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Recause of the ~ossibilities offered by the latest technologies in the 

manufacture of wooden packaging for fruit and vegetable products, industrial 

packaging and pallets display a broad array of differences, and that the 

machines involved in making and assembling these three types of products are 

equally different and specific, it has been decidec to deal with each 

of them separately. 

I. WOODEN PACKAGIID FOR FRUI'I' AND VIDEI'.ABLES 

Introd11ction: 

These so-called "lightweight" containers are tynically used for 

harvesting, storing, preserving, refrigerating and marketing fruit and 

vegetable nroducts. Their shape is generally rectangular, and they 

feature the usual mean maximum and minimum external measurements (in 

millimeters), i.e.: 

- len.gth 

- width 

- denth 

400 - 600 

300 - 400 

Bo - 28c 

These containers can be either open (lidler..:>) or closed {with lid). 

Before going on to describe the various asnects of snecific manufacturing 

nrocesses, from the simplest to the more soohisticated se~i-automatic and 

automatic, it would first be wise to examine and analyse the actual 

containers that wi.11 be referred to, starting with thei1 "c"nventional" 

names: "nles.teau", or stacking tray; box; wirebound box; crate; basket~; etc. 

All these tynes are illustrated in Figures 1 and 2. 

Fig. la: Boxes for apples or vegetables. 
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Fig. lb: Trays for fruits 

2 •. ,Box for cabbage, Fig. .... 
8 alade, etc. 

F~g. 2b 

baskets 
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The various manufacturing phases and technologies are describeu 

hereunder as follows: 

(A) Preparation of parts for assembly; 

(B) Assembly of parts and ~ompletion of end-products. 

(A) Preparation of oarts for assembly 

The parts to be assembled can be grouped as follows: 

- boards for making end par:els (short side - width); 

- boards for making side panels (long side - length); 

- boards for making botto~s and lids; 

- slats or strips for making bottoms, lids and handles; 

- triangular angle blocks or corner stiffeners; 

- "chamfered" square-sawn sections for making wirebound 

boxes. 

(A)1. Simple preparation of parts (sawn) 

This sequence of operations starts with the timber logs that 

reach the factory in star:.dard lengths. 

Figure 3 (layout and machine1·y list) refers to the Vai'ious 

steps in this manufacturing process: 

(1) debarking of logs; 

(2) sawing of logs into planks; 

( 3) longitudinal trimmi:rig of planks; 

(4) cross-cutting of planks into suitable lengths for bo~rds: 

(5) cutti1.g of loge by gang saw into square-section lengths 

for making angle blocks; 

(6) automatic sawing of plank lengths into boards, slate and 

stripe; 

(7) cutting off and diagonally splitting of square-sawn sections 

into trianguli:..r angle blocks. 
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Fig. 3 

Simple preparation of parts 

trays: 
boxes: 

500-700 
(3-sbtted) 200-220 

Position Quantity Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

2 

1 

1 

F.800 Debarking machine 

Bandsaw with carriage ~ lllOr:u:: 

Bandsaw for final trimming operations ~ lOOO~m 

Pendulum saw 

Multi-blade circular saw 

SL.30 Lath cutter 

M.48 Angle block cutter with bandsaw 

M.75 Stitching machine with two or more 
heads for stitching box bottoms 

M.52 Stitching machine for assembling frames 

M.22B stitching machine for assembling frames 
to box bottom 

M.65B Bottooi stitching machine 

M.22B Handle stitching machine 

Conveyor belt 

SECTION 2 
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(A)2. Simnle nrenaration 0f parts (sawn and sliced veneer) 

Figure 4 (layout and machinery li~t) shows the same positions 

a::; Figure 3 from 1 to 7, plus the following: 

Pos. 8 - Plank Cutter : for cutting pre-heat-treated 

planks into boards, laths and strios, especially 

those for making storage tray bottoms, and also 

tray and box frames, when the timber is "suitable" 

for slicing. 

