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SUMMARY

Results are given of compurative tests in tension of bolts with
Unified Pane (UNF) and British Standard Paine (BSF) threads. BSeparate
tests were made with ordinary nuts, with thin nuts, and with a pair of
locknuts. The tests were made early in, 1956.

The UNF bolts were found on the average to be as strong in tension
as the BSF bolts, or slightly stronger.

In general, with a single nub, failure ocourred in the thread of

the NP bolts but 1n the core of the BSF bolts.
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1 INTRODUCT TN

The use of the Unified screw thread to BS Specification No.1580% is
now prescribed for Service alrcraft, and tests have been made at the request
of the J.A.C. Materaals Sub-Committee to compare the tension strength of
bolt/mut combinations having Unified threads with similar combinations
having British Standard Fine threads. The airoraft standard bolts with
Unified threads were found on the average to be not weasker than the
oorresponding British Standard Fine thread bolts.

It should be remarked that the tests were made early in 1956 before
the results of work by the Mechanical Engineer Research Laboratory had
been published1.

2 TESTS AND TEST RESULTS

The tests were made 1n direct ternsion on high-~tensile steel British
Standard Pine threaded (BESF) bolts supplied to BS Specification A.25%%
(A.Z? nuts) and Unified Fine Threaded UNF) arroraft bolts supplied to
BS Speoification A.102 (4.10% nuts;. Two diametcrs of bolt, #' and 3"
were tested, with ordinary nuts alone, thin nuts alone and with both types
of nut lightly locked together. The 3" diameter bolts had rolled threads
and the " diameter bolts had cut threads. The results of the tests are
given in Table 5 and plotted on Fig.1.

In addition to these tension tests, tests on the bolt shanks in
double shear between hardencd steel plates were made, to serve as controls
for the strength of the bolt material. The results are giver in Tablc 6.
These shear control tests were made in preference to tension control tests
as they gavc a consistent basis for material control and could be made
directly on the bolt shank without the nced for machining of specimens,

Mean values and coefficients of variation of the bolt tension failing
loads are given in Table 1, and the corresponding bolt shark tension
stresses and the mean control shear stresses in Table 2. The bolts and
nuts for ecach set of tasts were taken at random from single batches obtained
from one source of supply.

3 ANALYSIS OF RESULTS

Fig.1 and Table 4{a) give a comparison of the tensile failing loads
of the bolt/nut combinations, and show the difference in strength due %o
all causes, including differences in material strength. Tables 3 and 4(b)
give a comparison of the strengths of the two types of thread, based on a
"thread strength efficiency" which is the failing strength of the nut/bolt
combination cxpressed in terms of the ultimate strength of the unthreaded
shank., Thie shank ultimate strength has becn estimated from the control
shear tost results, by using a shoar-tension relationship? to convert the
mean control ultimate shear stresses into ultimate tension stresses.
Ultimate loads for tho bolt shanks in tension are then obtained by mult:-
plying these stresses by the gross=-sectional area of the unthreaded part of
the shank,

w This specification defines the thread form.

i A surmary of information on the specifications mentioned in thas
Notec 18 gaven in Appendix 1.



b CONCLUSIONS

The bolt/nut combinations with Unified threads to the aircraft
Specification A.102 are on the average not less strong in tension than the
corresponding BSF bolts to airoraft Specification A.25, except for thé 3
drameter bolt with single locknut, where the UNF bolts are slightly weaker
than the BSP. It 1s to be noted that in general, with a single nul,
failure occurred in the thread of the UNF bolts, but in the core of the
BSF bolts.

LIST OF SYMBCOLS

ty toms/sq in. Q.17 proof stress in tersion
£y toms/sq in. Ultimate stress in tension
n Number of test results in a group
X Mean value from group of test results
v Coefficient of variatior for group of test results
v = 3 /xx~X 2
X n-1
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2 Ripley, E.L. Shear strength of pins in stecl, and
Beard, A.J. aluminium magnesium and copper alloys.
R.L.BE. Technical Note No, Structures 120.
July, 1953.



APTENDTY 1

SUMMARY OF INFORMATTON ON THE SEECIFICATICNS

MENTIONED IW

THLS NOTE

These abbreviated notes are intended only f'or general guidance and
to 1dentify the particular bolts and nuts used. For precise data and
detailed information, reference should be made to the full specification.

