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FOREWORD

~In order to meet the growing. requests for the services of Japanese experts in
 various ﬁeids from developmg counmes, the Overseas Technlcal Cooperation Agency
entrusted-w1t11 the mission of extending technical cooperation toward those countries

by the vae_rnmeﬁt of ].aﬁan,' is. making every possible effort to recruit qﬁalified experts.

- However, it is understood that one of the major difficulties encountered by-
- the experts in carrying out training, demonstration, research and experiments abroad -
is the “language barrier” which sometimes resulted in ineffective implementation of che

experts assignment project..

‘ Therefcire in order'to settle the difficulty and to obtain good result in the
techmcal guldance by the experts, the Overseas Technical Cooperation Agency has

started to pubhsh a scrles of techmcal te\t-books

This technical text-book on * “SHEET METAL WORK" is the translated issue from
the Japanese text'—book'pfepared for _tfle__vocatioﬁal training at the Vocational Training

Institute by the Minist'ry.o’.f Labour, _Govc_:'mmént of j'ap;m.

It is hoped that this.book w'ill be fully utilized not anly by the experts but
~also by thou' counterparts and trainess of receipient countries and thereby will serve as

| an ald to the techmcal development in the developing countries.

March 1970

Overseas Technical Cooperation Agency

. Tokyo, Japan,

- JIE LisrARY

G

1011380L1 ]
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Work No. No. ]

Type of work | Use of striker (1)

Main points Correct pattern in the use of

striker

Materials Wood stand {for practice
purpose) Diameter 300 x 450 —
Height 500 mm

Tools Anvil block, striker for practice

purpose {10, 12 1b)

Description.

Related Information

1. Face wood stand and stand at a-distance equi-

valent to the length of the handle of striker.

2. :Step the right foot forward and fix the position

2o

~of the foot as shown in the skeich at left.

. {Maintain the angle of right foot to the center

~ line of wood stand at about 159 and that of left
foot at 459),

3. Adjust the poéi'ti.on of your feet so that the

‘head of the striker will hit the center of wood
stand horizontally.

I. A wedge should be driven deep to p.revent
the striker from slipping out from the handle

.-Generally, the length of handle is fixed at 90 ¢cm
but appropriate length is said to be that equi-
valent to the height from the ground to the
arm pit of operator.

[0S}

'3. Select eigher 10 or 12 Ib hammer depending on

- -physical fitness.

1. Hold the end of the handle tight with the left

- hand in such a.manner that the little finger

*- comes over the handle tip (upper part of thc
right}. See Flg 2. :

2. Phace the nuht hand over the handle at the point
a little fusther-from the center of handl¢ ditd
grip it Ilghﬁy

-3, Center lmc of thc handle and the side face of

operator should be on the straight line. -

L. Posilion of the right hand on the handle should
be adjusted depending on the statue of operator.

Wood stand

) Right hand Left hand
A%
. ace

1. Swing the hammer {striker) straight up to just -
above the right shoulder as shown in Fig. 2.
At this moment the handle should touch the
ear slightly and the right arm should be placed
in such a manner as to hold the handie under

arm. Left arm should touch the waist {ightly.

)

. Keep eyes on the position- to be hit.

1. Swing down in a straight with thie left hand

kcpt at.the side. * See Fig: 2

2. When making the swing down, stoop down a
little so that the handle coines on a horizontal
line at time of unpdct

3. If right hand is extended forward or the body -
leans forward when the swing down is mude,
the hammer will miss the object.

1. Just b_cforc swing down both heels should be
raised slightly and the body should be leaned
forward slightly. .

2. Hold the handle lightly with right hand and
prip it rather hard with the left hand.

No, Sequence of Wark
R Position
Wood . One step
stand | F ‘1
Par
Length of]
handle
- 2. .| - Holding of striker
3. | Take posture
: (Swing over)
4, | Strike (Swing do'wn)
5. | Strike repeatedly

1. To swing over the hammer (striker) {rom the
swing down position, shift right hand to a
little further awuy and swing the striker up by
utilizing the spring motion of redction skilliully
while straightening the body. While swinging
up, retract right hand stightly.

2. Keep practicing on continuous blow by adjust-
ing speed and force of percussion.

‘Swing down :
Less than 2/3 of the
length of handle

Swing over(more tian
2/3 of the length of
handte)

Remarks

When using a striker on anvil block, pay duullmn (o the movement .md instructions of L[u.

stnith and swing it .lu.ordm" to this instructions.
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Work No.

No. 2

Type of work

~ Use of striker (2)

Main points -

Correct péitern for spin blow of striker |-

Materials

Tools

Striker (10, 121b)
Anvil block for practice purpose

Related Information

No. Sequence of Work Description
1. Take position - P 1. Face anvil block and stund a1 a distance 3 time
T _. o - the length of the foot. ' :
: f L. _ jL_ 2. Shift left foot to the left for the width of the foot,
i ) P pull back right foot and {ix the position of feet as
At - shown in the sketch at left.
ok o |
e
e Ol e i
TGP
TR
2, Take posture I."Grip the handle tip rather hard with once left hand.
2. Place right hand just in {ront of the left hand and
* hold handle lightly.
3. Swing over - 1. Shift the right hand gradually so as to make the
' distance between the two hands about 10-15 cm.
2. The hande should be held in an almost vertical
position, '
‘3. The weight of the body should be shifted on the
right foot at the same time, ' :
4. Strike (Swing down) 1. Slide right hand toward this side gradually.
", Shift the weight of the body to'the left foot
_ at the time of impact,
3. Watch the point (to be hit) c[osé[y.
Remarks
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N o
: : _ ' : Tools

Work No. -

No. 3

Type of work

Use of striker (3)

Main points

Correct pattern for side blow of striker

Materials

Striker _ :
Anvil block for practice purpose

(repeatedly)

“the reaction force of percussion, as shown

in the patternof ~ @< by utilizing

in the sketch above.

No. Sequence of Work Description Related Information
L % U 1. Face anvil block and stand at a distance 3 times the
T— v ' length of the foot, - '
1 . 2. Position right foot with toes pointing outward, shift
N L left foot to the right and fix the position of feet as
| 'f_ vl 6g ‘shown in the sketch at lel. :
e \ B |
' — 3L —
_2. Take posture 1. Hold the énd of handle rather tight with the right
. ‘hand. - o o '
2. Place the left hﬁnd u_béut 20 o ahead of the
right hand and grip handle lightly.
3. Swing sideway - 1. Shift the weight of the body to the right foot
e gradually.
2. This action should be in a natual form.
4. 1 Strike the object L. Keep eyes on the point (to be it}
2. Shift the weight of the body to the left foot
at this moment.
Strike continuously 1. Motion of the striker should be smooth and

Remarks
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Leg vice

Work No. | No.4

Type of work

Use of vice (handling of vice)

Main points

Handling of vice

Materials

Test pieces, sheet metal, round bar,
square bar (long bars and bars of

special shape), rugs.

Paralle] vice -

Tools

Leg vice, parallel vice, mouth piece

No. Sequence of Work Description Related Information
I. | -Make preparation I. Select vice 3ccord_i'ng to the type of work to be Leg vice is suitable for rough work because of its
accomplished. ' rigid construction, and parallel vice is suited for
“precision work. .
2. Keep the mouth piece clean. The size of vice is expressed by the size of the width
. of opening (mouth).
‘2| Openthe mouthbl‘_vicc Stand fucing the vice, hotd the handle with right
' : hand and turn it counter-clockwise. Open the -
mouth of the vice slightly wider than the material.
3 Squeczc'mouth and 1.. Place material deep at the center of the mouth, 1. Keep the mouth piece clean at all times.
clamp material - piece with left hand. : '
onter . Special : . . R .
C‘.‘”. “]fofuh piece 2. Turn handle clockwise and squeeze material 2. Material of small diameter should not extend
I R SO I al u right position. ' excessively over the mouth piece.
S ' o
g P 3. Always keep the handle down. 3. Do not hit handle of the vice with a hammer.
L FE-Senp iron : N ' '
~ 7 P 4. Use special mouth piece for round bars or
: N D similar shaped materials. '
. F 5. When there is a possibility of one-sided sqeeze
- Mouth piece S .
sl _ because of the shape of material, use a scrap
_ metal of the same thickncess as the material at
B the vther end.
G 6. Add 3 splint when sqeezing a thin steel plate.
7. When inserting finished surface, use copper or
* lead mouth piece. Insert material deep into
the mouth.
8. When placing a material of special shape on
the vice, use mouth piece which is suitable for
the shape or use hand vice.
4. Turn handle back “Turn handle counter-clockwise with right hand
' and place left hand over the material to pre-
vent it from falling.
5. “Clean up Clean and wipe off the vice with oily rugs aftec
each use. Keep mouth closed.

Remarks




Work No.

No.5

Type of work

Base requirements {basic work)
of hammer swing

" Hammer

Main points Swinging of a hammer

FIG. 1

FIG. 3.

Materials

5/8” U-bolt, pad plate -

Tools ' 57 leg vice, hammer (11b)

‘No. Sequence of Work

Description

" Related Information

i Make preparation

1. Altdch pad place to the leg vice, place U-bolt in
the center of vice and llbllten it down. '

. Hold the end of the hanclle of the hammer with

o]

- right hand.

1.-Make the handle of the hammer in
appropriate length in proportion to the .
length of arm of operator.

S

. Drive wedge propertly..

3. Make sure that the handle will not come in
contact with oil or similar materials,

N3

. Take. position ._ '

1. Stand at left of the vice with 2 hammer held
ata right.:mgie as shown in Fi«. 1.

_2. Face half way to the r1ﬂ]1t and slowiy pull right
- foot back one step:

Position feet as shown in Fig. 2

3. Ta_ké a proper posture

1. Put the hammer_ against U-bolt at an angle of
20° and adjust the position of the body.

[

. ‘Lean forward stightly.

. Rest left hand at the waist.

S o

. Always watch the object.

4. Swing over

-1 Swing the hammer over until ‘the flat head of

it faces upward, without exerting an excessive
strength while maintaining the hammer at 90°
to the arm. - :

28]

. Twist the upper half of the body_ to take the
‘posture as shown il Fig. 3.

The hammer is swung only with the strength
of arm for half swing

The hammer is swung only with the strength of
wrist for small swing. :

5. | .Swing down

Muintain parallel
at time of percussion

3.0x20 .

1. Swing the hammer down aiming at the object.
At that moment grip the handle tight.

. Strike the center of U-bolt with the center of
the flat head of the hammer with the line of
percusiion maintained at an anglc of about 30°,

12

3. The lmmmer should have an inclination 4,.,lt an
-angle ol 20 when swung down.

4. At the moment of impact, the handle should
be in pdrailcl with thc facc of mouth picce
af the vice.

6. | ‘Repeat above motion

-Praclice the above motion repeatedly until the

balance of the body can be maintained without

“difficulty.

~ Remarks
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No. 6

Work No.

Type of work

Strain relieving

Mallet for

Strain relieving of thin plate

Mallet for Karakami door

. K:lrnkumi door Mallet N]Elll'l pOiﬂlS
Materials Mild sieel sheet
Tools Surface plate, mallet, mallet for

Karakami door.

No. Sequance of Work - Description Related Information
I. Position plate Place the plate in a diagonal position so that one 1. Two differsnt types of mallet are available as - .
' o corner will protrude to the outside of surface plate shown in Fig. (2) above. Select the type suit- - |
as shown in Fig. (1) above. abIe for the work to be performed.
2. Strike the plate around 1. Hold the plate securely with left hand as shown {. When there is 2 large curvature, stretch the sheet
-strained portion’ - in Fig. (1) above. by bending it with hand in the opposite direc-
' ' i e tion prior to the use of hammer.
o000 O _ _
0000000 o - ' . o : E
s NeRsNoNoNoR el 2. Strike the strained portion with uniform strength 2. Simple strain as shown below can be gorrected 4
g g 8 g 8% 8' at a regular intervais by keeping the mallet at a “without difficulty by striking the com_rcxed
0000000 right angle to-the sheet. The strained portion surface. However, the strain of material gene-
' will be straightened gradually. rafly has complicated aspects and the following |
: o basic works used in combination. . D
(1) ‘The portlon that was hlt by a hammer be-- .
comes thinper slightly and increases its
surface area.
{2} When attempting to depress the convexed
portion other than small convex, hitting
the affected portion alone will only result
in enlargement of the affected area. So, ]
there is no alternative but to hit all around N
the affected porllon
{3) When a paper sliding door hammer is used,
care must be take not to damage the plate. |~
3. Repeat the above motion | 1. Continue this motion patiently until the When the sheet has any strains, flipping of the.
- : ' o strain is removed complately. sheet on the surface plate will make a high
o : ' metailic sound. As the sirain is eliminated, the
2. Toward the end of strain relieving work the . . sheet produces a thick sound with wind pressure
strain of the plate changes considerably with as if the sheet sticks fast to the surface plate.
each blow. Check the condition of the strain From the change in the sound and the movement
(c){p.ansion and CQ“traction) CiOSCly by ﬂlP- of the sheet (Whﬂ[] the strain still remains, the
ping the sheet up and down periodically. sheet makes undulating motion), degree of the
o : : strain remained may be easily detected.
Remarks.  (Note)

“}. Strain in Ehc thick plate may be rcliev_éd also by loosening the 3 rolls.

2

Tt is :mportdnt that the hammer hlls the sheet vertically (flat head of the hammer hits the sheet eveniy).

At first each blow may nol pass the fixed locus and the hammer may swing in all directions and leave
crescent-shaped dents on the sheet surface, thus making the material valueless. Efforts should be made to
correct blows carelully und by taking proper postare.
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Work No. ‘No. 7
Rk Type of work "~ . Chipping |
S :
Main points - Chipping of thin materials
S Y . [ Materials - | Mild steel plate; 3 x 50 x 102 mm
e 792 - ; A :
' : . Tools Flat chisel, crosseut chisel, sinple hand
:;“ B : _ hammer, markmg—off pms rules, leg’
FIG. 1 FIG.2  FIG3 o .
:| Ne. ' __SEEIUE_"CE _ﬂf_Work': SN Description  ~ ~ Related Information -
1. Make preparation L Mark off dime-nsioh lines with 4 rule and marking-
e ' off pins. - ' : :
2. Make the vice hold matefi_al tight so-that the
marking-off lines come flush with the line of
the mouth piece of vice.
| 2. [Pickupchiseland 1. Hold the head of the chisel with the thumb, ' ~+ Tool angle of chisel
' _[hammer o middle finger and third finger gripping the - "Material of work Tool angle
' . head and other fingers just placed over it - MCopper, tead 352300
i tl,sshow in the figure at Jeft. : : =
' 1gh y»d vavin Bae hgure at el Cast, gun metal . 40-60V
. - _ -
L ,Refer to No. 8 for proper holding of the Mild steel : ‘S 0*. —
hammer. Hard steel - ] 60- 70
1. Mamtmn bevel (chipping) angle at 3% of the tool
angle.
2. If held like the one shown in Fig. 2, the chisel
will cut in excessively.
3. lf held like the one shown in Fig. 3, the materi- .
al will slip away and become deformed.
3. | Takeposition -~ . 1. Put the chisel against the right end of the 1. Apply blade edge of the chisel to the material
o : . material. ‘Maintain the blade edge of chisel in horizontal direction.
- at anangle of 20 30as shown in the figure '
at left.
2. AdeSl the pdsition of once feet according | 2. Satisfactory chipping is obtained when cutting
" to the bevel (chipping) angle. Apply hammer " by chisel is made for 2/3 of the face and break-
to the head of chisel once to determine the ' age by force is provided for the remaining 1/3.

position of feet.

4, . | Chipmatefial =~ 1. While striking the chisel in the-manner as 1. When chipping a wide area, proper contact
' : ' R “described in Work No. 8 maove chisel gradually angle should be maintained, ot the cut section
* toward this side. During this process always will have 1rregular1t1es
witch the blade edge closely.

T3

2. Use haif swing at first and as the chipping work . When the chipping cdge is greater, cut a groove
comes near finishing stage, shift to small swing. with a crosscut chisel and chip it off with a
' flat chisel. :

3. Chipping should be made in such a manner that 3. When chipping a hard material, blade edge
the chisel will cut off the material by forcmg it - should be cooled down with oil or water
ag,amst the mouth pleu: of vice. sometimes.

. 4; When chipping a hard material, the last portion
of the chipped end often breaks away. So, the
chipping for the last portion should be started
from the opposite direction.

Remarks - | /

Satisfactory
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. 1
Ltngth of 5
file : "{70 b
kS
-y

- Right-foat

Work No.

No. 8

Type of work

Filing

"Main pdints

How to use a file

Materials

- Mild steel bar, 38 in diameter X 35mm :

FIG.2

"Tools

14" flat file (coarse), 14” square file
(coarse), wire brush, 57 leg vice

FIG. 1. -
‘No. | Sequence of Work - Description Related Information
“1. | Make preparation L. Insert ﬁle deep and straight into the handle. .
. Face ~ Roaot
2. Put material on the vice pmperiy in the manner W
descnbed in Work No. 7. Tip Side edge - Tang
2 Take position Take position as shown in Fig. 1 with left foot Hm‘“e
L stepped to the left in the width of the leg of vice Mouth piece
and to the back of work bench in the length of file,
and the right foot one step back from the left foot
_ and opened at-an angle of 70 - 859 to the left foot.
3. | How to hold file 1. Hold file with the thumb place over it as shown
o I Z &5 ' in the figure at left. ' .
sy 2 E _ T _ . -
E é{\ gg : . 2. Hold the end of file with the palm of the left Place left hand over the file when a long one is
&\ A B -hand as shown in the figure at left. used, as shown in the figure above.
4. - Take posture Hold file as shown in Fig. 2. Do not exert too
A B much strength to the left hand.
5. |  Push file forward - 1. Watch material closely and bend left leg slightly, 1. Straight forward method _
: ' ' At the same time, put the upper half of the body
forward and thrust file forward horizontally by M g} }:;ggtnghie;ué?;cdea:}::f;&:tfzz :ér;ght
i b t the si ody. :
keeping Igft elbow close at the side of the.body has 2 certain angle to the direction of move- |
_ 2. Put the 'we'ig_ht of the body on the file evenly. ‘ment of the file, it prov;des smooth filing. |-
_ ' ' j ‘ _ (2) Use entire the length of the file.
6. | Pul back file ' .~ While holding the file horizontally, slowly pull il 2. Diagonal forward meiho.d'
' i back by weakening the strength without remov- ) ’
ing left hand from the file and regain original
posture at the same time.
7. | Repeat above action Repeat the above action by maintaining the : - ' N .
o : balance of the body. Practxce at the rate of 30— 40 ‘;-V;th tl.] ¢ ?lia g?nfa 1 fc};rward method Fhe_fi]e s mox.red
.strokes por minute, . from right 1o left. ecause of the right angle which
is formed by the cutting edge and the direction of
the movement of the file, it provide a sharp cutting
Generally, both the straight
forward method and the
diagonal forward method-
are used in combination.
Scrape off black skin with
a knife.

Remarks

_Hclding of a small file




(Sheet metal work)

Work No.

No.9

Type of work

Filing

W\Qoq

]
|
1
1
]
i
}
|
|
|
!
{
}
f
|
i
f
|
{
fe—en 23

| | Main points

Practice on use of file and harmmer,
right angle finishing

Materials

Mild steel, 1-1/4 x 4-1/8” in diameter

1
jl Taols

14> square bastard cut file, surface gage,
hammer; chisel, rule, outside diameter
calipers, square (or straight edge), V
block. .

1 No.

Sequence of Work

Description

Related [nformation

iy

~ends

=)

Finish the plane 6f both

2=

. As both ends of the material cut with a saw band

have not yet been given a finishing work, finish
plane A almost at-a right angle to the side plane.

. Mark off plane B for the lengih of 102 mm with
.2 surface gage and finish the end in the same

manner as described in No. L.

Check of the plane is to be made with a surface
gage as shown in the figure at left.

* Mark off énd plane

SRS

2l

V block -

T

. Determine the cénter of end plane and mark off -
~parallel lines, each 10 mm long, at the upper an

lower portions of bothends. - - :

. Turn it 90_0 and mark off vertical line with a

square.

. Mark off parallel lines, each at the point 11.5 mm

above and below the center respectively.

Chip the side (plane)
SR

e
o
¥
|- ’/ﬂ
Z

D

M

Chip a groove from plane C with a crosscut chisel -
and chip the plane off with a flat chisel leaving
an "1 ' mm wide finishing allowance :

Proper cutting depth by chisel is.1 - 2 mm.

|- Finish plane C

L

Finish plane C while paying attention so that
finished surface_will not result in-a crown.

. Finish the plane by ICheCking it with a square.

Work crosswise until smooth surface is obtained.

. After giving adequate rough finish, use a medium
cut file. : -

. A square or straight edge should be used to check

the plane finished with a file. .

1. During the rough finishing work change the
direction of file sometime so that a crown may
be avoided.

2. When giving a rough finish work to a rectangle
object, apply file sideway or horizontally.

“Finish planes D, B~
andF~ =

. After finishing plane D, check the level with

an outside diameter calipers or 2 surface gape

-and correct irregularities,

. Finish plancs E and F with a file to make them

at a right angle to planes C and D.

. 'Make all filing _tface (grains) arranged in parallel
" (referred to as KEEPING VERTICAL ¥l LING
. TRACES). o o

. Finish plane F with 2 smooth-cut file. Finishing

work should be given in'such a manner that the
upper grain (trace} and fower grain {trace) will

* show distinctly.

Quality of material finished may be determined
by the arrangement of file trace (grain).

| Remarks-

2, When thereisa possibilit

1 Shave (scrape) off biack skin with the small blade of the file.
y of filling up of file blade with filing chips, fill blade up with chalks {only for smoath-cut

_ file and dead-smooth-cut ﬁlg).
3. When usinga new file, start it with soft metals.

4. Bms_

h off file sometimes (Usc brush in the direction of alignment of cutting blade).




(Sheet metal work)

Work No. No.10
Type of work Filing
‘Main points Round finishing - ial
P Hexagon finishing Th_m .rnatena s
Materials Mild ste_el, 65x _65 X 6 mm
Tools Compass, center punch, single calipers,

marking-off pm green bambog, ham— :
mer, rule, 12 flat file (bastard cut) -
10 flat file (medlum) V block, 120 )

gage

“I'No. -

= SEquénte of Work

Description

Related |nformation

Make preparatiion' '

. Determme the center with a single cahpers from

nnnle line and punch a markmg

. Mark off two cireles, each having a diameter of -
62 mm and 60 mm respectively.

. Cut off four corners with a hacksaw. Care
- should be exercised not to cut into the mark-off

line,

When making an oblique angle cuttmg, make a
right angle cut first.

ML

Make round finishing

L]

. Give a finishing touch with a file by maintain-
ing a right angle of the mark-off line to the plane.

. Correct roundness by ascertaining the dimension

from the center with a single calipers. -

. To maintain a right angle of the finished face '

to the side plane, place V block over the sur-

- face plate, put finished face against the side
- face of V block and file off the pOI’thl’\ which
s Iru:,her than others.

. After obtaining approximate roundness, work

in-the direction of roundness with a medium
file by moving it from 1 - 1 to 2- 2 and then

“to 3+ 3 as shown in Fig. B.

When the file is used from the side from the begin: ¢
ning of finishing work, it makes the work hard to' |-
obtain roundness. It is also hard with thin materi-- | -
als to obtain'a right angle because it requires finish- |-
ing work by using only one side as a basis.

i

Make hexago_n.ﬁnish :

o

. Divide the 60 mm circle which was previously

marked off into six equal parts.

. Start finishing work from the place No. 1

followed by opposite-side. Before shifting
to the other side, ascertain the level (smooth-
ness) of finished plane with a surface gage.

. Shift to the next plane and finish it by using

120 gage on the plane having obtained smooth-
ness as a basis.

Remuarks

— 10 —



(Sheet metal work)

Work No. - No. 11
Type of work | Grinding of flat chisel
Main points 1. Use of grinder

2. Grinding of cutting tools

Materials

Tools Grinder, gage score, goggles, flat
chlsel

s

S 2

(Inspection)

.(Note)

When grinding round matcna[ |1kc ama

' 'L_;NO. Sequence of Work Description Related [nformation
1. | Take positicn 1. Stand to one side, not in front of the grinder. 1. Regulation calls for the installation of shield at.
o o ' c : PR al} times.
2. Goggles must be worn at all times. 2. Irregularities on the grinding surface of emery
: ’ : wheel should be smoothed off with tools.
3. It is important to check emery wheel closely to
detect any cracks.
4. Proper clearance between the emery wheel and
the rest should be-maintained (2 - 3 mm).
22 Switch on grinder -
C 3. _ Apply blade to emery . 1. After conStant speed has been obtained. Standard tool angles are 25 - 30> for copper and
: wheel . . lead, 40 - 60> for brass, and cast iron, 50° form id
2. Put the chisel on the rest and hold it ught sizel and 60 - 70° for hard steel. ] T
- with both hands ' : . -
| 3. Check the angle of the ch:sel to the emery
wheel (its refations with tool angle) closely.
4. | Start grinding 1.- By maintaining a close check to obtain 1. Hold the tool to the light and check the condi-
' ' : - correct tool angle and tool lme tion of the blade.
2. Don t forgei 1o immerse tools sometirnes 2. Rise in the temperature, which may cause dull-
50 that the tool b]ade will not become ness of the blade, this can be detected by
blunt watching the change in the color of the tool.
1 Remarks

‘Check with gagé and score L0 see that proper tool angle'hns been obtained and the blade line is at right angle.

rk-off pin, apply it to the grinder by turning it around to obtain better result.

Grinder may also be used for cutting a smal} work in place of a hand file.

—11 -




(Sheet metal work) -

' -'“7‘131}{{_- Work No. No. 12
\T_'sr.ond,
Y-} o :“—;_L._‘;’ ] )
‘3 . - Type of work Grinding of drill heads
N\ RN Main points Hand-held grinding
it ' - i

. / '. Materials
] _ 3
i Tools Drill gage, tool grinding machine,

drill head of various types

Related [nformation

|'Ne. Sequence of Work Description
L _ Grind front side 1. Grind front side first to obtain correct center angle | . Improper'blade"tip often weakens cutting edges :
L g of cutting edge, as shown in the figure at left. and causes breakage even when proper tool angle i
' ' : and inclined angle are provided. ”
L ( ;‘ } 1. When the gri{\ding surface of emery wheel has ir-
' regularities, correct them before proceeding with-
grinding a tool. ' '
2. 1. When grinding the cuiting edge, hold the drill - In this case, lower the drill head slightly with the - i
' " head as shown in the figure above. left hand while turning the drill head counter-
o ' ' . clockwise with left hand. ' ' '
2. By rasing it with right hand above the contact
point, grind it to provide a tool angle of 118°.
- 3.1 Grindinclined angle - Grind it to provide an inclined angle of 12 - 15°. If the inclined angle is too great, it resuits in
: portion a S : weakened cutting edge and it is too small, on the
% contrary, the cutting edge becomes dul.
4. Grind center angle - Grind it to provide a center angle of 130°. If the center angle is too small, cutting force be-
S .pomon N o : ' comes weakened. :
‘ \;r:f@'t : n
5. | Grind blade length 1. Grind bladeé length correcily.
2. Make uniform grinding by measuring it with, When there is a difference in the blade length,
- adnll gage. the bore to be drilled will become larger than
: intended. : . .
Material of Angle of Angle of
work cutting edge relief
General
{ordinary 118 12-15
materials)
Hard steel 118 7-10
Brass, gun metal 90 5-10
Copper 90 3-8
Fiber 90 03
Remarks




(Sheet metal work)
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Work No.”

No. 13

l o : Type of work

Drilling by drill press

Main points

How to start drilling

How to driil 2 hole
B '
Materials 1 Mild steel,_IOO x60x 13 mm
Tools Drill head (5.8mmy), single calipers,

drill chuck, sleeve hammer, socket,
drift, compass, center punch, rules

of drill head and feeding is provided, chips ofu
groove at the side in an uniform pattern in the case of cast iron.

chips

will come out uniformly and continoucusly.

No. Sequence of Work ~ Description Related Information
*1. | Make preparation L. Make off the dimension to be drilled. Waste mark-off should be used as the target of
o . 2. Always mark off waste lines (auxiliary mark-off) correct drill hole. Small punch often causes slip- -
A _ o at the portion to be drilled, _ ping of drill tip. :
3. Punch at the hole mark and waste mark. Use a :
7 . _ targer punch correcﬂy for the center portion. 1. Use lécking pin for 2 long material to prevent
Ce ' 4. When installing a work, place a thick anvil block N -+ from turning around. as shown in the figure
_ _ ~under the work depending tle shape of work so & » a8 shown 1 g
S ‘that the tip of drill head will not cut into the above.
B table. (See Figure B at left). R .
, % . 5. Attach a drill head securely. 2. It is a dangerous practice to hald a small work
— 6. Determine yevolution and feed speed according to with hand. Use table vice as shown in Fig. A
2 . the material and the size of drill head. ' at left.
. Y. 3. Also see Fig. C and D at left.
. % . :
£ o h
OZC/A
2. L Adjﬁst the_'cen:ter of the drill head to the 1. Correction of eccentricity can not be accompli-
center punch hole and switch on the drill. shed unless the size of hole becomes the same
: B R as that of the drill head. '
2. Initial drilling should be made lightly to : _
correct eccentricity of the hole.. : 2. When the extent of eccentricity is greater, cut
3. After correcting the ecéentricity, start dril- ?giroove thd;?z::;z:h e hole with a punch or
ling at a regular feed speed. 1018 correcty :
4. At the final stage of drilling slow down 3. Use cutting oil depending on the material. -
- feeding, or there will be a cut-in (or the 4. When a large hole is to be drilled, make a base .
drill head breaks out sometimes). hole first. .
'5. When the drill head sivings or when there are 5. Use a jig for diagonal holes.
porosity in the matetial, use a guide jig as
shown in Fig. B at left. . 6. Use V block for round materials.
6. Drill head used for thin matcrials should be 7. When drilling staggered holes,seal other holes
_ground as shown in Fig. B at left. with filler metal.
' &. Drift head used for thin materials should be of
 the type shown in Fig. C at left, otherwise the
drill head slips away and would not make a
true circle because of lack of guide portien at
the center.
_ Rer"na.rks Desirable drilling: If'proper cutting edge and the sc(_:ond. are obtained by pfopcr' grinding and appropriate revolution

niform size (roughness) will come out from the

In the case of mild steel, twisted

_ 13—




(Sheet metal work)

Work No.