(A)3. Prenaration of parts (sawn, sliced and. peeled veneer) 

Figure 5 (layout and ma~hinery list) shows the same positions 

as Figure 3 from 1 to 6, plus pos. 8 in Figure 4. Along with these 

nositions, the fcllowin~ machines have also been added to increase 

the hourly nrociuct ior. rate ( 1 , 000 - 1 , 200 trays) by producinr venzered 

boards and strins: 

Pos. 18 - Cross-Cutting Saw : for cross-cutting the lo~s to 

sizes suited to veneering into boards, strins and 

laths of renuired length. 

Pos. 20 - Rotary Veneer lathe with log lifter arm and 

centre-square device, for obtaining suitable veneer 

thicknesses for making container parts. 

Pas. 22 - Veneer Slicer : for cutting veneers into suitable 

widths for making various container parts (boards, 

strips, etc.). 

Pas. 24 - Square-Sawn Length Cutter : for cross-cutting snuare 

lengths into s~itable sizes for making triangular 

angle blocks. 

Pos. 27 - Angle Block Cutter : for longitudinally cutting 

square-sawn lengths into two trianG"Ular angle blocks. 
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Fig.: 4 

Simple oreparation of sawn and sliced veneer parts 

Hourly production rate: trays: 700-900 

boxes (3-slatted): 25J-JOO 

List of machinery 

Position Quantity Description 

l 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

15 

16 

1 

1 

1 

1 

1 

3 

1 

1 

1 

3 

2 

1 

1 

1 

l 

F.800 debarking machine 

Bandsaw with carriage (0 1100) 

Bandsaw for final trimming operations (0 1000; 

Pendulun saw 

?folti-blade circular saw 

S~.30 Lath cutter 

M.48 Angle block cutter with handsaw 

M.54 Plank cutter 

~.22B Stitching machine for assembling frame 
to box bottom 

M.65B Bottom stitching machine 

M.22B Handle stitching machine 

Conveyor belt 

M.76 Bottom stitching machine 

M.SOS Stitching machine for assembling frames 

M.50S Stitching machine for assembling end 
panels 

SECTION 2 



! 

~ 

18 
23 =--

------mt. 60,0Q__ 

SECTION 1 



- 10 -

rnt. GO,OC 

SECTION 2 

.. ,. 
·' 

-

F: 

P: 

He 

L~ 



- " ----- .. ' 

1 
OFFICINA 

II ' 
' 

-

/ 

II I II~ 
I 

---- ----- - ----

Fig. 5 

Preparation of sa~m, slice~ and peeled veneer parts 

Hourly proeuction rate: trays: 1200 - 1500 
boxes (3-slatted): 400 - 600 

L!Sf OF MACHINERY 

PositioTI quantity 

1 1 

2 1 

3 1 

4 

5 

6 

a 
18 

lS 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

Description 

F.800 Debarking machine 

Bandsaw with carriage (~1100) 

Bandsaw for final trinming operations (01000) 

Pendulum saw 

!!ulti-blade circular saw 
SL.30 Lath cutter 

M.54 Round section and plank slicer 

M.85B Cross-cutting saw 

Log chain conveyor 

M.82S Rotary veneerpeeler with screw-type 
centre-square device 

Veneer conveyor belt 

M.66 ve~,er slicer 

M.64 Bottom stitch:Llg machine 

M.108 Machine for cutting-off lengths of 
square-sawn timber 

Conveyor belt for square-sawn lengths 

Storage bin for square-sawn lengths 

M.109 BN Angle block-cutter 

M.126 Automatic end panel stitcher 

M.125 Sesni-autom~tic frame stitcher 

Frame conveyor belt 
M.145 Stitc~ ing machine for attaching bottom 
panel corners to frame 
M.127L Stitching machine for attaching botton. 
panel to frame (end panel) 

M.127N Stitching machine for attaching bottoa1 
panel to frame (side panel) 

M.146 Handle stitching machine 

SECTION 3 
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Figure 6 {layout and machinery list) describes another 

manufar.turing line with an ~ven faster hourly output rate of 

2,000 to 2,200 storage trays. 

