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The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy.

V ¢L9GG1l 49D



2155672

119

[FTTPTPTITIIITLY Ao RIUNIEI Nt GG s IR TG T R Y PAPLTIRTIL ol unaan L IYRRSW LTI ISTIITITRIER UM | mV
Ataaan i PRI VI T U Y LML 8215 3a sy s s vt il uufiaaaagay [TECRURETIRET M
e TE R TTITE T U T U PR UV C R I W TR WL WS 11111117 T VT TV LI R LT (U R TPERTY SENAL] SEGTHITI SUSTHIHITIVIATT ST TR SN E R R IR WY |
"t Al obdedododol, t-:::r— TP ITITATISE N 1 dddedaded e il I
ety v + iq
f T T T T T T T T A T T O T P T T T T e T T T T e v JJE g
i 0 T T T T Y u..._a:.:.:.::::..........I-A_mwo
f T AR AR A A S E B B e e e m s e S P R aa T
r LAt i) \01 TN T T T T ] NU
f TIo v TIT YT T T YT ....:.......:..::_ HQ
Lttt \ s 7
™ ~++ + + t ]
freery B e e L AR R IEA 2 R s e R s s — T v
rrer T T T e T T T az! hm,
e Trvrvree ™

FEY ST ENVENTETSETLIV RS e | x

LTVPTRTEITRIOTY ae
o

™ ~>

AR Y B i

T T T T YT N\ﬁ

.....................




215567

L]

\‘l
FIG.2a.

¢d F1G2b.

<

X >

Bl Xk
FIG.3a. L B D
F1G3b.

Y

v ] ' '




2155672

7/
B0
=
— A
f y %
B
/
| /
N ‘ Ry -
™. FlG4a.
L
F1G.4b.
Y 97 D
|
- ! FlG4c.
4 '|
Oj/ ’ I
jz\V-
Pt A
/B
Lo
T
FlGQ4d
i
7Z'ID x




419

? D

<

¢ D

F1G.5b.

&9



2155672

519

A/

$0 FlG.6a.

T0/j2 =X

D - ™4
FIG.6b.




619
A , A
] I 1
\ . o
\— ; | -
\ | T ‘
N | |
. 2
FlG.7a. FlG.7b. FlG.7c.
@D
Ny
FlG.8a. F1G.8b.




EaS-
[y
(]
Wy
<D

32
[N

719
[ O{ ]
AP
H —FH —
FIGQS.
*  D-d D
Dll— * s e
Y5 o wCil —
- 7 |
Yz [ 4& —
I — /3*-0& —]
/5 e * —
DD :D £ ]
X r—aZ —
Vs J3 .
Yy — J2 .
v, —
- D
¢0; - | FIG.11.




2155272

8/9
){3% o3 |
T2l 2 ’
i oL 5
, D .
. B,
s 5
p- 2 FIG.13
L :
) Ju— -
Xt X -
N/z,ar-cd -y
. g FlG.14
—
7y o |
L S |4 FIG.15
At L3/




9/9

¢d

df.2.3: .ﬁ -
D-dI——OD_d :
H | . -
H 10
o 0-d D
Dt -8 *>——e—o|
Rt — -
FI1G.16.
#D
' T




GB2155672A

10

16

20

25

30

35

40

45

50

55

SPECIFICATION
Slide rule

The invention relates to apparatus for forming a three dimensional object from two dimensional
sheet material, more particularly for determining the dimensions of the development of the three
dimensional article, i.e. the two dimensional blank.

It has long been known that there are two conventional methods for constructing a three
dimensional plate-formed member from metal or non-metal sheet material, the laying-out
method, a primitive method that necessitates the preparation of the a drawing according to
which the member can then be developed and relevant dimensions obtained and further,
involves the use of cumbersome and complicated processes and the presence of non-negligible
errors in the dimensions of the developed material; the calculating method, co-existent with the
former method, in accordance with which solution of complicated mathematical equations is
necessary and heavy work is thereby involved. Both these methods require skilful technicians
having specialised knowledge.

Another method, known as the table method and mentioned in an article entitled ‘Develop-
ment of a Symmetrical Cone’’ carried in the American periodical “'Design News’" (No. 10, May
1976), aims to provide the development dimensions of a cone body by referring to a table. It is
however, limited in use as it is only applicable to conical bodies and only one development
angle for a cone can be obtained from the table, while the other parameters remain to be
obtained by calculation.

A great variety of calculating rules have been developed for different uses, yet there is still a
need for a calculating rule suitable for obtaining the development dimensions of members to be
made from sheet material.

The object of this invention is to provide a rule which has none of the disadvantages inherent
in the methods mentioned above.