No. 14

Type of work_

Drilting by electric drilling machine -

Main points

Use of electric drilling machine
How to drill a hole

Materials.

- Mild steel; 2. sheets 3x40x [50 mm
2 sheets 5 % 40 x 150 mm

Tools

Electric drilling machine, drill head
(%7, 11 mm), chuck handle, pad plate'-

.(Nole.) :

Check and see that the hole is at right angle to the material and it is not eccentric.

1. Precautxons to be 1aken in gencral:
(1)  Check thoroughly to see that the extension cord is not frdyed or plug is not damaged.
_(2) Ex[cnsmn cord shoulc‘l never be immersed in the water nor should it be placed under heavy material.

No. Sequence of Work - Descriptian . "Related Jnfu_rmation_ ‘
1. Attach drill head 1. Do not use drill head other than designated. . Marking-off and center punch hoIe should be _
: - " made in the same manner as descnbed inNo.13.. |
2. Tiglﬁen it sécurely with a chuck handle. . It is important that the drill head be sharpened _
: ' well and ready for use {Refer to No. 12).-
3. Plugin the extension cord.  If inserted too deep, the drill head bredks off.
o Drill head should be inserted in such a manner
as to leave the mark out of ch’uck. '
. Switch on to check the v1bratmn of drill head.
If not satisfactory, correct and try again.
2 Set the tip of drill head 1. Secure material so that it will not move around. - . Small materials should be held ngldly in .
at the punch hole : ' : partlcular
{(center of hole) 2. Press it down slightly with drill head. _ _ S
- S . Place a pa(_i plate beneath the material.
3. Maintain the balance of the body. : :
,;3'. Switch on the drill
4. Start drilling 1. Hold it securely so that the drill head rests on . If pressed down excessively, revolution of drill :
: . the pla[e surface vertically. head will be less than that required and results
o will not be satisfactory. o
2. Press it down with uniform strength and not
too hard.
3. At the ﬁn:il- stage press it down lightly by
‘weakening the strength so that the chuck
will not hit the plate.
4, Care should be exercised not ta break the
drill head bECﬂUSL the dnll body is very
unstable.
Remarks ~
(laspection} -

2 Thc typc shown in the sketch above 1t left may be used with drill head up to 6.5 mm (5/4”) in size and
is used on single phase 200 W. For larger drill head, the type shown above at right may be used for dnll
head up to 13 m/m (%”) and is operated on single phase 500 W. Special large type may be used with

drill head up 10 32 m/m (1-1/4™) and is operated on three phase 1,200 W and in this case the dyilt head
is instalted with a Mohr’s taper socket and not with a chuck.

3. When dri!]ing a hole in thin plate or mild (soft) material, a piercing punch like the one shown above at |
right is sometimes used. A hole 1/8” in diameter may be pierced with this punch.

—14—




(Sheet metal work)

o)

T

~ Work No. - No. 15

Type of work’ Tapping -
. Main points | How to place a tap
Materials : Perforated mild steel plate

{by Work No. 13) -

Tools = . - Tap (6 mm, 3/8”) tap wrench, square,
' .| wice, oil brush

No.:_ :

-Sequence of Work ‘Dascription
' 1 . How to place_ atap’ 1. Base hole for the tap should be of a proper size.
2. Blind hole should be deeper than the-depth of tap by 4 to 5 mm.
C30 Use t_ap_.wrench'of'.aunrouriaitc stze depending on the size of tap.
. Iftapis first used on tube, the tap will break out.
-4, First hand tap sliou]d_ be used at first.
S, Turn first hand tap several times to see if tap is held at right angle.
6. Tﬁr_n'the tap to 270° and then turn it back to 90°. Repeat this while crewihg in the tap.
7. Use cutting oil of app_ropfiate type depending on material.
.S. Twist of tap hole Sh'oﬁl_d be corrected by the first hand tap because it can not be corrected by the
+ second hand tap. e '
9. Tap wrench should always be handied with both hands, not with one hand.
10. When tapping a blind hole, rake out chips sometimes. '
11. For the taps of larger size, use drill press and press down taps with the center to get better results.
2. " How to take out - 1. When there is a fairly long portion sticking out above the hole, turn it with a tap wrench or make
' {(screw out) - a new head and tumn it With"a tap wrench. : : B
1. abroken tap o _ _ .
: 3 . ' 2. When the end of the tap sticks out above the hole by about one thread, turn it back slightly in the
‘fl\L JJD, ' direction of loosening by hitting it with a chisel or punch. o : _
- 3. Anneal the broken tap if possible, drill a small hole on the tap through (from) the bottom of tap
~ hole and pull (screw) out the tap. (Drive a bolt in and tum it back with a monkey wrench).
3. _ Tybe_s; éf tap available Hand tap - - ' Tepper tap
' ' Machine tap . ~ Still-bolt tap
| N_uf tip - : . . Inserted-blade tap
Taper tap -

- Expansion tap

Gas !ép :

Adjustable tap -

-~ 15 —




_('Sheet metal work)

- Work No. Ne. 16
Type of work Tapping
Main points Use of dies

Materials

Round mild steel baf
Cutting oil’

Tools

Die, die stock, files, vice and oil brush - [ ;

_Nu.' . Sijbje[:t

Description

1L Construction of die

-

_ 1. A die s four of five teeth, half of which act as guide teeth.

2 When"sclting it on die stock, keep the guide teetch facing up.

3. When using it for thread cutting, keep the guide. teeth facmg down.

may be accomplished.

ER Button tool has 4 screw which controls the bore size. By ad]ustmg this SCrew, rough ﬁmshmg of thread :

.E"J

How to cut threads

'4; .

P-

oL Thread cutting with a die may be accomplished in the same manner as for tapping.

T6 cut the thread, put the die on die stock, pu't it against the end of round bar, turn die stock slowly

so that the bar may come into the guide face, and cut threads while mamtammg die honzontally and

at a r:pht angle to the round bar.

b.l

Lh

(=}

-

- Use petroleum for hard materials as a cutting oil.

e e Etfective diameter

Care should be exercised not to confuse front (.)f die with its back

Diameter of the round bar to threaded would rnatc;h with the designated dimensibn of .die..
End of the round bar should be beveled slightly with a file t_o'pro_v_ide a good Bite for the die.
.. Male 'i-hréad and female thread should fit welt by their 'effective diameter. |

7. When cutting threads, use seed oil for steel as a cutting oil. No seed oil should be used for cast iron.

Remarks;
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{Sheet metal work)

Length of overlap
- and rivet space

c'hl.

r—

Dlameler and length of .
Tivet -

Work No.

No. 17

Type of work

Annealing of mﬂd_.steel-rivet

N

Main points-

‘Single annealing of mild steel rivet

@
? (S

Materials

; STp Mild steel rivet 6 mm 5
b \\‘j Scrap iron sheet, coke : '
, oo il 7_5‘..,;y¢ \ . _ -
e *—'—-L— = '-_T-—-’ X% Tools Fire bed (pot), fire hook, pliers
' -..!_“-0" | '___Se_;jue’n_'ce: of Work Description Related Information-
Lo Mﬁk§ P}'épaﬁﬁén - _ 1. Build a'fne in thc fire bed. . 1. De{emﬁnatien of the diameter of rivet:
Lo - ‘ ' Size of rivet should be determined according to
- _2 Select rivet, determme the length of rivet and - the thickness of material to be rivetted. If the
S cut it to the length. size of rivet is too small for the plate, it will
L : : result in a weak rivetting and if too thick (large),
— —== - - : - on the contrary, it wxll hamper rivetting opera-
2 1. _Wl‘i\p nvet with iron - 1. Fold the sheet in four (from four corners) and - tions,
b Sh“t o ““fold four edges one above another with a pair of | Appropriate size of rivet depending on the thick-
i ph_e_rs while exercising care not to cut the hand. ness of plate has been determined as follows as .
o | L . C : .a result of expenments '
“ 3.  Heat rivet Put riw'..'e_t in the fire bed in such a manner as ifto d= J_x t- O 4 (m /m)
: - eaver it up with coke by Using a fire hook.
L o 2 Length of nvet
1= T+L5+ 1.7d_
Where T is the thickness of plate when clamped |-
(thickness of plate t x number of plate)
L (Refer to Fig.(2) above)
4, | Take rivet out and 1. Whien the rivet shows a luminous white color, - | 1. Asa simple method to prevent oxidization of
1 bury itin the ashes take it out. ' " rivet by direct contact with flame and to heat
I C o a large quantity of rivet at one time, rivets are
often wrapped with scrap iron sheets. In some
cases, however, rivet are put in a small box or
a piece of pipe.
s, Take'(.unwrap) rivet out | 1. Take rivet out of the ashes after it is su fﬁmentiy. ‘1. Though the appropnate beating temperamre
R : cooled down. - for annealing mild steel rivet is about 650°C
: (red), the rise in the temperature of rivet when
2. Unwrap iron sheet cover with a pair of pliers wrapped in the iron sheet is 'much slower than
and take tivet out. that for the wrapping material. Therefore, _
. ’ heating should be continued until the. wrapping -
material becomes luminous white in white
coler (about 1,200°C).

2. Appropriate heating temperature for brass and
duralumin is also about 650°C but these _
materials should be cooled (quenched) quickly -

" in the water (annealéd in the water).
3. Qverheated rivet is fragile and is not to be used.

Remarks ' (Note) P _ _ . . _
o " 1. . Material of rivet should be the same as that of the plate to be rivetted in principle.

2. Rivet of soft material such as copper and aluminum should be used cold but brass, duralumin and

: stec! rivets should be annealed prio_r to their use. :

: (Question)
' 1. What would be the appropnate dlameter of rivet for the plate of 3, 5, 7, and 9 m/m in thickness?

7. . What would be the appmpmte pm:h when the thickness of plate is 3 m/m dl‘ld the bore is 6 m{m in dlameter‘?
" Use following formula. .

m
Pz(—rdz) x08
1

— 17—




(Sheet metal work)

Work No.

No. 18

Type of work

Rivetting with mild steel rivet
(cold operation) .

Main points

Cold rivetting operation with mild
steel rivet '

Perforated mild steel plate

. (Inspection)

Materials
: (by Work No. 14) o
Annealed 6 mm mild steel rivet -
(by Work No. 17)
Tools Single hand hammer, pad plate, snap, .|
Pile '
Ne.. Sequence of Work Description Related Information _ |
5 R — I . “When rivetting two plates together, the rivet hole )
- 1..| " Force the rivet into 1. Force the rivet into the hole from underneath may be drilled by laying the plate on above - :|
© .} [ thehole without turning the plate up. : another or it may be drilled separately by copy-" | .
S o % : ' o “ing the hole of another plate. Holes drilled '
B R _ ' separately without using a jig do not match each |-
: § "2, | Placethe plate'gver - - | 1. Place the plate on the pad so that the rivet _other sometimes. In thi's case, hold pl'ate with .
=210 ‘thepad L% .| stands vertically and fit the rivet head to the . an erection bolt and finish the hole with-a drill- :
= ‘ _ 22 hole on the pad. ' or a taper reamer.. . .. . . T c b
e ' S Care should be exercised when using a bolt
T . - — * because it often breaks out, o
_ 3. | Crushthe rivet with = | 1. Hit the rivet with uniform force so that the - . . The hole made by a drill often has some burr as
: "1 a hammer 571 center of the hammer will come to perpen- shown in the figure at right.
<} - dicular to the leg of rivet.. S - Remove the burr witha - .
: " : ' S - -drill-head or file.
. s : 2. Finish up the shape gradually. Slight bevelling at
' . o T " this time will also
_ W ' bring a better result.
1.. | Force the rivet into - | '1..In the same manner as in paragraph A. . To prevent disag:e'efnen't of holes in the 'lar'niriat?‘a 3
the hole ' : o : ed plate because of contraction, insert pile
' B : in the neighboring hole. See figure below..
2. | Place the plate over - *. | 1. In the same manner as in paragraph A. : ’ '
= | 3| Crushrivet with a 1. Hit hard for the first two or three blows
2 hammer ' so that the center of the hammer will be
= T . -perpendicular to the leg of rivet. S : . . St
= O - ' o . If the hammer to be vsed is of improper weight, |-
o uy C-/- : "2, Finish it up gradually by hitting around it will result in an unsatisfactory finishing work
= % . " the leg of rivet diagonally. . as shown below. It is important, therefore, that |-
g 77 T o : a hammer of appropriate type is selected. '
& e — . - When the hammer of © When the hammer is
. 4, | F:m_s:h.w_lth_a sn_ap” L :Apply snap tq thg center of the leg of rivet. proper weight is used tog light
: 2 Hit_hafd while examining the shape. 2 %@
= .
When the hamitier is too heavy
Remarks

-fCht_:ck to see that the rivet is not tiyisted. Check and see that the leg of rivet is satisfactory finished. Check to see that
the centers of the upper and bottom head are in 2 straight line and there is no play between each plate.

(th'e.)

_Co_untersunk'head rivet may also be possible by making a dish in rivet hole in advance with a drill, but it is.not
practical with thin materials. Therefore, head-out countersunk rivet is often made by drilling 2 small hole
in advance as shown in the sketch below. ' -

— )8




(Sheet metal work)

No. 19

Typc of work

Rivetting-witﬁ mild steel rivet
- (Heat treatment)

Rivetting by heat treatment

10 mm mild steel rivet
Perforated mild steel plate
{by Work No. 14)

Coke

Single hand hammer, striker, fire tong,
fire hook, pad plate, puller, round

Remarks

{Note)

When rivetting in a tong line, it is advisable to rivet every ath

Check and see that the rivet

start rivetting skipped hole afterward,

snap, fire bed (pot)
No. - : ,SEFWE"CB of Work: Description_ Related Information
1 Heat up ri_vet'_ 1. Place it in the fire bed graduaily. . Apprdpriate heating temperature for mild steel
' L _ : - _ is from 800° to 900°C. - If overheated, it will
2. Heat half of the tip of rivet evenly. become brittle and tend to become corrode
' S - _ after rivetting. It is important, therefore, to.
1{ 3. Watch carefully the degree of heating— give utmost attention to this point. For the
color (yellowish red) so that there will portion subject to pressure, which requires
b heati special strength, rivet should be heated to . -
be no overheating. 1,000° - 1,100°C.

. Because of the intensity of coke fire, it is dif-
ficult to have the inside and outside of the rivet
heated equally. Care should be taken when

- placing the rivet in the fire bed.

2 Force the rivet into 1. Remove scale thoroughly. . Since this process requires a prompt combined
© | thehole : T _ : : work, there should be a coordinated work with
2. Insert the rivet in the hole promptly sufficient signals exchanged. '
while having the partner hit the rivet
- lightly, '
3. ' | -Place the rivet head 1. Place the rivet head in the cavity of pad. -
on the pad : o
4. Pull rivet out 1. In such a manner that the base material will
) stick to it closely. :
5. ‘Hit alternately 1. Hit hard for the first two or three blows on
' : : the center of rivet vertically.
2. Shape it up graduatly.
6. Finish with a snap 1. Align the center correctly.
(Inspection)

is not crooked. See:if the leg of rivet is finished satisfactorily. See if the centers of
the upper and bottor heads are in a’'straight line. See if there is any play. :

er linle like No. 2,4 and 6 in that order and then

— 19—




(Sheet metal work)

Work No. No. 20
About — -
e sle . . : T
OIEB) i Type of work Fundamental; of fire work
ol __ —
i_'— - T Main points Posture of the smith
Handling of fire tong
Handle Hammer blow
length
- of striker - -
(A) Materials Cutting tool of various type
_ ' T (scrap materials) '
Tools’ Anvil block, striker of various types,
large fire tong, single hand hammer
No. Sequence of Work * Description Related Information. . -
1. - | Position . Position of right-foot varies dcpendiﬁg on the 1; Smith is responsible for finishing it in required h
' : length of material as shown in the figure above shape with the help of smith helper. :
at right. ' .
2. _Posflion of left foot should be at half step back 2. Itis important for the smith, therefore, that he |
- at a right angle. " pgives appropriate signals to the smith helperto |
T - have good communication between them.” -~
3. Take a half-sitting posture as shown inl the _ 47
" figure at left. ' 3. Forward corner of the anvil block (position of |-
s ' © smith helper) is called (front ken). _
2. ~Take a posture - - 1. Hold the single hand hammer with right hand _
- © (See figure above). . o 4. Position of the smith is called (rear_ ken).
2. Hold fire iong tight with left hand. _ . '
: 5. Pointed end at right is called crows bill.
3. Pick up the work 1. Hold material with a tong by pinching it from 6. ;I'I'Otpt sur face Di:“"'ﬁ block should be used for
S ' above and bottom as shown in Fig. A at left. attening worx.
2. If held like the one shown in Fig. B at left, 7. Front anccll xl';mr d%“m are used for making
there is a possibility of flying over of the angles and bending. _
\ wark when hit by hammer. ‘ S
T . 8. Crow’s bill is used for bending of the work. - |~
3. Fire work should be done in the center of o ' '
apvil block. '
4, Strike material [. Supposing the strike made by smith helper
: : o sounds like-“*Tinkle, tinkle” and that by
smith sounds like “Tap, tap™:
L2 Work should be harmonized in a tunc some-
_ thing like, “Tinkle, tinkle, tap, tinkle, tinkle,
tap; tinkle; tap; tinkle, tinkle, tap; tinkle,
tﬂp” .
3. Show the position to be hit Lo the helper with
- g single hand hammer while beating time with
the hammer. .
4. Depé'nding on the speed of the beat, smith helper
adjusts his speed or strengthen his blow.
5 Smith gives instructions to the smith helper
with his single hand hammer, nol by works,
.. For ceasing the operation, lay the hammer to
_the side. '
Remarks —
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(Sheet metal work)

///a V/////

_comb and cut off the work at a right angle to the cutting line.

 Subject : - .
HblEet. Fire Work (cutting, swaging) Wark No. No.21
0
: * . = )
N
o %@)
LT
. _J%‘ .
TIITTI7T777 7077777
No. | . - -Subject Description
1. | Cutting down. L. Cutting of heated material is done by first cutting in from the surface with a handle chisel once and '
' S then knockmg it hgluly wnh 2 hammer at the edge of front ken. :
<> 5. If a éutin is made ‘flat cultmg edge can not be obtained.
-;77749@ 3. Cut -in on the surface should be made on the upper surface of anvﬂ bIock
Y/ . '
7 4. Pay attention to the way- the handle chisel is applied..
2 Sw;igmg 1. Swaging is a wofk in which a small thin or narrow material is made broader or larger, or in which -
_ e - pins, rivets or bolt heads are made.
1.2.3 4 §°
- D‘ D D 2. Blow the hammer down on the anvil block to make the work in the shape shown in No. 2 and then.
o (I ~ flatten it like the one shown in No.3. Stnke it with the hammer to make it in the shape shown in
D\}& ﬂ ﬂ ﬂ No. :
' .- . 3. 'When making a bolt head heat the portron to be e:.panded and swage it in the order of 1.2-3-4-5 as
Ll@ll}% o "in the previous case. :
' B @I 4. Thén correct the hcad and neck with a round tap (See Fig. (A) ).
® Ll 205 '
- ///IO/ = 5. Then make a hexagon head with a slmpmg tap (See Fig. (B). )
TIA VT . : ‘
6. hmsh the head with a tap s shown in Fig. fC)
3. Round chisel and set - 1. Round c]ujseis are avﬂilab_lé in two types, concave and convex types. Each type is used for its
hammer _ specific purpose. :
@ @ 9 Sat hammer has two types, flat and round types.
_ - 3. Flat set hammer is used for c:ut'ting flat materials or square bars_.
@ 4 Round set hammcr is used to cut round bars.
’___E_':l : : 5.. Use both flat and round set hammers by pldcmg 2 set hammer stand on the amfl] block or honey-




(Sheet metal work)

{30 >

A 'w

Work No. No. 22

Fire work {making flat chisel)'_";. -

. e

Type of work

Main points Use of striker and flattening toq|; "

Sl
————

Materials Hard steel 12x 25 x 120 mm '}
Tools Complete set of fire work tools.

No.

Sequence of Work

~ Destription

Related Information

Make prepafal_ioh

Obtain fire work tools and then build a fire.

2

-+ ‘Bevel corners

-

Ll

. -Heat material to 900°-950°C and bevel corners

.-with a striker and flattening tool as shown in

Fig. A at left.

. Wit]} the use of round tdp and follering tool,
- make the whole material round by working. in

the direction of diagonal line as shown in-
Fig. B at left.

. Srﬁith helper should strike the flurring tool |
‘correctly.

of this shape is used, procedures descnbed at.-
left may be omitted.

Make the head

B‘

%

o

. Have the smuh helper hll the wider portion at

the front ken of the anvil block to:make the
head.

2. Smith holds the work by mamtammg an angle of

(6 )only in this case (10°--15%).

. The smith helper swings down his sledge hammer

at an angle of -« by Slldll’]g his hand down, '
and not horizond. .

. Narrow portion should also be treated by F ire in

the same manner as shown in Fig. B at left,

. Cut the angle with flattering tool in the manner

described in Work Sequence No. 2 to make it
as shown Fig. C at left

1. As the proverb says, “Strike the iron while it isy::
hot” excessively low temperature will result in’i

a blue shortness, thus causing the material to’
“become miore fragile than the work treated cold:

. Heating should be made as less frequently as
practical, otherwise the composition of .
molecule will becorne coarse and weak. -

By

Finish tool edge

“1. The tip of tool edge should also be extended and

fiattened evenly on both top and bottom sides ..

“with a slight angle of ( ¢ ) in the same manner
-as described in Work Sequence No.3

. Width of too! edge should be 3035 mm and

the width of portion a should be 3—4 mm.

. Smooth out tool edge with a ﬁaltenng tool to

- make the surface even.

Grmd tool edge

'Fm?(lf"””m

3]

..Grind both sides of tool edge uniformly as shown

in Fig.A at left.

. lf'ground like lhc one in Fig.B, it will result in

a weak tool edge and it will not provide

satisfactory chipping.

Hardening

. Heat it well and {latten tool edge both lefi and
_right from the center with a square tool. =~

{Sec the figure at lelt. Use rear ken. )

. Give it 2 shape by working left and right alter- -
- nately.

. Work it from both top and bottom surfaces

alternately.  Care should be taken so that the

“tool edge will be of uniform chickness.
. Tool edgc should be made somewhat thinner than

the root.

. Make the side round with a single hand

hammer.




(Sheet metal work)

Work No. No. 23

Type of work | Fire work (making marking-off
- .. |pins) _

‘Main points | 1. Heating of materal .

2. Extention, chaping, expansion
and bending of material

Materials -} Hard steel, 7 x 110 mm, coke

Tools Navil block, hammer, gad tongs,

round tongs, fire bed, scale
outside calipers

t _No. | Sequence of Work : ‘ Description - Related Information
| l.. _ Make preparéﬁon ' L. Prepare fire making tools. 1. How to prepare a fire bed.
' - ' 2. Clean up fire bed and build a fire. Clean wind hole thoroughly,
e _ s i _ — ~ place a rostral, place coke over it in an uni-
~ 2. | Heat material - | L. Rake out intensified portion of the fire with formed thin layer and place kindling coal in
' a (ire rake, place material on it and cover the center.” Then open the damper in the
the entire portion to be heated with red hot blasting duct slowly to about %, make such a
coke. . - thin layer of coke over the kindling coal that
: the kindling coal can still be seen and open the
2, Turn material over sometimes to give uni- damper to . Slowly open the damper until
- form heating. ' o it is (ully opened while watching the spreading
_ S . of fire. _
3. Check the condition of material being heated 2. Make a narrow fire bed for small materials.
" — color (yellowish red) and pay attention so : C : :
that the material will not be overheated. 1 3. Coke for this purpose should be the typel18-9g.
1. Heating temperature varies with the materials
to be heated. Appropriate temperature is -
1,200°C for wrought iron (white), 1,100°C for
mild steel (light yellow), 900 —950°C for hard
steel (yellowish red) and 1,100 —1,200°C for
high speed steel.. .
2. Sudden application of heat will not result in
uniform heating and prolonged application or
excessively high temperature will degrade .
~ material. Since appropriate finishing tempera-
ture is 800°C (red), treatment with the tem-
perature lower than this will result in an un-
satisfactory work. Once it is heated, tzy to
. ] . finish the work before the material get cooled
] . ] down, ot ise it must heated again.
3. Shape up head . - { 1. Take it out quickly and expand with a single HB:’I?H,Q.O Of}e;?:f:;ﬂ?‘uz r?:réfsereao? tii%:smwili
: (- Fig. 1 SR hand bammer. ' ' exhastion of material, So efforts should
2..Give it a shape in the manner shown in Fig. (2). be made to finish as quickly as possible.
_ 3. Use center portion of anvi'lbloc_k. _
4. { Extend belly portion -1 1. Turn material over and strike each surface
(1) -Fig. 2& 3 - alternately.- .
2. Care should be exercised so that material will
_ o "not be. overheated and melted.
5. Bend the head - i 1. Bend it by utilizing the corner of front kea as
) (1) -Fig. 4 V' shownin Fig: (3} g
' | o 2. Bend it in opposite direction by utilizing the
corner of rear ken. o
6. Shape - up the tip 1. Strike it in the. order of 1. Care should be exercised so that the tip will
. _ _ Lor : D not become too thin because it will result
' . in crumple and cracks.
{7 Finish the tip. 1 1. Since it is impossible to give & complet.e ]
C i P round finishing by fire work alane, finishing
——  work should be done with a grinder by turning
the pin in longitudinal direction.

Remarks (Inpsection)

" Check and see that proper dimentions are
. Check for cracks. -

maintained. Check for irregularities on fire worked portion.




(Sheet metal work)

Work No. No. 24

Type of work Marking-off

Marking-off with mark-off

" Main points
pins and compass

Materials Thin mild stéel plate, galvanize'd _
iron sheet, tin plate
Tools Rules, scale, mark-off pin,

compass S

No.

- Related Information”

Sequence of Work Description
1, | Hold mark-off pin 1. Witli four fingers of right hand as shown | 1. How to take measurements; To take a measurement to,
B IR in Fig. (1) above. | determine the point for making-off, place a carpenters. .
' : square as shown in Fig: 2 above, set the graduation of
S ' scale to the base line with the left - IR
edge of }\he flatf: usiti als a ba;.sxs D T
T - ‘ NI . ; -and mark-off point A along the 2L —s-s
1. | Hold down rule 1. Align ltllae line of ruI_e.w:th the point line at extreme right of the scale. = ___[4
- correctly. : ‘After dehlarmining[ points ﬂ;,-. 3 Logls la
: - . : - connect them with a straight o [T
2. Spread fingers and hold it down rigidly line and obtain parallel li:%es. In . .m."*af.‘_'_*c'
- to prevent it from shifting. the same manner, B-B, C-C’ may be determined and
— , — : - parallel lines may be obtained. In this way, equally
.3, | Drawlines. ..~ _ 1. Keep eves on the point of marker-off - spaced parallel lines may be marked off without making
. - . . . . . : . errors ’ B
: e : ~ pin. AR . _ . :
N 2. Draw lines from left to right and from Making-off of dimensions should alway be done by
T bottom to top. watching (setting) graduations with the base line ans
p ! g \sething A
) oy o : at the right énd of scale as described above.
' 3. Keep the point of mark-off pin stuck to | © When the left edge of the plate is not straight, a base
the side of rule as shown in the figure line must be drawn in advance.
at left and draw a line at a stroke by - o S
-tilting the pin slightly as shown in 2. To check the straightness of each edge of carpenters
Fig. (1} above. square, scale and rule, draw a lipe and then.draw another
R . line from the oppaosite direction. - If the two linés match
each other perfectly, lines are straight. If the result is
1. | Spread compass leg 1. Spread it a little wider than the dimen- | - the one like shown below, it indicates that edges are -
- 1 apart. ' sion to be drawn with both hands. . not straight. - c
4. M 2 Adjust graduations after fixing the leg
\/Z_ = / firmly, which will be used as a base. : _ |-
S S ' 3. To check the accuracy of right angle of carpentér’s square, -
3.-Minor adjustment can be made by draw line on the extension of both sides as long:
- padding it against wood portion as as practical, determine the distance on both 5
shown in th.e figure at left. sides at a radio of 4 to 3 from the top as '
. * shown in the figure at right. If the dis- e
. L - _ tance a-b equals to 5, it shows the '
2.1 Set the base leg at the . 1. Set it at the center accurately. - accuracy of right angle.
_center and place ' : _ ‘ ' : .
Jeft hand : 2. Hold it securely with five fingers of 4. Graduations on carpenters .square are shown both on front
~along it left hand as shown in the figure at .ang buck. Those on front side show true scale B
_ left. | and those on the back are extended o tensthof
_ (expaudgd ) scale. Relationship between - oni‘%m‘i_ :
_ _g d- the two is shown in the chart at right r ment on
=) and its ratiois 1: 2. : " - back side
|5 The point of mark-off pin must always be sharp in a cone
shape. If the pint is dull and round, accurate marking can
. not be expected. To sharpen the point, work it on the :
3. | Tum it around 1. Turn it around at a stroke while _g”"de{ tirst and then with oil and a grind-stone. Since it has |
' ~ pressing it with the palm of right hand. a tendency to become dull during grinding work, it is im-
7 e - _-portant _that the point is quenched sometimes.
e 2.-Turn it around by 180° in the same 1. Calking of : o :
S direction by shifting it twice. - VURING of compass must always be tight and when loosen it
: - must be retightened again.
2. Minor adjustment should be given in the
manner shown in the figure at right. l,
: : ! e et . e . il
4, { Check the resuft 1. Check diameter and radius thoroughly 3. ,“ 1“.3{1 marking off a small circle, it is :
with a seale. . aq‘mable to turn the compass back
_ : with the same hand instead of shifting
hand.
Remarks (Taspection)

Check and see that the line is drawn thin, distinct, and that parallel lines are equally spaced, and that diameter and
radius are accurately maintained.
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(Sheet metal work} .

