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lesign & Nailing Machine  *

1larly for "p;i;ckagi/ng of wooden cases.




2. Introduction v .

In every engineering, medical, chemical bf,
textile induétry,‘the goods arekpacked to
transport it from industry to consumer.
Packaglng of wooden cases involvns naillng
in all the 1ndustr1es nailing is "done manually
by.hammer. Generally for the other operations
~and processes some kind of machines or
‘1nstruments are used to improve sooed and
operating conveﬁience. The nailers in the
padkaging section of industry are nalllng ;
éénstantly forQQight hours which Cauges
‘straih to:tﬁeir‘hahds. So, there is sbed (b
‘maklng the nalling ope ration‘eaSY by’sbme
means. There are some automatic nalllng i
machines, but”the rate of making boxes is
more, which is not needed Secondly, 1ts
tost is high which an average 1ndustry

cannot afford:gust«for nailing.

Generally, the nailing is done in the

following fields. |

1. Box maklng 1ndustrles“ » |

=, Packaving sectlon of 1ndustr1e=‘k‘

3;‘Temporary exhlbltlong, partitlons !
and stafes

4. Carpentery works -




;Indsome eases (partlcularly p01mf 3) the
fnaillng is dcne in very dlfficult p081tlohs
“ilike drlving the nall horlzontaliy or vertlcally;
‘[upward }or hlttlng the nail by standlng on

‘“1the ladder;‘ lt 1nvolves nailing in dlfferent
’directions, at dlfferent heighte and w1th theJ

S - 3

1;different body p@stures.
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3. Information . ' ‘ﬁ;; :
3.1 Types of industries v
3.1.1 Industries producing large number J

of standard size boxes.

. o . S
Big industrial‘areas have hardly two or three
! ~' . ' ‘ o : & N o s
such factories which provides standard sigze
boxes for consumer goods like cosmatics,

battery cells, clothes, medicines etc. =~ _—

These industries get wdod from outside snd -

they cut it to pl anfs ef reoulred size

e
1]

et

(thickness) Wil(h are again cut gngth wise,
then the upper and bottom sides éredylaned

and brought to nailing machine.

| Néiliﬁg macﬁiée has5é4rém, wﬁich is actuatéd
by a flywheel~éna connéctihg rod. The flywheel
2 geared to. motor.i'mhe;ram~drivés 4 to 8
'Jnalls per utTOKe. halls are constant y fed

by separate mécbanlcm. N@cessary accessories
are there to keep the f1n1¢hed piaﬁkﬁ ‘and s

_siaes for nailing.

S , : 2 : 2 5 : o
There are twO types of nailing machines, one
whlch mada «Uhe'sidés of boxes and other
whlch Jjoin the n1des to make box.

The machine which makes sides Of'bCXGS'haS
: »

a bottom mlatc mthh slldes to bdhd the extra

length of uha n&ll aLter cqmpletlon wf tbestm%;.



-nailing, B , .

'Transport chargf

The rate of these tﬁqiﬁachines 18”400 boxes
per dayzgr 120 nails péf minute. .Six men
s réquiréd on these machines. Rough cost
of these machines is about Rs.h0 OOO/- to

50, DOO/- 31nce 1t 13 imported

The machine gives definite pattern of nailing .
and requlres standard Slze ot wood 0lanks

cx!)d nail .v

The wastdge of nails in this case is almost
nil,‘,The machine requires one mechanic for
its maintenance which increases the cost of

9

>

The finished boxes are sent to 1ndustr1es.

 of tbesm bOXGo are more
because of lts(blg vo¢ume¢ In_some cases

the sides of.boges:arevca:riedkﬁo the
industries[andjtﬁen the bo%eé'are made in the

industry.