The invention will be further described by ways of example with reference to the accompany-
ing drawings in which:

Figures 1a and 1b show a linear slide rule forming an embodiment of the present invention;

Figures 2a, 2b and 2c show a truncated cone in perspective and side views and its two
dimensional development respectively;

Figures 3a, 3b and 3c show a mitre elbow in perspective and side views and its two
dimensional development respectively;

Figures 4a and 4b shows perspective and side views of a T connection and Figs. 4c and 4d
show the development of the side tube and the main tube respectively;

Figure 5a shows a plan view of a four way tube connection and Fig. 5b shows a development
of one tube member;

Figure 6a shows a plan view of a Y-shaped equiangular tube connection and Fig. 6b shows a
development of one tube member;

Figures 7a and 7b show perspective and side views of a square pyramid and Fig. 7c shows
one side in plan or development;

Figure 8a and 8b and 8¢ show perspective, side and plan views respectively of a tube having
a round end and a square end and Fig. 8d shows a two dimensional development of the tube;

Figures 9 to 15 illustrate the positions of the scales for the objects of Figs. 2 to 8
respectively;

Figure 16 shows the use of the slide rule in calculating the dimensions of a blank for a
frustocone.

With reference to Fig. 1, the slide rule, which is simple in construction and so easy to handle
that even a non-professional person can master its application with a minimum of labour while
obtaining high manufacturing precision, allows the ‘‘direct development’’ for a plate-formed
member and can be used to obtain development dimensions for almost all of the common
members formed with metal or non-metal plates.

The slide rule is composed of two fixed rules, a movable rule which slides between the two
parallel fixed rules and a slider and provided with scales respectively marked on the front and
reverse sides of the fixed and movable rules according to the following arrangement:
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2
Front side Fig 1a Reverse side Fig 1b
5 N1 N2 N3: Development angle *S: Sine, cosine 5
' for pyramid *ST: Radian
C D: Common to multiplication *A: Square
10 & division *L: Logarithm 10
N: Projection angle for pyra-  *L: " '
mid
15 Y1, Y2, Y3, ¥4, ¥5: Y axis for *DI: Reciprocal 15
development of mitre elbow  *LId2A3: Development
B Pitch angle of the end of angle for cone
20 mitre elbow *D-d: Difference bet- 20
@D: Caliber of mitre elbow ween two ends of
X: X axis for development of a cone (pyramid)
96 mitre elbow D1: Caliber of cone 05
~ (Note: Scales mentioned *H: Height of cone
above also applicable to (pyramid)
30 development of 3-way, 4- *R: Development radius 30
way and Y tubes.) and development
width of cone (mm)
*RS: Area of develop-
35 35
ment
*G: Development weight
40 - (Kg) 20
*fD: Dimensions for
round-square tube
(graduated on the
45 slider) 45
50 , 50
The Mechanical Principle of the Scales
1. Scales at, a2, a3, (D-d), D, Hand R
These scales are used for calculating the development dimensions for a cone or truncated
cone member and are calibrated and marked according to the following procedure. The
55 projection and development drawings of the cone or truncated cone member as shown in Figs. 55