Work No. No. 25

Type of work Sheet cutting for a small box

. (Subject No. 1)

Main points 1. Marking-off of galvanized iron
sheet.

2. Fundamental cubic deployment
sheet cutting methad
3. Lap edge, bend edge, roll edge

. Materials - Galvanized iron sheet, BWG No. 28,

0.36 x 220 x 300 mm

Tools - Scale, carpenter’s square, compass,
marking-of{ pin

Subject No. 1 Small box

SRS 13 [P, | S

. ~ 1
“24HB I GHIY

=

- e— N3

Scale 7:1

1. Use galvanized iron sheet BWG No. 28 (0.36 mm thick)

~ 2. Joints should be soldered.

3. Width of lap edge should be 5 mm.
4. Width of roll up edge should be 2.4 x 3.14 x 3/4 +

24 .
) T
Na. Sequence of work Description Related information
o Ef;er?ém:r {ileedporlmn 1. Attention should be given to the following points in
¢ feparaied sheet cutting. .
2. Determine position (1) Try to eliminate waste as much as possible in
(arrangement) sheet cutting. _ .
. A i
3. | Mark off deployment 1. in right sequence. (2)  Try to make the sheet for easy work.
"~ .| chart- : . - L i (3} Try to make the length to be welded soldered, -
. 2. Ffay particular atten_tlon when marking off brazed as short as possible. .
right angle. _ . (4) Grain of sheet when bending.
3. Mark off d:stmct]y‘so that there will be (5) Strength and appearance of finished item.,
no need for redrawing. - o
- ; . ; . 2. 1f the right angle is not aceurately drawn in marking
s Check dimension I Check right angle ang dimension off’ dimegnsionsg} satisfactory prod‘{lct can not be
' closely against shop drawing. expected even when other dimension are cotrectly
B ; o drawn.
5. Provide work edge _1. First determine the side where the lap
' : : " edge should be provided, and then mark-
| off accurately. - ' :
2. Mark off bend edge and roll up edge
accuralely. When marking off a roll up
gdpe, pay attention so that the joint of rolt
up will be at an angle of 45°.

- Rernarks

- (Note)

Two methods are used for sheet cutting. One

" described above an

Use of template is convenient for determining economical

in large quantity.

_ (Qu_estion)

How many seis of s

is to mark off directly on the sheet by dcpléying with actual size as has been

d the other is to copy témplate drawn or marked off on 4 thick paper or thin metal plate and clipped out.
arrangement (lay out) in cutting sheet when the said item is required

heet can be cut from one sheet metal of standard dimension (90 ¢cm x 180 cm) ?

-5 _




(Sheet metal work)

Work No.

No. 26

Type of work

Sheet cuiting for oil feeders
(Subject No. 2)

Main points

Fundamental deployment method for
cylinderical cone. Sheet cutting.

Marking off of tin plate
Materials Tin plate BWG No. 30
0.305 x 300 x 300 mm
Tools Scale, carpenter’s square, compass,

‘mark-off pin

.a-a -
Cross section

1.

2

/{6 [

Use tin plate BWG No. 30 (0.305 mm)

Joints should be soldered.

—_ 26 —




{Sheet metal work)

Work No. -

No. 27

Type of work

Sheet cutting for a funne]
{Subject No. 3)

Main points

Fundamental sheet cutting method for
cone shape items.
Marking off of curved edge rolf

3.4 Wice

 (BWGHO)

Materials Tin plated iron sheet, BWG No. 30, '
0.305 x 200 x 250 mm
Tools Scale, compass, marking-off pin
 Subject No. 3 - 'Funnél Scale 1:2
. ) . / " A-A Cross section
116¢ ————
G-~ m——— =~ i

=
=i

o
7

Use tin plated iron sheet, BWG No. 30 {0.305 mm).

Joinls should be soldered.

—_727 —




(Sheet metal work)

Work No.

No. 28

Type of work

| Sheet cutting for oil feeder

(Subject No. 4)

Main points

Fundamental sheet cutting method for
cone shape choking work.
Marking off on mild steel sheet

Materials

Mild steel sheet .~
0.8 m - 1.0 x 400 % 400 mm
Tools Scale, carpenter’s square, COmpass,

mark-off pin

All joints of mild steel sheet having a

thickness of OI.S—.I.O mnl should be welded.

28—




(Sheet metal work}:

Work No.

No. 29

Type of work

Sheet cutting for candle stand
(Subject No. 5)

Main points

Sheet cutting for choke work
Marking off on brass sheet

Brass sheet, 0.7—-0.8 x 210 x 240 mm

Materials
- 1.5=-2.0 x 30 x 240 mm
Tools Scale, compass, marking-off pin'
“Subject No. 5 - Candle stand * Scale1: 1
' 1209
25~3mm- 229 -1
Half round brass bar \ ( J/( ’

ard brazing %
e —

Z@Md@ o

' For (1), (2), (3), use 0.7-0.8 mm brass slieet.

For (4), use 1.5—2.0 mm brass sheet .

' Remarks

hemisphere, there is not a great difference between the resu

© (Note)

To obtain accurate sheet cutting for bell shaped items like th

e above, radius of marking off must be determined by

calculating surface area of the bell shaped portion.” However, when the depth of béll shape is smaller than that ofa -

shop drawing. Therefore, the expedient may be used for practical purpose.

1t of calculation and that of the expedient shown in the




(Sheet metal work)

(D Useofs

traight blade

“Ude of curved
blade shear

N

Use of gouging shear

Work No.

No. 30

Type of work -

Use of hand shears

Main points

Use of hand shears _ :
Various cutting (shearing) methods

Materials Mild steel sheet, various scrap matetials.
Use materials mentioned in Subjects
No.1,2,3,4,5,6, and 7 as necessary.
(No. 25-29) _

Tools | Straight blade shear, curved blade shear,

gouging shear

| No. Sequence of Wark Description " Related Information

1. Hold shea t. Use five fingers of right hand skillfully 1. Shears are manufactured in three different types:

B A as shown in Fig. (1), hold one leg with They are straight blade, curved blade (of which the one
the first joint of the thumb and with the having a narrow blade width is specially called as slim
root of index finger, support the center ‘blade) and gouging blade shears. Each type is used for
of curvature of other leg with the tip of - difference purposes as shown in Fig.(2) above. In the
the index finger and hold the lower por- case of curved blade shear, one tend to think that the
tion of the leg with the remaining three shear is used along its curvature. But in actgahty, itis
fingers. - - - used in the way shown in the figure to obtain better -

- : result, : '

2. Use index finger Like a spring. Place the s : . o
belly of the index finger at the center - 2. Straight blade and curved blade of the size 24-27 cm are
of curvature of the leg and support the very handy. For cutting of thick plate having a thick-
leg by bending the finger outward. ness of 1-2 m/m, shears having a total length of 30-60cm |,

' o : are often used. ' : -
3. Give the most strength to index finger ' : .
among the three fingers which hold the 3. Rivet of the shear should be tightened slightly to provide §
" lower leg. - C easy handling, otherwise the blade would not open
- ' (spread) easily. So, the rivet should never be tightened
' — - : by striking it with other object. .
2. Spread legs I. As if to push them out with the belly : ' o
- of index finger. 4." As'shown in Fig. (1) below, blade has a tool angle and
. angle of relief. Without an angle of relief, a friction is
— _ created between the two blades rendering it difficult
3. | . Put the sheet between 1. Match the blade with mark-off line to cut the sheet. .
the blades . accurately.
S ' 5. [f the snap angle shown in Fig. (2} below is too great, the

2. Hold sheet securely with left hand by material will slip away making if difficult 1o cut the .

- kecping the portion to be cut off at material. If the angle is oo small, on the contrary, an
right hand side. extra strength is required to shear the material. For this

- reason, the point about 1/3 from the tip is made arc
, : shaped instead of making the entire blade linear as shown |
4. - -Shear the sheet !. Use full length of blade and avoid using in 3, to provide a snap angle {o a certain degree from the

" the shear in such a manner that the beginning to the end of shearing operation. '

cutting process cones to an end in the ' . : Snap angled
“half way of the sheet. ' ~—<r--Toal angle B
; . - Addendum o

2. Avoid making rumples and warps in the circle L
portion other than that is to be sheared : “d.-lAngle of refier ¥
off. : ’ . H,_ }

Remarks

(Inspection) :

Check to see that shearing is made accurately at the mark-off line
and that there are no warps or rumples.

(Nate)

1. Though it may not be possible to maintain sharp edges at
all times because of the weur caused by shearing of the metal,
_itis still important to keep practicing until efficiency is

- this.

.'!\)

attained to cut a thin paper by clénching sharp edges like

* Electric snip (shear) shown below is very hun'dy because of
‘its efficient shearing ability. Standard type is manufactured

for shearing the sheet having a thickness of 1.5 mm, but a
farger type is capable to shear the sheet having a thickness

of ubout 4.5 mm.

L. Care should be exercised to avoid excessive cutting. If
cutting is made like the one shown in Fig. 4 below, the
plate start splitting {rom that portion. Punch or drill
a small hole as shown in the figure at left and then use
shear working with the tip of blade to obtain satisfactory |-
result. '

2. Use the tip of blade for small work.

3. An excessive clearance between the blades when they

come together will result in turning up of cutting edge
as shown in Fig. (5). Particular care should be exercised
-when shearing u thin material. '

ey, Resmam =]

N
- Y
o TermuP N o Check
T
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{Sheet metal work)

“shear {cutter) and is manufactured-in blade size rangmg from 3 cm to 180 cm.

It is used sidely because of its light weight.

Foot shear equipped with a base metal holder

SheLt holder

Work No. No. 3!
Type of work Use of oot shear (cutter)
_' . M; * - A ; ‘ ' .
Abng!e of relict: o iin poinis Use of foot shear (cutter)
about 2° Snup '.mgjc . T Bt
T - Upper blade : ateri
o ;1;%?&' D Mdlerlal§ Mlld stee plate
Bl )
. Upper | )
e Lower Bide Tools 'Foot shear (cutter), scale
i Lower blade
No. Sequen_ce of Work Description Reiated Information
L Insert the metal sheet 1 Insert the metal sheet with larger portmn - [. This machine is usually capable to shear the
' ' . facing toward you.. sheet having a thickness of about 1 mm but
. the larger type is capable to shear up to 2 mm.
2. Align mark-off line with the blade Ime _ .
accurately 2. Like hand shear, this machine has an angle of,
refief of 2, and appropnate tool angle for th:s
machine is 75 85
3. C]eara_nce between the'upper blade and lower
- blade must be adjusted depending on the
material and thickness of the metal sheet.

4. Machines equipped with a sheet holder provide
convenience in working because of stabilized
sheet position.

2 Step on 1. Never place the feot aver the peda] until 1. When shearing extremely thick materials or
' this stage. bulky materials, several people have to'step on

the pedal.

2, Hold the sheet securely 50 it wﬁl not move

- around. :
3. Pay pamcuiar attention to avmd injury to
" the ﬁnger np
- Remarks
{Note)
1. When sheanng many. p:cces of the same w;dth use'a rule according to the dimention.
2. Blade construction of pushing shear (ﬁgure below) is almost similar to that of foot
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(Sheet metal work)

Work No.  |{No32
Type of work | Rectilinear bending of sheet
Main points Use of clappers and bending
. | stand, Rectilinear bending of
sheet :
Materials Thin mild steel plate. :
' Apply Subject No.I, 2- (8) and
4- (4), (5), as necessary
Tools Bgndfng stand, clappers
No. - Sequence of work ' ~ Description ' ~ Related information
I. '} Hold sheet down {1. Hold it securely with left hand and keep the
' N T - shorter section of the sheet at right.
| —\—&\:\“\;—E 2. Match mérk—gff_ line with bcndihg stand..
. 3. Hold it down securely with all five
. fingers of left hand
. (See figure at left)
2, Pick up cléppcr : 1. Hold it securely with four fingers plaéing
S T the wrist just over the end of clapper.
: ' See figure at left).
L j (oo figue
3. 1. Bend both ends at the point 3.3 cm ' This prevents the sheet from shifting and provides
from the edge (See figure at left). accurate bending. :
4. | Match mark-off line 1. Match mark-off line with bending stand
Lo ' ‘OnCce more.
5. .| Make for)&'ard move- L Watch closely the forward portion of 1. Care should . " 2. Do not strike the
ment while bending marking-off line as well as the line of - be taken . .. sheet like this.
1. beinging stand and pay close aitention because
so that both lines will not run off _ -the sheet
each other. “tends to
: : ' warp like - s
2. Start from this end. : ther%ne - 4
: shown in
the figure.
Remarks

(Inspection)

Check closely with square and rule to see that bent line forms a perfect straight line, that bend is made uniformly at a right angle,
that curvature (radius) is uniform and that the sheet is not damaged.

~(Note) P _
1, When bending a sheet for oblong box {Subject No.1}, portion A and B - ‘3 .
may be bent with bending stand and clappes, but portion C and D can ma . ,» Chipping chisel
not be bent with these tools. In this case, make a crease with a chipping Chipping chisel %8¢ Biade edge
chisel and then place the crease on the edge of knife blade or base e

sheet metal, strike the crease and bend gradually by using chipping chisel
chisel diagonally.

2. Even when bending stand is used, crease made with chipping chisel
in advance will prove convenience in the work.

Blade edge
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(Sheet metal work)

Work No. No. 33

Type of work .Curve (line) bending of thin plate

Main points

Edge bending of flat sheet
Use of blade

(lnspectlon)

Check to see that bendmg is made smoothly and correctly at the mark off lines, that there are no rumples, that warps have been
corrected and tlut corniers have not been damaged. :

' (Note)

. 1.. To make the edge of cylmder ' When bending the edge of a cylinder or the curved edge of similar product outward
- riection, bending shouid be made gradually while tummg it around with a iron stand (in the d:recnon opposite to
the edge bendmg of the sheet). : - :

2. Edge turn-up: When bending the flanged portlon of a'cylinder or the portion of similar shape strike the edge with a mallet
' or slide door hammer while turning the material around slowly on the pad as shown in the figure below.

3. When shapmg up the cylmder such as enlargmg the’ skart work it wnh pad plale

as a substitute of cylmder (Subject No.5—(3), (1) )

like the one shown in Fig (3) below

7 Materials Subject No. 2- (1), (5)
: , = Tools Mallet, - blade, vice, or wood
3 stand, surface plate
1 Na. . Sequence of work Description Related infurmation
N N Put. blade _ 1. Hold the plate in a slant posn'tlon. and 1. This method is used for shallow bending, and choke
against the plate put mark-off line against the blade method is used for deep bending.
. S .portion of blade N '
2. Hold the plate with five ﬁngers in such
- a manner that the warped portion faces
outward (See figure at left) ,
2. ... |-Strike the sheet. - ' 1. Watch mark-off line from above diégonally. 1. For thick plate, strike with a hammer from the end .
e S T S o g - - pradually. Care should be exercised so that corners -
2. Strike the sheet twice with a mallet while will not be damaged.
" turning the sheet around and turn the
sheet back, then strike it once hghtly 2. Avoid abrupt bending because it will cause warps and
(See figure at lcft) rumples and finishing will not be satisfactory.
" 3. Start Jbending g:adually from obtuse a'tgle
to make it a right angle. _
3. Correct warps - 1. Strike the outside edge sllghtly over the
s surface plate
Remarks
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(Sheet metal work)

Work No. | No. 34
Type of work | Edge rolling of stright shect

Main points Edge rolling of straight sheet

Materials . | Thin mild steel plate, wire
Subject No. 1-{1)

Tools Bending stahd, clapper, mallet, .
scale, mark-off pin or pencil

- {Rolicd edge}

Sequence of work Description S B Related Information
‘Bend the sheet at mdrk- | 1. Bend the sheet on bending stand as - 1. A thin mark-off line may be drawn with a
off line = . . 1 shown in Fig. (1), (2) below to form S pencil. :
' | a o ~ b around roll and not to make it -angular. _ _ bend i only i :
B R A - : ' _ 2. In another method, bend is made only once and |
I 62 L 6 o : _ _ ' finishing work is done with the use of blade

edge as shown in the figure below.

SR

I Place core bar S 1. Hold the piate securely with left hand @-— Eg =

. ; i | . / 2
‘and place a core bar with right hand : Cutting edge Bfaée edge

B | R E} . (See figure at left).

w |

Strike while rollmg the 1. Start from this end and strike the roll
edge - lightly with a mallet.

2. Keep striking until the roll clamps .
. the bar'tightly (See figure at left).

Turn sheet over and strike | 1. Turn sheet over, put the rolled portion
- . against the bending stand and hold
% o _ the sheet down securely with five fingers.
. 3 o;., . . .
' . Strike it with the clapper at stroke
{See figure at left).

ta

Finish it a i Turn it over again and strike from above
2. Repuat it until the rol! tightens the
core rigidly.
_Remarks
' (Inspectlou)

(,hcck to see that the bend is straight matching with the mark-off line, that no angles are made at the rolled portion
and that thc rolt |s tight and rigid. :

' (N._ote) .

Width of roll edge may be oblained {rom the fo‘l'lowing cquation : X*wdx 3/4+3/4 % 4/2

Empty (Void) roll is a2 hollow roll made without having a core bar in the roll and the core bar is pulled out after edge roll
is made. For this roll, a rather thin core bar should be selected. If the core bar is waxed and is not rolled tao ttght subsequent
pull out will be much easier.

When the work shown in thc Fagurc at rl;,ht has to be done, rolling should be made as a flat sheet. Core bar should be of the
~_same length as that of edge and should be pulled cut slightly at the side opposite to the "Bending]
- lap edge. Then bend the sheet to in loop shape, joint both ends together, laying one @ C.; stand 1
edge over another, insert the extending wire into the hole in the opposite end ' @ 2 = o3

and solder the joint. This provide strong joint for rolled edge. To make an eaves- trough, M :j %’/

first make. an edge roll (empty roll as shown in Fig(2) at right), bend it in curvature and finish it. i
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{Sheet metal work)

Work No. No. 35
Type of work Edge rolling of curved line
Main points Edge rolling of curved line of ﬂat sheet
Materials - . Thin mild steel sheet, core bar, Subject .
: No. 3-(1)
Tools Curve line bending stand
‘|{or blade), mailet
‘| No..| . Sequenceofwork _ . .Descriptiun' S I Related information
1. *{ "Bend at mark-off line Give it roundness and avmd makmg angular
Co ' ‘portion. :
2. [ - Insert core bar | Core bar should have been bent in advance to Core bar should be pulled out shghtly from the end
- : accustom to thg mark-of_f line.’ opposite to the lap edge as shown in Fig. 34 (1).
3. | Strike while wrappmg 'Start from this side and strike Ilghtly to In the same manner as shown in No. 34.
e t.he corg bar : make rumples even. o :
" 4. | Turn miterial over and ‘.
o keep striking
5. -1 Finishitup - i Repeaf the above action until the roll is
: tight and rigid.
- Remarks
(Inspection)

* Check to see that the curve line is made smoothly matching the mark-off line, that no angular portions are made, that no large
rumples are made and that the roll is tnght and ngld _

| . (Note)

1. Width of roll edge in this case, because of jts cone shape, may be obtained form the follomng equation by prowdmg the
_ base line (mark-off line} as an expedient as shown in Fig (1) below. axndx 3

2. " Edge roiImg ofcyhnder

When edge rolling is to be made in an outward direction from the curvature as shown in the figure at right, bending should
be made as shown in lower Fig. (1) in No. 33 and finished in the order shown in the figure.

Pad plate .
4

P

Groove chisel “7
Pad plate +f
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Single fold . .

©

‘Double fold

Groove chisel
- y
o

{Sheet metal work)

Work No.. . No. 36

Type of work Clasp joint of thin plate

Clasp joint of thin plate
Use of blade edge
Use of groove chisel

Main points

Materials Thin mild steel plate (28-30 No.)

Bending stand, blade edge, clapper,
scale, markmg—off pin, single hand
hammer

Tools

C_hec_k to sec that clasp é_dge'is iniform and clamped tight and rigid.

(Nole)

| No. * "Sequence of work Description Related information
‘1. | Mark of clasp éE‘SG .-Mark it on the end of each plate for the 1. Double fold (Fig. 2 above) is not commionly used, but
' width-of 2 cm (see figure at left). it is made by folding a single fold by 90° (Fig. dbove)
\farl\ of T clusp edge : : oo OnCce more.
rmrr———— .
Work o~ Work at right |: 5 Thel hof cl d 4 d ng o th W K.
£ "*'{' e length of clasp edge varies dependi n the Wor
at left : ‘—: < Bl D edg
o~ omm 3. To avoid the joint with left edge placed front, layout -
should be made so that the plate at rlght comes over '
the other.
2. Bend the plate @ . Mateh mark-off line with the edge striking
. EZ7) - stand correctly and bend bofh plates at
e -1 90°. (See Fig. 3 at left).
== . Insert blade edge and strike the edgc
- lightly to bend further
P (See Flg 4 at left).
7 . ~ Blade edge ; =
3. Clusp both pl'ate's o . Make sure that each’ plate clenches one
N ' another securely.
4, Strike the edge . Place the clasped portion on the bending | I. Careé should be take when working on a long material
. o stand and strike it from above at a shght Iy because the center portion:often slips out.
@/ ‘, . angle {See ﬁgure at left), : :
£ o7
‘
5. Clamp it down wnh 1. Start from the other end and strike I. Chipping chisel may be used for this purpose.
groove chisel . lightly along the line (see figure at eft and _
® yin .Fxg. (8) above)
| Remarks
(Inspection)

1.© - When making a cylmder like a smoke stack by means of clasping, bend both ends of the sheet metal as shown in Fig. (9)
" below, double up the sheet in curvature so that both ends engage and clamp the joint around the core bar by using elther a
groove chisel as shown in Fig. (10} or chipping chisel as shown in Fig, (11).

o2 . Shown in .Fig. {1 2) below may be considercd to be an examples of clasping.

Groove chisel

OO “Em\

Cluppmg chisel

24/@4
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(Sheet metal work)

i 2]

2

Fard

LT

| Work No.

No. 37

| Curvature (curve) bending of thin
plate

Type of work

Main points Curvature (curve) bending of thin plate

Materials

Thin mild steel plate :
Apply techniques in Subject No. 2,3, 4 .
and 5, as necessary .

Tools

Clapper, pipe, mallet

8 ':NG.

| - Sequence of work - Description Related information
1. . | Bendoneend of the plate | 1, Place it over the pipe horizontally and  -| In the case like the smoke stack making by means of
Co o strike with a clapper or hammer gradually | clasping, long materials should be rolled-almost completely
-Plate % . starting from the end while paying atten- | to the end and then rolled back in the opposite direction.
L tion so that no angular are formed. : "
-~ Core bar ™ - 2. To make a smooth curvature, strike the
- plate at the point slightly far away from
S the contact point of plate and pipe.
2 . Bend other end 1. In the sime manner as the above. -
-3 Push both ends down 1. Bend the plate starting from the right When working on a short material using only(a mallet, bend
cr with both hands - end as if to slide it down from left to both ends first and then bend the center. '
S right.” o - |
4. . | Finishit in desired 1. Strike lightly with a clapper.
¢ - | .roundness o _ _
.| Remarks
o (Inspection} .

Check to see that the surface has any angle or irregularities and that correct curvatute has been obtained.

1. When making a long cylinde
" Fig. (1) below, insert one en
with both hands. This provides curvature o

e

@

r or semi-cylinder (half-cylinder) like smoke stack or eaves-trough, provide a set-up as shown in
d of the sheet metal to be curved between core bar and wood plate and bend the other end down
f desired size in the sequence almost similar to the above-mentioned process.

When the slope of cone is great, put it over the end of break as shown in Fig. (2) below, work gradually
from both ends toward the center in the same manner as the above.
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(Sheet metal work)

-~

Pad (metal) |

Work No. . | No. 38

Type of work Bending of thick plate

Main points Bending of thick plate using a pad metal

Materials | Mild steel plate 2 mm thick

Tools Marking~off pin, scale, square, mouth
piece, pad metal, mallet, vice, rugs

~ Sequence of work

He[at_ed information

: ([ns'ptmt.io'n)

- Check to see that the bent is stra

- (Note)

No. Description. -
I. Mark-off bend line ™ | 1. Mark off bend line accurately in 1. Bending radius:
: : accordance with specified dimension. - ' L
: : — - : When bending a thick plate, any attempt to make &
2. Place the plate on vice 1. Place it between the mouth piece and  sharp bend may weaken the bend portion depending on
. ' pad (metal) and align mark-off line ~ the material of the plate. There must be an appropriate
* with the edge of pad metal correctly. .. bending radius (R) according to the thickness and type
- . " of materials. When R is not shown on the drawing, a
- 2. Wipe off the contact point well- to -~ large R may be provided for the materialof low viscosity.
_ prevent damage to the material. and a small R may be provided for the material like brass.
3.. Strike with mailet -1. Strike near the mouth piece. . 2. The R provided at the corner of core bar in advance as
' ' . ' . - shown in Fig. {2) above result in a convenient finishing
/9 o 2. Bend both ends first as shown in the work. S :
ﬁz—%ﬂ figure at left and proceed with the o _ S o

. o work by checking the angle. 3. When angularity is required for specific thick material,

' S ' provide a deep groove at the crease with a scratch scraper
or a triangle file as shown in Fig. (3) at right, place it on
the vice and bend it by striking slightly. =

N
3 -
1. Particular care should be exercised in this case as the
bending line often warps as shown in Fig. (4) at right. ~
9. If a metal hammer is used directly on the metal instead
of a mallet, the portion hit tends to have scratches _
and the materials often break ai that portion. Therefore,
use only a mallet or hammer made of soft materials such
as lead or zluminum or use a pad made of lead, aluminum
or fiber which is placed like the one shown in Fig. (5)
at right and strike the material from over the pad. .
R -
R -\
3. Use squill vice (C clamp) to hold down a long material.
Remarks

ight m'atching_'the mark-off line, that R is properly made and that the plate has no scratches.

1. When the bent is to be made at a right angle, there must always be a hole drilled at the corner to prevent cracks, as shown

“in Fig. (7).

For this purpose, met

hod (a) and (b) may be used. When the R is great, however, these two methods may cause a sharp angle.

in that case, method (6) is more desirable. &

E Crack-proof radius (m/m) e
Plate thickness | 0.3-0.6 10.6-16 |16-25 [25-3.2 \‘ﬁ S N

i . i I
Crack-proof radius 1.0 1.5 2.0 3.0 \t/ \/
— ) - —— Bending line o
2. Table of bending radius (m/m)

Plate thickness 04 fos5 |os o7 {os Joo J10 [12 [15s 20 (25 [50 52
- Brass, aluminum, duralumin 1.0 1.5 2.5 40 1 6.0
Superduralumin 1.5 2.0 AL 3.0 l 4.5 l 6.0l 7.5 ﬁo,o
_ Mild steet 1.0 2.0 | 30 |40 [ 60 [ 50
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Work No. No. 39

Type of work Bending of thin plate with manyal
: (hand) bending machine

Main points .

Materials - | Thin plate
_ Tools . Scale, manual (hand} bending machine
No. - Sequence of work - | - ' Description _ . Related information
©-1. 1 Adjust rule (gage) 1. Adjust both ends aécurétely fo lﬁe 1

specified dimension using a rule.

2. Tighten thumbscrew down. -

2. | Insert plate { L Insert plate to the full length of the
‘ S gage:
SHES _ | Raise handle S 1. Exert strength at the lost stage.
; -4 | Return (lower) handle 1. Move it along with the handle while .

!zo!ding it down.

5. | Pull out plate

Remarks
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~ (Sheet metal work)

Work No.

No. 40

Type of work

Curvature (curve) bending of thin .
plate with manual (hand) 3 rolls

Main points

Use of manual (hand}) 3 rolls

Materials

‘Thin mild steel plate, thickness x 3°
wide x 3" long '

Tools

Manual (hand) 3 rolls, scale

Related information

‘No. | - Sequence of work Description
1. .| Insert plate ) . Place it at a right angle to the roller.
2. ‘1. Put the plate in the roller and turn the

Adjust front roller

. roller slightly so that it may bite the

plate lightly.

3 Adjust regulating roller

. Turn roller slowly while checking the

clearance.

1. By adjusting the regulating roller diagonally to the upper
roller, a gently sloped cone shape may be obtained.

-4. '} Bend the plate.

. Turn handie slowly and at a constant

- speed..
5. “Pull out plate . Raise upper roller and pull out the 1. Some upper rollers can be raised and others Q;an be pulled
S - plate. : : out. :

Remarks™
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{Basic Knowledge) _ _ {Sheet metal work)

Subject ' line :
wubj '} Gas welding Work No. No. 41
(A) Gas proc.luccr . Gas cleaner | Safety device _7"\\
o LOxygcn container [——_{ Regulator | - » A
_ _ I - :
: o _ Conduit (Fecd line) -
. (Welding and cutting)
' ) Bld(vpipe
Bead
N
Base material 'Sgcond:lry flame Melten pool
Nq. h Item _ 3 _ _ Description
1. | What is welding? - To heat and melt the weld joint of metal locally and make it an integral part of the base material having
S : the qu_ality similar to that of base material with or without the use of a weiding rod.
A _Whrat is_gés wclding? + To join the metal by utilizing energy of high temperature produced by combustion of gas as its heat source:
o for welding. : ' oo : S : '
3. '_I‘y_pe. of gas flame - Gases available are _ace_tylen-e, hj/dr_ogen', propane, coal gas, etc. of which acetylene is most widely used
: SR because it provides the highest temperature and most appropriate conditions for welding, Hereafter,
all references to gas will imply acetylene (Each of the foregoing gases is used along oxygen to obtain
: .maximum available temperature). . . s
4, | Welding operation '~ If 2 good welding work is to be acéomplished, there must be equipment of perfect condition. For gas
S ' : welding, in particular, blowpipe is most important and the flame produced by the blow-pipe may also be
said as one of the most important tools. o ' '
- The welding rod, which is the metal to be added, must be carefully selected. Since acetylené is a very
unatable and explosive gas and its ray (beam) is very harmful, attention should be given to its flame during
* the operation as well as to the spatter of molten metal.:tal. : :
5. Attitude of operator 1. Pay close attention so that uniform welding can be accomplished.

