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Proper Bolt Axial Tightening Force and Proper Tightening Torque

M Axial Tightening Force for Bolt and Fatigue Limit M Strength of Bolt
™ L tiah force for a bolt should be calculated with | 1) Tensile Load Bolt Pt = Tensile Load in the Axial Direction [kgf]
« The proper axial tightening force for a bolt should be calculated within an elasticity range up to ensile Load Bo Ty 2
prop g, 9 ) ¥ range Up A bolt is tightened by torque, torque inclination, ob . Yield Stress of the Bolt [kgf/mm 2]
70% of the rated yield strength when the torque method is used. - o't - Allowable Stress of the Bolt [kgf/mm?]
rotating angle, stretch measurement and other _ (o1= Safety Fact )
« The fatigue strength of bolt under repeated load should not exceed the specified tolerance. methods. The torque method is widely used due Pt= g tXAs+++- (1) | lot=ob/Safety Factor a
o . _ As : Effective Sectional Area of the Bolt [mm?]
- Do not let the seat of a bolt or nut dent the contact area. to its simplicity and convenience. =rzd?ct/4(2) As—n 024

« Do not break the tightened piece by tightening. d : Effective Dia. of the Bolt (Core Dia.) [mm]

M Calculation of Axial Tightening Force and Tightening Torgue

The relaion between the axial tightening force and Ffis represented by Equation (1) below : k : Torque Coefficient (Ex.) The proper size of a hexagon socket head cap screws, which is to bear a repeated tensile load (pulsating)
Ff=0.7X o yXAg-+-+- (1) d : Nominal Diameter of Bolt [cm] at P=200 kqf, should be determined. (The hexagon socket head cap screws are 4137 Alloy Steel, 38 to 43 HRC, strength class 12.9)
Tightening torque TfA can be obtained by using the following formula (2). Q : Tightening Coefficient (1) Using Equation

Ta=0.35k (1+1,7Q) 6y As - d------ (2) oy : Tensile stress (112kgf/mm? when the strength class is 12.9) As=Pt/ct

As : Effective Sectional Area of the Bolt [mm?] =200,22.4 :
=8.9 [mm?] .
M Calculation Example . By finding a value greater than the result ? §
of the equation in the Effective Sectional

Proper torque and axial force for Mild steel pieces tightened together by means of a hexagon

Strength of Bolts, Screw Plugs and Dowel Pins

M Safety Factor & of Unwin Based on Tensile Strength

Repeated Load

Materials Static Load PulsatingReversed Impact Load
Steel 3 5 8 12
Cast Iron 4 6 10 15
Copper, Soft Metal 5 5 9 15

Allowiable Stress=

Reference Strength
Safety Factor o

Reference Strength : Yield Stress for Ductile Material

Fracture Stress for Fragile Material

=112/5

=22.4[kgf/mm?]

The yield stress, strength class 12.9, is ¢ b=112 [kgf/mm?2].
Allowable Stress o t= ¢ b/Safety Factor (from the above table Safety Factor 5)

Wl Fatigue Strength of Bolt (Thread : Fatigue Strength is 2 million times)

