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Quality Characteristics and the Process Control of High-Strength Frictional Bolt-sets

S. Y. Son*, K H Shin**

ABSTRACT

Quality assurance in the process of manufacturing high strengh bolt sets used in the frictional
joints of siructures is one of important concern to users as well as to manufacturers. In
case of occurrences of either defective or low-quality products, even if they are quite rare,
some systematic means of localizing the cause-characteristics and matching to corresponding
production process is necessary. Control chart of torque factor is the primary indicator in
finding defectiveness of the products. Use of correlation diagrams on hardness of the bolt
sel presents in part a way of screening the cause. Retest data of the bolt set provide
additional ideas of localizing the cause, for which theoretical background is presented in this
regard. A process-characteristics matrix relating the causes of low quality to the corresponding
importance for the feedback control of

processes of manufacturing, which is of prime

production, is also proposed. Finally general features of control to assure quality of the

set is described.

Key Words : Fastener, High strength frictional bolt, Quality assurance, Control matrix, Bolt
set, Torque factor
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Table 1 Ratio of torque distribution

90% of total torque considered
Nominal o
A/B |to be distributed at A and B
diameter
Al%) B (%)
M16 0. 8281 40.77 49.23
M20 0. 8661 41.77 48.23
M22 0. 8879 42.33 47.67
M24 0. 8459 41.24 48.76
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Table 2 Reference values of bolt sets

Content M20 M22
Nominal dia. (D) mm 20 22
Minor dia. (d1) mm 17.29 19.29
Effective area mm® 234.99 292.37
Effective dia. (dz) mm 18. 38 20. 38
Test force (kgf) 18,200 22, 400
I“d”""e(ig fs/t;lerflf) 77.45 76. 62
Reference test 15, 400 19. 100

force (kef) ~20, 900 ~25, 900
Reference Bolt=HrC 27-38
hardness : Nut=HrB 95-HrC 35

Washer=HrC 35-45

Fp=Fy +F¥ (") Strength (kgf/mm?) Yield strengrn | Tensile strength
A7H uhEA Sy 2de) B2 B AL Agwy Bolt (AISI  51B20) 103 109
Amg W A AEAY HHE ol ol Wi 9 | Nut (SMa50) 2 72
Table 3 Statistics of M20 bolt
[ T T
Mechanical Properties Mean Variance Star.ld&.ud C.0.V. skewness
deviation
Torque (1st, kgf-m) 61.81 8. 3635 2.89198 . 046791 1.11260
Torque (2st, kgf-m) 55.51 3.2138 1.79270 . 032297 -. 42393
Bolt hardness (HrC) 33.02 . 7280 . 85321 . 025842 -. 15430
Nut hardness(~) _ 24.42 4.1613 2. 03993 . 083552 -1. 17803
Washer hardness(~) 41.57 1. 6091 1. 26851 . 030515 -1. 05520
Torque coet. 0.17 0001 00796 . 046864 1. 13049
(1st clamping)
Torque coet, 0.15 0000 00494 032395 - 39446
(2nd clamping)
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Table 4 Statistics of M22 bolt

Mechanical Properties Mean Variance 2:?;?;2 C.0.V. skewness
Torque (1st, kgf-m) 82. 04 20. 5898 4. 53759 . 055310 ~.07939
Torque (2st, kgf-m) 73.86 17.2377 4.15182 056211 . 59194
Bolt hardness (HxC) 32. 64 1.2295 1. 10881 . 033973 -. 56067
Nut hardness(~) 24.19 3.8828 1. 97048 . 081446 -1. 04563
Washer hardness(~) 40.75 6. 5900 2.56710 . 062997 -2. 64093
{fsrtq”fla;‘;ﬁi'g) 0y 0001 00925 055577 - 06194
f;;g“ila‘;;’g;g) 0.15 0001 00842 056164 58827
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Fig.3 Control chart for torque factor of M20 set

9 NEAE AYrE. BE HES HEY EF AFH
1z 2 AR o st FA=S FAE 287 3
ou o7|AE M20 BE AMES E3 AR (1AAR)
o WE FYET Fig. 3¢] HAlstwch

4.5 YRR M
el g 2AEE HUgTF 2 Zo| JEAEE ¢
.

1) FE: BEFAT BEAAE-1E 992 sty

193

(1994. 4€)