2. Never perform irresponsible and careless welding.

3. Be serious, make utmost efforts and always keep in mind the team work in doing the work.

4. Be always eager to study and try to increase your knowledge and stsive for the improvement of

techniques. Don’t pretend that you know everything.

5. Db your best in 'perfo:ming the work and accomplish perfect and complete welding both in quality and .
appearance. - ' . ' '

6. 'Alwayé k_ee'p in mind that safety comes first in ail works., Observe all regulations and rules and atte_nd
the work with the sense of responsibility so that appropriate inspection and the procedures could be
accomplished before and during and after the work.
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{Basic Knowledge) (Sheet metal work)

No. 42

St_zbjcct o :A(::ety[ene welding equipment Work No.
Regulator
SéTEty‘device Oxygen container {cylinder)
_ Gas cleaner . ' p .
Sy y% 3
. Gas producer Blowpipe
| No. item Description '_
1. | Gasproducer - The device which produces acetylene gas by reaction of ‘carbide with water.
2 A, Automatic water . Acetylene gas is'p'roduced when water is added to the carbide in the charger, and is sent to the gas o
' - feed type gas . .| chamber and raises it. At the same time, the arm of a lever installed on the gas chamber, which controls
producer. water cock, moves up and down with the gas chamber, thus controliing the volume of water being fed.
'B.  Automatic immer- Water is maintained at a constant level. The carbide charger attached to the gas chamber moves up and
sion type gas ' down to produce gas. When the quantity of gas exceeds a certain amount, the cage and water ¢re
producer = separated and the production of gas ceases. When the gas runs out, the gas chamber moves downward
: causing the charger to come into contact with water to produce gas. :
S 3 Gas cleaner- .. " Cleaner is a cylindrical steel unit and the cover o its top is provided with a rubber gasket to prevent
' s leakage of gas. A perforated plate is placed horizontally at the height of 40 to 50 mm from the boitom
and a piece of felt cloth is laid over it.- With the addition of cleaning agent, this unit removes im-
purities from acetylene gas. _—
4. Safety device Due to the failure of blowpipe of others components pa'r'ts, oxygen may counterflow into the acetylene pipe
" S (conduit) and mix with acetylene, thus causing the possibility of explosion. This unit is located between
the gas producer and the blowpipe and is designed to vent counterilowed oxygen and mixed gases to the
‘atmosphere. : ' : : : : .
5. Blow-pipe- Low-pressure acetylene is drawn in bb high-pressure oxygen and both are mixed in this unit and ignited to
“obtain a flame (heat source) required for welding. Blowpipes are manufacture in two different types;
“varjable pressure type (B type, French type) and invariable pressure type (A type, German 1¥pe)-
6. Oxygen container Oxygen container is usually called an oxygen cylinder or bombe. Charging pressure is 150 kgfcm? at 35°C. |
- (Cylinder) The size of cantainer available are as follows: - ' ' '
High pressure gas vessel | 5,000 1 { 6,000 1 | 7.000 1
{nner coptainer 3351 40 1 46.6 1
Type of gas contained Oxygen | Hydrogen Agetylene | Propane
Color of container Black Red Brown Gray
7. Oxygen regulator Oxygen in the cylinder is charged at the pressure of 150 kg/em? at35°C. This device decreases the pressure
: of oxygen to around 1 kgfcm?, the required pressure of oxygen for welding. :
- 8. Conduit Tub?s.Whi'ch supply OXygen of gases from acetylene container or producer to the blow-pipe are called
. conduits. Steel pipe is used where gas producipg roam is located far from the plant (shop) and rubber
condul.ts are used for other places. The conduit for oxygen is black in coler and that for acetylene is red.
- Rermarks
- Dissolved acetylene:
- The conta.iner (cylindt_:r) is fully stuffed with porous materials such & cpoarcoal, asbestos, siticious marl, all of which have acetone
absorbed in them. 1 liter of acetone at the pressure of 12 kg/em? at I57Cis capable to dissolve 300 liters of acetylene. Capacity
~of cy]mde.rs are 151,30 1, and 50 1, but the 30 I capacity is most commonly used. Charging pressuse is15 kgfem? at 15°C.




{Basic’ Knowledge) ' (Sheet metal work)

Subject - Preparatlons and precautions prior to the welding operauon Work No. ~ |No.43 |

2,

‘1. General

' 2. Preparation of base (1) Provxde the edge with appropnate shape and clean the edge thoroughly

- materials

“ 3. Precautions to

- Requirements for weldlng operation _

(n Select blowpipe having the capacuy suitable for the thickness of the plate.
() Determine quality and the size of welding rod to be used.
(3) Determine the travel pattern of blowpipe and welding rod.

(4)  Select flux of proper type depending on the type of base materials. - i ﬁ%g l%m

(5) Determine welding procedure.s by taking into account the direction
: of movenient.

' (2)_ ) Make necessary preparation agmnst exPansmn and contractlon - 40~59"
(distortion). - ' . ‘i

I\'

_ aulion be: - V(I)'. Edge should be sufﬁcxently melted : o s o - ’%H m :
taken during the work (2) -Molten pool should always be maintained in- molten condmon Weldmg -
: ' . should be done within natural flame and the white heart should not come 75"73 g

- - into contact with molten metal. : :
_(3) ‘Maintain the condition described in (2) unttl the completion of 3 - b
""" operation and do not remove the flame from molten metal during the ‘”‘
~ .7 operation.
(4) . Melt-in the welding rod dt an appropnate time.

4. Care tobetaken = " - (1) Welded joint must be umform along the entire face. -

- after the work

(2) ' Welded joint must have been Jomed by deposned metal and not by

o agglutmahon. '

(3) * Welded joint miist have the quahly equivalent to that of base matenal
oot lugher quallty

(Defects) hkely to occur at the welded jOInt

1. Insufﬁczen_t :
penetration

Overlap '

ro

.. Inadequate
‘thickness

4. Unde reut.

]

'5. Blowhole

: ln the process llke the bndge spot Weldmg, for cxamp]e, there are cases when
molten metal rernains only on-the surface of the welded joint and does not
_penetraté into the bottom, thus making the welded joint fragile and easily

* broken even when hit slightly. This occurs when both edges of melting -

material have not been welded to their full thickness. This defect is often

-seen when welding thick plates where beveling is not provided or when'root
opening is not properiy mamtamed in propornon to the thickness of '
material. :

Base  Weid -
“ material portion 7

. Overlap occurs when me]ung meial remains and sticks to the unmolten metal
surface. This occurs when only the surface of metal melts and the molten

Zg'mm

Base
material -

quality changed

" Original

metal flows.into the portion, the bottom of which has not yet been melted R T
" s - si'%.\“\\‘l,v:“‘\“\\i\'

SR

or when the miolten metal flows over the previously melted metal while it-

is in the process of solidification, or when one of the weldment is melted

and the other is not melted. Even the experienced welder should be fully

aware of this possibility. - .

This occurs when the padding (extra pad) in the Welded ]01]’11 is madequate

This causes madequate strength in the welded joint.

One side or both sides of the wéldment are eroded because of overmeltmg,
. leaving one or two strips of grooves (called the secondary) and weaknes the
_ strength of the welded joint. .

Porosity made at the welded joint, which are created when molten metal solidifies

before the gas generated inside the molten metal escapes to outside. -

Strength of the welded joint weaknes as the number of porosity increases.

This is caused when a rapid cooling occurs in the molten metal or when the

removal of oxides is not sufficient. ‘

Gas welding rod for mild steel JIS 232011963

- Type of welding | Treatment of Tensile Elongation Type of welding T_‘rc_atmeni of | Tensile " | Elongation
rod test piede . strenglh (%) _ o .1od . test picee strength {95}
: o (kg/mm?). | o ' . [Ckgfmm?3)
YT SR 46 20 p43 - SR 43 20
GA"‘G-‘ : NSR 52 17 G NSR 44 15 ]
’ SR 43 35 '_ SR 35 20
GA43 NSR a4 20 T GB3S NSRT | 37 15
- SR 35 28 SR 32 15
GA-35 - NSR 37 23 GB-32 NSR
. SR B 46 - 18 . - - SR, - When the stress is relieved
GB-46 . NSR C 51 ] : NSR - When the stress is not relieved
‘Relationship between the size of welding rod and the thickness of the plate -
Size of wc!dmg rod and allow.:blc error (Un”' mew) Thickness of base material (t) Diameter of welding rod (D)
- . -1 Allowable B Less than 2.5 1.0-1.6
. - Size . Crroc 2.5-6.0 2.6-3.2
Biameter |1 1.6 20 26 32 40 50 60 0.1 5.0-8.0 3.5 X g.g
7.0-10.0 4.0-35.
Length o - 3 90-15.0 3.0-60

{(Note) Calculation of approximate size: D = ‘/z t+1.
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 (Basic Knowledge) (Sheet metal work)

Subject

Precautions to be taken during .Wel.ding oper.ations _ Work No. ' No. 44

L Rules to be observed by welders:

 Asthe acetylene is a dangerous gas because of its mstabrlrty and explosiveness, those perforrmng welding work st always abide by the
a provmons of Article 395, Labor Safety and Samtatlon Regulauon :

Arttc]e 395 Labor Safety and Samtatron Regulatron (Except)

P

>

10.

1L
12

3
L 14,
~-accomplished safely,

"16,

e @ Ne

15.

Goggles and protective gloves shall always be worn during welding operatrons

;. No spark producing tools shall be used nor shall be any acts to cause percussion to gas producer wlule it is in use.

Soapsuds or other safe means shall be used to check the leakage of gas in the welding equipment.

' Prior to'the start of welding operation, each part (piece) of the welding equipment shall be inspected and a:mixture of air and
acetylene, if found in' the gas producer, shall be removed., = -
- For heating the water in the weldmg equrpmem to prevent it from bemg frozen, on
“beused. .
“No articles shall be placed on the air (gas) chamber of gas producer.

ly hot water or steam or other safe means shall

When the gas producer is not in use and there is a possrbrhty of genera'tmg gas by the remammg carbide, water in the chamber

- shall be maintained at an appropriate level.
“Acetylene and carbide shall be removed completely from gas producer prior to repalr any additional work transportation or.

storage of the unit or when the operation of the unit is discontinued for breaks. .

~(Gas producer for mobile weldmg equipment shall not be placed where the temperature is high, or where ventilation is poor or where
" vibration is frequent,

Safety device shall be located’ at the place which provrdes an easy access to the wnit to acertam water level durmg weldmg
operation. Water level shall be checked at least once a day during the operation, R
Door to the gas producing room shall not be left open during the operation.

Smoking or use or open ilames or spark producmg devices shall not be allowed within 5 meters of the gas producer or wrthln 3
meters of gas produciryg foom,

When opening carbide containers, any act whlclerght calise percussion or which might produce sparks shall be avoided.
Charging of carbide in the' producer for mobile weldmg equrpmcnt shall be done outdoors and at the plade where it can be

Carbide slag shall be placed in slag containers until the hazard of gas is eliminated or it shall be drsposed of at the safe location.
No welding operation’ shall be perfonned near storage area of explosives, ﬂa.mmables of storage area of large. quantrty of

. combustibles.’

When welding or cutttng isto be done on'the container of alcohol gasolme, tars, grease, sulfaric acrd these materials shall be
removed from the containers completely and the inside of the containers shall be mspected pnor to the work. ‘

LIk tPreventlon of Accrdents and Safety procedures

1

' Clothmg

1. Slovenly appearance can cause an accident, Clean and tidy clothing should be worn at all trmes while perfomung the work.

2. Work without clothing should never be allowed even in the hot weather,

3. Attention fnust be paid to the ‘sparks or pieces of molten metal flying onto the colar or mto the pocket or on the pants, which .
. Inay cause a severe burn,

4. Attention should also be given to greasy. or ol stained clothmg because of potennal hazard of catching on ﬁre

5. Shoes should be worn at 2l times, if possrhle to protect feet from ﬁymg sparks and molten metals

Protectwe eqmpment

1." Welder and his assistant should always wear goggles durmg the operatron Intense glare of rays and ﬂymg sparks may cause
injury to the eyes. -

2. Protective gloves should be worn to prefcnt burns in the hand. '

3. Apron, gauntiet (hand cover) or leggings should be used to prevent burns depeudmg on the type of operation.

E Precautlons agamst porsomng (toxrcatron)

Since some metals used for welding, particularly the lead, ziric and brass and other matenals give off harmfull gases welding should

~ be performed at the well ventilated locatton and gas mask should be worn durmg the operation.

Precaut:ons against fire or explosron o

1. Welding and cutting operation should be perforrned at the safe location where no combustible matenals are present in cIose Vo
. vicinity of work site., E’artlcular attention:stiould be paid to-the-materials around mabile weldipg equipment. :
2. Fire extinguishers should always be kept nearby during the operatxon and when the work is over, work site should be cleaned
.~ thoroughly to eliminate fire hazards.
3. Gas cleaner should be installed as close to the gas producer as possrble When changing the cleamng agent, rubber gloves
should be worn and particularattention should be given to the presence of open fire.
4, Particular care should be exercised that blowpipe is not used for pullmg or knocking other articles in place of tools or that
a burning blowprpe is not swung around. _

=
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© .+ (Sheet metal work)

Relief valve

Lift support (track)

‘Gas chamber

Work No. Na. 45-1

Type of work Preparation of welding equipment

Main points Handling of water feed type gas

Clean up equipment

closely in particular to see if any slag is left. -

elepses, it turns to white in color and solidifles itself,
thus making the removal difficult and;presenting unpleasant
appearance.

: roducer (fixed type
Plummet (weight) S P cer ( : ype)
- T— Walter chamber Materials Carbide, water
: ~Automatic water valve
" - Water receptucle Tools
~—— Gas outlet
.Water pipe
Gas cleaner.
) Charging chamber
No,_ Sequence of work Description Related information
- 1.7 | Start operation : .
: (_a) Inspect gas chamber | 1. Move gas chamber up and down slightly. | When the gas chamber stuck, gas pressure increases, thus
A . - o : o ) making the zcetylene to counterflow and overflow at the
' 2. Inspect the clearance between water water pipe and creating a hazardous condition. -
- chamber and gas chamber, lift support - Also, if vertical movement (lifting) is not smoothly
- and wheels. - | carried out; pressure of gas can not be maintained at 8
: constant level, thus making it impossible to provide
stabilized flames. This hawpersperation greatly, therefore,
an effort should be made to secure smooth lift (up and
B _ ‘down) operation,
(b) - Fill the chamber Fill to the marked line. . If the supply of water is in excess, gas generates and the
© 7 with water ' chamber rises jtself. Increase in the pressure of gas
SR causes water to overflow at the water chamber and flow
into the water receptacle which in turn feeds excessive .
water to the charging chamber, resulting in excess
generation of acetylene. If the supply of water is not
adequate, feed of water can not be maintained properly
and generation of gas is not satisfactory. : :
{c) -Charge carbide Charge carbide about half full of the charging | If charging of carbide is not done propesly or when excessive
- e ' pan. (In the order of large, small, large, amount is charged, the water fails to penetrate into the ©
small or by taking into account the amount | bottom, thus resulting in poor generation of gas or the -
of work to be accomplished). generation of excessive heat by carbide. Care should be-
o exercised when recharging the carbide, for the charging
pan sometimes would not be easily drawn out because of
. expansion (swelling) of carbide. :
(d) - Feed water Feed water slowly. Feeding a large quantity of water at one time will cause
. ' ‘ - the carbide to generate a large quantity of gas at one time
and produce excess heat. It will also produce foul acetylene,
~which may turn to a dangerous gas, or causing excess
- production of gas switch results in overflowing at the
telief valve. : .
(6} . Vent a mixture When the gas chamber rises 1/3 of its track, | As a mixture of air and acetylene is the most explosive
of gas open cock on vent valve and lower the and dangerous gas, this procedure must be kept in mind at ..
. chamber to the bottoni.. When'lowered to all times. . :
_ the bottom, close cock on vent valve.
(f) Check for leadage Check the unit with soapsuds by paying
: of gas : particular attention to the charger, all -
- cocks and connection.
(2) . Transfer gas tocleanert Open cock on the connection to the cleaner. | This is done when the gas cleaner is ready.
2. . | Completion of work "~
(a)  Close cock Stowly and carefully.
~(b) ‘Remove carbide Carbide in the process of reaction should
be placed in 2 storage container, after
moisture has been eliminated.
OF "Wash out slag thoroughly. Check gas conduit | Slag can be easily washed out when it is wet but as time
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(Sheet metal work)

WorkNo. - |No.45-
Typé of work Preparation of welding equipment
Main points " | Handling of water feed type gas
: | producer (fixed type}
Materials - Carbid_e, water :
Tools '

“(a) " Closewcock -

: 3 B Rech_a.rging of carbidé . . .

“Close cock on the connection to the cleaner.

(b) Fill the chamber
o with water ..~

Fill to the marked line.

If there is a shortage of water in the water chamber after
the water has been fed to the charger, the cap may float
over the water,

{c). . Change carbide_'

1 1. Open the cover stowly and wash
*_"chamber and plate thoroughly with
Coowater. . o "
2. Check and see'if any slag remains in the
" gas'conduit and water inlet. '

3. Charge carbide 1/2 full of the plate.

Remove un-activated carbide and dump it into slag con-
tainers. Slagin the container should be disposed at the
gafe location or beried after it became completely free
from reaciion. it should never be discarded carelessly.

{d) Feed water

Slowly.

@ Opencock

~ Open cock on the connection to the cleaner:

® - ‘Check equipment

Check equipment closely to see if there is
|- any leakage of gas. e

Remarks .~ -

As the acetylene is 2 very unstable and dangerous gas having a wide range of inflammable and explosive characteristics, instructions

on the use of gas produ

- equipment.

cer must be strictly observed and no person other than the operator should be allowed to handle the
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(Sheet metal work)

~Gas chamber Lift support| |

_Reliefvaive

Cas chiamber

Water chgm‘ber ,- i

Gas chamber support 1 ‘

C_:Lrbide_'ch:irger (cage)

;;Ei . Gas outlet
ir-i s Gas cleaner

o

 ——

AT & Gas conduit

o Slag holé”

Work No. No. 46

Type of work Preparation of welding equipment

Handling of immersion type gas

Main points
producer (mobile type)

Materials

To:_)!s .

No. Srequen,c.e of work - Description “Related information
1. | Start operation® _ o o : . _ ' .
(2) Check gas chamber | 1. Operate gas chamber up and down slightly.| If the gas chamber stuck, pressure of gas increases and the
: : 2. Check clearance between water chamber water in the water chamber overflows, thus presenting
_-and gas chamber and the lift support a possibility of explosion. :
: : and wheels. _ : — S
(b) Fill the' chamber Fill to the marked line. Excessive feeding of water will cause water in the chamber
- - with water . - > to overflow when gas is generated. This water is white in
' color and contains dissolved carbide. When dry, it presents
. . _ very unpleasant appearance and is hard to remove.
-(¢). " Place carbide in the * | 1. About half {ull of the cage. Extremely small mass of carbide will fall thorough the
cage .. ' a R C .o " | mesh and excessively large masses will remain over the-
o - | 2. Make the mass in appropriate size when - | peqh and will not fall down continuously: o
S . - placing in the cage. "~ . : A
{.(d)  Hung cage and place | 1. Place carefully. B
- thecover " {'2. Do not cause friction or percussion.
(e} R_embvg a mixture of | When gas chamber rises to 1/3 of the lift, A mixture of air and acetylene is highly explosive and is
T ogas U © " llower it to the bottom. g very dangerous. It is most important.that this mixture
. ' o ' is removed at all times. ' o
(f) - Check for leakage- With soapsud. Open flames should never be used.
\ s0ap p
. - of gas . o . i
(g)  Transfer gas to cleaner| By opening cock.
2. Completion of work _ _
{a} Remove (discharge) : SElej," and intérmittently.'. : Since the acetylene is a highly flammable and dahgerous
remaining gas : : _ gas, it should be discharged slowly and intermittently and
' _ not at one time. S L
{b) " Take carbide cage Remove top cover carefully and take the cage Though the remaining gas and water in the water chamber
- out . out without causing friction or percussion. have been already removed, air might have penetrated in
. P ' the gas chamber and a mixture of gas may have been
't formed or the dir may come in when the cover is removed
g and form a mixture of gas, thus creating highly explosive
and dangerous conditions. Special care should be ex-
ercised during this process. . '
(c) - Dispose remaining . : Carbide which has been in contact with water | Placing the remaining carbide in a sealed can immediately
carbide ' will generate acetylene as long as it contains’ after the operatjon is a very dangerous practice because
' moisture. It should be placed in a storage it might be full of acetylenc when opened again for use
container after it is completely free from in the following operation. _ .
moisture.. _ ’
(d) Remove gas chamber - Carefully remove gas chamber from water-
a from water chamber - | chamber.” :
(¢) Drain water. - Drain water slowly by turning the screw Sudden opening will result in a gush of both water and stag
o . ' | at the slag hole. - _ at the same fime and will present unpleasant appearance.
H Clean up equipment = | Washi slag out thoroughly. and check to see The slag, if left in the gas generator (producer) event in a
: ' if any slag remains-in gas pipe (conduit) small quantity, will turn to white in color and will not be
and reliel valve. casily removed. Besides, it presents unpleasant
IR appearance.
(g} Place equipment 1. Check all parts carefully and closely. Check all parts carefully, particularly the gas pipe (conduit).
- i storage 1. S assernble and store them in the location so as to be readily
S 2. Place gas chamber in water chamber and | yyilable the following day. When the store room is not
— place the cage in the gas chamber, then available, they should be placed at the safe location with
] _ - hand tight the cover. gas chamber and water chamber being separated each 'd
se eaui in storage. other. In this case, gas chamber should be placed on side as
3. Place equipment in SI0rag shown in the figure at left.
Remarks
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(Sheet metal work)

FIG. A

Perforated iron plate

Rubber gasket

FIG. B

White heart SSecondary flame

. Cleaned fiame

O = .
. White €ON¢ | gecondary flame

U Uncleaned flame .

Work No.

No. 47

Type of work

- Preparation of welding equipment

Main points

‘Handling of gas cleaner

‘Materials

Cleaning agent

Tools

| No. Shqu’em;e of work - Description . Related information -
1. |- Open drain cock ~ Drain extra water 1. if the cleahing agent is compacted too hard, p?ssage'o'f
B : _ p _gas is hampered, and if the compaction is too loose,
-2, Charge cleaning agent 1. Charge P_fesmbed amount. _ fatisfact_ory performance of cleaner can not be obtained.
2. Make a thin layer in the center and a Compact agent properly. 3 :
~ thick layer in the surrounding area. .
o 3. Use rubber glove when charging the agent. | - S .
3. Discharg¢ a mixture Open inlet and outlet cocks for 5+10 seconds. | 1. Method used to determine the efficiency of cleaning
s - of gas ' , x - o agent: . - o
4. 1. Transfer gas to safety When safety device is ready, open outlet-cock.| - Place a test paper coated with dissolved sulfate of silver
| device - 1 - : at the outlet of cleaner. In the pass turns black within
_ 5. Check_e'quipment Check for gas leakage with soapsuds. .a few seconds, it indicates unsatisfactory performance.

, : , 2. As shown in Fig. B. there. is a clear distinction between
Amount of cleaning 5 10 15| 20] 30; 40 | 50 |60 the flame of cleaned gas and that of uncleaned gas.
agent required (kg) : ' : In other words, the flame indicates whether gas has been

- : o T : - ~— leaned or not. When the secondary flame appears longer
Amount of acetylene - SRR R : S . cleancd of no p . .
. _ : : in size, it indicates that the cleaning effect is detezior-
.c_le.ar_iegilt;;rf)me. hour _ 600.. 1,200._. 1,800 2f400' 13,000|3,800 |4,700(5,600 ating. (Refer to remarks).
Thickness of la:yer-" ' - ™ : ' '
of cleaning agent (cm) B 25 .'25 25| 28| "30) 30 _30
Height of clearier (em)|{ 32| 33 | 34 35| 39| 42| 42| 42
| Diameter of cleaner - |- ' : :

ey eh 7 [T20f 28 ) 35| 40| 45| 50 S5 |60
Cleaning agent -~ : _ :

1. Heratol = | 2kg for 100 kg of carbide

2. Catalysol Same as above

3. Akazin

4. Frankolyn

1 Remarks’

1. Impurities contained in acetylene are very fine particles of lime, water, hydrogen sulfide, phosfate h).f.drogen. All of these

imparities cause harmful effect during the welding operation, but phosfate hydrogen, in particular, presents a posibility of

spontenuous combustion when its content in the mixture exceeds 0.02% and

‘of uncleaned acetylene also make sit difficult to controli flames.

of explosion when exceeds 0.06%. Use

2. (a) Since the cleaned gas, after having been removed of imporities, burns near complete combustion and the flame cone
presents white color but the secondary, on the contrary, is very beautiful in purple color. :

‘(b) Uncleaned gas, because of its impurities, fconsumes extra oxygen to burn these impurities. This is the secondary

flame and the color of flame.is indistinct.
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{Sheet metal work)

"~ Water supply cock Work Nd. No. 48
Inlet <% :
: - Type of work Preparation of welding equipment
)
Outlet §- _ Main points | | Handling of safety device (water
© Water lovel g . Filtering plate ' sealed type)
S Lot~ L : Materials Water
- Water cock® : :
S Tools
- Drain cock
~No. Sequenceofwork | - . Description  Related information _
L | Fillwater R | Fill water to the level stightly above the mark. | Check all parts completely'and wash inside of the unit’
: ol T T e ' thoroughly. with water to remove rust before filling ciean
_ _ water,
. 2. Set up (install) '\'mit_ ~© | 1. Set the unit in vertical position atthe - | 1. Safety device when inclined make it impossible
' : : - location where water level can be seen. to perform satisfactorily the control of water level.
casily during the operation. Moreover, the performance of the unit as a safety device
' ' SRR -can not be expected in an emergency
2. Avoid locating it near gas producer or
. oxygen cylinder. . 2. Inspection of the unit can be made easily in the even of
_ _ ' shortage of water due to counterflow or backf‘ ire.
- 3.1 Deiermi_he water level -~ | "1, Close outlet cock and open inlet cock to
(mark) ' S ‘the gas flow and then open and regulate
. - water level control cock until water level
* rises {o-the prescribed mark,
2. Check water level periodically and main-
tain the level at the prescnbed mark at
all times.
4. | Remove a mixture of gas | Open outIet cock (4*5 s_éconds)
5. Transfer gas to blowpipe When blowpipe is ready, open gas inlet and
' : .valve cock fuliy :
6. Check equipment - - | 1. Check for gas leaks with soapsuds.
2. Check conduit coruie’ctibn, inlet and
outlet cocks, and-water cock carefully.
Remarks

L Precautions in handlin'g the unit:

L

. When the gas storag

. When the safety device is actuated by

'One safety device should be provxded for each blowpnpe When this is not pracheal provide one safety device for main

conduit on the mamfold whnch is the closest to the blowpipe.

e and gas producer are installed at the separate location, a safety devxce should be provided between these two

umts

. Water level should be checked a'_t' least once a day.

Frozen water in the equipment should never be thawed by use of open fire. Also, smoking should never be allowed while
handling the equipment. '

back fire or eounterﬂow blawpipe flame should be put out immediately and the cock
hould be closed. Then remove rubber hose from the blowpipe and check it to

on the inlet pipe of the safety device s
determine the cause of backfire or counterflow. After acertaining that there is no defect in the hose, clean the hose

thoroughly, add water and resume operation.
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(Sheet metal work)

Regulating handie

Type A (German type) regulator -~ Type B (French tyﬁej regulator

. Low pre5§yre gage .

. ,Ventvalve
|Hi.gh—pressure g_ngé

Oxygch connec f'.'ionE i

Y

oL
(T

i ﬁ Relief valve

No. 49

Low pressure BIEE 'High pressure gage

Regutating handle’

.. «Oxygen connection.

Work No_;

Type of work Preparq{ion of welding equipment
Main. points Handling of regulator

Materials

Tools

" Related information

‘No. | = Seguence of work. -~ Description
1. | Open oxygen valve 1. Open handle (Turn handle) slowly with Since the oxygen is a combustion support agent, fast .
slightly both hands. o ' discharge of it creates a very hazardous condition: Also,
L PO : o ~ | the dust, if allowed into the regulator, will cause
2. Make one or two. turns to discharge oxygen| mechanical mulfunction. I
: . toremove dust from mouth piece. T : '
2. Install (set up) 1. Safety device should not face toward the | 1. If the discharge of oxygen is difected at the cylinder
equipment _ shoulder of oxygen cylinder. 1 when the relief valve actuated, it creates a dangerous
A - : N " condition, ' L
2. Screw in 5 or more threads and then L o ' ap -
tighten it down. *© : 2. Screwing less than § threads will damage threads and
' . . - : at the same time it makes it impossible for the unit to . -
3. Set the device in an inclined position so withstand the pressure when oxygen vaive is opened
as to provide easy reading during the simultaneocusly. _ B o
_ operation. : .
3. Loosen regulating
handle (Furn back-
Regulating handle)
4. | Open oxygen valve
.5, Check equipment for - - With soapsuds. Any leakage results in the loss of a large amount of gas
-leakage A because of its high pressure.
6. Regulate pressure - 1. To the required pressure.
B ' 2. Turn handle clockwise slowly.
7. | Close vent (supply) valve
8. Attach (connect) oxygen - | Secure hose tightly with clamps.
E hose ; _ _ : - :
9.. | Start operation When blowpipe is ready, open supply valve.
10.° Corpletion of operation 1. Close oxygen valve. If oxygen is not completely discharged (removed) from
o _ _ o the regulator after work is completed, it may cause
_ 2. Turn loose the regulating handle, mulfu%llétion of gage. P 1t may :
| 3. Check equipment.
. Remarks
Handling instructions:
1. No grease or lubricant oil should be used for any part of the equipment {grease and oil will oxidize and cause spontenuous
combustion). Use glycerin when lubrication is required. : : '
2. - Priorto instailing the regulator, blow off the dust from the valve of oxygen cylinder so that the dust would not enter -
tegulator.’ : ' : : '
3. . Operate valve slo_wljr. _
4. Always keep r’egulaﬁng handle loose when replacing the regulator,
s No attempt should be made to disassemble the regulator. When work is Suspended temporarily, close supply valve lightly,
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{Sheet metal work) -

- Instructions on blowpipe handling:

L
2.
-3

Handle blowpipe carcfully.
Do not let the burning blowpipe Ioo§e_ from your hand.