2a, 2b and 2c, establish mathematical relationships for the parameters shown on the figs, as
follows:
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oL = 360 D-d
A=) + 45
5 5
2
R = H2 + (D-d) . D (A)
10 m D-d 10
2 (D-4)
15 YW=/ H" + = 15
4
The above expressions may be transformed into a set of logarithmic equations:
20 20
D-d
1g———— — 1gH = 1gtg| M.«
2
25 1gR=2.25+ 1gD — 1ga (B) 25
1gy=2.25+1g(D—d)— 1ga
This set of logarithmic equations (B) is called the characterist equation of dimensions for this
set of scales, where M is a characteristic coefficient (from
30. 30
1 1
to
3.6 360.
35 The moduli of the characteristic equation of scale dimension (B) are regulated according to the 35
type of rule, e.g. circular or linear.
nlgtg [Sin_q (£ )] - mig D-G
40 360 —7— - ole 40
migR = m.2.25 + migD — miga
mlgy = m.2.25 + mlg (D — d) — miga
45 m for a linear type rule will be determined according to the length of rule say 125 to 5600 45
m.m.
The rule is then calibrated with precision graduations after having obtained the calibration
data according to the above parameters.
2. Scales D, Y1, Y2, Y3, Y4, Y5, B ¢D and X.
50 These scales are used for calculating the development dimensions for a mitre elbow, three- 50
way tube, four-way tube and Y-tube shaped as shown in figures 3, 4, 5 and 6 and are
calibrated and marked according to the following procedures:
From the projection and development drawings of the mitre elbow Figs. 3b and 3c the
following mathematical expressions may be established for the respective parameters shown in
55 Figs. 3, 4 and 5: ’ 55
D
Y = (—cosa + c) tg 8 .D. €
2
60 60
7D
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where: Y and X =Y axis and X axis respectively,
n = number of scales of perimeter
C = coefficient. .
The expressions (C) are transformed into a set of logarithmic equations:
5 5
D
1gY = 1g (~——cosa + 1gD + 1gtgf (D)
2
10 1gX=1g 7+ 1gD — 1gn 10
This set of logarithmic equations (D) is called the characteristic equation of dimension for this
set of scales.
The moduli are regulated as before and the scales marked.
15 15
D
mlgy = mlg(—cosa + c) + migtg8 + migD
2
20 migX = migm + mlgD — mign 20
m for linear type rule will be determined by the length of rule for example 125-500 mm.
3. Scales N, N1, N2, N3, (D —d) and H.
These scales, used for calculating the development dimensions for a pyramid as shown in Fig.
25 7 and are calibrated and marked according to the following procedures: 25
From the projection and development drawings Figs. 7b, 7c¢ of the pyramid, the mathematical
expressions for the development angle 8 are established.
2 H
30 tg ,3 - (E) 30
Sin [ tg™ —&E
A-B
35 The above expressions are transformed into a logarithmic equation: 35
1gtgB = 1g2H — 1g (A-B) — 1gSin N (F)
This logarithmic equation is the characteristic equation of dimension for this set of scales
40 where: N is a characteristic coefficient, (from 6° to 90°). 40
The moduli are regulated and the scales marked.
migtgB = mig2H ~ mlg (A-B) — mlgsin N
m for a linear type rule will be determined by the length of rule e.g. 125 to 500 mm.
45 4. Scales (D —d) H, R, and D. 45
These scales are used for calculating the development dimensions for a round-square tube as
shown in Fig. 8 and are calibrated and marked according to the following procedures:
From the projection and development drawings Fig. 8b, 8c and 8d, of the round-square tube,
the mathematical expressions for the parameters shown in Fig. 8 are established.
50 : 50
d - 360 - 1.411 - D
J(1.4L - D)=y um®
55 . (&) 55
2 1.4L
R=jH2+ (1.4L - D) .
4 1.4L - D
60 60
2
X =/H2+ (1.4L - D)
4
65 The mathematical expressions (G) are transformed into a set of logarithmic equations: 65
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D
1g(0.7L — —) — 1gH = 1gtg P.a]
2
5 5
1gR=2.25+ 1g1.4L— 1ga (H)
1gy=2.25+ 1g(1.4L - D)1ga
This set of logarithmic equations (H) is.the characteristic equation of dimension for this set of
10 scales, where, P is a characteristic coefficient 10
1 1
(from to
3.6 360
15 15
The moduli of the logarithmic equation set (H) are regulated and scales marked
D '{
mlg (0.7L  ——) — migH = migtg o ]

20 2 20
migR = m.2.25 + mig1.4L — miga
mlgy = m.2.25 + mlg(1.4L — D) — mlga

m for linear type rule will be determined by the length of rule e.g. 125 to 500 mm.

25  Fig. 16 shows the calculation of the angle and depth and radius of curvature, y and R, for the 25
two dimensional blank corresponding to a frustocone of height H and diameters d and D. As the
drawings show the dimensions D and H are used to calculate the angle «, the angle is then used
to determine the radii y and R using the D, and R scales.

D — d rule is moved to align the (D — d) value with the value of H on the H rule, and the
30 vernier is then moved to the end line of the H rule. The various rule readings under a;, o,, a3 30
give the development angle a.
D—d
Note: when is 0.1 to 1 read «a;
35 2H 35
D-d
when is 1to 10 read a,
40 2H 40
D-d
when is 10 to 1000 read a,
45 2H 45
The a value on the D, rule is placed at the end of the R rule, then the value of D on the D
rule and the readings of the corresponding R rule under the D and D — d values are y and R
respectively.

50 50
CLAIMS

1. A slide rule having a movable member slidable between two fixed members having scales
provided on the movable and fixed members for calculating directly the development dimensions
of a three-dimensional member to be formed from sheet material.

55 2. A slide rule according to claim 1 wherein the scales a1, a2, a3, (D —d), D, H and R are 55
marked as hereinbefore defined for calculating the development dimensions of a cone or
truncated cone.

3. A slide rule according to claim 1 or 2, wherein the scales D1, Y1, Y2, Y3, Y4, Y5, 8, ¢D
and X are marked as hereinbefore defined for calculating the development dimensions of a mitre
60 elbow, three-way tube, four-way tube or Y tube. 60
4. A slide rule according to claim 1, 2 or 3, wherein the scales N1, N2, N3, N, (D —d)
and H are marked as hereinbefore defined for calculating the development dimennsions of a
pyramid.
5. A slide rule according to claim 1, 2, 3, or 4, wherein the scales (D —d), H, R and D are
65 marked as hereinbefore defined for calculating the development dimensions of a round-square 65
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6

tube.

6. A slide rule as claimed in any one of claims 1 to 5, comprising a single movable member
movable between two fixed members, said scales being distributed on both faces of the fixed
and movable members.

7. A slide rule as claimed in any one of claims 1 to 6, which is a linear slide rule.

8. A slide rule substantially as hereinbefore described with reference to the accompanying
drawings.

Printed in the United Kingdom for Her Majesty’s Stationery Office, Dd 881 8935, 1985, 4235.
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