67H 878 A5 tEEE oY
Ago] AAEHEE gt
2) TAE:BE, YE 9AM9Y %E$£°ﬂ g 54
£ EZHOE PoFH BILY $E4F 24E
ok A#HEe go] FHilggt
3) AR Ea Avd FEE-AEY g
g WEARE 3dEn.
BFH-FH899 YE-o] YPHE2 BEAEE A
AES FEs 2 A9 AExEE vige
{team work)ol] 2j5le] FATE A3
ldvict dHA AAES dAlsie +3

=2 54 379

=0 L=
TEE JE

O
o B g

bu et fd

oF
%394
o)},
E%??}E}.
o] FE& AN AN TR, AUE, TS
2 ANE Ahgs o AFRANGE FEelo] woky E4
8910] HFFRY ol FRd FAHo) YE=AZ W2
ged AbgEoh @Ee 7t 24E 548919 Ex
o F85d wal 0~107k112) A2 FNSYch
NYAZE =o geng HEHolxn *ﬂ 29l u#st
74538ty Table 59 Table 6o & L Ed] w3
AL L AAHH FHF & HﬂEt B2 Ayl
e ﬂﬁc’ﬂ s olEd HBL o4 o] Y
ZFFol AYAt ABYo dote] Fge
ooz FE AZFAY S4o] el xFolch
12T AN ZE-14 Age FQ9Y RS
AAge Qe 259 ol BV EFE 2.2
oA AFd uit 2L Aoz} Yok
FEY AZ2Y NEE & dHoR Ty o) Ane
oA AHE3lA] RIS FAAME FHste Yok 2
gl 2E HEY FFRAE dsid AFFARME
HEANA Ea ALA7 BedAE Holds A%
A8 E JRTHY QB0 Z o] AP g HAF
£ Al FAAl FA F714 FRE dojl=
RAE olFY BAE HA g=rh EF BEAHEY E
A AgeAe 2E €& A& Fotoz 1448
4 2AANENA AEEYY F7)1e 2A FHswth 2
Al KS B10104] Hget A[@Ae] 71E&ee] A-gs}
T FHHS BEY BEE A9 o)) gloy ul
B 76,5~77.4 kgf/mm2d] #Fet EBE LdE
Table 20 AAJ3F vpel Zo] SCR4ZBY} {AHE AISI
51B20 HEZoE FHA FIIT(QAZ% 100kgf/
mmé) ojL} A4 ABAL FF L2 109%kef/mm2eln &
EARTe 3go] 103kgf/mme2oltt. u©d WEE

),\.I

t

ut

=
5)



i

Table 5 Process vs.

bolt characteristics matrix

Chai);z(t::ziztics Material |Shotblast | Drawing |[Extrusion| Rolling |Heattreat A;sl.;.rlenn;- Packing Sum

(» Mechanical P.

- hardness 1 2 3
- decarburizing 2 5 7
® Thread geom.

-thread damage 1 2 2 1 B
- effective dia 5 3 1 9
- angle 1 1
- roughness 3 1 4
@ Dimension

- bending 2 1 3
- eccentricity 2 2
- perpendicular 2 2
@ Lubrication

- water 5

- oil 3
® Lot control

-heat No. 1 1 1 3
- furnace 2 2
Total 3 10 8 25 3 1 20
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Table 6 Process vs, nut chracteristics matrix

1A A2E

(1994. 4 9)

ChaEr);th:rsi:tics Material | Heating |Forming [ Cooling :f:;tt tf;t. Tapping Atij:g- Packing| Sum
(D Mechanical P.
- hardness 3 1 1 10 15
- decarburizing 2 1 7 10
@ Thread geom,
~ roughness 1 7 2
- gauge 2 2
@ Dimension
-size of contact 4 4
-shape of contact 8 8
- perpendicular 4 3 7
~ eccentricity 1 l
@ Roughness
- dies 7 7
~shot balls 10 10
- contact area 9 2 2 13
® Lubrication
—lub. oil 8 2 10
® Lot control
- heat no. 5 3 3 2 2 15
- furnace 10 10

Total 6] 1 38 2 15 33 22 4 120
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