When cleaning the blowpipé, blow in oxygen from the
end of flame tip. S '

. Db not enlarge. the diaméter of flame tip. Use copper
- or brass wire carefully to remove dr_egs (slap). :

. Cool down if flame tip become overheated (by.
. discharging oxygen slightly).

. Atta'ch'fla.me tip securely.
.. If the blowpipe does not light satisfactorily on first try,

always make a careful check and correct defect, if any,

‘before relighting.

. Follow proper sequence for lighting and extinguishment of flame.

- o Typed | o
~ (German type) ' o . o .
YP . TypeB WorkNo. .  |No.50
(French tyep) : . -
* (Variable pressure type) Type of work . | Preparation of welding equipment
- B —Oxygenvalve ~ | Main points Handling of blowpipe -
. o e : Materials '
1. Torchhead - 2. Cock 3. Griphadle sAcetylene cock. Tools
_ 4. QOuter tube 5. Ininer tube 6. Regulating valve :
* 7. Hose connectiin ' . : o o
- 8. Flamebody : o
‘9. Flame tip - o S — aam
..~ (Welding tip). e i L - : : Welding ti
| T CETIE weuing to st
'.,N_o_;. i . Sequenceofwork - | - Description Related information
1 Attach \yglding';ip_' S Tighten it up n?gidly._ ' L 1 If not tightened rigidly, backfire or couterflow may occur.
2. Connect oxygenhose - - |.1. Insert hose up to the roof of connection | If not tightened securely, it may com.e loose because of high
o (Tighten it up with a clam). _ pressure of the oxygen. :
o 2. Open supply valve on regulator. R '
'3_.': :-' Examine suction . .4 L gggg gas co_ck first and then open oxygen | Thickness of |~ Flame head No. | < /Flame head No.
G o B e e at L - steel plate (Capacity) of Type | (Capacity) of Type
- . . Euuct?ot_rlﬁnf Paper at the__pp ening n_)' see mm A EGermgn type) | B (French type)
- 4. | Connect gashose E Sééi_lrely so that it would not come off, 1-1.5 i -50-100 -
5. | Open cock on safety device ' | =20 7 T 00
6. Discharge a mixture of | Fully open valves for both gases for 5-10 23 _ - 3 700
R from pipe (conduit) seconds. . . : . .
7. | Light blowpipe | Refer to No. 51-1 (Variable pressure) 3-5 5 300
' S : _ Refer to No. 51-2 (Invariable pressure) ' o &
8. | Shutoff Refer to No. 51-1 (Variable pressure) 57 R 7 - 5300
: Y Refer to No. 51-2 (Invariable pressure) - ' '
9. | Check equipment 1. Check to see if there is any leakage at Do not drop blowpipe on the ground or avoid using it
' SRR : ‘oXygen or gas connection. | _ for pulling tools or for striking equipment in place of
2. Check to sée if there is any leakage at other tools.
. oxygen valve or acetylene cock. -
Remz_irlis)

Invariable low pressure blowpipe (Type A)

Mostly used in Kanto-aren..-Discharge rate of gas and the’
size of flame tip are standardized and does not provide {ree
control of flame size (capacity). But by changing the :
flame tip, one blowpipe can be used for rarious purposes.

" The size of flame tip is expressed by the thickness of the

plate it can weld (m/m).

Variable low pressure blowpipe (Typé B)

Mostly used in Kansai area. Supply of oxygen can be
controlled and the amount of acetylene drawn can be
controlled according to the size of flame tip being used.
The size of flame tip is expressed by the amount of
acetylene consumed per hour (liter)..
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(Sheet metal work)

" White heart 2-3 mm .
:3,000-3,200

Carbonizing flame

8 tandard flame

Secondary .

" White heart

Oxidizing flame

Work Na. No. 51

Type of work Control of flame

Main points How to make standgrd f]amf;s

Materials

“Tools

“No. - jSe'quenc'e' of work . Description . Related information
L R it L. Variable pressure type blowpipe (JIS B 6801—1960) _ R
- 1.-7|' Light blowpipe: - 1. Open cock (valve) -~ 1. When lighting the blowpipe, make sure no hazardous.
' SRR . o R T ~ condition exist around the operating area. .
2. Discharge oxygen slightly and light 2. Do not light the blowpipe at the location where gas
: oo - blowpipe. o _ may have been accumulated. SR
2, Regulate flame 1, Discahrge oxygen until the oxidizing Carbonizing flame-Caused by an excess supply of - "
ST ‘flame almost overlaps white cone. ‘acetylene and is general black in color.. o k
9 Masin S . Oxidizing flame-Caused by an excess supply of oxygen and
2. Maximum temperature is obtained from | is'the standard flame with a small and indistinct white
the point 2 to 3 mm from the white cone. | ¢one, Standard flame-Produced as a result of complete -
o ' B combustion of a mixture of oxygen and acetylene with .-
. : distinct white cone.. =~ oL _
- 3; | ‘Extinguish flame ‘1. Close acetylene valve.
o 2. Close oxygen valve. _
A 2. Invasiable pressure type blowpipe (JIS B 6801—1960) -
1.. | -Light blowpipe and 1. Open acetylene-control valve fully. 1. Breqthing of flame: :
‘ -..regulatgzﬂ?me B 2. Light blowpipe by opening the valve to (1)~ Caused by the presence af acetylene or water
© 70-80 and then open valve fully. : in rubber hose. : C
3. When there is 2 carbonizing flame, _ )] _ Mulfunction Qf sgfety device.
- regulate it by closing regulating valve. 2. Roaring noise at time of lighting:
4. Where there is an oxidizing flame, (1) - Incomplete removal of unpurified gas.
regulate it with regulating handle. (2) Inadequate supply of acetylene.
5. If the above is not adequate, make . (3) Extremely low pressure of oxygen. o
_ standard flame by operating both the _(4) Enlarged and distorted flame tip, accumulation
.regulator and regulating handle, C of slag. _ .
: : 3. Discontinuity of flame (intermittent flame):
(1) Excessive pressure of oxygen. -
(2) Accumulation of slag in the nozzle.
4. When the blowpipe make crackling and popping
‘noises during operation and 'then returns to normal
condition or when flame blows out itself, their causes -
would be: B . .
(1). Overheat of flame tip and the accumulation of
. slag. - _
(2) Incomplete control of supply and pressure of gas.
5. Continuous roaring noise:
Ovetheat of flame tip and the accumulation of slag.
. 2. | Extinguish flame Close valve.

“Remarks -

Importance of fldme:

In welding operation the flame plays the most important role. The flime may be likened to a tool for handicraft work. As good 'wori{
" requires good tools ang excellent skill, good welding requires good flames and excellent skill. To provide complete welding equip-
‘ment is to obtain a good flame. To make a good weld is to make the best use of a good flame. : .

Reasons for using neutral (standard) ﬂérﬁe_for-welding:

When the \_»"elding is done by keeping the white cone from coming into contact with the molten rhetal, the metal remains in neﬁtral

condition without being affected

used in welding.-

by chemical reaction of flame during the operation. This flame is called the standard flame is mostly
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(Sheet metal work)

Work No. No. 52-1

Type of work Placement (How to make) of bread

Main points Movement of bibwpipe and welding rod

- | One mild steel plate (1-2) x 100 x°
.| 200 mm Welding rod 1. 2 2.0mm
in diameter

Materials

Tools

Mo,

- Sequence of work

Description

Related information

Make_preparation

. Draw weld line.

. Position plate horizontally.
Referto No.43-1. = -

Posture |

- Take position in front of welding beach.

2. Hold 'blowPipe lightly in natural posture so
. s to be able to endure prolonged operation

Because of fts weight, rubber hose should be laid over the
lap.

- Maneuver blowpipe

. Move blowpipe up and down in the
. pattern of sawteeth while making molten

. Maintain 2-3 mm space between white

. Maintain the angle of blowplpe at 45°
4. Mamtam it at 90°from the side.

. . Maintain the width of bead at 5-6 mm
- 8o as to make a sha]low cavity in the base

pool.

heart and base material.

matenal

1. If the angle of blowpipe is too great for a thin plate, it
will often cause holes in the plate.

2. If the movement speed is too slow, it will often cause
holes in the plate.

[ s

Maneuver welding rod.

T - rr e
/Base matenal/ 7.

.-Hold the rod lightly. with left hand. If
. the rod is too long and the tip swings,

length.
2. Maintain the angle at 45

. Practice backward movement while

. in the pattemn of sawteeth.

bend the rod in half to appropnate

moving the rod up and down slightly

| How to maneuver biowpipe
and welding rod

ﬁ’\%\iﬁ

1. Hold blowplpe with nght hand without lighting it and hold rod with left iiand. (See above sketci.}

. Maintain the agnle at 45°and move it up and

down dightly in the pattern of sawteeth.

3. Move blowpipe straight ahead and move

rod alone up and down.

4, Move blowpipe ehptmally and rod str:nght

backward.

5. Swing blowpipe and rod sideway aiternately;

. Keep practicing until both hands can move

skillfulty.

- — Weldmng rod

@ _—
. //BaSc material 7 // Biompmh
M ~ A ~ A~
@

Base material

o SECOUIELIE
//'.B:‘-sc e

@ ~ ~ n ’

VvV - Weld linz
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(Sheet metal work)

Work No.~ No. 52-2
Type of work Placement (How to make) of bread
Main poinis Movement of blowpipe and welding rodr
Materials One mild steel plate (1-2) x 100 x
: 700 mm Welding rod 1.2-2.0mm
in diameter ' '
Tools
No. Sequence of work Description * Related information
6. ‘Place (make) bead 1. Maintain 2-3 mm space between base
' :  materials and hearl cone. _ _
2. After the plate has been melted and
molten pool has been formed, melt
in the welding rod. '
3. Move blowpipe and rod up and down Refer to 5-(2). -
~in the pattern of sawteeth.’ ' _
4, Maintain standard flame during . When 5-(2) is accomplished satisfactorily, practice
operation. - _ 5+(3) and 5-(4) alternately.
5. Keep heart cone (flame cone) away from |~ - o
. material.
6. Melt in rod at the end (tip) of:molten pool.|

7.7 | Check bead

1. Bead should be made without making base material thin or without overlapping but with uniform ripple
. and even surface.. : : .

2. Width of bead should be approximately 8mm. -

3. Bead should be made in such a manner as to
allpw melting metal to penetrate to the
bottom.

4 Refer to No. 3-2 (Defects most frequent with
the welded joint) (Basic Knowledge). '

“Too Too :

_ Too
[CorrectFast+Slow-Fas{-Correct~ Fastj

Crater7
How to remove flame from the end of bead:

End of bead tends to become depreéscd by excessive heat. Therefore, after welding is ébmpleted and
flame is taken away from the weld, direct flame again to the finished portion and melt in the rod to
make the height of bead even. . :

-+ Remarks _

How to join the '_bead:

‘Sometimes it becomes necessary to join: two pieces of welding rod together during operation or to stop operation temporarily
to regulate flames. When operation is resumed and bead is to be made and joined with the previous bead, the following care

should be taken.

L. Stari__heating the plate from the point 10 mm this side of the crater, and when the surface begins melting, mov i
" Forward and melt in the rod slightly. Move forward gradually and melt deep into the highest%ortion of g‘Gcad tg ?rllgl\:;p;pe
molten pool and continue operation as before. : :

2. . If a white giitten‘ng oxide forms on the surface, remove it by raking with welding rod.
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(Sheet metal work)

Work No. No. 53

Type of work Flat butt welding

Main points Forward welding method

Running wave : l

— ] -

05~10

Two mild steel plates, (1-2) x 100 x

Round wave

Materials .

150 mm .

Welding rod 1.2-2.0 mm in diameter
Tools .

" No.

Sequence of work

~ Description

Aefated information

Make preparation

1.
2.
3.

Refer to No. 3-1. .
Plac_:e the plate horizontally,

Maintain root .Qpcning'at 0.5-1.0 mm.

t

13

Posture

Refer to No. 52-1-2 (Posture).

s ‘Make tack weld | 1.

- 20-30t

T
Z 3

_sides of centerfline. - _
2. Weld should be spaced 20~301”apart_‘
3. Hold blowpipe almost at right angle. -

4. Melt the metal slightly to the back side
- with the cavity at the center.

. Length should be 2-3 mm.

Make tack weld symmetrically on both

Tack welding jdetermine: dimensions and configuration of

| the material. Therefore, omission or negligence of tack

welding shiould not be allowed.

Relieve strain =~ 1.

. Use counter stress method.

Relieve strain by hitting the material.

Since the stress (strain) is caused by the heat of welding,
it can be corrected by peening around the weld.

5. Start wéiding ' 1.

B| A

' respectively. . -
. Melt edges uniformly and completely

3. Refer to No. $2:2 (Beat tube).

. If the welding is started from the end -
- of material, it may result in cracks at the

5. Width of bead should be about 6 mm.

6. Circular (round) wave should be made
" for eleborate welding but running wave
should be satisfactory for normal

. 'Ca're'sh'oul_d be taken not to cause

Maintain the angle of blowpipe and
rod to the base material at 45°

(to the extent that a hole could be
made through the bottom). - -

starting point of welding. Sequence should
be in the order of A-B, A-C.

operation.

overlapping.

Cracks can be prevented by changing the direction of
heat created by welding. _ :

Increase in the deposit metal will result in a greater
stress. Prolonged welding time will also result ina -
greater weld stress. . ' o
Increased heat at the weld will also cause a greater weld

stress.

Check the weld

Refer to No. 52-2-7.
Refer to No. 43-2..

Remarks

Cautions to be taken when .welding has to be started from the end of material for some reasons:

Edges (Ends) of both plates, the starting points-of welding,
melt in the rod on that portion (end) alone promptly, then melt
- made through the bottom, in such a manner as

are liable to fall down when melted. As soon as the surface begins melting,
it at the point about 5 mm from the starting point until a hole is
to thrusting the white heart of the flame. :
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(Sheet metal work)

" Left to right

—

- FIG.B

Work No.

No. 54

Type of work

Flat butt welding

‘Main points

Backward (backhand) welding
method

Materials

Two.mild.’steel plates; -
6 x 50 x 150 mm )
Welding rod 4 mm in diameter .

| Tools

| no. | 3

Sequence of wurk _ EOR

Description

Related information - - - -

Make preparauon o 1.

28]

_ 50"

Refer to No. 43-1,

. Bevel the edge of each plate in V shape.- '

At an angle of 30-35°,

. Place the paltes honzontally
. Root opemnb should be 1-1.5 mm.

CPosture T S
. Co ““bench.”

2. Refer to Flg. A
. Refer to No. 52-1-2..

Take stable posture in front of weldmg

o

Make tack weld 1.

Tack weld should be spaced at

' 100 150 mm.
. Melt the piate Well to the root.

- Start welding: " - _I.,

Mamtam the ang!e of blowpipe at 70°
and the rod at 457 1

J Move blowpipe and rod alternately in the
-~ half moon pattern.

.KThrust white heart to the depth of ”/3

of the bevel.

. Melt the plate well to the root.

5. Speed of movement should be sucll )
that two reciprocating motmns can be :

made per second.’

. Melt welding rod- when the rod and

blowpipe cross each other.

Check the weld - '

Refer to No. 52-2.7.
Refer to No. 44-2,

Remar

ks

Advantages of backward (backhand) weldmg

1. Because of its well penetratmg heat power it ehmmates the possnbﬂxty of insufficient penetration and provide

satlsfactory weld ]omt

2. Because of'its smull included angle compared to that required for forward welding, it has advantages,from an
operational and economical point of view. .

. a hole with the plate',thinncr than the foregoing.

e 3 . This method (process) is suited for heavy platc of 3 mm thick or more but presents a possibility of making

4, . After thomughly rehearsing the operatlcm of biowpipe and welding rod, practice bead welding over the plate
before making but weldmg
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(Sheet metal work)

Work No. No. 55
Type of work Vertical butt welding
Main points Upward welding
[ Materials Two mild steel plate,
4.5 x 5% 200 mm
Welding rod 2-3 mm in diameter
K
5 S Tools
.a ° é
- 3
Vertical upward welding . - =
No. quuenpe of work Description Related information

I. -Make preparation

1. Refer to No.43-1.
- 1. Root opening is 1[’? ofthc thickness of

plate.

3. Tack weld spa’cing is 100- 150 mm..
4. After tack welding, sut the p]die in vertlcal

position,

'!.J

Posture

Take stable posture facmg pam!lel to
base material.

C 3 Start welding -

1. Maintain the angle of biO\vPlpe at 80°and
the rod at 457

2. Make a small hoIe 5.6 mm in dlameter

with blowpipe and them immerse the
rod in the molten pool and melt in.

-3. Repeat the foregoing three actions while

pushing the falling molten metal up with
the power of flame.

- 4. Welding speed should be 5bout-3/4 of

‘that required for horizontal welding,

FThis method is generally believed to be difficult because
of drooping molten metals during operation.
Attention should be paid to this point during operatlon

* Check the weld

1. Refer to No. 52-2-7.

2. There should not be any drooping of

molten metal,
3. Refer io No. 43-2.

4. There should bé a beautiful corrugated
bead also on the backside.

Remarks

- After thoroug}ﬂy rehearsing the operation of blowpipe and rod, pracnce vertical: upward bead weldmg
over the plate before making butt welding. . :




(Sheet metal work}

2. Root openir.lg'sh'ould:be 1/2.

Work No. No. 56
- ] . ' Type of work Horizontal butt welding
{(AD . - .o Salsfactory Notsatisfactarx ] :
- \ 607" I 7 ? ' Main points Square groove welding
\\( é é | Materials Two mild steel plates,
rr - 4.5x 50 x 200 mm :
g Welding rod 2 mm in diameter
& Rod \{v}‘:*gg‘z.‘g‘v} Weld line (22 Tools
" Blowpipe
No. | Sequence of work Description  Related information
1. Méke Pfeliaratioh ]..Refer to Nb. 43.1.

2. | Make tack welds

1."Should be spaced at . 100-150 mm.

2. Lay the plate doWn;_

3. - { Start welding

1. Maintain the angle of blow;nipe at

' _60—70 and that of rod at 40°against
- base materjal..

- See Fig. A

. Mave blowpipe in the elliptical pattern
and the rod slightly up and down but
not to bring it down to the weld line. -
Keep it _above the Wéld line. -

X

3. Push up molten metal with flame, which’
often falls down

4. While making a small hole in the root.

Hanging molten metal often causes erosion.

4. | Check the welds . .

1. Referto No 52-2—7_. .

2. Make the weld uniform both at the
- upper and lower portions, as shown in
. Fig. Ca, '

3. Fig. C-b shows an unsatisfactory weld
which is hanging down.

'Rem'arks

~ After. thoroughly rehearsmg the: movement - of blowpipe and rod, practice on bead making on the
plate before pmceedmg with butt welding.
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(Sheet metal work)

Work No. No. 57

Type of work _Double layer bead welding

Main points V groove welding for thick plate
Materials Two mild steel plates,

About 20 -
: ~[9x100 x 150 mm
Welding rod 3 mm in diameter

f;
FES 3‘{3&:!(#
P 4’;

First layer

" Position A Second layer
B Tools
4 No. |- Sequenceofwork . | . Description : Related information
““1.° | Make preparation 1. Refer to No.43-1.
2. Bevel the edge in V shape.
2. Make tack weld . After tack weid has been made, raise
' ' the teft end of the plate so the angie to
the honzontal line would be approx 20°.
Refer to No. 56-2.
3. | Start weldinv - | 1. Maintain the angle of blowpipé at End of the bead often has defects such as craters-
: - “}+70%nd that'of the rod at'45? - and blowhole (porosity). Therefore, it is not advisable
R A Bloupipe . s PR s
—jﬁiﬂ"ac 4 : : to bring the joint of bead on the same line. :
First fayer - 2. Smp the first layer'at about 60 mm Also, if the first and second layers are piled up one
Blowpipe - . and return to the starting point, make . another, the flame will not reach position A when °
the second layer for 50 mm, leaving the bead is continued on the first layer, resulting
_ about }0 mmunwelded. . in poor melting. When making the second layer,
- cecond | ' ‘ - ' scrape and remove oxidized film or oxide while
Rod  Secondlayer | 3 When the second layer has beer = =~ - making weld, which often get into the layer.
* completed, melt the remaining 10 mm
on the first layer well in the manner .
described in the foregomg paragraph 1
- and finish the weld by repeatmg the -
above procedure.
4, Inspect welds B Refer to No. 53-2.
Remarks
Th;s process is used when it is not practlcal to make head with one process because of the
thickness of base matenal

-89 _



(Sheet metal work)

R @ ]

_::’f /

Direction of travel (movement)

Work No.

No 58

Type of work

Horizontal fillet weldmg

Main points

Lap jdint

2 mild stee! paltes, (34) x 50 x

Materials

200 mn

Welding rod 2-3 mm in diameter -
Tools

No. | - Sequence of work Description Related information
1. |* Make preparation I. Refer to No.'44~1.
Wldth of lapping should be about
30 mm. '
2 Make tack weld Tack weld at four corners of overlaying
o : plate in the order of A, B, C, D.
3. Start welding 1. Maintain the angle of blowpspe and It is necessary to-give careful attention to the angle :
o ' that of the rod at 45 to horizontal of blowpipe.
- plane and 15 to the vertical plane. In the ease of lap joint, the overlaying base material
respectively. is often subject to erosion.
L o Thermal expansion sometimes cause crevice (opening)
2. Swing blowpipe left and right slightly. at the joint of the plates dusing the welding -
- : ' operation. :
3. Move rod up and down lightly in the Use a hammer to eliminate crevice (opening).
- pattern of sawteeth, :
4. Care should be taken not to cause over-
melting of upper edge or ercsion of palte.
'S, Care should be exercised so that the
* underside of molten metal would not
result in overlapping. '
6. Direct flame roward the way which
allows melting of the underside.
Since the upper edge is liable to be
melted by the remaining heat, it should
be protected by the rod durmg the
operahon
4.. Inspect welds Refer to 43-2.
) I 250t
i I//I%
Satisfactory ,,,£55'
W71
)
Not satisfactory
Remarks
In this practice the welding tod is melied in while the edges and the surface of the palte are being
melted.
A particufar attention shoufd be given to the partion being melted.
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(Sheet metal work)

Work No.. . No. 59

Type of work Horizontal fillet welding

Main points T section joint

Materials Two mild steel plates,
4 x 50 x 150 mm
Welding rod 2 mm in diameter

Taols

1.Ne. . | - Sequence of work

. Description

Related information

1. | Make preparétion_ :

Refer._to No.43-1.

‘Place the base material horizontally and set

the vertical base material on the center
of the horizontal plate. '

2. | Make tack weld.

At the both ends (At the position A and B).

3. Start welding

1. Maintain the angle of blowpipe and
rod at 45°to the horizontal plane and
" at 30°o the vertical plane, respectively.

- 2 M_o'.fe blot&pipg in the elliptical pattern.

3. Swing rod left and right slightly from .

the weld line."

4, Push up molten metal which is falling .
down with the flame. - o

5. Pay attention not to cause erosion on
" vertical plane and overlapping on the
hortizontal plane. '

6. Since the vertical surface easily melt -
much faster than the other, attention
should be paid to the angle of blowpipe.

The leg length should be about the same as the thickness
of the plate, and the leg length should be the same for both
vertical and horizontal surfaces. Throat depth should be
about 70% of the leg length.

As the vertical base material is more likely to be melted,
horizontal base material must be preheated when the hori-

‘zontal material and vertical material are to be melted
1 at the same time. Distribution of heat in the process of
“welding should be in the ratio of 4 to 6, giving more

heat to the horizontal base material.

Refer to No. 43-2.

4. Inspect welds
Put _horizdnta] base material on the vice and
hit the vertical base material with a hammer
to see the weld strength. ' '
‘Remarks -

Fillet welding requires a highly s
holes and the molten metal often hangs down
practicing this process repeatedly 10 acquire necessary technigues.

killed technique for heat distribution. Since the vertical base material is very likely to have
(droops) and it is often difficult to have uniform bead, it is necessary to keep
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{Sheet metal work) -

Woik No. No. 60
Type of work Horizontal fillet welding
Main points Changing the direction of bead’
Materials ‘Gas pipe: 1" x 100 mm
: Mild steel plate (1.6-2) x 80 x 80 mm
Welding rod 1.2-2 mm in diameter
Toals

No.

Sequence of work -~

" Description

Reiated infnrmatiun

- Make preparation

. Refer to No. 43-1.

. Place Hange honzontally and place a p:pe

OVBI‘ it.

| Make tack weld -

._M:Lk& tack weld at four equally dw;ded
pomts

2 Make four welds symmetncally

Start welding -
"Rod Bléwpipe

Molien pool

1. Maintain the angle of blow.pi;-)e and

1od at 45%0 the horizontal plane and

. at 30°to the vertical place, respectively.
2. More blowﬁipg in the eliiptic:ﬂ pattern.

3. Move rod up and down lightly in the
‘upper half of the molten pool. .~

. As the pipe is more likely to melt at

first, direct flame to the flange so

" that uniform melting may be obtained.

. As the falling molten metal frequently

causes undercut, rod should be moved
up and down lightly over (in) the
upper half of molten pool and moved

. forward so as to push up molten metal.

; Procecd while'mdinl;iining proper angle
. for blowpipe and rod and make bead

of umform width.

. Finishing point of bead should ovetlap

the starting point for approxlmately
10 mm.

Leg length for both vertical plane and horizontal plane
should have similar bead. :
Change in the angle of blowpipe will result in
unbalanced leg length or erosion in the pipe.

Inspect welds

I3

Satisfactbry !

: i E
Not satisfactory

. Refér to No.43-2.

. Sudden quenching of the weld should

be avoided.

It is very important to avoid undercuts.

Remarks

Use of symmetrical method is recommended when the elimination of strain is required in particuilar,
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{Basic Knawledge) : (Sheet metal work)

Subject-

| Gas cutting ' o ' Work No. No. 61
1 Na. Subject escritic |
o Suhjg_ct Description .

1. | Principle of cutting and This is a process to cut metal 'su_ch as steel by utilizing a sudden oxidizing reaction which takes place
procedures for cutting
operation -

between the heated iron and oxygen. Base on this principle, this operation, with the use of a cutting

blowpipe, heat one specific point of iron or steel to 750-900°C and blast a stream of highly purified

OXygen against that point, thus causing oxidization of metal within the narrow opening (cut end)

and letting the opening (cut end) pierce through base material.

Gas flame used for cutting

2. " 1. Acetylene
- Because of its greater thermat (heat) efficiency and high flame temperature compared with other
. gases, the required time prior to the cutling operation can be reduced considerably.
2, Hy'dfogen
Hydmgen is now widely used for underwater cuttmg operatxon However, because of its less carorlf' ic
-value it is not so 51dely used as the acetylene
‘3. '_Propzme
Cheaper than.acétyiene and has a higher heating value than acetylene. 1t also provides a clean cutting
face. It is particularly noticeable that two or three layers of material can be cut ata time with this
-gas. Disadvantage with this gas is that it requires a long time for preheating and requires about four
. times more oxygen for burning propane, thus resulting in an increase in the cost of oXygen.
3. | Efect of alloy elements = | Largely classifiedinto: 1. Increased resistance against cutting.
_ - 2. Increased hardness of cutting face.
1. Carbon (C) 1 Cutting is easﬂy accomphshed for carbon steel containing carbon up to 30% but difficult for that
- ' contammg more than 0. 2% carbon. - :
2. Manganese (Mn) and 2, _Cu_tting is easily accomplished when preheated.
Silicon (Si) : . -
3.: Chrome (Co) 3. Cutting is possxble 1f the content is less than 5% _
| 4. Nickel (Ni) 4. -Depend on the amount of carbon (cutting is possible even when content is 20-30% xf the amount
B S - of carbon is small. If the content is less than 7%, cutting is easily accomplished).
5. Molybdenum (Mo) - 5. Cutting is difficult.
6. Tungsten (W) 6. Sufficient heatmg is requlred Cuttmg is difficult when the content exceeds 20%.
7. Copper (Cu) .‘ 7. 'Cutt_lng js possible if the content is around 2%.
8. Phosphorus (P) | 8. Noeffect is seen if the content is within the allowable limit for steel.
9 Sulfur (S)- 9. No effect is seen if the content is within the allowable limit for steel.
'10. Vanadium (Va) 0. Small quantity accelerates cut_ﬁ ng rather than hapering it.
Remarks

Metal which may not be cut with torch can be cut with 'powder cutting machine.
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(Sheet metal work)

Remar_ks

High press xygen valb - .
rl pre 51..1Ire O\Yg(.n .Vﬂ Ve X \vork NC‘. NO. 62
High pressure . ' AR R ] . . . .
" oxygen pipe ‘ Oxysgen connection Type of work ﬁa:c‘:lg;:]ﬂeg of manual gas cutting
Head =t
T #s—ier~ Acetylene connection . X .
=TT Main points Handling of blowpipe
- 'Mixed gas regulating valve ' Materials '
High pressure pressure oxygen "~ - ] :
_ discharge nozzle Tools
French type concentric type
_ * Preheating flame nozzle
| No. Sequenceofwork © |- . Description 7 "Related information
1. | Attachweldingtip ~ | 1. Tighten it down rigidly.
SRR EE © | 2. Insert oxygen hose to the root of
" .connection and clamp it down with
aband. - g ~
2. | Checksuction . . | I. Open gds valve and then open .
R : _ regulating valve. '
2., Check suction with a thin paper. [ Oxveen
3. Open high pressure oxygen valve e
- and check suction with a thin . - Mixed gas:
papet. }\;\ =¥ Biowpipe head
_ ) 4. Attach gas hose.” _ 3 Cutting oxygen
3. > - : - ' S Gasket’ '
-+ | =~ Light blowpipe ~ -} Open acetylene cock and then open N .
. S regulating valve slightly. Mixed gas for preheating
— — : — e ‘elding tip bod
4, Regulate flame o 1. Regulate the valve to make the —— Welding tip.body
' S o flame closer to oxidizing flame _Welding tip screw nut
- rather than standard flame. L
2. Then regulate valve so that even Inner welding tip
the supply of oxygen would not; - '
_ produce carbonizing flame. ' Outer we[din;’ tip
" 5.:| Extinguish flame 7 1. Cloéer'regulating valve. '
e 2. Close acetylene valve (cock).
_ . 7 ' French type flame tip cross-section details

~ For instructions on handling of blowpipe, refer to No. 50, preparations
for welding. . :

Oxygen hose conngction

Ai;etylenc regulating cock bxygen regulating valve

Oxygen welding tip
Heating flame tip

Guide wheel
_ ) Genman type eccentric type
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{Sheet metal work)

High pressure oxygen

" Mixedgas .