N

B.S.8)

B.S.1580

Specification Description
B.S5.8.
A 25 Bigh tensile steel hexagon~headed bolts for aircralt with

Brataish Standard Fine threads as defined by B,S.084.
Material: 55 ton alloy steel, hardened, tempered, cold
worked and cadmumn plaled.

Medium tensile steel hexsgon nuts for aircraft with
British Standard Fine thread as defired by B.S.84.

Meterial: 45 ton carhon

steel, hardened, tempered, cold

worked and cudmium plated.

Aircraft bolts with Unified hexagon head and Upified fire
thread as defired by B.S5.1580.

Material: B5 ton carbon

or alloy steel, bardened,

tempered and cadmium plated.

Airreraft Unified hexagon nuts with Wnified fine thread as

defined by B.3.1580.
ateriul: 45 ton carbon

steel, hardened, btempered, cold

worked and cadmiun plated.

Form of BSF thread. (See Pig.2,.

Porm of 'nified thread.

(See Fig.2).
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TABRIE 1

Mean failing loads and coefficisnts of varration

Farling load (tons)
digx?ilez Bolt Tension
(i er designation Bolt shank Sinale
ins.) in double | single LG Ordinary nut
shear Jlocknut orurllizry with locknut
% B.S.F. % 3,48 147 2,14 2.27
B.S.A25 bolts | v% 7.0 7.0 3.0 2.7
with B.S,A27
nuts n 10 10 10 10
U.N.F. x 3.67 1.74 2.40 2.46
B.S.A102 bolts | v%h 1.2 La© 2.6 2.0
with B.S.A103
nuts n 10 10 10 21
= B.S.P. X 15.11 743 9.85 10.38
B.S.A25 bolts | v% 1.5 5.1 Lo 3.3
with B.S.4A27
nuts n 10 10 10 10
U.N.P. X 16.0 6.95 10.29 11.72
B.S.A102 bolts| v 1.3 5.0 2.4 1.9
with B.3.A103%
nuts n 10 10 10 10
TABIE 2
Mean failing siresses
Meon tension stress in belt
tiozn ultimate | Derived ultimate b .
Bolt Bolt | shoar stress in | tensile control shank® at mt - bolt failure
destgnation | UM sontrol tests stress Single | Single | Hut with
(ins.) tons/sq in. tonz/sq 1n. | lockmut nmt jocknut
B.S.F. % 35.4 53.6 29.93 43,58 46.23%
B.S. A25
bolts
B.S. AZ7
nuts 4 38.5 60.4 37.84 50.17 52,88
U.K.F. % 37.4 571 34,82 48,88 50,09
B.8. A02
bolts
2.8. A103
nugs % 0.7 63.4 35.40 52,42 5870

Unthreaded part of shank.




TARIE 3

Thread strength effaciencies

Percentage thread strength efficiency™*
Bolt bolt
designation 61??§;?§ Single locknut | Sirgle nui k?gcﬁizﬁ
B.S.F. 1 56 Bl [g E
B:b. Azg bolEs N — p—
with B.S. 427 nuts = 63 I83 jil]
U.H.F. L 61 81, Iﬁﬂ
B.3. A102 bolts —
with B.S. A103 nuts = 56 83 |E%J

¥ Boxed values refer to tests in which the majority of failures were
at the thread roct.

+ The percentage thread strergth efficiency is taken to be:-

Tension stress in shank at nut/bolt farlure X 100
Derived ultimate control tension strength of shank

TABIE 4

Comparison of tension strergth of Unified thread bolt-nut combination
and British Standard Fine bolt-nut combivraticons

Tension strength of Unified thread A102 - A103 bolfts

Values of the ratio:
Tension strength of B.3. A25 - A27 bolts

' drameter A diameter
Locknut Ordainary | Ordirary nut | Loe<nub Crdinary | Ordirary nut
alore nut alone | with lockrut alone nut alone | with locknut

