may feature a series of notches, or cutouts. Once tightened to required torque value, a security pin (cotter pin, or cotter key) may be passed through one of the notches, through a cross-drilled hole in a joint stud, and through the opposing nut notch.

     
      Nut Retention
     

     In order to "lock" a nut in place to minimize its chances of loosening under vibration or through heat cycles, various methods of nut retention may be used. These include the use of loc washers, the application of anerobic chemical compounds, or the use of self-locking nuts.

     
      
       Lock Nuts—
      Self-locking nuts commonly used in automotive applications feature one of two approaches. The most common is the nylon-insert, nylon-locking or "nyloc" nut (all interchangeable terms, with the latter actually referring to a brand name). This type of nut features the use of a soft plastic ring (crimped captive in the nut exit) that provides an interference fit that deforms over the bolt threads, providing a mechanical grip.

     Another type of self-locking nut features no separate plastic grip ring, but rather features a slightly undersized exit hole or a slightly deformed exit hole that seizes the bolt threads. These are often referred to as "stover" or "prevailing torque" nuts.

     While locking nuts may be reusable in some cases, on a critical assembly (suspension components, etc.) it’s always best to replace a locking nut instead of reusing the nut. A used nylon-insert nut’s grip ring may have relaxed over time (especially if exposed to high heat) and may no longer provide the needed locking grip. A stover-type nut’s exit hole can easily become round after repeated applications (removing/installing), and may no longer offer mechanical retention. When it comes to locking nuts, the best course is to always install fresh nuts whenever possible or practical to ensure that you’ll obtain the full locking benefit.

     
      
       Locking Compounds—
      The use of thread locking compounds is an excellent method of securing a threaded connection, but the compound must be chosen carefully, since a variety of locking strengths are available. These locking compounds are "anerobic" in nature, which means that they harden and cure only in the absence of air. Once a coated nut or bolt is installed, the compound only then begins to cure. Locking compounds vary from "low strength" to "high strength." Depending on the maker, the specific compound may be labeled as low strength, medium strength or high strength; or it may be identified by a number (for example, Loctite’s 241 thread locker is considered by most as a medium-strength material, while their 271 version is a high-strength material.

     
      [image: image]
     

     
      Nyloc nut, or nylon self-locking nut. A hard nylon insert ring is held captive in the exit end of this nut via a swagged collar. This nylon ring, featuring an I.D. smaller than the thread diameter, allows the bolt thread to bite into the nylon, creating an interference fit. This prevents the nut from backing off. Nylon insert nuts should only be used once, but in reality can be reused several times. However, since it
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