Direction of travel

Work Ne. . | No.63

Type of work Manual cutting
Main points ' Cutting of mild steel
Materials "t One mild steel plate,

(4.5-8) x 150 x 200 mm

‘Tools

“No.

~ Sequence of wark

Descrlptlon

" Related information

Make preparation

Wobhd

- Clean the portion to be cut. .
. Draw a cutting line and punch the plate.

. Place the work as low as possible to

prevent slag from flying over.

. Mamtam open space under the plate and

place a pad steel on the floor.

Regulate flame

: Regulate valve 50 that there will be no

carbomzmg flame even when cuttmg oxygen

s dxscharged

Start cutting .

L.

2

Maintain the angle of blowpipe at 80-907 -
Clearance between the white heart and

-~ base material should be about 3 mm.
. Heat the edge of base material to 700-900°

C and discharge high pressure oxyger.

. Cutting should be done as. f'ast as possible

(350 mm;’mm)

. Shut off cuttmg oxygen as s00n as cutting

of hase material is completed

Requirements for oxy-arc cutting:

1. The temperature at which the material to be cut begin
_ combustion, or the firing temperature, must be lower
_1han the melting point of the material.

2. Melting temperature of oxide produced as a result of
combustion must be lower than that of the material.

3. Molten oxide must have high ﬂuldrty and eas:ly
separate from base material.

Purity of oxygen

Generally, the oxygen contams some impurities.
Oxygen less than 99% in purity results in slow cutting
speed and greater consumption of oxygen.
When the metal still hangs on the base material after

" cutting, do not strike it down with blowpipe.

Extinguish flame

1. Shut off the supply of oxygen for heatmg

. Close gas valve,

Inspect cut portion

2

Ly

. Droppmg of angle (Reduction of angle)

is caused by excessive temperature of
heating flame.

. Undulating cutting lme is caused by

improper handling of blowpipe.

. Wide cutting path is caused by 1mproper
 flame (weldmg) tip. -

. Accumiulation of slag is caused by

insufficient pressure of cuttmg oxygen.

. Excessively. long drags are the result of
improperly maintained angle of blOWp]pe

| "Remarks

Because of the high pressure g
- and to the combustible matenals in the operating ar

platemm

Thicknéss of 'ste_el

-} Cutting speed | Pressure of oxygen

mm/min kg/cm?

4 .

450500 : 2.0-2.2

5

400480 71-25

16

340--450 2.2-2.9

3

300--375 2.7--3.3

20

260-350 2.8-3.8

25

240270 37472

30

210-250 4.0-4.7

40

180230 ' 4.3-535

60 -

160200 5.0-6.2

80

150-180 | = 55-6.7

as involved in the cutting Operatron specral attention should be given to the prevention of gas leakage u. .
ea, which might be ignited by flymg slag :

High pressure

OXYEER : .Preheating gas

(it

Direction of travel

German type eccentric type-Direction of travel is constant,

130--165 - 6.0-7.7

100
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. Component parts of dutomatic
~ cutting machine

. Switch
. Moving lever
. Speed gage
.. Flame tip
_Rail
Gas valve '
. High pressure O\Lygen valve
- Preheating oxygen valve
. dig for circular cutting
. Power cable

cwwﬂgwhumH“

Work No. No. 64

Type of work Automatic culting

Main points Cutting of mild steel

One mild steel,

Materials .
(4.5-12) x 100 x 600 mm

Tools

No. .

Refated informafian '

" Inspect cut portion

‘Refer to No. 63-5.

e Sequence of work Déscriptiun : _
L Make preparation 1. Remove stains and rust from the surface | Keep in mind that the width of cutting groove produced
. o : of steel plate, mark off a line of prescribed | by cuiting operation should be 2—3 mm.
dimension and inscribe marks at necessary
~ points with a punch. i :
2. Inspect the cutter (cutting machme) : - 23 Pin Qess than 20t}
. {1) = To see that proper flame tip is used. . o .
(2). To see that no fault exist in the Thickness of - | Diameter of Width of cutting -
- moving parts. . plate (mm) _flame tip - proove .
(3) - To see that hose connection is : =
secure and tight. 6 0.8-1.0 2.0
e o 10 0.8-1.5 =25
3. Position the plate and cutter properly : 33
along the mark off line. 15 . 1.0-1.7- :
' : 20 1.2-1.8 > 3
2 ‘Light flame tip ‘1. Make preheating flame at the end of the Satisfactory discharge of high pressure oxygen is shown = |
- S : * starting point. "~ | below.
2. Open valve for high pressure cuttmg Discharge of high pressure oxygen should have a straight
oxygen and sec if the dlscharge of xoygen | line which is twice as long as the length of flame tip.
is satlsfactory ' .
3. Start cutting 1. Set speed gage propcrly to the desired A. It should be kept in mind that excessive pressure of
' cutting speed: . of oxygen, which is higher than that required for cutting,
9 will only result in the waste of oxygen and would
N Tum on the switch (for racing). not help to speed up the cutting operation and it will -
3. Red heat the starting point of cutting “also result in inferior cutting face instead.
" line (750-900 C) : - .
4. Open velve for high pressure oXygen. B. Relationship between pressure of oxygen and cutting -
5. Start moving in the direction of cutting, - speed (mean value) -
6. Maintain 2-3 min clearance between white : —— - :
_ heart and the face of base material. T}]]C:)(P oss E;E;E?n? E?g;l;r;ch o Cug]r? n;;:leed
plate | tip kgfem? .
32 . |06-1.0 1-1.5 55--80
6 0.8-1.5 2.5 48-68
10 0.8-1.5 | 1.2-3.0 48—64
15 1.0-1.5 | 1.5-3.0 38-56
20 1.2—1.7 | 1.7-3.0 3653
25 2 2.0-4.0 .30—48
4. Discontinue cutting 1. Shut off the supplv of high pressure
. oxygen.
2. Turn off the switch and shut off the
supply of oxygen acetylene.
..5. ’
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<[ Partl | Basic Knowledge

© (Basic Knowledge) - ' o " (Sheet metal work)

FIG. 1

_ : Electrode -
Power sourcegy Electrode by
- MArC
Electrode: . F!'. )
: _ ux
~ Electrode - '
i. Core wire .
Welding machine & . };rotecling gas
E

Arc length R
Weld penetration

Electrade

" ...._Base material -

. Bage materiall . L \f‘+“1°1‘e“ pool : : .
FIG.2 - (Weldment) LRG3 B : - FIG, &
1 No. - Subject : S ~ . Description
1 1 ' 'Wtrat is.arc? - | As shown in Frg 1, arcis produced when two electrodes, connected to appropriate pOWer soUICes, come

mto contact with each othcr and then arc pulled apart slightly and kept at an appropriate distance.

The arc produce_s strong hght and heat at this moment.

_2. What is arc welding? Electric welding are the methods in which msculatlon is made by fusing the, metal locally after the -
o ' . | electric tenergy,’is changed to heat energy. ~Arc'welding is one of these processes and used wrdely asa:
means to mosculate metals. : :

. In arc we\dmg, cleotrode is brought to come into contact with the base material as shown in Frg 2
_}-instead of using two electrodes as shown in Fig. - A and causes the arc to be produced between the two -
| ‘contact points, using resultant hrgh temperature for welding. ' :

Presently, metal arc weldmg is most comrnonly used.

“3. | Whatis metal arc welding? ‘The arc produced between-the tip of electrode and base material melts part of the base material and at .
A A o “the same time, the electrode itself melts and deposits on the base material; The metal arc welding is
‘the method which employs a repetition of the foregoing process.- For electrodes, coated electrode,

" | which is a core wire coated with flux, is usually used. The state of arc can not be observed with the
naked eyes because of its mtense glare but it may be 11Iustrated as shown in Fig. 3 when observed
through a shield glass '

4. Welding operation ~ ~~ |'In actual we]dmg operatron, weldmg equrpment such as weldmg machme holder, and captire cable
SR are required. : o

Welders are requxred to wear protectwe equipment agamst harmful beam of arc, flyrng spatter and
electnc shock. :

Fig. 4 shows the arc weldmg operatron
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" Basic Knowlédge'

(Sheet metal work) -

“Part 1-

Arc welding equipment

(Basic Knowledge)
o Work No. | No.66-1

" Subject

Primary

-Welding 4
L machinef:

. Cable - Holder . -_’ == —

‘Power sourée .

M, R J

Pr_imary Moval iron core .

L A,

il
|
\

_Electrode o ' ﬂ

Seéon‘dary
—{

T?:"Sécoﬂda_r&’ S o .
R ' { _ "'hsemaleﬁal -

FIG. 1

FIG. 2

, :..i\.lo..

- Subject

Description

Arc wé}ding equiphi_ént_’

Arc-welding equipment consists of a welding machine, holder, cable, etc. Completeness of welding
equipment has an important bearing on the success of welding operation. As the improper

handling of the equipment often causes accidents, utmost care should be exercised in handling these

_equipment.

Welding circuit

As shown in Fig. 1, electric current is supplied by connecting primary terminal of welding tnachine to

- the power source with wires. This is called the primary circuit. One of the secondary terminals of the
| .welding machine is connected to the holder by a cable and another to the earth plate also by a cable,

which is further connected to the weld materials (base material) by the earth plate. This is the
secondary circuit and is usually refered to as the welding circuit. -

Arc welding machine

Arc welding machine is an electric device having characteristics suitable for continued arc generation and
is also designed to provide control of welding current.” '

The unit is classified into the direct current-arc welding machine and the alternating current arc
welding machine according to the type of current the unit is used on.

The direct current arc welding machine obtains the direct current either from DC generator’ which
is driven by D_C motor or by other prime movers, or from the rectifier.” Rectifier most in use are
selenium rectifier and silicon rectifier. The alternating current arc welding machine isasort of
transformiers, having characteristics suitable for the generation and continued existance of arc.

AC ér_c welding machine

(1) Moval iron core type
welding machine

AC arc welding machines are manufactured in two major types, moval iron core type weldihg machine
and moval coil type welding machine. However, the older'type, separate leg coil winding type
(Tap type) is also in use. - ' ' . :

This is the type most widely used among the AC arc welding machines. As shown in Fig. 2, an
auxiliary iron core is provided in addition to the main iron core, which is movable against the
main iron core. Movement of this moval iron core controls electric current. '
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: Partl . * - Basic Knowledge {Basic Knowledge} N iShéet metal work) - - '
| Subleet | Arc welding equipment WorkNo. | No.662 |
- - T - _.Pencil of leaking magnet
2 <] '
g ° '
e i
-
& 3
g
F1G. 3 FIG.4 : FIG.5 -

i ‘No. .Subjectj - Description

3) Sepdraté lag coil

{2) - Moval c‘(:).ii.ty.pe'
welding machine .

- winding type weldmg
mnclune _

|:The welding machine of this type has a ﬁxcd secondary coil as shown in Fig. 3. Movement of the

primary coil changes the distance between the primary coil mndmg and the secondaxy coil winding
to control electric current.

As shown in Fig 4, thlS type has the primary coil and the secondary coil wund sep’arately around
each of the iron core legs. Control of electric current is provided by the change in the winding
ratio of the primary coil to the secondary coil by shifting the tap. However, premse control of
current is not prowded with this type. :

Hb]de_r :

Holder is used to support the electrode and therefore should be as hght as possible in its weight.
It must be of the design which provide a rigid holding of the electrede. Holder and captire cable
must be joined perfectly in terms of electricity so as to prevent the generation of resistance heat
in the _]Olﬂt The _]O.Il'lt is generally soldered

Earthpalte

The device which connects a grohndmg wire to the base material or to the work bench. Types
available are magnet type, clamp type and screw type The type ta be used should provide a secure

-'holding and easy removal

Wel&ing cables

Cables used to connect the weldmg mac}une to the holder or to the earth plate. Rubber insuiated

captires are used for this purpose. Cables for the holder should be of a high flexibility to provide

casy handling during the operation. Cables for the grounding do not require such high flexibility
as the one for the holder but should be of the type which provide easy handling. Standard allowable

-current for single core.captire is shown in the table below. When the distance between the welding

machine and the work site is great, cables of rather larger size are desirable for the prevention of
the loss of electricity and smooth flow of current. For the distance of 2 meters from the holder,
cables should be of high flexibility and their size should be smaller than the standard one in view

' of the fangue of operator in hxs hand and the convenience’s sake in the work.

Standard a]IQWable current for weldmg cable (Single core captire cable}

[ Nominal section area (mm?) | Allowable current A »Vo_ltage drop (V/100 mm)
67 375 12.1
53 - _ 300 ©123
_ 42 ' 250 12.6
" 335 200 _ 12.8
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T , e .67
 Subject . Arc welding rod . Work No. No
D . Table HSZ3211-1961
- Type of welding rod - Type of coatings Position of weld  Electric current to be used
- D430 No provision - - . F,V,0H,H AC or DC
. -D4301- . Muminite typé F,v,0H,H ACorDC
D4303 Limetitanum type F,V,0iH . ACorDC
D4311 | :High cetlulose type F,V,0H, H ACor DC(R)
D4313 . - _“High titanium oxide type _ “ F,V,0H,H AC or DC(5)
D4314 Iron powder titanium oxide type F, V, OH, H AC or DC(S)
"D4316 | . Low hydrogen type F,V,OH,H AC or DC(R)
D4318 * Iron powder low hydrogen type CF,V,0H,H ACorDC(R) L
- D4320 High iron oxide.type . E, H-Fil AC or DC(S) for horizontal fillet welding and
R . B A _ _ S AC or DC for flat welding.
D4324 - { 'Iron powder titanium-oxide type F, H-Fil ACorDC ' o
D4326 " Law hydrogen type. ' F, H-Fil AC or DC(R) . ; )
D4327 Iron powder oxide type F, H-Fil AC or DC (S} for horizontal fillet welding and
R S _ : : ~  AC or DC for flat welding.
D4328 Tron powder low hydrogen type F, H-Fil AC or DC(R) :
- - D4330 High iron oxide type _ F ACorDC
- D4600 No provision . - F; H-Fil ACorDC
: '.,:'R:ém'ar:ks: 1 Symbqls ﬁsed_ for the position of weld are as fotlows: : - o :
1 F: Pt S Vi Vertica, | OH: Overhead, H: Horizontal, = H-Fil: Horizontal fillet.
. Positions of weld shown in Table 1 above apply to the welding rod less than 5 mm in diameter. -
2. .'Abbreviﬁtiéns'ﬁs'ed for the type of ch:rrent to be used are as follows: R :
AC: - -Alternating curtent, : . Do Direct current double polarity -
~-DC{8): Direct current-straight polarity, DC(R): - Direct current reversed polarity
“No.. | - Subject . | ) Gescription - |
1.+ { Outline 1.+ Arc welding rod (electrode) has a combined (dual) function of electrode and weld metal for the
g -weld. Since it has a close relation with the convenience in the welding operation and the
' quality of weld, z careful attention should be paid to its selection and handling.
2. Arc welding rod 'c'ommo.n.!y in use is a coated electrade. Coatings help. promote the generation,
.. stability and durability of arc, provide protection for melten metal {prevention of oxidization and -
“nitriding), supply useful elements and promote the improvement of mechanical properties of .
N weldmetal. . - _ S o . .
2. Type of coated arc ‘1. Coated arc electrode for mild steel is classified as shown in Table 1, depending on the mechanical
electrode for:'mild property of molten metal, position of weld, type of coatings and type of current. y
steel : S . ' : ' :
e . 2. Characteristics comparison of these electrodes is shown in Table 2.
3. |Optimum current for -~ | I. Each clectrode has its own optimum current. Use of optimum current in welding result ini the
electrode © maximum performance of the elecirode. - S
' - 2.-Optimum current has a certain range and the use of current higher than its upper (maximumn) limit
~will result: o I _ . : : _
(1) - Excessive heating of electrode, thus causing a change in the quality of flux and degrading
 its function. s o _ _
(2). Deterioration of the condition of protector (guard) tube at the tip of electrode, thus
. causing weld bead to become larger and rendering inefficiency of the work. '
~ - (3) - Increase of spatter and unsatisfactory covering of slag. As a result; appearance of bead
: is not satisfactory either. .
3. When the welding is done with the curzent lower than the optimum current, it will result in slow
* . weld speed and roll-in of slag, thus making the work more difficult. Appearance of bead is
- not satisfactory either, ~ : :
4. Handling of electrode (1), Care should be e:kefciscd so that coatings do not ge! moisted. Moisted coatings cause an
: : : . - increase of hydrogen in the weld metal, thus creating defects such as fish eye, linear composition
and cracks. It also degrades the efficiency of electrode, ' : :
{2) - Electrode should be dry prior to its use. Do not ag}ply intense fire in an attempt to dry it
. quick[x Drying for about two hours at about 150°C is most desirable. (About one hour
. at 355 »~400°C_f'_or low hydrogen type). R
(3} _Elec!rbdc should be free of oil and grease or dirt and other impurities. .
{4) FElectrede should never be left indicriminately but should be placed in a container.
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Manual are weldmg (Thin steel plate)

~{Basic Knowledge)

Work No.

No. 68

(Sheet metal work)

| ' S_hape and weldmn requirements of weId jomt is govemed by (1) — (6) {(JIS Z 3601 — 1961) in princple.
: ;.(1) Butt joint (Square groove weldmg)

'@ T joining (Fillet weld)

o [4 a8

I NE)) _ Lapjoint

£
i (A) Fillet weld _ :
(B) -Plt_xg weld
7
F—\ i
¥ - 1 T

bk

Table 1.

Standard requirements for butt joint wel.ding
N Diameter|
Plate o of _ . : i
thickness ‘| Position of . |electrode | Welding Type of electrode Root :
(mm) | weld {mm} | .cumrent {A) coatings opening Remarks
0.8 Fiat, vertical,| . 2.0 25-35 [Huminite type, lime| - 0-1/2 ¢
© - | horizontal o : titamium type, high '
R titan oxide type,. . . :
, _ high cellulose type Single weld
1.2 g 26 | 40-55 " 0-1/2t
1.6 “ 26 | 55-70 " 0-1/2t | ..
s Gorid O s
23 " 23 [ 65-90° " 0-1/2t | welding
{65-85) ' .

Remarks Figures in parenthesns show the current for internal weldmg

'.Tablc 2. Standard wéiding re'qufremehts for Tjoiming

CPlate | .. Diameter of | Welding
thickness |Position of - [electrode. | current : _
© {mm) weld (mm) — 1'(A) - ~ Type of electrode coatings
1.6 Flat, vertical | © 2.6 60-80 llluminite type, lime titanium type, high titan
o : oxide type, high celiulose type
23 Flat, vertical | 3.2 85-100 Y D
-Tal_)té 3 - Standard welding requirements for lap joint
Plate Diameter of | Welding
thickness - | Position of | electrode current . ‘
“(mm) weld: (mm) (A) Type of electrode coatings
08 Flat, vertical, | 2.0° | 30-40 Hluminite type, lime titanium type, high titan
_ horizontal o oxide type, high cellulose type
- 1.2 " 2.6 - 55-65 "
1.6. ’ 2.6 6580 "’
2.3 “ 3.2 90—100 "
TabE.e 4 Standard welding requirements for lap joint (for plug Weld)
Thickness of Diameter
drilled Thickness of . of | .
plate undeilled {Pasition of | clectrode | Welding. Type of electrode . Included
(mm) 1" plate {mm) weld (mm) current coatings Bore size angle
0.8 ' More than 1.2 Flat 2.0 4560 Hluminite type, 0-4 1]
: ' fime titanium
type, high cellulose
type
1.2+ | More than 1.2 - 26 80100 " 6 0
1.6 - More than 1.2 o 3.2 105-125 " 8 0
2.3 More than 1.2 Car 3z 105-125 " 10 0
3.2 1.2--2.3 e 3.2 110-130 " 10 ]
4.5 1.2-2.3 - .“ 3.2 110-130 " 10 0
6.0 1.2-2.3 *r 32 | 115-135 " 12 [
' 10 a0

—Ti—




{Rasic Knuwled.g.e)

(Sheet metal work}

(4) Joggled lap joint (Fillet weld)

" Table § _S_ﬁmdard welding requirements for joggléd fap joint

Plate thickness | - Diameter of Welding _ .
" {mm) Position of weld electrode (mm) | current (A) Type of electrode coatings
0.8  Flat, vertical, 2.0 " 3040 Iluminite type, lime
' horizontal : titamium type, high titan
L T—_— . L oxide type, high ce]lulosg

type .

1.2 " 2.6 5565 ”

1.6 "l 2.6 6580

23 . 3.2 ~ 90-100 "

Table 6 Standard welding requirements for corner joint

* Plate thickness |

o ‘ Diameter of | Welding _ '
(mm) - Position of weld ~electrode (mm) | current (A) _Type of electrode coatings
o 0.8 Flat, vertical, 20 20-35 llluminite type, lime
— ..E S horizontal C . titanium type,' hlgh titan
: ' oxide type, high cellulose
type S
1.2 S 26 40-50 "
16 . " 26 50-70 .
23 " 3.2 7090 o
(6) E(.ige.joint'
" Table 7 S_tand&rd weIdihg requirements for edge joint
Plate thickness Diameter of | Welding _ -
o (mm) Position of weld electrode {(mm) | current (A) - Type of electrode coatings
',.', ' '§, 0.8 . Flat, vertical, 2.0 20-35 IHluminite type, lime
ey _ E horizontal titanium type; high titan
' : oxide type, high cellulose
. . : type

: 1"{J 1.2 " 2.6 35-50 "
' 1.6 " 2.6 4560 "
23 v 3.2 55--80 o
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(Sheet metal work)

~‘Subject B

e U

Protective equipment and other equipment

- Operator wea.ri_ng' protective equipment

Work No. No. 69
Leather gloves  Apron .
Wire hrusgh
Chipping hammer

@ "Electric grinder

Hand cover

Leggmgs

.. "':.N o,

. Su bjét_:t

Descriptian

 Requirement for prozective
eqmpmem

S

Hazards of arc welding are electric shock, harmful rays (ultraviolet rays, infra-red rays), poisonous
pases and spatterings. In order to protect the body from these hazards, welders must wear protective
- equipment shown in the picture above durmg the work. ' :

Heimet and hand shield _

1 This provide protection for head and face and at the same time it can be used for observing the
weld by installing a light shield glass in the lense box. Material to be used should be non-conductor
of electncny and hght in welght :

2. Helmet is suitable for the w_ork being performed on unstable footings such as scaffolding or for
vertical and overhead welding.  Hand shield is sutable for the work on the ground level where
wide range of vision is required.

 Light shield glass

1. It must be able to absorb an_d shield harmful rays completely and moreover it must have the
transparency which provides distinct observation of the weld. It is used along transparent
glasses in its front and back to protect from the spattering,

2. Transparent glass should be replaced before they become extremely dirty.

‘Other pratective equipment

L. Other protective equipment are leather ploves, apron, hand covers, and leggings. All of these
equipment should have heat resistancy and should contain less moisture. They should also be
 of soft materials so that the operation may not be hampered.

. Gas masks should be wern for the work which may involve poisonous gases.

L

3. Screen and light shield curtains are also needed as a protection against harmful rays,

Cleaning tools and others.

1. Rust or other foreign matters in the weld degrade mechanical strength of the deposite metal

~ and cause blowhole or cracks. Therefore, weld joint should be thoroughly cleaned prior -
to the welding operation.

. For cleaning of weld joint and removal of slag, clliﬁping hammer, wire brush, chisel and
single hand hammer are required.- Portable electric grinder is also helpful for edge preparation,
grmdmg of excess metal or surface finishing.

b

3. Other tools required include pliers, electrode containers and holder hanger.
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Part2

Demonstration

(Sheet metal work)

Table 1 Plate thickness and

- diameter of electrode -

Table 2 Diameter of electrode
and welding current

’I'Iu'cknesé of base
" material (mm).

-Diameter of

electrode (mm)

Welding
“purrent (A)

Diameter of
electrode (mm)

. More than

Less'than 2 C L2
- 2 . 2226
3.0 26-32
4 o 3°m4
" 5-6 © 4
7-10 4-5

n 5.8 -

Less than 2 20-50
L 2 4080
1. 50100
80120
120—180
150230

v S
o o

6 | 200-300

Work No.

"No. 70

Type of work

Preparation of welding eqhipment

Main points

Installation of welding machine,
establishment of welding circuit and
-other preparations '

Materals

Insu!éting tape'

Tools

Cleaning tools _
‘Protective equipment

" No.

Sequence of work

Descriptinri

- Related information

Connect welding machine I
. ‘1o power'source - '

(secondary circuit): "~ -

Prepare cleaning tools

equipment

=3

Select electrode and
determine welding
current

Establish welding circuit | 1.

Prepare protective i
- " leggings and head gear and ascertain

Weldmo machine having the primary
voltnge of 100 V should be connected
to 100 V power source and that having
the primary voltage of 200 V should
be connected to 200 V power source.-

. Weldmg machine havmn three taps,

220 V, 200V and 180 V on primary

. suie shouid ke connected to its .

220 V tap when the voltage at power
source is 220 V'and should be shifted to

180 V tap when the voltage at power

source dropped to 180 V.

- However, when the voltage at power
source returned to normaley, it must
- be shifted to corresponding tap,

. Check primary line (Poorly insulated

portion should be repaired with insula-

ting tape).
. Outer container (outside box) of

welding machine should be grounded.

Connect holder line and grounding wire
to the secondary terminal of the -
welding machine.

. Check cable and repair frayed

portion.

. Make sure that thc earth plate is

“attached to the weldment or ta the
work bench securely. '

. All connections should be clamped

securely.

. Check and ascertain that the connec-

tion of the cable and holder is camplete
(gcnera!_ly connection is soldered).

- Prepare wire brush, chipping hammer,
single hand hammer, chisel and pliers.

Put on gloves, apron, hand covers,

their dependability against the
hazard of wcidmg

. Cheek to see that the light shield glass of

hand shield or helmet is not smlcd
and dirty.

1. Selection of electrode and wé]ding current
-should be-made by taking into account the

type of material, plate thickness and
welding requiréments.

.-For relationship between plate thickness

and the diameter of electrode, see Table 1.

. For relationship between the diameter of

electrode and welding current, sec Table 2.
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- -Part 2.

. Demonstration

(Sheet metal work)

(1)

-2

welding machine

(3
)

Tap shifting handle
Moval iron core operating
handle
“Secondary terminal
Switch -

.(l) Contral handlé N W
(2) - Curent indicator : ork No.

No. 71

(3) S ‘terminal )
. ( econdary tersninal Type of work

Handling of welding machine

Main points

Switching

Switching

Handling of welding machine and
control of current. -

tap (b series)

tap (a series)

B

5

Materials

B
&

Tools

Piug-in tap-

& L
N

Fig.‘i Moval iron'core type, Fig. 2 Movél coil type - Fig. 3 Separate leg coil
" welding machine | winding type-

. Tooder u-dngd

(tap type) welding
muchine )

One ammeter (400 A)
One voltmeter (50 V)

No..

Secjuenée.uf work

Description

Related infarmation

‘Prepare welding equipment

1.
2.

" Connect welding machine to power source
_Establish {make) welding circuit.

Refer to No. 7d

Connect ammeter and
voltmeter

1.
2

Measurement of welding current: Measurement is taken
by conneciing ammeter in series to the welding circuit.
Measurement of arc voltage: -Measurement is taken by
connecting the voltmeter to the point betweeen the

" both terminals of circuit to produce arc and pressing the

switch on the voltmeter.

Control current

. Control of current for moval iron core type welding

machine. See Fig. 1.

- {1) -Throw in switch on power source (side after

_checking the internals of welding machine and
“ascertain that there is no possibility of short
circuit or burning of the line.

(2)  Throw in switch on the welding machine, turn

handle (2) and shift moval iron core to control
o current. L
(3) Then, throw in switch on the welding machine,
- turn handle (2) to shift moval iron core for
a precise.control of current. :
(4#) Shifting of tap should be made only after
- disconnecting the switch.

..Control of current f_o_r movai coil type welding machine.

See Fig. 2.

(1) . Throw in switch after checking the internals of

- the welding machine. -
(2) - Turn handle (1) in Fig. 2 and shift moval coil to
control current.

. Coatrol of current for s'epa'raté leg coil winding type
(tap type} welding machine.
(1)

Throw in switch after checking the internals of
“welding machine.
(2) Plug the plug tap into the shifting tap to control
" current. For the type having the change (shifting)

taps in two rows as shown in Fig. 3, control of
current is made by plugging the tap (a) into
the line (a) and the tap (b) into the line (b) and
alsa by the combination of plug-in position of
(ayand {b).

 (3) Tap should be plugged in completely.

‘Make certain that shifting of switch has
been made. o

This welding machine provides only
fragmental control of current.

Remarks -

o

ther precautions

. Switches on powef source and welding machine should

always be disconnected after work or at time of breaks.
Welding machine should not be installed at the location
where leakage of rain water or sumersion in the water
‘may be encountered or at the location of high humidity.
Internals of the welding:machine should be inspected

“periodically and all connections should be tighiened
‘securely. Moving parts should be lubricated.
' Welding machine should never be used without its

cover placed in right location.-
When the machine is to be used for a prolonged
duration, attentjon should be paid to the rise of

* temperature in the coil or other parts. When there is

a sign of burning out, disconnect switch immediately '
and let the internals cool down.
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FIG. 1

- Base mateml
FIG. 2

(Sheet metal work)

Work No:..- | No.72

Type of work Generaﬁon of arc
Main points ) Generation of arc
Materials - . One ﬁﬁld steel plate

-(6-8) x 100 x 150 mm
Electrode 4 mm in diameter

“Tools

Na.