It includes positions 1 to 8, and ~8, 19, 21, 24, 25 and 26 of 

Figure 5; and to increase the line's automation even further, the 

screw-type centre-square device mounted on veneer cutter M/82-S has 

been reolaced with an automatic horizontal centre-scruare version 

{position 36). 

The two-bladed M/66 veneer slicer in Figure 5 has been renlaced 

with a four-bladed version {M/95, position 37), and in position 38, 
angle block cutter M/109-D {double) replaces the previous M/109-N 

{standard) model {position 27, Figure 5 ). 

Before reviewing the various parts assembly lines (makinr.: box bottoms, 

lids, end ~anels, etc.), and final container assembly lines (making 

finished trays, boxes etc.), it should first be mentioned that the machines 

included in the various lines will not be discussed in detail. Brief and 

simole indicatior.~ will only be given in relation to the specific operations 

performed by the machines in each specific plant situation, though other 

uses may be made of the same machinery for making other types of ?ackaging 

containers. 

The reason for this ap!Jroach is to focus more clearly on the strictly 

fundamental asoects of each specific oneration. 

For the same reason, no details are provided about materials handling 

or operations related to the transferral of parts between machines. 

This paper includes layouts and drawings of the four plants under exami

nation. Detailed literature is available to those requiring further 

information on the design_ features and options cffered by the 

various machines - from the simplest model to the most sophis-

ticated one. 

(B) Preparation of narts and final assembly of finished container 

How the various parts of the packar,inP, containers are prenared, and 

how the finished items are assembled, is now described. 
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Fig. 6 

Plant layout of a manufacturing installation 

Hourly production rate: trays: 1800 - 2000 

boxes: (3-slatted) 800 - 1200 

LIST OF MACHINERY 

Position Quantity Description 

1 

2 

3 

4 

5 

6 

8 

-------·---
SECTION 1 

1 

1 

1 

l 

1 

3 

1 

F.800 Debarking machine 

Bandsaw with carriage (~1100) 

Bandsaw for f:f.nal trinnning O\,-erations (01000) 

Pendulum saw 

Multi-blade circular saw 
SL.30 Lath cutter 

M.54 round section and plank cutter 

14 

18 

19 

21 

23 

24 

2.J 

26 

31 

36 

37 

--
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M.76 Box bottom stitcher 

M.85B Cross-cut ting saw 

Log chain conveyor 

Veneer conveyor belt 

M.64 box bottan stitcher 

M.108 Machine for cutting off lengths of 
squa~e sawn timber 

Conveyor belt for square sawn lengths 

Storage bin for square sawn lengths 

Frame conveyor belt 

M.825 Rotary veneer peeler with horizontal 
centre-square device 

M. 95 Veneer slicer 

SECTION 2 
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M.109D Angle block cutter 

M.151 Automatic end panel t;titcher 

Over~P.ad end panel conveyor 

M.148 frame stitching machine 

~.78B Stitching machine for attaching bottom panel 

~orners to frame 

M.139L Stitching machine for attaching 
bottom panel to fra~e (end panel) 

Fast conveyor 

M.139N Stitching machine for attaching bottom 

panel to frame (side panel) 

M. 79B Handle stitching machine 

SECTION 3 
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(B)l. Prenaration of bottoms 

Th~ oarts makinf un box or tray etc. bottoms (boards, slats, 

laths) are no longer nailed manually or "tacked" tc:-gether; they are 

now joined by means of stitchers. 

Si;itchers are devices or machines that apply "stitches" out 

of wire drawn automatically and contin~ous:y from skeins of various 

sizen supplied by wire manufacturers. These stitchers must not be 

mistaken for mechanically or oneumatically powered staolers or 

stitchers emnloying orefabricated staoles. 

Going back to Figures 3, 4, 5 and 6 - featuring different output 

rates - it can be noted that various tyoes of stitchers have been 

adooted, disnlaying various degrees of autJmation. 

Figure 3, showing the simnlest line, features a non-automatic 

stitcher with two or more stitchinr, heads (nosition 8), whose soeed 

largely denends on thP canability and ranidity of the onerator 

h:mdlin.~ the machi,.,c, and of the workers ')lacing and nosi tionin~ the 

boards and strins in the containers on the stitching line. 