Rl 2 Small gcélé boximaking industry. i 9;

These are fewvindustriesfwhich produces

‘boxes ‘of varlamle -sizes. Almost all the worﬁ

is done‘m uallv. It is a batch Droductlﬂn

of varlable 31ze boxes by u51ng non-standard f

\‘material.
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As mentioned above, this involves two types
of nailing, one making boxes and other is

making sides of boxes. :

The 1muuutr1«@ get standard size wooden plan

which are joined to make sides of boxes of °* .,

required dimensions. In some cases they are o
making use of used boxes. Most of the cutting

and sizing operations are done manually. £

L

Sized nlan%i sre arranged on M.S8, plate and .

nail is driven slightly at angle so that after
g ' S

hitting the neil it bends because of M.B.
plate. : -

Finished sides are joined and boxes are made.
The rate of }i'@uction»isygktc 10 boxes per

day per man or sbout 100 boxes per day by \

10 men. These‘;aboa%er“'are getting 50 paise

to one rupee per box depending upon the size

of the box; which comes to hardly Rs.5/- to

6/~ per day. he total wastage of nails is i~

5%«

While making a side of the box the time taken
for arranging the planks and keeping the nails

4

on it takes 60 seconds and the tetal hitting

time is about 100 SécohdsAwhich is about 60



3. 1, .3 Packaﬁlng section of industry

\The wooden boxes are made in carpentery shop.
-Carpﬁnteryfshop gets information from packag-
ing section about the size and number of boxes
to be made. Wood is cut to size with power
operated machine and nailing \ivs done »ménuall;r.j
Thesé boxes with upper cover go £o packaging
"'section’wherénthe goods are kept inside and
cover is néiled. Some times tbe_machine is,,/*'
fitted on base and other sides_are joined to
it 1ater on. Packingkand keeping the goods
in boxes itself t&kes enough time whereas . :
nalllng is done within 4-5 minutms only.
Gratings are used for Hfﬁ&lng(blg control
‘Danels and cupboards etc. Gratings are

nalled in 1ndustry. The sides of boxés,
"however ‘are some times got readymade frém

box making_industry.and,are joined in packaging

. section of industry.

The net requirements of such industries, as
far as nailing is concerned, are very less.
in cemparison with the output of automatic

nailing machine.

3.1.4 - Temporary exhibitions, stages and
partitlons.u -
Temporary erectlon of structure~i§ generally

done by}nailin . Here the nature of naillng




,,iSrdiffé éﬁtfh The ease of operation and
  conven1ence w1th regara to Ooslthﬁ and dlrectu
"ion is very 1mportant. The speed- or rate~of~

nalllng is a seﬁondary criteria.

2.2 Material data and cost. 1‘> o
ROugh estlmate of materlal cost and labour may -

be summed as below.

Wood COSt - 80% of the cost of box
Fail ecost” | 10§ , \
Labour - o o o

Transport cost is an 1ndependent crlteria anﬁ

depends malnly upon the dlstance.

3 2 . N%ils ;
 §15®/~ nef 55 &g.

. ‘Cost of nall fel;

% Wt. of & Cm na;l.l - L}- gms. v o - : )

. Slzes~of-nai1;_j

 1Sunk dlameterf 5M s 5 tc 2 5 ™

Length OL the na11— 3 em to 7 cm

 f;ffNai1 head diameter varlatlon ~ 66 :
f;'fSunk dlamuter ot .
'“5.2.2‘.Laboaﬁfi* .

Eff101ency. +2f%of10 boxes«éf average_Size

Wages for labour-‘ﬁs.5/~ to 8/~ er'day
. Re. O 50 to Re 1/—

per bogf”’




RESERVOIR

E 5.3 Time study of hand nailing -

- is required for‘hammering the nail.

. _connected toltﬁe-piston hits the nail which”’
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directlon by means of’eccentrlo mounted on

Total time to make one side of box - 3 min.
Total tlme to make one box cow oG mi e
Nailing rate - 8 to 10 nails per minute. ;

Sixty per cent of the total time of nailing

>

J
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3. Portable'nailing machines

»3.#.1 One stroke pneumatic nailer
Thisvconsists’of an impact cylinder and a
pistonvoperated by two-way valve and actuated -

v
9 —~ ~

by compressed air.

On pressing the trigger the air from compressor

rushes inside the cylinder and the piston is

‘acéelerated with high speed. Therr the striker

P

is guided prOperly‘inrsmall cylinder. Spring

loaded nail magazinélfeéds’thebnail continuously.

The speed of nailing is about 25 nails per

‘minute and the weight of the machine is 3 to

o

L kg. Atfpfesent this machine is not used in
India.