N Sequence of work

Description

‘Related information

Make preparation:

. Prepare welding equipment.

Refer to No, 70.

. Place steel plate honzontally and brush
" off the surface with wire brush to
-remove rust and foreign matters. ..

. Welding cm.'re_m' should be ]4.0-1 60 A.

Work under No. 1 is common to all processes. Therefore,
this procedure will not be repeated for the subsequent

demonstratlons

'Postu e -

. Bend the upper hatfiof the body foﬁvard_ :

slightly, stand with both feet spread

- a half step apart, weaken the strength

inthe shoulder and: spread elbows but
horizontally.

2. Grip holder hghﬂy
3. Handle holder cable in such a manner

that will not hamper operatxon.

(0 Care should be taken so that the

_cabie will not twist.

.(2) When the welght of the-cable

hampers operation, wind the -

- cable around the wrist or lay
it over the lap or put it on the
shoulder '

'Position of weld should be natural and stable. Fig. 1 shox_vs —

an example of positions of weId (weldmg posture) for -

flat we!dmg

Generate (produce) arc

NS

. Insert e]ectrode in the holder at a r:ght

angle.

. Hold electrode vert;cally to the surface of

steel plate and bring the tip close to
the point of ai’c'gencration :

. Puton handshleld or helmet to
- protect face.

. (1) Hit the steck plate hghtly w:th the

tip of electrode, reaction of which
will provxde a clearance of 2-3 mm
between the tip of electrode and
base material and produce arc.
(Refer to Fig 2. (B)}

.(2) Rub the iip of electrode against

the base material in the manner
“similar to striking 2 match by
. maintaining a clearance of 2-3 mm
between the tip of electrode and
base material and produce arc.
(Refer to Fig. (B)).

. When the electrode stuck to the base
material and would not move, disconnect -

. switch immediately.

(1) When using 2 handshield, put on the shield ﬁrst and
- then produce arc.

(2) When using a helmet, pull down the shield first and
" then produce are.
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(Sheet metal work)’

'Is‘zr;gzebase .pl?tefiﬂk ‘ i Movcmcnl of_ clectrode for supp[e_inenting craler Work No. No. 73-1
- et 0 - : R . )
' tﬁ' _ _ : Type of work Placement of bead
_,__________‘_ . . . T
3 e POOI.' . End portion when suppl e s ; - -
) mg@ Good pp ement: of cr.jxtf:r ts not made | Majn points . Placement of string bead
_ == TPoor : m\,‘ : :
o the ditection - . ‘ : - Materials One mild steel plate
- of travel" TR o B . (8-10) x 100 x 250 mm
. Sotsrt “ End portion when suppiement of crater is made
Yo : b _
m__‘:_.}_ L | Tools
~—Base material— m_‘ .
- F1G. 1 Angle of electrode 7
: e ' _ FIG.2
o ND; .Sequence:of work ~ Description - - . . Related information

Make preparation

Rcfer to No. 72-1.
We[dmg current should be 140-160 A,

' Po_sturé

Refer to No. 72-2, posmon of weld for _
flat weldmg

Produce arc

Arc should be produced at the st?rtiﬂg point
of welding: Refer to No. 72-3.

Place bead

b2

1. Maintain the angle of electrode -
vertically to the surface of base material
_-but the electrode may be held at an
_inclination of 70-8C°in the direction
of movement depending on the type of
electrode. Referto Fig. 1.

. Electrode should be moved from left
" to right in a straight line. '

| 3. Lower eleétrode slowly and move it in

the designated direction while
maintaining the arc length at 2-3 mm.

. 4. Maintain uniform bead width {5-8 mm).

@

o Base material—weldment

If the speed of movement is too slow, it will result
in wider bead and cause roll-in of slag.

M

If the movement is too fast, it will resultin a
discontinued bead and involve (rolls in) slag.

If the speed is not’ constant width of the bead W111
not be uniform. :

Cut off arc -

. Shorten the are a little before discontinuing '

the bead and promptly pull it apart
immediately before a short-circuit occurs.

ol
titl

Join bead

1. Remove slag from the suspended port:on
and clean it up.

2. Produce arc at pomt A shown in the
figure at right, and join the bead by
turning back in the order of A-B-C..

a
; c

Sup.ple'ment the bead

1. Crater at the eﬁd'of bead should always -
‘be supplemented by deposited metal.

Remove slag from crater, produce arc at
the point A stiown in Fig. 2 and supple-

" ment crater by moving electrode as shown
in the fi igure. Repeat this movement until
the concaved portion of crater is
supplemented to the height of the bead.

I

When supplementing the crater, care should be exercised
so that the portion will not be overheated, which may
result in a flow out of deposite metal or enlargement of
crater. Arc should be maintained as shori as possible.
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(Sheet metal work)

" Undercut

1 Work No.

No. 73-2

Type of work ' Pla.cem'gnt. of bead

Placement of string bead

. ‘Main points
'-' - ild steel plate ;.
(b) Materials One mild steel plate 5.
o RaE (8-10) x 100 x 250 mm
- Overlap : — —
N Tools
ST L i ) e
2004 150A 90A S0A  200A 1504 504
FIG, 4 : FIG. § .
N_d. Seqﬁence of wor_k‘ : Deshript_iun Related information”
8. . VSatisfaotory'_bead should ha\.r'e-a.propet ‘Undercut

. Inspect (o'heck) bead

" "Fig. 4 shows the relationship between
- the welding current and penetration. An -

penetration as shown in Fig. 3 (a)°
without undercut or overlap and should

* have uniform wave pattern with less
-~ irregularities.

. Bead shouid be stralght and in umform

wuith

. Bead having undercut or overlap as

shown in Fig. 3 (b) and (c), disproportioned
wave pattern and extreme irregularities”

and uneven penetratlon is not desirable.

4., Weldmg current and penetration: .

electrode 4 mm in diameter was used on

. the mild steel plate 9 mm in theikness
" and the bead was placed by changing
- the welding current from 50 Ato -~

90 A, 150 A and 200 A. With 50 A and
90 A, penetration was insufficient and

* the bead had many irregularities.

With 150 A, penetration was sufficient

‘and the wave pattern of bead was fine

and uniform.

‘With 200 A, penetration-was sufficient

but the wave pattern of bead showed

‘rough and dnscontmued slrmg

. Weldmg current a:nd appearance of bead:

Fig. 5 shows the appearance of each of

- the above mentioned beads.

(8) Bead made with excessive current.

(b)  Bead madé_ with appropriate current.
(c) : Bead made with weakened current.

Description in 4 and 5 above may be

summarized that the optimum current for
flat string bead on the mild steel plate
9 mm in thickness with an electrode 4 mm

“in diameter would be 140-160 A. It

should be kept in mind, however, that the
welding current varies with the type of

electrode and the thickness of the plite.

Fine groove created o.long the weld line on the boundary
between bead and base material. . .

Overlap

Boundary of bead and base matenal has not been fused
and only overlappmg each other. :

_Cause of undercut

(1) Excessive electnc current.
(2) Improper handhng of electrode.
3) Excesswely long arc as a result of excessive current.

: 'Cause of‘ overlap

{1). Current is too weak.
(2) - Improper movement of electrode.
{3) Arcis toolong as a result of weak current.
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Work No.

(Sheet metal work)

No. 74

Type of work

Placement of bead

Main points

Placement of weaving bead

~Check welds

uniform and without irregularities.

2. Bead should not have undercut or
- overlap. -

3. Relations of welding current to the

penetration and appearance are:
similar to those for straight bead.
Refer to 73-2-4 and 5.

4. Fig. 4 shows the appeardnce of weaving
bead. - !
(2): Bead made with excessively high
© current.
- {b). Bead made w1t]1 appropnate .
. current. :
(c) Bead made with too low current. -

_ ~ Fig.2 Separation ofare * Materials One mild steel plate -
- ' : R (8-10) x 100 x 250 mm
ANV Electrode 4 mm in diameter
' : o : s " : . 5
|- Fig. 1 - . Movement of electrode f c . - o
8 ity rode for Fig.3 Bead joint @ (o) © Tools
Mave electrode slowly where . 2004, 150A 50A
it is shown by thick line L
and.move it fast svhere it is Fig. 4 ~
shown by thm lin:. S :
{ No. |- Sequence ﬁf work - Description Related information
L L Make preparation 1 ‘Refer to No. 72-1. . :
SRR ' 2 Weldmg current should be 150- 170 A
2. Po’st_ure _ Refer to No. 72—2
"3 +| - Produce arc: + Refer to No 72-3
4, Place bead Refer to No. 73-14, angle of electrode. _ Motten pool
“For the movement of electrode, See Fig. 1. | (1) . Movement of electrode for weaving bead should not
1. Maintain constant arc length and proceed |- be done by the wrist alone (f}ngle of elegrodﬁ to
: by moving the electrode as shown in the base material changes). Try to use the w ole
Fig.1. - . arm for its operatmn
2. Move electrode fast when it passes the (2) Care should be exercised so that the width of bead
. center of bead and stop it a little at will not become greater than three times the dia-
both ends in the movement of electrode . meter of electrode being used.
from side to side. - '
3. Weaving pitch should not be of rough
" orirregular intervals.
4. Movement of electrode should be made
- in such a manner that it wouldnot
.- cause irregularities in the condmon
of molten poo}
5. .| Cutoffarc - Shorten arc while making the weaving and
: e - quickly cut off it by tumning the t:p ina
_small cxrcle as shown in Fxg 2.
6. Join the bead 1. Remove slag and clean the supended (1) A-Bis for preheating.
'  portion. ' (2) The turn at point B should be made promptly, other-
9. Produce arc at pomt ‘A showr. in Flg 3, wise satisfactory Jomt of bead can not be expected.
proceed to point B, and retursi to join (3) B-Cis for deposxtlon of metal.
the bead by maintaining weavmg
movement of eiectrode
7. _Supbférﬁé}it crater Refer to 73-1-7.-
8. i. Wave pattem of bead should be
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(Sheet metal work)

: Work No. .| No.75
 Good © | Typeofwork .~ | Placement of bead
- - Main points Lapping of bead
Materials | Two mild steel plates
e 0ol - Lo . ' - ' (8-10) x 80 x 200 mm
= e " .Pébi . . R _ Electrode 4 mm in diameter

. Lapping Lapping TR | Toals

- Groave, © POO Grogve

== Fi_G.S.-.'
FIG. 2. B
Sequenceofwark | - Description - ' ' Related information | .
Make preparation = .| 1. Clean weld surface. : "| Current for tack weld should be slightly stronger than that
e : TR e e required for final welding to provide easy production of arc
2. Welding current (For string bead- - and sufficient penetration and also to prevent piling of
o ©140-160A) . | bead. - - B o
(For weaving bead- -
o o 150-170 A)
“}- Make tack weld- - "1 Join both steel pIateé at an angle of 90° - | If arc is produced directly over the weldment in making
B : . as shown in Fig. .1 and make tack weld tack weld, the shock of arc may upset the joint of base -
_-at both ends. . : - | material. s : SRR
2. Produce arc on other steel plate and ‘
bring the tip close to the weldment while
“the tip is still red in color to make
. __tacl_cw_eld. AR :
| 3. After tack weld has been made; place
. _the plate horizontally with the top
of angle facing down. TR _
- Place bead . 1. Practice string bead and weaving bead Single bead:
s - movement alternately. | Bead in single line.
2. For the angle and movement of electrode, o .
refer to No. 73-1 and No. 74. Path (Pass). :
3. Fot bead lapping, refer to Fig. 2 (A). .Bead made _w_nh a single mqvement Qf electrode.
‘4. First and second layers should be Shape of single bead layer.

welded by single bead. ‘The third layer When the single bead layer has a pile like the bne shown
and thereafter should be made by several | jp the figure below, point (a) and (b) often accumulate
passes after determining appropriate bead slag. Try to make a flat bead. : .
width, . |

5. R_emdve slag and clean at each pass. : _ a b
6. When making a final pass for each layer, ' C _
. try to make the opening (clearance)
between the previous bead (a)-and

‘base material (b) a little wider than
electrode as shown in Fig. 2 (A).

7. Lap of each pass should be welded by

- providing complete joint as shown in
Fig. 2 (B) and care should be taken not
to make deep groove in the surface as
shown in Fig. 2 (C). o

Supplement crater Supplement of crater should be made
: g accurately and care should be taken not to.
make the final portion of bead layer inclined.
Refer to Fig. 3. o

Check the bead 1. Check to see that the deposite metal has
: : o any cavities because of blowhole or slag.

2. Check to see that finished surface is flat. _

{Good) t (Poor) ((Poor) -
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{Sheet metal work)

0 A

Position of tack weld

FIG. 1.

No..'

Position of tack wé]_d _
. Vertical base material |

i7"

T h g "
~Leg- ™\ Horizontal base material
Fig 2 .

Work No. No. 76-1
Type of work Horizontal fillet welding
Main points Placement of string beam for
: T Joint .~
Materials Two mild steel plates
o "(8-10) x 70 x 200 mm
| Tools

Sequerice of wu'_rk

Description

Related information

Make preparation

3

. Finish cross-section and surface plane so-

that butt portion (joint) will not have a
gap and then clean weld joint,

. Welding current should be 150—170 A.

Make tack weld

. Set up base materials in T shape and

make tack weld at both ends avoiding
weld line. See Fig. 1.~

2. For tack weld procedure, refer to
- No. 752 -

. After cotnpleting tack weld, place weld

line horizontally.

Produce arc

@

[

. Maintain the angle of electrode at

- 45° to both base materials and produce
arc in the manner described in No. 72.

. Produce are at the point 10 mum inside

from the end of weld line.  While preheat-
ing the weld joint with ar¢, move toward
the end and turn back to start welding.
See figure at left.

Place béad

[

n

- tool of bead.

. Maintain electrode at 45° to both base

materials. Incline (tilt) is at 60°-70° to
the direction of movement. However,

inclination as close to 90° as possible will
result in betier penetration. Refer to Fig. 2

. Movement of electrode. Straight line

(from left to right).

. Movement from the point where arc is

produced to the starting point of welding
is aimed at providing preheating. Use long
are and shift to weld point before molten
metal starts dripping..

. While giving both base materials uniform

_penetration, move over the weld line so
as to make the length of both legs equal.

. Care should be taken so that it will not

‘result in an insufficient penetration in the

. Electrade should always travel before
“slag.

If slag travels before the electrode, it
-results in roll-up of slag.-

Anngle to the direction of movement should not be less than
60°:

insufficient penefration

Cut off arc

Maintain electrode at 45° to both base

material and cut off arc in the manner

" described in No. 73-1,
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(Sheet metal work)

the starting point of weldmg

2. Surface of bead should be smooth and

" should have uniform wave pattern. The

width of bead should be uniform and the

length of vertical leg and honzomai leg
should be even.

3. Cross section of desuable bead should

have equal leg length as shown in Fig. 3
(A) and should have no faults such as
-overlap and undercut.

It should also have sufficient penetration

to ats root.

4; Weld having undercuts.or overlaps at the

toe of head weld or that having suf-
ufficient penetration at the bead root,
as shown in Fig, 3 (8), (C) are not

~ desirable.

L WorkNo. No. 76-2
M Type of work ‘Horizontal fillet welding
- : " Undercut - : O;.eﬂap Main points Placoment of string beam for
T i » . i TJomt_
ooal . _ : e
e Materials Two mild steel plates -
- _lT' J (8-10) x 70'x 200 mm
@ ® T © Tools
o FIG. 3 ' ) :
| Ne. | VSeqo'ence_of_work RN Description Related information
6. | Joinbead | Maintain electrode at 45° io both base
: “materials and follow procedures described
m No. 73-1:6. ' :
7 Supplement crater antam electrode at 45° to both base
' : - materials and follow procedures described
in No. 73-1-7.
8. Welds inspect welds 1. There should be complete penetration at | Toe of weld:

The boundary line of bead and base material,

Undercut tends to occur in vertical base material and
overlap is frequent with horizontal base material.

When current is too weak or when the weld rate is too
fast, it often results in an insufficient penetration.
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(Sheet mefal work)

Work No. No. 77

Type of work Horizontal fillet welding

Main points Placement of weaving bead for T
Toint

Materials Two mild steel plates
(8-10) x 70 x 200 mm

Tool_s

":Nq. :

* Sequence of work

Descriptioh

Related information

Make prepération

Refer to No. 76-1-1.

Welding current should be 150-170 A.

|

"Make tack weld

Refer to No. 76-1-2.

* Produce arc

Refer to No. 76-1-3.

'Place_ bead

1.

- 6.

Angle of electrode-Same as for string bead.

2. Movement of electrode-Refer to Fig. 1.

. 'Weé'vi__ng operation should be made at an
_incline of about 60° against the weld line

(as a result, surface of molten pool has a
similar inclination). Refer to Fig. 2.

.'In weaving operation, movement of

electrode from bottom to top should be

" made as if to only maintain arc and the

movement from top to bottom should
be made as if to supply molten metal.

. Care should be exercised since this process

involves more deposite metal than string
bead and tends to make overlapped bead.

For ather information, refer to No. 76-1-4.

L%

" Cut off arc-

“Maintain electrodé at 45° to both base
materials and follow procedures described in

No. 74-5.

Join bead -

Maintain electrode at 45° to both base

*|  materials and follow procedures described in

No. 74-6.

Supplement crater

Maintain electrode at 45° to both base
material and follow procedures described in

No. 73-1-7.

Check welds

Refer to No. 76-2-8.
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WorkNo. | Ne7s
Type of work | Horizontal fillet welding
Main points Placement of muiti-layer bead for
C ‘T Joint '
- | Materials ' " | Two mild steel plates

(8-10) x 70 x 200 mm

Toaols

'No.'_ Sequénce of work -

Descnptlon

Related information

1 Make preparéf_;ion :

Refer to No 76 1-1.

. ,' 2 ~ Make tack weld ~ -

Referto No. 76‘1'-2.

1. When finishing in two layers, place bead

3. | Welding S’eciu_'ence and
size of fillet ' in the sequence shown in Fig. 1 (A).
2. Finish bead of the second layer with the
pass 2and 3.
3. Leg length should be 9-12 mim.
'_ 4. Produce arc " Refer to N_Q., ‘76-1-3.

5.0 Place bead of the
first layer

L. _Place string bead or narrow weavmg bead.
; Refer to No. 76-14 and No. 77-4.

2, Since the leg length should be finished to
9-12 mim in the second layer, make the
_ Ieg length of bead 4-6 mm.

Welding current slightly stronger (higher) than that
described in the Deronstration No. 7 and 8 will provide
sufficient penetration and make the work easier.

| 6. | Place bead of the
"~ | secondlayer -

1. Remove slag'and clean the weld joint for
each fayer. '

" 2. For makmg the pass shown i in Fig. B-2,
. refer 1o Fig. 1 (B).

(I) Maintain electrode at 50 —70° to
the horizontal base material.

“(2) Welding should be made by using

 the toe of weld of the first bead on

" the side of horizontal base material

as a basis with a particular attention
paid to overlap.

3. For makin'g the pass No. 3, refer 1o -
Flg 1 {C). : g
(1 Maintain electrode at 45"—50 to the
horizontal base material.

(2) Welding should be made by main-
taining the arc short and using the
toe of weld at the side of the vertical
base material as a basis, paying a

- particular attention to undercut.

4. For other information, refer to No. 77.

Undercut often occurs in the vertical base material and
the overlap is frequent with the horizontal base material.
Refer to Fig. 2 (B).

7. | Check (inspect) welds

1. Cross-section of desi.rable bead is shown
in Fig. 2 (A).

2. Lap of bead should not be like the ones

. shown in Fig. 2 (C) and (D).

3. For other information, refer to

No. 7628
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{Sheet metal work).

'_ 1st Laycr
T - ©)

Ry

18] -
pugi
PIgi

CFiG.

’Tnd layer

(a?

/(;IDSS-SUCIIGH of proper weld -

: ‘(‘roxs-scctlon of weld
ceroded into the edge
of the uppur ateei

plate” .

FIG. 2

Work No.

No. 79

Type of work

Horizontal fillet welding

Main points

Placement of multi-layer for lap
joint :

Materials

Two mild steel plates
(8-10)x 80 x 200 mm
Electrode 4 mm in diameter

Tools

Nn

. _"_Sequent':_é of work

- Description

Related information

o Make "p'r'e.paratidn- .

e

1 Finish surface in such 2 manner that 'Ino_' .
‘gap is made at the lap pornon of base
-material.

. Weldmg current bhould be 150 160 A.

Make tack weld

1. Maintain the lap length of base materia]
at 40 mm and make tack weld at the both
ends of the plate avoiding weld line. -

" Refer to Fig. 1 (A)

2. For tack weld procedure refer to

"No. 75-2.

3. Clean weld joint and lay weld line .
horizontally. AR :

_Produce arc

~ Refer to No. 76-1-3.

P!ace the frst bead
1aver

‘Make straight bead or narrow weaving bead.
' Refer'to No. 76'and No. 77.

.‘:".

Place the second and
lhir(_i,layers

1. When finishing is made by the. second
layer: .
(1) | Welding sequence is shown in
- Fig. 1.(B).
{2) Make_each pass to place w_eaving;
Refer to Demonstration No. 77
~and No. 78. ' S
(3) Since the edge of upper base
" material tends to melt easily, move
. electrode prompt[y on that pOI’thIl
- to avoid undercut.

. 2. When ﬁﬂishing'is made with the s.eéo_nd .

‘and third layer: _
A1) Welding sequence is shown in
Fig. 1 (C). '

(2) Phice weaving bead. Refer to No. 77.

(3) Try not to leave undercut on the
edge of upper hase material.

Size of fillet:

Since the vertical leg length is equal 1o the pléte thickness,
make the horizontal leg length also equal to the plate

thickness.

Check welds

1. Weld joint should be in propcr shapc as:
'_shown in Fig. 2 (A).

| 2 The one shown in Fig. 2 (B), Which has

eroded the edge of upper base mhaterial,
appears to have proper bead. Its cross-
* section, however, shows uncven leg length

and penetration.

3. For lurther infofmation, refer to No. 78-7.
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{Sheet metal work)

/ . | . Work No. No. 80

. Example of r:’tﬁain_reli.eving : Typé_ of work Flat butt welding

ﬁ@@ Main points ) Square groove welding
: —— . 2ri Two mild steel plates

Materials _ _
- (3-6) x 80 x 250 mm

3 FIG. 2 Tools
o Tack weld T '
- FIG. T
:No. E * - Sequence of work - _ Description , Related infermation
S Make prépar"atioh' - 1 Cut base material to the desired dimen- (1) In butt welding, thin plate less than 6 mm in thickness
o o 'smn, relieve strain and finish butt port:on . are normally welded without bevelmg For the plate
(surface of Jomt) w:th a gnnder : ‘| 6 mmin thickness, however, make a root running
' after making backchipping. :
"2 Wcidmg current should be 80—120 A . . -
. : (2) Plate thickness and root opening.
2. | Make tackweld | 1. Butt join) steel paite and make‘tack_ - — - ' .
—__ . weld by maintaining"a propeér root opening. | Plate thickness Root opening
- | 2. For posmon of tack weld see ﬁgure ' —= :
AR L atkefr S 2.3 0-1.
. RN atle _ . 332 5
3. After ﬁmshmg tack weld, finish the surface| =~ - 4. S 3
of bead with 2 grinder to make the surface.
equal to the thickness of the plate. Place | (3) _We]dmg of thin plate often causes stram Provide
the plate horizontally with the surface: appropriate clamp to prevent strain. Refer to Fig. 2
: _ e _own. ; (4)  When welding current is too strong (hight) or when
' 3. [ f’rﬁdube arE : Refer ta No. 723. © movement of electrode is too slow, weld point get
: S : P : _ overheated causing the flow out of molten metal
"4, | Placethefisstbead - | 1. Maintain dlectrode al 90° to the plane of and making blaw holes in the base material. .
| layer” - | ‘base material and incline it to 70-80" (5) When blowholes have been made, clean the portion -

against the direction of movement.

Refer to Fig, 1. thoroughly and fill up the hole by supplementing

-with deposit metal by using intermittent arc.

2. Movement of eiectrode—strmg bead. - (This process is similar to that for supple:mentm0 B
3 Proceed by mamtalmng the arc short and craters)
. giving both base materials even penetra-

“tion.

A Place the second bead layer| 1. Welding current Shduld be 120-—150 A,

2. Angle of electrode Same as for the first
layer.

. Movement of electrode Strmg bead or
narrow weaving bead

L)

4. Give sufﬁcxent meitmg to the point where
holes of the first bead layer was filled up.

5. Move electrode in such a manner as to

" -correct irregularities in the surface of the
first bead layer and maintain the width of
bead a little greater than that of the first
bead layer.

6. _For ozher mfommtmn refer to No. 73 and
No. 74.

6. Check welds . 1. Weld should have sufficient penetranon
' : o to the bottom.

| 2. Bead surface shou]d be smoath and wave
pattern should be uniform.

| 3. Weld should not have such defects as
"~ undercut or overlap.

4. Excess metal of bead should not lean
toward one side or qrooked.

5. Brooping bead in the Pack in not desirable.
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(Sheet metal work)

_':'[’;utljoim Angle butt joint

Work No. No. 81

Type of work Soldering

Soldering of steel plate of
- various types

Main points

" Check and see that the solder is well mel ted and penetrated into-the.

joint and finishing is made cvenly.

-- fNote)”

1. Joint of sheet metal by means o
- from the standpoint of finishing
“Angle butt joint” makes up the

Tap 5T Staggored butt joim' Materials Galvanized iron sheet, thin mild
S steel sheet, apply procedures in
$__@JRO__“,_JUJM Subject No. ,2and 3 as '
_ S necessary. : _
Dilute hydrochloric acid, solution
of zinc chloride, rugs, emery . .
cloth, charcoal
Tools Soldering iron, files, wire brush,
fire pot
Ne. Sequence of work Description Related information
L _l!’rger?arat_ion of soldering 1. Work with  file or brush on the soldering | 1. For soldering the outside of the object, soldering iron in
n. iron in the portion up to 1/3 from the tip the shdpe of an.axe shown in Fig. (1) above provides 2
N until the base metal appears. Bevel the - wider contact surface and is efficient because it provide ’
4‘ _ iron while giving it a shape.. promp! transmission of heat from the iron. :
e ’- 2. Place it in the red hot charcoal and Far soldering the inside of the object, however, the iron
‘ o " heat it until it sives off blue smoke. in the shape of a lancer as shown in Fig. (2} is more
- ( 7 . = convenient in the work. ' '
‘ 3. Imumerse the iron in the solution of . ) . . . o .
’ : zine chioride and put the solder on it -2. Since the oxide film remains on the tip of used soldering
2 (solder plating). ~ .- - S iron,-it is necessary to remove this film completely. '
. O Solder plating after this process insures satisfactory soler
e ' deposit on the iron.
2. Wi_pc off the plate joint | I Remove dust and prease ccmple'tely 1. In the case of mild steel, remove black skin completely
o S with fugs. - : with a file. Use fite also on clip. :
3. [ Heatiron I I. Take it out of fire sometimes and check
: tlie condition of color by placing solder
on it. Care should be taken not to over-
-heat it. : _
4. | Coat the joint with dilute 1. Coat it evenly with a hydrochloric acid 1. For the plate other than galvanized iron sheet, use
hydrochloric acid. ~ rod, SR o solution of zinc chlogid . '
o * 2. Take caution 50 that the acid will not
- penetrate into the portion other than
_ “required. - ; o
5. . | ‘Take iron out of fire and I.. Immerse the tip up to 1/3 of the length. 1. This should be done promptly before the solvent (dilute
: immerse it in the solution 2 'Do this quickly. - o hydrochloric acid or solution of zinc chloride) coated on
of zine chloride . : 7_ the sheet dry up.
6. Put solder on the ivon .~ | 1. Place solder on the tip of iron. 1. When placing the solder on the iron, formation of gray -
- - — _ film over the surface of solder indicates overheating of
© 7. | Coat the joint of sheet- "1 " 1. Hold the sheet so as to make the gap in the iron and the formation of grantles in the solder
: E ; o the joint facing up diagonally.. indicates insufficient heating. Glittering of solder _
.. (see figure at left). - : _ in sitver color shows appropriate temperature (3007 C).
2. Shift the soider from the tip of iron to - When the temperature of the iron lowers, spread
~ he joint of sheet and spread it and let of solder is not satisfactory and reheating of iron is -
" : LT necessary.. When a thick iron is to be used, heat it up
it peng;rate well (bonding and capillarity). to rather high temperature (500° C).
3. When the iron cooled down, add solder : :
and dilute hydrochlori¢ acid. '
- 8. - Wipe off the joint | 1L Washi thoroughly with water and wip off. | 1. Wash the joint well, otherwise the remaining solvent
' : : ' : : ~ will cause rust.
- |Remarks - 2. A particular care should be taken when working on
' ‘ o electrical equipment because the rust increases
(Inspection) _ electric resistance and causes a failure of equipment.

For this reason, solvent normally used on electrical
cquipment is the paste, in the form of slurry, made
from resin, olive oil, animal fat, and use of zinc
chioride is avoided..

f soldering is made in 5 different methods as shown in Fig. (3) above. “Butt joint” is desirable
because of its flush surface but it lacks strength.
above disadvantage to some cxtent but is not practical for a thin plate. When the strength is

taken into account, “*Lap joint” is required but the surface is not even. To avoid this, “Stagpered butt joint™ may be used but
it can not avoid protrusion on the back. When extra strength. is required, “Roll joint™ may be used. - :

2. When soldering thick platés, heat the bottom plate until the solder start melting, put solvent and melt in the solder. Then place:
the other piate over it and push the upper plate down. : _

3. How to make a solutjon of zi
zinc foil or a piece of galvaniz

nc chioride: Fill the porcelain or glass jar with hydrochloric acid of appropriate amount. Place a
ed irpn in the jar. Chemical combination of hydrochloric acid and zinc forms the solution of zinc

chioride. Foam generated during this process is the hydrogen generated as a result of chemical combination. Keep adding zinc

until the Tormation of foam ceases, or it _reucl_}es saturate
atton. However, active formation of foam

complete satur

used if it is needed urgently, i i

d point. It takes approximately 24 hours before it reaches the state of
almost ceases in about an hour and the solution at this point may be
ts original density or in dilution with water of 1/2 or equivatent quantity.

