AlISI 4130 Mechanical Properties

and Heat Treatment Reference

Strength, hardness, section size and heat-treatment condition data

Engineering reference - property values are condition-specific, not universal acceptance minima

Material identity

CHROMIUM-MOLYBDENUM Yield Stre

ALLOY STEEL

FOR HIGH-PERFORMANCE o — ‘ Tensile S
GRADE SAE 4130 / commonly AlS| 4130 APl o | Elongatic
UNS G41300
STEEL FAMILY Cr-Mo low-alloy steel
DENSITY 7.85 g/cm?
ELASTIC MODULUS 205 GPa (typical steel value)

Reference chemical composition (wt.%)

C

0.28 - 0.33 Mn 0.40 - 0.60
Cr 0.80-1.10 Mo 0.15-0.25
SAE J404 defines alloy-steel chemistry. It does not, by
itself, establish a universal tensile strength, yield
Si 0.15-0.35 P =0.035 strength or hardness for every 4130 product form.
Mechanical tubing is controlled by its applicable product
s < 0.040 Fe Balance specification and delivery condition.

Reference basis: SAE J404_200901; ASM/MatWeb 4130 material-condition datasets.



Mec ha nical Prope rties by Cond ition REFERENCE DATA BY SECTION SIZE AND DELIVERY CONDITION

Why one “4130 strength” value is not enough

Interpretation

The same nominal chemistry produces different strength, ductility and hardness after
annealing, normalizing or quench-and-temper treatment. Section size also changes
cooling response, so test data must be read together with diameter and heat-treatment

condition.
S S N N N N
Annealed 865°C 25 mm . 217 HB
Normalized 870°C 25 mm 670 435 25.5 197 HB
Normalized 870°C 50 mm 615 415 28.2 167 HB
Q&T; 855/540°C 13 mm 1040 979 18.1 302 HB
Q&T; 855/540°C 25 mm 993 896 18.5 293 HB
Q&T; 855/540°C 50 mm 841 685 21.2 241 HB
Q&T; 855/540°C 100 mm 800 635 21.5 235 HB

What the chart shows

= Ultimate tensile strength  mmm Yield strength At the same 855°C quench + 540°C temper, strength decreases
1000 - as the round section grows from 13 to 100 mm. This is a
section-size/hardenability effect, not a change in the nominal
< 800 4130 chemistry.
o
= |
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£ 400 Acceptance rule
< Treat these values as reference datasets. Contract acceptance
200 - should use the specified product standard, heat-treatment
condition, specimen location and project minimums - not a
04 generic web datasheet value.
Annealed Normalized Normalized Q&T 540°C Q&T 540°C Q&T 540°C Q&T 540°C |
25 mm 25 mm 50 mm 13 mm 25 mm 50 mm 100 mm
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Sources: ASM/MatWeb M4130A, M4130C/R, M4130D, M4130J, M4130K, M4130L and M4130M datasets.



Heat Treatment a nd P I"Ope rty Res pon se THERMAL ROUTE -> MICROSTRUCTURE RESPONSE -> MECHANICAL RESULT

Reference heat-treatment routes

ANNEAL NORMALIZE TEMPER

~865°C ~870°C ~855°C 480-595°C examples
Controlled furnace cooling 9 Air cool 9 Water quench in cited datasets 9 After quench
Refined structure; balanced strength and High as-quenched hardness; strong Strength-hardness reduced to recover
Lower hardness; machining/forming oriented ductility section-size effect ductility/toughness

What changes after treatment

Condition / example UTS Yield Elongation Engineering reading

Normalized 25 mm 670 MPa 435 MPa 25.5% 197 HB Balanced normalized condition; good ductility
Q&T; 13 mm, 540°C 1040 MPa 979 MPa 18.1% 302 HB High strength retained in small section
Q&T; 50 mm, 540°C 841 MPa 685 MPa 21.2% 241 HB Lower strength than 13 mm at same nominal cycle
Q&T; 100 mm, 540°C 800 MPa 635 MPa 21.5% 235 HB Large section shows reduced through-response
Engineering implication Process-control implication
Higher hardness is not automatically “better.” Final condition should be selected around
required yield strength, ductility, toughness, machinability and the actual section A heat-treatment certificate should identify the cycle and lot. For thick sections or critical parts,
thickness. verify whether the specified mechanical tests represent the relevant material location.
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Temper-response data are condition-specific reference values; actual production cycles require specification- and section-specific verification.