(a) Assessed on mean test load

1.16 1.12 1.08 Qe 94 1.04 1.13

(b) Assessed on thread strength efficiency
1,09 1.053 1.02 0.89 1.00 1.08




TABTE b

Tensaon failing loads for bolt = nut ccumbinations

i’r" Bolts with nuts and locknuts :3:' Bolts with nuts and locknuis
Speclmen Thread Ul;,;gs:te Mode of Epeclmen Thread Elli'é:;w hole of
tdentification form (tons) failure|| ldentification form {tans) failure
1 B 8.F. 10.14 I\ 1 | B gF 2.26
. 2 Golt 5.5. 425 10,790 T 2 ! Bols B.8. 425 2.29
3 Mut B.S, »27 10.52 T 3 Nut B 8. AzY 2,25 T
4 10.60 T 4 228 | 1T
5 10.50 T 5 2,37 T
6 10.58 T ) 2.18 T
7 10,40 7 7 2,33 T
8 490 { T 8 2.23 T
9 92.73 a 7 9 2,33 T
10 10,73 CooT 10 2,18 T
- — - s m —
1 U.N.F. 731 U.N.F. 2,48 T
Bolt £,3, Atoz ! 14,74 T | " 32 Belt D.8.AM02 2,45 7
) 2 us A10% 11,70 P F 33 Jut 4303 254 T
3 11.80 T F 34 2,55 T
: 4 11,15 T F 35 2,42 T
5 11.81 T F 25 2, T
) 11,89 T ¥ 37 2,55 T
7 ' 11.89 T F 38 2.47 T
8 11.68 T F 35 2,46 T
9 11.78 T £0 2.45 T
10 11.59 T F 41 2.45 T
P2 2,42 T
T4 2.4 T
Foad 2,46 T
F a5 2,52 T
F 48 2.46 T
[y 2.38 7
F 48 2, 4 T
: F 49 2,48 T
F 50 2.50 T
: . - - F 51 2.38 T
-~ - - )

x

o = - ET

N G e F2 e -

R -
T Tension fazlurefdt .root- of Lhiead.



TARIE 5 (Continued)

Tension faaling loads for belt = nut combinations

1" Bolis with single nuts ' Bolts with sirgle nuts
Specimen Tnreoad Ul;?;zm Mode of Specimen Throad Ul;:{i)crix.;tc Mode ¢f
identiflcation torm (tons) | fatlure || identification| form (tons) | fallurc
e

1 3.8.F. 10,47 T 1 B.5.F. 2.0 B
2 Belt B.S. 125 9.69 T 2 Bolt ©.8. 425 2.24 T
3 Nut B.5. A27 16.00 T 3 Nut B.S. A27 2.1+ T
4 9.23 T & 2.19 B
5 9.86 T 5 2,08 T
6 16.30 3 8 2.18 B
7 9.68 T 7 2,12 T
8 9.32 1 8 2.16 T
9 973 T 9 2,19 T
10 i0.20 T 10 2.06 T
1 U.N.F. 9.83% B F a1 UNF. 2,52 B
2 Deolt B.8. M2 10.36 B F 22 Bolt 3.5. A1O2 2e43 B
3 Rut #1103 10.39 B Fa3 Nut 4 103 2,37 i
4 10.26 D Fat 2434 B
5 10.21 B F 25 2.44 3
<] 10.20 ji] Fae 2.4 b
7 13.10 B F a7 2.40 n
8 10.25 B P 28 2,35 B
9 10.60 D F 29 2.31 B
10 10.75 . 3 ® 30 2.46 B

Key to mode of farlure

T Tension failure at roct of thread.

B Doth threads stripped.



Tension failang loads for bolt - nul combieations

PABLE 5 {Continued)

%" Bolts with locknuts alone

2" Bolts with lockputs alone

Specimen Thread Ul;izgne Mcde of Specimen Thread Ul:ér;szte Mode of
identification form (tons) failure {| identification form {tons) tallura
1 B.3.F. 7.10 i 1 B.S8.F. 1.30 D
2 Bolt B.5. 425 7.85 3 2 Bolt D.8. A25 1439 b
3 Hut B.5. A27 7.82 B 3 Nut B.S. AZ27 1.57 L
4 6.90 i 4 1.54 B
5 777 3 5 1.45 i}
6 7.98 3 6 1.63 B
7 7.09 B 7 1. 10 D
8 T15 B 8 1.45 B
9 7.83 b3 g 1,40 il
10 7.18 D 10 1.57 b
1 U.NsF. F 1 U.N.F, 1.83 n
Dolt D.8. MO2 8.90 B F 12 Bolt 1,8, A102 1.66 i
2 Hut A103 7.30 B F13 Mit A103 1,66 3
3 6495 n P14 1.76 H
4 6,25 B F 15 1,69 o
5 6.67 B F 16 1. i
B .70 B F17 1.58 i}
7 6.96 B F18 1.76 i
8 T.43 B P12 1.89 B
9 Te13 D F20 1.73 ]
10 7.25 B