i i i | Strength Class
socket head cap screw, M6 (strength class 12.9), with the pieces lubricated with oil can be calculated. :\A/Irsea f:lzug: n:g]thz;zﬁ:z 22 :::::’te d Nominal SE;:I:;;:V;% 12.9 10.9
+ Proper Torque, by using Equation (2) + Axial Force Ff, by using Equation (1) . ’ ' of Thread| As [FalgieSengh* | Alowable Load | algu Stengh* | Allowable Load
Tw=035k (1+1/Q) o . As. d F=07X o yXAs M8, allowable load of 213 kgf, should be selected from the column for S - ko T ko
=0'35 0 17<1+1/1y;1)1,12 201.06 0.7><11é><201 strength class 12.9, with the fatigue strength taken into account. w4 878 g131 114 g91 79
=138[kgf - cm] 1576 [kgf] 2) If the bolt, like a stripper bolt, is to bear a tensile impact load, the right size M 5 14.2 113 160 78 111
I Surface Treatment for Bolt and Torque Coefficient Dependent on the Combination shguld be selected from the fatigue strength column. (Under a load of 200kgf, M6 | 201 10.6 213 74 149
of Material for Area to be Fastened and Material of Female Thread WStandard Value of Tightening Coefficient Q stripper bolt made of 4137 Alloy Steel, 33 to 38 HRC, strength class 10.9) %g 226 33 igg 3; j;g
B#;mgﬁ“ CoT:t:Ftul:m 'ggt"::;'&a;in“d“I:;l“;?i‘;’iﬁlr 2‘;’{;’;&3‘:“};‘: ’ %(a) ”ﬂm"i"ﬂé"m”'“ Tightening Method Billl‘rslace Condiuﬂ?s Lubrication By finding a value greater than the allowable load of 200 kgf in the Strength Class 10.9 Mi2 | 843 6:7 565 6:5 548
Lubrication | k (a) (b) (b) 1.25 |Torque Wrench Nangarese Prosphate column in the table on right, M8, 318[kgf], should be selected. Hence, MSB10 with the M14 [115 6.1 702 6 690
0.145 | SCM—FC FC—FC SUS—FC Torgue Wrench ‘ Lubricated with M8 threaded portion and an axial diameter of 10 mm should be selected. If it is to bear M16 |[157 5.8 911 5.7 895
0.155 | $10C—FC SCM—$10C SCM—SCM FC—S$10C FC—SCM L Limited-Torque Wrench | Mt Tes i . i P oil or MoS2 paste a shearing load, a dowel pin should also be used. M20 | 245 5.2 1274 5.1 1250
Steel Boit | 0.165 | SCM—SUS FC—SUS AL—FC SUS—S10C SUS—SCM SUS—SUS 1.6 |Impact Wrench M24 3563 4.7 1659 4.7 1659
Black Oxided | 0.175 | $100-$10 S10C—SCM  S10C—SUS AL—S10C AL—SCM Torque Wrench ‘ , M Strength of Screw Plug Fatigue strength s a revision of an excerpt from [ Etimated Fatigue Limits of
Fim Ol Lubiaion 0.185 | SCM—AL FO—AL AL—SUS 1.8 — lotteaedu gkt inPosiae. | No Treatment | Unlubricated Small Screws, Bolts and Metric Screws for Nuts] (Yamamoto).
: Limited-Torque Wrench When screw plug MSW30 is to bear an impact load, allowable load P should be determined.
g;?g f\lo_cﬁL SUS—AL Strength Class (The materials of MSW30 are 1045 Carbon Steel, 34 to 43 HRC, tensile strength o b 65kgf/mm2.)
0'25 ST e Fe Ex. 1527.97 If M S Wis shor at a spot within the minor diameter Area A=Diameter d1< 7 XL M Q%
SteelBolt [ 35 STO0=SON SOH=Sa Fo=Si00 Fo=SOM AL=FC L Tngie Strength (Yiel Stress) - 90% ofthe minimum value of tensile strength section andis broken, aowabl load P can be calclated (Diameter d1=M—P) Diameter dt
Black Oided -0 = 0100 SO=S100 AL=S10C AL=SC ——— The minimum valug of tensile strength is 1220N/mm? {124kgfimm?} assoun el P= 7 1XA A=_<M_P) ”2L= (80—1.5) = X12 ! NS %A
e oss [swin fon AN e o104 Yield s _01 ngT[ mml ]s h 6 v=0.9X65=58.2 Qg — AT
: . ' . - : _ ield Stress=0.9XTensile Strength o b=0. =b58. [
S10G sttt hermaly e SO Thmaly e S (S54RC) G : Cat o (200 AL : umium 505 : S el L et i St 094 ot i et =4190[kgf] Shearing Stress==0.8XYield S(tJress
Minitial Tightening Force and Tightening Torque t——— The minimum value of tensile strength is 1040N/mm? (106kgf/mm? ‘ A —46.6
) Strength Class Find the allowable shearing force Allowable Shearing Stress = t=Shearing Stress/Safety Factor12 AN ‘
Nominal SecEl'i':ncahlv:rea 12.9 10.9 8 base on the core diameter of female =46.6/12=3.9[kgf/mm?] 5
omina E E E . ) '
of Thread As Yield Load |hnitial Tightening Force | Tightening Torque| Yield Load | Inital Tightening Force | Tightening Torque| Yield Load | Initial Tightening Force | Tightening Torque thread if a tap is made of soft material. _M_
mm? kgf kgf kgf - cm kgf kgf kgf - cm kgf kgf kgf - cm
M 3X0.5 5.03 563 394 17 482 338 15 328 230 10 M Strength of Dowel Pins
M 4X0.7 8.78 983 688 40 842 589 34 573 401 23 The proper size of a dowel pin under repeated shearing load of 800 kgf (Pulsating)
M 5X0.8 14.2 1590 1113 81 1362 953 69 927 649 47 ; : o :
o o 5 O = 0 . T E 5 7 should be determined. (The material of Dowel Pins is 52100 Bearing Steel. Hardness 58HRC~)
: _ &
M 8X1.25 36.6 4099 2869 334 3510 2457 286 2390 1673 195 P=AXz V ‘ _ ) <&
— D%z /4 ield Stress for 52100 Bearing Steeleb =120 [kgf/mm?]
M10XX1.5 58 6496 4547 663 5562 3894 567 3787 2651 386 rltT .
M12X175 | 843 9442 6609 1160 8084 5659 990 5505 3853 674 Alowable Sheating Strength = = o bX0.8/Salety Factor «
. : D=VU4P)/ (nz) =120X0.8/5
M14X2 115 12880 9016 1840 11029 7720 1580 7510 5257 1070 _ U/ (=) —19.2 [kgf/mm?] \ \
M16X2 | 157 17584 12039 2870 15056 10539 2460 10252 7176 1670 — V4Xe00) 7 (314X19.2) i The dowel pin must not be loaded.
M18X2.5 192 21504 15053 3950 18413 12889 3380 12922 9045 2370 =73 )
M20X25 | 245 27440 19208 5600 23496 16447 4790 16489 11542 3360 ~ D8 ora larger size should be selected for MS.
M22X2.5 303 33936 23755 7620 20058 20340 6520 20392 14274 4580 If the dowel pins are of a roughly uniform size, the number of the necessary tools and
M24X3 353 39536 27675 9680 33853 23697 8290 23757 16630 5820 extra pins can be reduced.

(Note) - Tightening Conditions : Use of a torque wrench (Lubricated with Qil, Torque Coefficient k=0.17, Tightening Coefficient Q=1.4)
« The torque coefficient varies with the conditions of use. Values in this table should be used as rough referential values.

Typical strength calculations are presented here. In practice, further conditions including hole-to-hole pitch precision, hole perpendicularity, surface
roughness, circularity, plate material, parallelism, quenching or non-quenching, precision of the press, product output, wear of tools should be
considered. Hence the values in these examples are typical but not guaranteed values. (Not guaranteed values)

« The table is an excerpt from a catalog of Kyokuto Seisakusho Co., Ltd.

2576