3.k, 2 Hammer type nailers

34.2.1 Pneumo ~Blectric: multiblow hammer.

This tool con51qtc of a D. C.»generator driven

by electric motor A\cyllnder gulded in a

field of solen01d reciprocates in4vertical

9
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FIG-2.2-HAMMER WITH CENTRIFUGAL FORCE’.‘

'\f,thglmotéf. There is one piston itside ﬁhé

ifgylindér, which gives impact on the striker.

9

%mtﬁmﬂmwrmms%mmm,mrﬁ@mm

getvéompressed and piston is accelerated

-

thereby givin5 1mpact on the striker. The’ o

. solenoid fleld helps 1n acceleratlng the piston:

When cyllndar‘moves backwards,'vacuum is

1created and plston i pulled back. Power to s

we1ght~ratlo is more. This tool requlres

®

maintenance. > ‘ -

(LY

3;%;2.2’ Hémmer with centrifugal force.

Here the unbalanced force of rotatihg masses

. is used for giving 1mpact on strlker. Power

- of motor is transmitted to rotary masses by

'axis-whlch_glvesulmpgct,on.strikeré,5

_operating cost and maintenance. Power to | -

wéigh&'ratio,is also more.,

’bevel gears., &beels turq 1ﬁ opposmte direct-

:ion so that unbalanced ferce is along armeture

)

j It,is,echémiééinﬁonsidering thé7initiaiicost;‘

3.%.2.3 Céﬁfcbntrélled hamﬁer.
WOrklng of thls machine is same asfpneumo—

electric type hammer._ The pist@n while mov1ng

’ forward SllDS over the sprlng 1oaded plate

and gives 1ﬂpacb on a strlker Whlle coming

"back the~spr1ng 15 comp;eSSed and energy is,~

\
L



stored for the next stroke. = 2

f,Inltial cost is less, but the maintenance cost

z,fls more.
b "scjlen'é‘id operated hammer.
“In thls tool the strlker 1tse1f aCus as a ;

. coil whlch moves in electromagnetic field. On

439911

‘onerating the trigger coil gets magnetlsed

»fand the striker is pulled back against spring
~kforce and energy is stored in it. But at the

»i»end<f stroke the connectlons are reversed and

fthe other coil pulls the striker: resulting in |
g impact on the tool. ﬁ o
5
: it givas 3000 leW° pﬂr mlnute., Siman in
c‘constructiom, but has low cast and power o o -

<”weight ratio 1s less.v

‘3 4 2 5 Multlblow oneumatic bammer. “

‘fA 013uon moves due fo compressed air There

~.1S dlrectlon control valVe, which- 1s actuated
~'by 0051tlon of piston itself The dlrectfbn G

:‘Cﬁﬂtrol valVe pressurlses backsiae of the

- plstoﬂ resultlng high acceleratlon glves~

TRIGGER
CONTROL VALVE

»1mpact on strlker.k But now the di?eﬂﬁfon

il
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wn
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7‘valve 18 egerated and plston starts mov1ng

'u.p'\«.,rarc}.s.ii o w‘f‘f;’ .  ;,.V5 if“




M?lnghe energy avallable during the return of the
‘T;7g?iston is not used for having 1mpact Oﬂ th9; 

‘:striker.‘ It is air 1ubrlcated ¥ Power to

ffweight ratlo is favourable. It gives vibratioﬂ$

_fon hand;

,3 % 2. 6 Explosion tyoe of naillng machine.‘ 4:
-;High pressure obtained by the explosion is
Hfjlased for 1mpact on the striker.‘ Exp1051on . :

results in t’he heating of the tool.
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4.1 Functional analysis of handonailing.
There are two steps in making a box by hand

nailing.

b1 Making‘sides of box . : ,

 Following are ‘re sallent points.

. Planks are arranged, butting against each ‘ )
other on a mild steel plate.