Key to mode of faillure

B Both threads stripped

- 40 =




TABLE 6

Failing loads of bolt shanks in double shear®

'%" Bolts -;,Tu Bolts
Specimen Thread Ulggzgte Specimen Thread Uli;ﬁzte

1dentafication form (tons) 1dentification form (tons)
G 1 B.S.F. 14..83 D A B.S.F. 3,30
G 2 B.5,A25 14.89 D 2 B.3.A25 2,81
G 3 15.28 D 3 3.14
G 4 15.17 D 4 3.55
G 5 14.90 D 5 379
G 6 15.45 D 6 3.66
G 7 15,0l D 7 3.1,
G 8 154 30 D 8 3435
G 9 15.27 D 9 3.60
& 10 14.9Q D 10 343

1 U.N.F. 16.25 U.N.F.
2 B.3.A102 15.33 P B.8.4A102 3,61
3 16.08 P2 3.72
L 15.91 F 3 3,70
5 16.31 FoL 3.66
é 15.70 ¥ o5 3.60
7 16. 119 F 6 3.70
8 15.99 F 7 3.68
9 15.66 F 8 3.68
10 16.10 F oo 5.69
F 10 3.67

L’

The shear values are for a ratio of bolt dia: shear plate thickness
of 0.67 Tor the 2" bolts and 0.5 for the z" bolts, except for the

' B.S.F. A25 bolts, for which the ratio was 1...

¥1.2078.C.P.418.K3 - Printed in Great Britain

-1 -




FAILING LOAD - TONS

2'8

2'6

2-4

e-2

2:0

-6

% DIA BOLTS

XX %

X%
xx%X

e lo)

ele
c00

A

NUT AND
LOCKNUT

x

b3
0000000 O XX X XXX X

x

O
o

SINGLE
NUT

FIG.1. TENSION TEST

olele

KEY

© BSF AZ5E
WITH A27 NUTS.

X UNF. B.S AlQ2
WITH AIO3 NUTS

O
LOCKNUT
ALONE

IE-O |-

-0

10-0

5:0

8-0

FAILING LOAD-TONS

7.0

6-0

[ll
< DIA. BOLTS
X
o0 X
2 ;
00 xxg
o x§g
o (o)
X x O
o o%
o
o
o
8
od
b
%X
X33
xxxc
Xy
\ X
NUT AND SINGLE
LOCKNUT. NUT

RESULTS.

\\

LOCKNUT
ALONE



IN PRACTICE CRESTS
MAY BE ROUNDED
INSIDE THE MAXIMUM OUTLINE

P
=
H H ﬁ
__ 83 6
i
c0° H £ H
I
T
H S
3 < !
H=0-960421P
A= 0-640327P
= Q137322 P
H=0-86603 P
r=0-14434 P
UNIFIED BOLT THREAD DESIGN FORM - B.S. 1580 B.S.F. BASIC THREAD FORM -R.S. 84.

(MAXIMUM METAL CONDITION)

FIG. 2. THREAD FORMS.






© Crown Copyright 1959

Published by
HER MAIJESTY'S STATIONERY OFFICE

To be purchased from
York House, Kingsway, London w ¢ 2
423 Oxford Street, London w.!
13a Castle Street, Edinburgh 2
109 St. Mary Street, Cardiff
39 King Street, Manchester 2
Tower Lane, Bristof 1
2 Edmund Street, Birmingham 3
80 Chichester Street, Belfast
or through any bookseller

Printed in Great Britain

C.P. No. 416
(20,531)
A.R.C. Technical Report

S.0. Code No. 23-90[1-16
C.P. No. 416



