
STRAIGHTNESS

Straightness is one of those characteristics that are not always considered until it becomes a problem.

The concept of measuring straightness seems a little awkward since the values measured are actually an 
expression of departure from straightness, or 'crookedness'.

It is often not specially considered because the straightness of a raw material is rarely troubling in application.

Even a piece of 2 x 4 lumber with a visible twist and bow can be put into use by nailing it into the desired 
shape.

High strength metal rods may be a different story.
We will discuss this subject by exploring several questions.

• How is straightness measured?

• How does crookedness happen?

• How is crooked material made straight?

• Why not always make it "as straight as possible"?

• How do I decide what to ask for?
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MEASUREMENT : 2 COMMON OPTIONS

• Measure Gap between sample and straight reference line
• Using a straight edge and a feeler gauge

• Using a laser micrometer to express the gap between the middle of the 
sample and a straight reference line contacting the sample ends.



HOW STRAIGHT IS ‘STRAIGHT’?

TABLE 16 Straightness Tolerances for Rod, Bar, and Shapes
FOR GENERAL USE

(Applicable to Specifications B16/B16M, B21/B21M, B98/B98M, B138/B138M, B139/B139M, B140/B140M, B150/B150M, B151/B151M, B196/B196M, B301/B301M, B371/B371M, 
B411/B411M, B441, B453/B453M, B927/B927M, B929,B967/B967M, and B974/B974M)

Form and Size,  In. [mm]  Length, ft [mm] Maximum Curvature (Depth of Arc), in. [mm]

Rod: drawn up to 2 [600] 1⁄32 [0.80]

incl 2 to 5 [600 to 1500] 1⁄32 in any 2-ft portion [0.80 in any 600-mm portion]A

incl 5 to 10 [1500 to 3000] 1⁄8 in any 5-ft portion [3.0 in any 1500-mm portion]A

10 [3000] and over 1⁄2 in any 10-ft portion [12 in any 3000-mm portion]A

A Of total length.
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SMOOTHED ASTM CURVATURE TABLE 16

TO SCALE, IF THIS IS A 12 FT 
ROD, IT SEEMS STRAIGHT BY 
ITESELF. BUT IF YOU TRY TO 
ROLL IT, YOU CAN FIND IT IS 
NOT PERFECTLY STRAIGHT.

ASTM B249 TABLE 16 GRAPHIC
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IF YOU BRING IT NEXT TO 
ANOTHER ROD WITH THE 
CURVATURE TURNED 
OPPOSITE, YOU CAN SEE THIS.
ALONG 12 FT, THE GAP 
WOULD BE ALMOST 1.5”



STRAIGHTNESS

Straightness is one of those characteristics that are not always considered until it becomes a problem.

The concept of measuring straightness seems a little awkward since the values measured are actually an expression of departure from straightness, or 'crookedness'.

It is often not specially considered because the straightness of a raw material is rarely troubling in application.

Even a piece of 2 x 4 lumber with a visible twist and bow can be put into use by nailing it into the desired shape.

High strength metal rods may be a different story.
We will discuss this subject by exploring several questions.

• How is straightness measured?

• How does crookedness happen?
• How is crooked material made straight?

• Why not always make it "as straight as possible"?

• How do I decide what to ask for?



RODS LOSE STRAIGHTNESS FROM

• DISTORTION DURING QUENCHING
RED HOT MATERIAL IS VERY SOFT. PLUNGING INTO WATER CAUSES STEAM VAPOR TO FORM. STEAM IS A 
POOR CONDUCTOR OF HEAT. UNEVEN JACKET OF STEAM ALLOWS SOME AREAS TO COOL AND SHRINK 
FASTER THAN OTHER AREAS… CAUSING DISTORTION.

• RESIDUAL STRESS DURING HARDENING
WHEN DEFORMED DURING DRAWING, ROLLING PILGERING OR EVEN STRAIGHTENING, THERE ARE RESIDUAL 
STRESSES. DURING PRECIPITATION HARDENING, THERE MAY BE SOME SHRINKAGE. THAT SHRINKAGE 
HAPPENS FASTER IN AREAS WITH RESIDUAL STRESS THAN IN AREAS WITH LESS RESIDUAL STRESS. THOSE 
AREAS THAT HARDEN LATER ABSORB SOME DEFORMATION WHILE THEY ARE SOFTER TO ACCOMMODATE 
THE RAPID SHRINKAGE ELSEWHERE.
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ROD STRAIGHTENING

• RODS  UP TO 4” DIAMETER ARE STRAIGHTENED ON A RODARY 
STRAIGHTENER.
WHILE ROTATING, THE MATERIAL IS BENT SLIGHTLY SO THE SURFACES ARE ALTERNATELY FLEXED TO 
COMPENSATE DEPARTURES FROM STRAIGHTNESS.

• RODS OVER 4” TO 6” CAN BE STRAIGHTENED ON A PRESS.
BUMPS AND BENDS ARE FLEXED TO DEFORM THE BENT AREA BACK TO STRAIGHT.

• RODS OVER 6” ARE MACHINED TO REMOVE HIGH SPOTS OF 
CYLINDRICITY
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STRAIGHTNESS COMES AT A COST

• OPERATIONAL FABRICATION COSTS INCREASE

• STRAIGHTENING IMPARTS RESIDUAL STRESS
RESIDUAL STRESS CAN CAUSE DEFORMATION DURING MACHINING.

• RESIDUAL STRESS CAN BE REMOVED BY THERMAL STRESS RELIEF 
WHICH IS ANOTHER FABRICATION COST INCREASE

IF IT IS STRAIGHTER THAN YOU NEED, YOU MAY BE PAYING MORE THAN YOU WANT.
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IF YOU NEED LESS CURVATURE, 
ASK FOR SPECIAL STRAIGHTNESS

OK FOR MOST PURPOSES

MAY BE NEEDED FOR:
• SCREW MACHINE
• VERY LONG PARTS
• SOME BAR FEEDERS



2 feet

IN THE EXAMPLE BELOW, WE START WITH AN EXAGGERATED ~ UNIFORM CURVE IN A ROD.
A SMALL DEVIATION IS SEEN COMPARED TO A 2 FT STRAIGHT EDGE

A LITTLE PERSPECTIVE



2 feet

A GREATER DEVIATION IS EVIDENT IN A 4 FT STRAIGHT EDGE…
AND STILL GREATER IN 8 FT.
WHEN THE STRAIGTH EDGE LENGTH DOUBLES, THE EXPECTED CURVATURE QUADRUPLES

4 feet

8 feet

A LITTLE PERSPECTIVE
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….AND
IN THE REAL WORLD, CURVATURE IS NOT ABSOLUTELY UNIFORM. SO, ENOUGH MEASUREMENTS 
SHOULD BE TAKEN TO FIND THE WORST CASE.
THE ROD BELOW MAY BE OK UNTIL THE LEFT-MOST PORTION ENTERS THE MACHINE.

A LITTLE PERSPECTIVE