~ 87—




{Sheet metal work) '

Work No.

No. 82

Type of work

Hard brazing

Main points

Brass brazing

Materials

Brass plate

(0.7-0.8 mm thick), apply
Subject No. 541)--(3). brass
wax (braze) borax, emery cloth,
rugs, wire .

Tools i Brazing stand, gas welding

equipment, blowpipe, pliers,
files : :

" Related information

. In the case of copper, wash with nitric _aéid, and then

rinse with water.

. The wax to be used should be of the same metal as the '

work in principle because it provides the joint the

. same luster as the base metal.

. Solvent td be used may be either borox or boric acid but

a mixture of both will provide better results.

‘Borox should be used in the form of boiled borox or

baked borax and not in the original form of crystal.
Borox in the powder form would not stay on the joint.

". Use it in the form of slurry by adding water.

. It may be accomplished with city gas by using a blow-

pipe, or blow torch may be sufficient for small works.

For a large work, usé fire bed (pot) with wood or cock
as-a fuel for heating and soldering. ‘

. Since the melting temperature of brass wax is similar to

that of brass plate; care shouid be _takeh not to heat the -
wax for excessively long duration, for the metal may
start melting. ' :

Use of brass silver wax, which is made by adding a small -
quantity of silver to the brass, (It has to be made in the
shop because it is not available in the market) will
eliminate this possibility because it has slow melting
point. - :

. Brazing stand:

A frame of iron angles with fire bricks on the top is
generally in use, '

(Inspection) .

" the plate surface.

'(No't_e) :

1. The point to be brazed

No.- |  Sequence of work Description
1. "| Make preparation. _ . Polish the joint thoroughly with emery
= S cloth to the base metal.
_ ; - 2. Bind it with a wire (See figure at left).
2 | Puf wax on the join:t." ' Put wax ev’en'}:y_.':i_nd dry it well.
3. ‘| Heat the joint with . Maintain a constant clearance between
L blowpipe - the flame and base material.”
2. Heat it sufficiently until the wax spread .
over evenly. :
4 Finish the weld . Remove 'Wiré, immerse the plate in dilute
R : : ' solution of acid or alkali to remove oxide
films. ' ' - :
. When the excess wax on the joint presents
ugly appearance, remove it with a file or
scraper. : ’
|Remarks

_Chieck and see that the joint is not staggered, that braze is well penetrated and evenly distributed and that there is no erosion in

may be either “Jap joint™ or “butt joint™. Selection of the type of joint should be made depending on _
the work. When working on tube-like material, use a binding wire for “butt joint”. For “lap joint”, just lay one end on another
or clasp both ends together in the manner as shown in Fig. (1.) and then bind it over with a wire. '

2. When brazing on a wide area, application of wax from the edge alone will not provide sufficient penctration to the joint. Spray
wax in powder form mixed with solvent over the entire surface of the joint, join the plate together and heat them up. When
the wax has been melted sufficiently and starts flowing out to the edge, stop heating and hold them down by weight until they
cool down, as shown in Fig. (2) below. ' _

_ 88 —




{Sheet metal work)

Work No. No. 83
' G(Example)y Type of work Chocking (Reduction of area)
o Main points Hammer out (press out) work
: Materials 1. Mold steel sheet (0.8mm)
i Subject No. 443) .
a
: _Aluminum plate 2. Brass sheet (0.7~0.8 mm
i\ _ D 0.8 1.0mm No. 5(2) _
A ' % 1.5-2.0mm 3. Aluminum plate ,
T . (0.8—1.0 mm) No. 61),
l S used as necessary
_ . 'L“‘*‘-d Tools ~Wood mill, leve!l stand, mallet,
R B 7 ‘scale, compass, file, gage
No. Sequence of work - Description Related information -
oL Pick up base material 1. Mark off a circle of required diameter. 1. As the striking action proceeds, irregularities form on
2 Clhi et s the surface of the plate and present an urgly look
. Eeﬁfaltetggr?g:“.w‘th a tin smipper and with rumples. Accumulation of the rumple makes it
DD . : impossible to remove it later and causes cracks. Removal
P - 3. Braw a concentric circle. of rumples should be started as eatly as possible.
-2 Strike plate 1. P]_a_ce the work on the wood mill. ; |
2. Strike the work with a malfet at @ regular . l P
" intervals-and with uniform strength, ;
. not too hard. - ‘ ‘;;Q
3. Start from the edge toward the center i
. -aiming at the concentric circle. ' (
o _ _ - {Refer to figure at left). ' -
3. Strétc_h rumples ‘1. Place the work on the strike surface
: ' - plate and hit the work from the inside.
4. ‘Repeat above action - 1. The work must be shaped up to the 1. Annealing:
: desired shape 1 . whi o : :
b:?;rg miaggfelc? ,5:3.? zrgs_aegcg:le(nlggf\:?:te In the process of “Press-out” and {‘Choking”” work on
figure at right) _ the sheet metal, change in its shape and striking
- : _ : . force (action) make the material harder and finally
-5, | Smooth out 1. Place the work on th th-out anvil causes cracks. : -
: and hit fhe entire sur?;éz %%?ﬂy Wﬁlﬁ ; . For this reason, the sheet metal must be annealed
hammer. (Refer to the figure at left) sometimes to recover its original material composition.
This will remove small rumples and ’ Annealing can be accomplished by placing it in the
smooth out irresularitie 112 1l also heating furnace 40—50 for minutes to maintain an
o ' Lr r lg arities. A ';V § appropriate temperature and quenching it gradually.
. prevent Cracks 10 some extent. Copper or brass plate is annealed by putting it in the
: ’ water after heating. :
Annealing temperature may be determined by ex-
perience by looking at the color of the plate.
Appropriate annealing temperature is shown in red
_ {840-380 C) for steel, pink (600—700 C) for copper
o T ' _ ) : and brass (works of 6.4--600 C, that of 7.3—600-650 C).
6. Finish . - . Mark off an edge line accurately and Determination of temperature for aluminum
' - finish the work with a snipper and file. (300—500 C) and duralumin (350 C) is difficuit because
' : these materials start melting before becoming red in color
when overheated.. For these materials, rub red pencil
over the material surface and heat them up. As the
temperature rises, the red color changes to crimson,
purple and then to blackish purple. This point is the
. appropriate temperature. :
2. Moid steel plate, copper plate, brass plate and aluminum
plate may be treated with cold working but had plate "
like duralumin should be worked while being heated with|
a blow torch. :
Remarks
7 © (Inspection) :
' Checﬁ and see that the 'sh'apc' of the work is as accurate as the gage, that the finishing is smooth without irregularities or rumples and
that no cracks oy scratches are mac_Ie in the plate. :
(Note) . o _ :
Since the shape of the work with 2 deep bottom like a flower base and jar can not be obtained sufficiently by press-out work, a
" combination of press-out, smooth out-and choking may be applied. One of disadvantages of press-out work is that it will make
the center portion thinner than others. ] :
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Flower vase

Work No.

No_. 84

Type of work

Choking (Making a flower base) -

Main points

Chocking work

Materials = . Copper plate or aluminum plate
C 10 x 160 x 160
{Subject No. 7)

Tools Scale, compass, iron sheet, file,

mallet,
bealk, wood stand, gage

No. - Sequence of work- - “ Description Related information
S 1. Pick up base material - 1. Mark off a circle of desired _di'ametcr. ~ 1. Radius of blank must be dcterminéd so-as to make the
IR : e : ' surface area of the work equaf to the area of blank. -
2. Clip out the plate with a tin snipper - - : .
and bevel the comner. ' In this case, the work is a sphere (radius Y) and the
' radius R of the blank would be as follows:
3. Draw a concentric circle.
: SRR (Surface area of sphere) (Area of blank)
2. Put it against the smooth | .[. Hold the plate securely with three B ' ' 2= qR2
out stand ' fingers of left hand and match the center 47”R: ;
_ . with the smooth out stand. - _
3. |Strike _ 1. Start from the center toward this side. i. Since-the shape of the head of ‘beak bow spacer must
. . _j,jiiiz-L_ Strike the work while turning it around match tle curvature of the work, several . beak bow
L g’ﬁ . - slowly by a:mmg at the concentric of various shapes should be provaded
@ ead of beak circle. : L .
: ——— PR P . 2. Anneal the work at appropriate time. ‘
Y : ‘2. ‘Avoid striking at one particular point C o .
: S ] but strike evenly with proper sequence 3. The gage may be produced by clipping out tin plate
_ ﬁ = shown in Fig, {1) at left. or thin steel plate.
3 Keep stnk:ng untll the desired shape is
©obtained by paying attention so that no
rumples may be formed and measuring
* with a gage as shown in Fig. (2) at left.
@ 4. 1f a rumple is formed, remove it
~“pramptly in the manner shown in Fig.
(3) at left.
: Rem_a__rfcs
: (Inspection)
: Check and see that the surface is smooth (Without scmtches 1rregu}armes or rumples) And that Lhe dimension is as accurate
as the gage.
. (Noie)

To make the shape (flower vase) shown in F]g (5) below, for which the bottom plate should be made and Jomed separately,

. divide the entire portion into several parts and calculate the surface area and then make a blank.
This method, however, requires a skilled technique and consumes a lot of time and is not practical. More simple way is to make
a shape by pressing out part A, shape part C with a curved plate and then to join these plates wgether later.

@ ]

&
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Work No. Ils!o.. 8s

Type of work Handling of power press

Main points Operation of power press
PMaterials_ =

Toois

Basic knowledge)

- Crank préss :

- Generally called as a power press. Its principat construction is shown in the figure above and main compdnents are 4 regulating
wheet (£}, Rywheel (g}, and crankehaft which goes through (b) of the gear (a), High speed revolution of regulaﬁsig wheel reduces
‘the revolution of gear (4} 1o & moderate speed and transmits it to {b). . ' :

3 This is possible because the pinion at the end of base axle which goes through regutating wheel enguges with the gear wheel {a).
When the foot tever (&) Is pushed down, the'clutch makes the gear wheel (a) and crank (d) turn at the same time. Coupler G)

" noves up _an_d dd!_.fm and the shide (4} which is connected to () also mo ves verticaily.
The machine shown in the figure leans backward while maidtaining the contact with the upper hatf {d). Degree of inclination
. may bg controlled when necessary. Inclied press is very convenient because the work falls down to the back of the machine.
L Press'type -

: Th_is_ type is further divided into the foiidwing 'types.depending the work. -

1. - Press out'typg: (pie_iing type) " o - : ' : ' _ .
2. Choke type:  Push down choke type - ' |
: Push out choke type
©. . Piercing chioke type

3, Bending type
4. Rolttype
CUE, Cautions {0 be taken dﬁring 1he work, _

- All phases of press operstion inciuding press-olit and choking work involve exireme hazards and utmost care should be
exercised during the opesation. Itis important thesefore 1o check all parts of machine and template thorbughty prier to
the start of work in erder 1o prevent accidents. Safety device is Qesirable but it is not generatly installed because it

© increases the weight of clutch and decrease efficiency. of the work. Mast important is that the ciutch should be disengaged
for each stroke of the stide. "The machine is sometimes operated with the clutch engaged by negligence on the part of

“operator ang it is causing a majors accident. ' ' : -

< No.. [ - Sequente of work ! . ' 'Df«’SI’HiP_I'i.Oﬂ'.._. Related information
';-'fr-;:_ 1. Remove belt from pully g . Do it while turning ywheel slowly by hand. o

2 ~ Attach punich to the slide { ). Insert the sound handle of punch deep and tighten down.

3 { Attach die to the punch L. Lower slide slowly by turaing it by band.

i

4. | Attach die to the bolster - B

Tighten it down while adjusting the clearance between
-+ the punch and dic. ' :

Adjust connection serew

I. Keep she shide at the bottom, tightten screw.

& Check tesult

1. Check the cleatance between the punch and die
carefully while tumning them slowly by hand.
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- i R I ' Work No. No. 86
B = T . ' : R Type of work Choking work by power press
. 4’ _ . [ R o | Main points Fundamentai work of
- ' i C L ' ' choking by power press .
g ' ﬂ T T .”2 S © Materials Thin mild steel plate .
. ) . . .
' ® IL ' ' 1 " Tools
i

“(Basic knbwiedge) o
1077 Size of blank . o _ . \
‘ Area of blank must be equal to the area of its full length as in the case of hard chocking and it is expressed by D = d2+4dh in

Fig. A. When the circumfercnce at the bottom of the cylinder is round, it is depressed by D = d?>+4dh—r. Where thereisa -
di_l‘f:tgnce:in the thickness between the side und bottom plate, the forma would be more complicated.

T2 thokmg rate - _ : _ : _ _
Items having a s_h'nlldw’ bottom'_s_uéh as the lid of a can is easy to work but the one [_iairing a.deep b_ot"tom requires-two or more

- chocking processes. Maximum chocking rate per stroke, (d/D) in Fig. A, is said to be approximately 50%. _ .
.Chocking rate for aluminum plate and brass plate of the same thickness as the mild steel plate may be 40% because of their greater.
flexibility. ‘This rate applies only to the case where an edge holder is provided as shown in Fig. C, however. Without this holder,
rumples are often formed whien the plate slides in between the punch and the wall on the side of the die, thus enabling only a

shallow choking. When the blank is thin and the diameter of the work is great, rumples are often forme d and breakage of the
- plate occurs. To prevent this possibility, a rather greater coefficient must be established. - :

- Besides the above coefficient, the diameter of the cylinder made by the first choking, or the bore size, which is applicable to the
general use, may be. obtained from the following equation. : : - '
L S _ D L
C . 1.8 _ . :
Then, the diameter of the cylinder contracted by the second choking is fixed at 0.85-0.75 (85%—75%) of the diameter made
. by the first choking. Following equations apply.to the choking of mild steel and tin plate. o -

: : L XD

First choking - . d= X
TSR T g0Z0025 %D
Where - D=the diafncter of blank
L - dis the bore size of die by the first choking
Second'c.hoking . 4= &ﬁ—}{il—_——
~ T T100-0.025 x d

- _‘Mier_é_ ~ 4, is the bore size of die by the second choking

F 3 _ " dj is the bore size of die by _th'e third choking -
Thlrd choking ~. d;= dy x d,

100-2.025 x d, . _ _
S X, X; = safety factor for the thickness of the plate
- Where ' ' : '

“ Plate thickness | . x. : \ <
(mlm) Minimum - Maximum . Minimum Maximum -
64-045 ey | 68 | 74 - 81
0.3 s o 58 . o 65 : 73 : 380
0.55-06 . . Lo 56 i : 63 : 72 20
0.7 7 54 - L 60 oo 79
0.8 - - S50 _ 56 : . 70.5 _ 77
1.5 ' 47 53 . .70 75
3.0 - ; 51 . . ' 65 : '
~ No. Sequence of work . o - _ S Deseription ' - Related information

. Adaw (Mark off} a circle of desired radius.

1. ] Obtain a signal blank
' ' ' . Clip out the circle with a snipper.

) —

Wipe off punch and dic

Attach blank to die_ RS Adjust the center precisely,

Step on cluteh pedal

{Question) _ :
What would be the diameter (D) of blank when making cylinder having d........ 60 mm and h........ 90 mm with a mild steel plate?
How many choking processes would be required? ' :




. Sequence of work

- { Wark No.

Type of work

{Sheet metal work)

No. 87

Cutﬁng of wbs by hand saw

1. Use of hand saw

Main points
2. Cutting of tubes

' Taoly

Materials | Steel pipe

Hand saw, Cross vice, scale, .
marking-off pin, file, chalk

" horizontally with the portion to be cut

off at right and the cutting line close
to the mouth (Opxmng] of the v:ce and
tighten it dcwn :

~Start cutting -

-

.- Hold the saw and take a pusture SAME A -
- for the fling work (refer 19 No. 8).

. Use left thumb as a guide as show in the

figure at left and make a stight cut wath
the root of the saw,

. Place le{t hand over the bow as shown

in-the figure above and use entire fengih
of the blade. When pulling the saw,
weaken the strength with a feeling of
floating the saw slightly, Cut the work
without swining the saw sideway.

. Cutting shoulg be made 25 if the going

round the pipe gradually ta leave a smalll

: port:an of the wall of the pipe uncut, as

shown in figure (2) at jeft.

Cutting shown in Fig. {(3) ot fefr will often
result in a breakage of blade because of
strang tesistance of the inner comer
{edge) against the biade. -

. Finishing cut should be made hghﬂy with
-weakened strcngth

. When a new blade is uscd do p.-m exert

cxcessive strength gl first but increase
strength as the blade becomes dull, Tifs
is necessary becavse the new blade cut

_in sharp and often breaks out easily. -

" Coating with chatk is useful for preven{mg

breakage of a new blade.

. Lubricute somea;mes

Finish work

. Givea ﬁmshmg toych snd bevct comers

zth 2 file.

2. To secure tube materials, cham vice (Fzgh I helow) or
pipe vice (Fig. 2 below) may be used. When a pipe
vice is used, the saw must be used far fronr the point
where the pipe is secuwd and operation becoines very
inconvenient.,

Care should be exercxsed not to tighten the work
excessively because hoth types often deform the pipe.

7 o ~ Description Teloted im‘nrmatmn
{ Attach blade’ 1. Adjust the length of bow to fit thc hoie 4L Sele.c.t blade of appropriate number of testh dependmg
: S - in the biade, _ on the type of smaterial and shape of the work. -
i covang ¥ 2. Tightenit dosrm while exgminin the
R " tension of blade with the blade fdge ' Ma!enal Number of teeth (per inch}
. y R facing from, : : Mﬂd steel, brass, capper ' IR U
T T Phe - T X eustin
-1 Mark off cutting line 1. Mark off over the chalk coating, £ '
. R T Cast iron, gea metal, copper, {1
' g3s pipe ' o
| Hard steel, angle, shape steel,{ 24
e - - . _ 1'l‘himztaa-al piate, thin pipe . 32" _ ]
- Secure the work - {. Place a pad wood, keep the work

© When many pzpes of the same dnameter have 1o be cut,’
- make pad woods which fit the pipe size, as shown in-
Fig. (4) and atiach them to the vice (o profect pipe
and 1o obtain efficient operauan

Pipe vice

3. When cutting a pipe, work harizontatly and in mclmed
‘motion as shown ia Fig, (4). ‘

4. Since a new blade has thin set wrest,change of
saw blade 10 & new ore during operation and wse of it on
the prekus!y £t proove sometimes cause a cut-in,
thus resuliing in the breakage of blade. In the case fike
this, start cutting from other portion.

{Inspectmn)

Check and see that the cuttmg is made dccumtely m:ztchsrq, the mark-uoff line and that ﬁm pipe is not deformed.

E {Notg)

The tube cutter shown at right is isometimes. used for cutting tubes but the face cut thh

a pand saw has a belter appescance.

4

’ Tube cufter
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{Sheet metal work)

Work No.

- No. 88

Type of work ™~

Bending of steel pipe

Main points

Fundamental work for bending - ).
of pipes '

Materials ‘Steel pipe, sand, chalk, rugs
Tools . . Pipe bender, vice, scale,
hacksaw, wooden plug,
blowpipe, mallet
iN_o. - Sequence of work . - Description .  Related information
' "1. " | Mark the portion to be bent{ 1. Mark the portion clearly with chalk. 1. The length of the bend should be determined by the
e SRS S S - - S neutral line as shown in Fig. (1) above. -
- 2.7 | Putsand in'pipe-and plug - - | 1. Add sand and pack it tight by hitting the . . : :
-with a wooden plug "~ N - pipe with a mallet. A stick may be used 2. Since the fusion zone of welded pipe _(steel) and
I T s e ennd . brazed pipe (brass and copper) is fragile and easily
S to pack the sand. . . ) !
: : : broken out, bring the fusion zone to the neutral line.
2. Put the__pigg secure anq tight. 3. There is # maximum bending radius (radius of _
' o circular ar¢ for the center line of pipe) for each pipe
depending on the type of material and dimension, which
: A is shown in the table below. . . .
- 3. Put pipe on the pipe bender| 1. Match the portion to be bent closely 1. Care should be taken when putting sand in the pipe so
N e e i with bender that-the pipe is completely free of moisture and that
S R - R — . the sand is sufficiently dry; otherwise heating of
"4, | 'Heat-pipe with a blowpipe - | 1.-Heat the portion to be bent sufficiently. . pipe may generate steam which blows out the plug, thus
: - — . - : SRR - creating a hazardous condition. - '
: > Bend the pipe |t ?d(;nt%ltzglfytg{ Ifélg:;:gg the pipe {o 2. Resin, lead or solder may be used beside sand to stuff -
— St — er *the pipe but these materials are generally used when
6. | Keep bending - L. Keep bending as shown in Fig. (1) at left _ bending brass p1pe or cQPper tube with a small_ ra@ms.
: , . : - while heating the pipe gradually and 3. In some cases, the pipe is welded at its end. -In such
paying attention so that no rumples are cases, the pipe should not be sealed completely but
. fc_mned. oo : 'should always be a gap or a venthole. s
2 E,g?gfg;ig?;‘; fine with 1. Bendingof a large pipe may be accomplished witha
: S : furnace and small pipe may be worked on with the
3. Make the final bend slightly : use of blowtarch. When bending a thin copper tube
_ beyond the desired point and @ : with a small radius, cold working (treatment) would
: " bend it back as shownin | L be sufficient. ' - :
L _ _ - Fig. (2) at right, R Ot _ :
. — - . — - 1. When bending a pipe of thin wall thickness, straight
7. Finish the bent 1. After the pipe 1s sufficiently cooled - portion may also'bend at the same time. So cool
: S - down, remove sand and clean inside of down straight portion with water. :
the pipe. o " : . ) ) \
S _ : 2. Prolonged heating at one particular portion results in
2. Cut to the desired length and finish it the bent floating out from the pattern as shown below.
with a file. ' _ : : o
"Remarks
(Inspection) - _ _
Check and see that the bent is made with correct bending radius, that the curvature is made uniform and that the pipe is not
deformed. ' L o ' :
- ..(Note)

1.  Useofthe bender as described above providcé correct beinding radius and is convenient in the work but a round bar of
pipe of appropriate radius may also be used as a bending tool by inserting it-in the pipe.

)

Relatively small pipe may be bent in a loop shape by placing the end of the pipe on the vice aiong with a core bar having

-a radius slightly smaller than the desired curvature and winding the pipe closely around the core bar, as shown below.

Unit: mfm

Maximum (lower) radius for pipe bending

Qut side diameter| 3 | 5] 6] 8] 10].12] 14115 [16 [18 [20 [22 [25 | 28] 30] 35] 40 -
Dimension | wiit thickness | - - 0.75-2.0 -
_ Aluminum 110 ] 15720 [2s [30 [35 [40 [45] 55 [6S [75 190 [ 120
Aluminum alloy e 15 35 | 60 | 80 | 120 | 150 180
Steel L 5 0 10 | 15 | 20 ) 25 ] 30
Copper s ] o IEERENEE 30
Brass . 10 | 15 [ 25 T35 | "4 [ 45
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~_{Sheet metal work)

Wo;k No. . No. 89-1 (Painting) Materials' . Eme{y ¢lath, wire brush, surface plate, pallet, staggered,
, — T T _ wsh, pai i i
i_::-Type_ of work { 1. Conditioning of base metaf for steel plate - SR 1T, peimt cotainers
: o : :.;2 _gqtt)’:tmg of _ftgel plate : Tools - Emery cloth or emety puper, gasoline lacqure putty or si;:
B r?:gmri cgg?e c?):: gt{ej: .sﬂziglep!ate . ppltty, rrugs, Yacqure primer, oil primer, laéqure surfacer,
i A Interm oil surfacer, water-
o 5. Finishing coat for stect plate ~ .wa o propf paper lacqure, enamals
: = Main points |- F_ugd_axﬁentai work for painting of metals
o ~Conditioning of base metal
18 O Pyttying work ' S
4 Primary, intermediate and finishing coatings .
| Work Classification | No. | Sequence of work Description Related information

=

1 Conditioning ofbase| 1.

Rust removing

1. Cut emery cloth or omery paper into

. Bmery cloth or emery paper is folded in

W—

appropsiate quantity over the surface
plate with a pallet and scoop it up
as if to eut it apart.” '

Putty work 1L

Stick the putty ta the inside of the

damaged partion.

~metal (.?_) o _ four pieces, Fold = piece in two, hold it two to obtain requited thickness of
R iy ~ with five fingers as shown in figure at . sanding material for the convenience of
= \ - _ : “left and rub the rusted portion of the ~ the work.. _ ' :
' I metal wa:h 1. . o 2. When the paint is loose on the surface at
o Lo 2. To remove ot from the surface, use ptaces, heat it with a blowtorch first and
: N 1 gasoline along with emery cloth or _apply emery paper.
emery paper. Use wite brush-when | 3. Cast iron often has rust in its porosity.
excesively thick rust-has ta be removed.j. A wire brush must be used tg remtove
i€ ‘ R : E rust in such portion.
| Putty work {2} 1. | Putty making - ' -1. As shown below, spread putty of 1. Putty work is required prior to the

- hase metal to fill up frregularities

- metal in such cases as the repair of

. When only a minor tepait work i

. Use size putty inthe form of hard paste

primary coat after the conditioning of -
caused by the remaining coat on the

damaged partion.

required, the foregoing process may be’
substituted increased coatings of . - .
surface, o o
which is made by a mixture of lacqure
putty. (available in the market) or
gold size and polishing powder o1 the
ratio of 2 to 8.

Primary coating (3} { - 1.

o

Howtoholdabrush | 1.

- corner marked with a circle shown in

the figure 3t lefs with the ring finger. -
The tip of the middfe finger is placed
securely at the point marked witha

. Placement of fingers is the same as for

used but the brush in any event should . -
always have elasticity-and its tip should
have uniform length. '

the Nat brush.

st

How 1o use 2 brush

2. | How to soak the paint | &

circle on the vther side. -

Soak.the paint sufficiently but not
to the extent as to cause dripping.

{Lacqure primer}
1. As shown in the figure at left, move

the brush quickly at a breath by
going over the previous streak, with
a light movement of brush as if 10
stretch the coating to the side, and
paying atiention so that so mark of
brush may be feft at the starting
paint.

" Therefore, a complete rust removal is

. Lacqure primes is cheap and drys quickly.

‘but jt must be used promptly and
Tequires skilled technique. lts

is alsa poor and does not provide
camplete adhesion to the base metal.

required when using this primer.

Recommended type available in the
market are metal primer (red), dark black
metal primer (black) and oxide black
metal primer {light black) for the use

on natural drying metal.

===

2 @ 2. Spread it over as shown at left but ) L
R do not force it out of the damaged 4, Besides -, . ,whichisused :
: e _portion, o by shaving it off each time it is used, may.
y : : - be used but it involves difficult process
3. Overlap of putty spread may not be - for making.
avoidable in this case but the pallet
boundary should not be vigible,
4. Lacqure putty drys quickly. Do it
promptly and make a thin layer.
Press lightly fromunderneath the 1. An inch brush (flat brush) may be
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(Sheet metal work)

| No.89-2  (Painting)

{Qil primer)

1. Md\}e_merit of brush is the same as for
~ the lacqure primer but it does not
. Teguire such a prompt movement as
“required for lacqure primer

2. It also requires reciprocating move-
ment of brush but the brush should
be used as if to cut the patches
crosswise as shown at left.

2. Oil primer lacqure has higher quality
than lacqure primer. It drys in 24
hours and provides a complete ¢oating.
Coating is easily done and provide better
adhesion to the base metal. It is most
ideal for primary coating; 1t must be
'kept in mind, however, that the coating
will not result in excessively thick or
thin layer. '

Oil metal primer (reddish rust color)
available in the market is recommended.

i Intermediate coat {4). .

o

How to hoid i 5ru_sh_ =

Héw to soak the coating

. -How to use a brush

* Water grinding ' -

- (polishing)

1.. Holding of brush for lacqure surfacer
- and-oil surfacer is the same as for
the primary coating.

2. Give another coat in the same manner

as before after lelting the previous -
coat dry completely.

1. Use. fire-proof paper (No. 320-400)
. soaked with hot water and soap and
rub surface with it evenly to remove .
. irregularities in the same manner as
- for-the conditioning of base metal. .
Try to smooth out the edge of
damaged portion-in a light movement.”

. Wipe the portion sometimes and check
to-see if the base metal is showing.

]

3. After the work, wipe off completely.- _

When coating locally as in the case of
repair of damaged portion, this process
may be omitted. - E :

—
’ .

Finishing coat (5) -

How to hold a brush -

How to soak the 'coa_ti'ng
(paint} ~ -

“How to use a brush )

1. Same as for the intermediate coating

but since it is the lasi coating, work-
. must be done carefully. .

2. Care should be taken so that dust and
foreign matters will not get to'the
surface. Large dust particles'may be’

- removed with brush tip.

3. It is important that the work area is
thoroughly cleaned prior to the start
of the work. - ' :

1. In the case of lacqure, desired cofor is not
easily obtained and three or more coatings
may be required. When the white coating |;
is used, increase the frequency of coating.

2. In the case of oil coatings; desired color .
" is obtained in the second coating.
Therefore, two coatings are generally
adequate. : i

1 REmzirk_s )

“(Note)

- Painit spray is a method in which paint is applied in the form of spray instead of using a brush. This method provides uniform
and prompt painting work and makes it possible to save paint depending on the operation of machine and the skill of
‘'spraying operation. . Component parts of spray machine are the air compressor, air tank which stores compressed air,
transformer which filters oil which was not removed in the air tank and which acts as a regulator for spray pressure’

- and a spray gun of pistol type, which by pulling the trigger discharges compressed air and paint at the same time.
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