. At the edges two planks are kept perpendi- ~
cular to the above planks. - ,;d

. Three to four nails are picked up from

i )

the storage. :
. The nail is positioned fifst, gligptly
inclined and holding it firmly in left __~
hand, one hammer stroke is given by right.
hand. Thereafter, left'hand‘is removed
¢ then three or four strokes are given to
drive it inside.
-y Laak sﬁroke is given to ensure full sink- _
ing of fhe nail, i.e. head ofthe nail is :
touching fé\the surfaceudf wood :
. During tbis tlme the nail goes across the
‘ grains of both the pieces. ” h
. Complethﬁ of one side takes 3 mlnutes.
- Hammerlng ot nails takes about 60? of
of total time. if i i;vAL-'J .
- After completlon of the stroke in wood

- the nail gets bent at lower tip. whlch ¥n - o

<
9l o
- o ‘ b -



. g .
turn again pierses in the Tower plank adding
to rigidity. ‘
4.1.2 Making the boxes. o
. One side of box which is already prepared
is kept vertical and is hold tightly. S
 ; Second side is supported on a finished box,
to be square with the first one;
. That side is matched exactly with the
vertical side.
. TNails at the corners are driven first and -
then the remaining ones. J
. Each of the joints requires about S to 10 .
nails. - o
;, Total time for nailing the joints of one
box is about 12 to 15 mlnutes.' : -
. The nail goes ‘straight along the grains -
of plank in the vertical side and across
the grain in upper side. k
4.2 The phenomenon of the nailing.
Nailing requires substantial impact rather -

than static force. This imgact is in turn
dependent upbn mévs and square of the

velocity of the hammer. Though wlth the mass
the impact may be increased 1ncreasing the
hammer welgPt ;s offset by other considerations

1like 1lifting problem etc. "
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Now velocity can be increased byJihcreaSiﬁg
‘Vthe length of arm of the hammer. But this
poses aiming problem i.e. it becomes difficult

to hit exactly on the nail head.

~ The adjustment of the hammer blow also needs -
consideration, if ever hammer blow is deliver-
ed inclined on the ﬁail, there are wide possi-
bilities of nail getting bent. Due to aﬁgular, 7
motion given by hand; onlj if exactly adjusted

the blow is delivered square on' the head. -

4,3 Socio-economic analysis o
At present a bortable nalllng machine costs

about Rs.800/- in addition to the dest of
power unit like compressor. Totally the cost

of 2 or > machlnes and a comnressor unit co&es"/
about Rs. h OO@/a which a small industry canﬂot
afford to Qpend.  Only big firms and big box
making indﬁstrigs can afford to spend sﬁéh :
lump sum amodnt.

Though the nailing rate of automatic machine
is high extraordlnary coqt prohmblts its

use in small vcale 1ndustries._ More over,

tbe demand for the nailing rate is also low.
In case of automatic nailing machine the
materlal haﬁdllng is high. Two or three

persons are continuously engaged for that

purposes .. - [5 ‘ o
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- In India, automation is not the ouly purpose
be;ause we can cheaply utilise labadr resources

available in plenty and needing employment.

In designing such a machine,easeof 6§eration
coupled with operating convenience is the s
main purpose rather than goingAto automation. >
4.4 Safety , _ ‘ 9
In case of hand nailing, if the nail is long,

it flyes off and miss the subsequent stroke, .
at that time hammer may hit the hend. At times,
incorrect holding of the;nail may also iead oo
to hand coming in between the blow &nd,injuring
the same. Secondly, it éay also bend the,—

“eonell particglarly if 1ts length is‘horg.

L.5 Acecuracy and‘effi¢iency

Many times,‘pdéitioning and alignment leads
to the nail;coming‘out of he plank. It‘méy v
develop crack in wood, thereby lessening its
strength, the nail in that case is mere
Qastage. The,ggasons f@r;that maj-be éﬁﬁmed
. Wrong poSiﬁioning‘of the hail‘;f‘

; ‘Eending’éf,ﬁa11 ‘  | '  ¢
Five to ten per‘cent-ﬁéilsiéré wéé£$geo>

9 .
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a5, EypothesiS”. - , g

5.1 Functional aspects

@

Tobl shontd be;poriable so that it can be
cérried to Qovk place very easily. More over [
-1t should be light also. e
Degree of automysation should be less SO that .
it should utlliseamanpower,ZL@mwamﬁQﬁﬁaﬁ.

it should have temporany'stOrage‘of nails

and tbe’feeding of them should be auﬁomatic

80 that sufflclent speed can be achleved

along with ea31er operation. : e
Nail should be guided properly so tha%

a) it won't bedd or fly while hammering
’b)\powerful impact can be ap?lied on it easily.
The hitting area of the striker should be _—"
more enough so that slighﬁly out @f'niumb

hammer stroke will not alter the direction of
nail dr1v1ng and it wlll go stralght and
vmﬁwﬂu, ' .