Section Size and Through-Hardening AS-QUENCHED HARDNESS BEFORE TEMPERING

Same steel, same austenitizing temperature - different core response

50 13 mm round 25 mm round

45 -
40 ~
35 A1 Center 50 HRC Center 44 HRC
30 A

25 1

As-quenched hardness (HRC)

20 =®- Surface  —@-= 1/2radius  —@= Center Surface 51 HRC Surface 51 HRC

13 25 50 100
Round-bar diameter (mm)

50 mm round 100 mm round

Center 24.5 HRC

As-quenched hardness profile used in the comparison Surface 47 HRC Surface 45.5 HRC
Diameter 1/2 radius Surface - center .
_m_m_ Why this matters
13 mm 51 HRC 50 HRC 50 HRC 1 HRC
25 mm 51 HRC 50 HRC 44 HRC 7 HRC
A surface hardness reading can overstate the condition of the core in a
50 mm 47 HRC 32 HRC 31 HRC 16 HRC heavy section. When through-section performance matters, acceptance
should specify the relevant test location or a validated heat-treatment
100 mm 45.5 HRC 25 HRC 24.5 HRC 21 HRC route.
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Source basis: ASM/MatWeb as-quenched hardness notes for 13, 25, 50 and 100 mm round 4130 datasets.



E ng i nee ri ng SEIGCtion Matrix TURN MATERIAL DATA INTO A PURCHASING / DESIGN DECISION

Condition selection by engineering objective

Engineering objective Condition / route to consider Primary control Additional verification

Machine before final heat treatment Annealed / softer delivery Hardness and machinability Machining allowance; final HT distortion

General mechanical component Normalized Yield + tensile + ductility Section size; final dimensional check

Higher-load component Quenched and tempered Yield strength + hardness Toughness and actual test location

Thick-section component Validated Q&T; route Core response / through-hardening Surface-to-center hardness or representative tensile test
Fatigue-sensitive component Project-specific final condition Strength + ductility + surface condition Stress concentration, finish, decarb, NDT

Separate stable physical properties from condition-sensitive mechanical properties

Procurement checkpoint

Relatively stable / typical Condition-sensitive
Density: 7.85 g/am? Yiela strengen A purchase description such as “4130 steel” is incomplete for a critical
ensity: 7.8> g/cm Ultimate tensile strength part. Define product form, section size, delivery condition, required
Elastic modulus: 205 GPa Hardness t th or hard test basi dt bilit th ived
Bulk modulus: 140 GPa n : strength or hardness, test basis, and traceability so the receive
Shear modulus: 80 GPa Roggatllon " material can be objectively accepted.
Poisson ratio: 0.29 |n?n:f-:+|/?: |?1h?\2ec?- resnonse |
Impactftoughnessrespense
Grade chemistry —> Product form + size —> Heat-treatment condition —> Mechanical acceptance —> Traceable records
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Selection matrix is engineering guidance, not a substitute for the governing product specification or project design basis.



Reference Notes and Data Use HOW TO APPLY THE TABLES WITHOUT OVER-INTERPRETING THEM

Five rules for using 4130 property data

Tie strength to condition

Do not quote yield or tensile strength without identifying heat treatment and representative section size.

Treat chemistry and performance separately

SAE 4130 chemistry defines the alloy family; finished-product mechanical acceptance comes from the applicable specification or PO.

Account for section size

Quench response becomes less uniform through the section as diameter increases; surface hardness may not represent core condition.

Use reference values as reference values

The property tables in this PDF reproduce published condition-specific datasets. They are not universal minimum acceptance values.

Make the acceptance basis auditable

Specify product form, dimensions, delivery condition, test location, required properties, and heat/lot traceability.

Reference basis used for this PDF

* SAE J404_200901 - Chemical Compositions of SAE Alloy Steels (SAE International).
* ASM/MatWeb AISI 4130 material-condition datasets: annealed, normalized, and water-quenched + tempered conditions for multiple round-bar diameters.
* Condition datasets used here include M4130A, M4130C/R, M4130D, M4130J, M4130K, M4130L and M4130M.

* MatWeb notes that some displayed values may be rounded or converted; use governing specification values for contractual engineering calculations.
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