Figure 4 shows ar. electronic automatic two or more headed conveyor 

belt tyoe stitcher (~osition 14) which, with the same number of 

attendants as on the previous simnle line, can achieve a two to three 

times hiP,her nroduction rate. 

Figures 5 and 6 feature the same type of high-sneea conveyor belt 

stitcher with two or more stitching heads (nosition 23) as in 

Figure 4; this moC.'.:J_ 1 however, is canable cf attaining even hi,~her 

output rates. 

Automatic conveyor belt type stitcher (two or more heads) 

This machine deserves a more detailed descriotion, it is an 

automa.t.ic con11eyor belt type stitcher with a "loading belt" that is 

in continuous motion durinp; the oneration. 

The "loadinP," line conveys a series of containers (or holders) 

forming a "belt" - designed and arran~ed to receive the boards and 

slats that ~o into makin~ un box iUld tray bottoms. 

The stitchinP, heads {and respective strikers) are supported 

and fixed to swinging bars, so that efficient stitchinr, is ensured 

even when the belt is mo..ri.ng. The heads are electronically controlled, 

~nrt only ooeratP when the containers nass under them. 

I 
' 



- 16 -

As the machine is totally automated, no soeci&lly skilled 

workers are remiired; the job simnly consists in filling the 

containers movinF, along the line with annronriate narts. 

(B)2. Prenaration of lids 

Lids are nreoared and stitched just like bottoms, using the 

same stitching machines, be they the non-Gutomatic version with two 

or more stitching heads, or the automatic electronic conveyor belt 

tyne model, also with two or more stitchine heads, de"'ending on the 

desired liG outout. 

In Eurone, very limited use is made of fruit and ve~etable 

trays or boxes with lids; thus the four factory layout8 do not 

include lid stitching machines. 

If necessary, lids c?n be stitched on the same machines used 

for making bottoms, by simnly sch~duling a few extra operating hours. 

Fig. 7: Various types of lids 
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(B)3. Assembly of oackagi.ng ·~ontainers 

(B)3.1 Assembly nlant - Fi~re 3 layout 

(hourly r.roduction rate 500 

200 

700 storage trays; or 

220 3-slatted boxes). 

This is the simolest nossible machinery available to 

replace the old hammer-and-nails assembly method. 

A se~arate stitching machine (position 9) is used to 

attach short (eno.)and long(side)nanels to the triangular angle 

blocks at each corner. 

The "frame" thus ass1•mbled then ~oef; to the two-headed 

stitcher (nosition 10), where the bottom nanel, oreviously 

oreoared, is fixed to the four angle blocks, by flat-tanned 

full-depth stitches. 

Foll0winy, this oneration, the frame, with its bottom 

:1nnel "tacked" at each corner to the four angle blricks, then 

mo'·es on to another stitcher, which finishes securin~ the 

bottom nanPl to the two long side '1anels, and, if necessary, 

to the end oanels, by annlying V-shaned stitches to the striris 

reinforcing the bottom (sunnorting strin). 

The subsernient step is attaching the handle striris to the 

four angle blocks by means of flat-topoed full-denth stitches 

annlied by the two-headed stitcher (oosition 12). 

(B) 3. 2 Assembly '1lant - Figure 4 layout 

(hourly production rate 700 900 storage trays; or 

250 - 300 3-slatted boxes). 

Com~ared to the nrevious nlant, this line has a 40-60 ner 

cent higher nr luction rate. To obtain this oroductivity 

enhancement, two automatic two-headed stitchinP, machines were 

added, with two s,ynchronized carriaP,'e units (nositions 15 and 

16). 