4 The nail should be positioned accurately at
the middle of. the thlckness of the mlank

| ,_while making & box, so th i,:j.ﬁailing will be
'accurate and wastace of nails w111 be reduced.
The nall should be dr1Ven in a single stroke
only with larger 1mpa@t for driv1ng it
“.efficiently. e e
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5.2 Socic-economical aspects

 The operator should have an idea régarding

- should be easy.v-,

The upper plank shauid be grippei properly@
’oQMJenﬁlﬂgfmejMntoftmamm.

9

"Néiling machine should utilise manpower, but

' glveﬁg comfort to operator at the same time. °

The cost should ‘be about Rs. 100/- so that small\

industrles can also afford to make use of 1t.

5.3 Ergonomical aspects

The grip and the trigger should have the

‘holding and operatihg comforts.

9
)

The nail when positioned should be yisible so

9

that one will be suré of accurate position;ng.

number of stored nailé at any time during

operation.

It should take care of all heights of operation

and at all angles., :
S

The feedlngcf nails in the temporary storage

¢
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5.+ Structural aspects .

 Total tool should be sturdy enough to with-

:~stand hammer strokes.

The nail guide should be free from impact.

‘The impact should be directed only on the
'nailAheéd;rr e , i
_ Vibration and jerks should be minimised.
5.9 TFunctional aspects

It should take nails varying in the range.

2 mm to 2.5 mm sunk diameter / e
5 cm to 6.5 cm length . ';f

4 -
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6, Syhthesis and Design development.

The tool is made portable and light in weight
so that handllng of the tool to work site is -

~easy.

One can give sufficient impact so that the |

nail'can‘be sunk very easily/in éne stroke,

The.adtcmisationkis reduced and maﬁpower,is
‘utilised conmsidering sufficient comfort of the
operator, sball one imnortant feature belng
the rate of about 25 nails per minute, whlqh

o :

is almost samebas that of power nailer.

The cost is reduced to about Rs. 190/- whiﬂh
’»any small scale 1ndustry can afferd ”//




o

ce

] o

A steel plunger of diameter equat to that of
nail head (8 mm) guided in a steel sleeve,
is used to transmit the impact vertically on

the nail head.

The plunger is loaded with light spring, which

'takes it back above the nail after each stroke.

The cylindrical guide (sleeve) is fitted in

‘two aluminium die castgd pieces.

A nail magzine support along with handle

which is die castéd in aluminium contains -
~about 100 nails arranged in two rows. The

)

Anails are épring loaded, the magzine .is

s ;

separate unit in itself, made up of ewxfruded
transparent polysterene, so the nails are -

visible from top.

‘The handle has a trigger, on pressing of which
a mechanism comeS»into action and the nail is
fed in the guide as well as nlanV is gripped.

Thls aids in nocltlonlng of the nall and at

th@ same time dr1v1ng it W1tﬂout any change

in the posxt;cm-theseaftg,.if%u

The trigger~ié SO povitioned +hat“ﬁhile handle
is grlpoed trlgger is presged autdmat1Ca11y

'fandle. This

because it 1s a part of t‘::{‘,j

N

being the case Mo oyhpr oneratlvn Ls 1nvolved

separatmly gither for grlpnlng or for feedlng

e

9
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C@

) . ; - - . :
of the nails. o s

Depending upon the purpose and the site of
the nail to be driven, the sleeve is changed
for particular time period. There are two

types of sleeves 8 mm and 6 mm inner dia-

meter.

The feeding of the nalls can be done by hand
or'by,tﬁpical slotted tray, which is made to
osc11ate by a mechanism. Hand feeding rate

is about 50 nalls per mlnute, so after every

5 minutes the magzine is either fed by hand s

‘or by typical slotted tray. .

The handls is kept inclined so that sufficient
pressure can be applied for holding it rigidly

on the planks.

Because of llgbt weight and 1arger hittlng
area, 1t can be used for nalllng in horizontal,

vertlcal or any other direction.

The length of the‘tool,i£Séif ie such that

one can 1ncrease ‘the lengi

¢

arm to glve sufflcient imn&ct

‘The coiour ig Suéh that it gives a feeling
of being heavy and strengtby at the front

side and of lightness at‘back side.
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