The first stitcher annliPs flat-tonn2d full-denth stitches 

to ,,Jin toP,ether end nanel s and anP,"le blockn. Thus nrPnared, 

the end nanels are thPn nut into the carri~es of the second 

machine in n;iirs, and by meann of the srune stitches, the side 

nanels are fixed to the an~le blocks already attached by th~ 

nrevious machine to th<! two end nanels. 
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Subseauent stitchinr: operations are performed on the 

same machines as described nrevi~usly, Plus the following: 

- a two-headed stitcher (nosition 10) desiP,l'led to 

apnly flat-tooped full-depth stitches to join the 

bottom panel with the four angle blocks; 

three stitchers (instead of two) for carrying out the 

final attachment of the bottom panel to the long side 

panels (nosition 11), by means of V-shaned stitches 

applied to the reinforcing strins across the bottom; 

- two two-headed stitchers (instead of one) (Position 12) 

designed to attach the two upoer strips (handles) to the 

four angle blocks, via the asual flat-tonned full-depth 

stitches. 

Fig. 8: Various ~~eights of ends showing position of stitches 

n (! 
(a) (b) (c) 

>\'~1 
C"2:([;:7j"SSJ 

FiP,. 9: Various types of stitches: (a) flat topped; 
(b) flat topped clinched; (c) V-shaped 
(d) Asymetric V-shaped 

(d) 
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(B)3.3 Assembly nlant - Figur~ 5 layout 

(hourly l)I.lduction rate 900 - 1,200 storage trays; or 

400 - 600 3-slatted boxes). 

Figure 5 illustrate~ a semi-automatic nlant designed to 

nrovide trouble-free production changeovers, and thu~ ensuring 

the utmost versatility. Changeovers from the assembly of 

storage trays +.o bo:xes, and vice versa, recruire only some 

relatively simnle adjustments and modifications, involving 

the aQdition or removal of tools and/or Parts of loaders, etc. 

Once the bottom nanels have been orenared, the following 

ooerations take nlace in the order listed in the layout: 

(a) On emer~ng from the an~le block cutter (nosition 27), 

the triangular angle blocks automatically slin into the 

guides that channel them into the loading line of the 

automatic two-headed stitcher (nosition 28), which nroduces 

finished end nanels. 

To make the end oanels, the machine operator has 

to place the boards or strins in the loader; a moving 

conveyor then automatically deposits them on the angle 

blocks, to which the stitcher secures them by annlying 

flat-topned full-deoth stitches. 

(b) Thus stitched, the end nanels are brought to the 

automatic two-headed frame stitchers (nosition 29), which 

a worker manually feeds with side nanels in sryecial loaders 

located at the back of the machines, whi l(~ another worker 

(one ner machine) loads the two end panels that will form 

the frt:\Jlle 1 into the front of the machine. As soon as the 

operator inserts the two end panels, one of the two strins 

needed to complete the frame will automatically come to 

rest u~on them; the machine then stitches the strin to the 

angle blocks using the usual flat-tonn€d full-depth stitches. 

The resulting half-frame is then unturned by the onerator 

and once again placed on the 3titcher which automatically 

attaches the second side nanel, thus comoletinrr the frame. 
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(c) The onerator then rylaces the frames on a conveyor belt 

that taJces them to the automatic two-headed stitcher (,osition 

31), which they enter automatically. Once the frames are on 

the loading line, an onerator nlaces a bottom nanel on ton 

of each; the stitcher automatically joins the bottom nanel 

to each of the four angle blocks, by means of four flat

toryped full-depth stitches. 

(d) After this oneration has been comnlet2d, the next 

sten involves the automatic two-headed corner stitcher 

(nosition 32), which 8titches the bottom nanel to the two 

side nanels, by means of V-shaoed corner stitches. 

(P) After the bottom panel has been fixed to thP sidP 

oanels, another automatic stitcher (~osition 33) a~~lies 

more V-shaned corner stitches so as to join the bottom ry;inel 

to the two end nanels. 

(f) Now that the storage tray is almost finished, with 

its bottom nanel securely fixed to the four side ~anels 

forming the frame, it is automatically conveyed to the 

loading line of the next automatic two-headed stitcher 

(nosition 34); an onerator nlaces two strins (handles) in 

the two special side loaders. Prior to the actual stitchin~ 

oneration, the conveyors that direct thP box or tray under 

the stitchin~ heads also nick un these two strins which are 

eventually fixed to the four ang-le blocks by means of four 

flat-tanned full-deoth stitches, thus formin.~ the handles. 

This concludes the assembly oneration, and the 

resultinr, tray is ready for use. 

(B)3.4 Assembly rylant - Figure 6 layout 

(hourly nroduction rate 2,000 - 2,200 stora~e trays; or 

800 - 1,200 3-slatted boxes). 

This :ast nlant layout is the most advat1ced, the most 

automatic, and the most nroducti ve available world-wide for the 

ryroduction of storage tr;iys and boxes. We will thus be listin,~ 

and describinr, each of the onerations involved in achievin1 the 

comnlete assP.mbly of the finished box or tray, startinr: with 

ore-stitched bottom panels. 

I 
I 
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After being cut into suitable lengths by a snecific cutter, 

(•osition 24) fed by an onerator, tt.e smiare-sawn sections (that 

will later become angle blo•;ks) travel by conveyor (oosition 25) 

to a stora~e bin (oosition 26), f~om which they are dron>ed into 

the angle block cutter (rycsition 38); here they are cut diagonally 

to for1.1 triangular angle ·olocks of apnronriate length, and 

finally removed by an op~rator in prenaration for the next 

operation. 

The tri<l11.o""Lllar an.c;le blocks are automatically channelled 

on to the loadin~ line of the automati~ four-headed end panel 

stitcher (nosition 39), which a'olies flat-ton~e~ full-deoth 

stitches to ~wo end oanels at the same time. 

The o•erator in charge of the automatic stitcher (nosition 

39) feerls the automatic loader-distributors with the laths 

making ury the two end nanels. The machine stitches the end 

panels, which are now automatically conveyed to the next 

oneration, o~rformed by an automatic four-headed frame 

stitcher (nosition 41). Another operator feeds side oanels 

(long side) into the machine's automatic loader-distributors; 

the stitching hearls aryply flat-tanned full-depth stitches 

joining these side nanels to the angle blocks at each corner. 

The "frames" emergin~ from the automatic stitcher (nosition 

41) all fall in exactly the same position on the conveyor belt 

(1osition 31), which takes them at a pre-set nace to the 

conveyor--loarler of the automatic two-headed stitcher (position 

48); here, an onerator nlaces a bottom nanel on each frame 

moving towards the stitching heads. The two narts are stitched 

to~Pther at ~ach corner by meruis of two flu.t-topped full-denth 

r:t itches. 
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Two automatic two-headed stitchers {oositions 43 and 45) 

finally join the bottom nanel to the end nanels and side nanels 

by means of V-shaped corner stitches. The tray is automatically 

fed into these two stitching machines, upturned, stitched, 

withdrawn an~ ultil'lately conveyed to the next two-headed stitcher 

(position 46), where the o~erator in charge feeds the strins 

that are to become the handles into the twu loader-distri~utcrs. 

The machine stitches these two handles to the four angle blocks 

by means of flat-topped full-depth stitches. 

The result is a finished tray which, as in the previous 

assembly lines, is stacked nr. oallets, loaded and conveyed to 

the factories, where the fruit and vegetables are cleaned, 

sorted and packed orior to their storage, nreservation and 

marketi~. 

Several hundred similar nlants have been set un in Eurone, 

but there are thousands of nlants along the lines of those 

described in Figures 3 , 4 and 5 throul"'hout the whole world, 

e~pecially in Western Eurone, with its highly developed fruit 

and vegetable ~owing industries in; France, Greece, ~taly, 

the Netherlands, Snain, the Federal Republic of Germany and 

Yugoslavia. 

Many other manufacturing lines and machines are located 

in Eastern Eurooe: Poland, the U.S.S.R. etc. 

Wirebound Boxes 

This snecial tyne of box recruires a few soecific observations 

concerninr its consiruction and assembly, rather than the nroduction of 

its comnonent narts (boards, laths etc.). 

Preparation of oarts (laths) 

The same machines are used for making laths as for making 

the nreviously described box and tray narts (band-saw, veneer 

slicer, veneer cutter). 
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The only snecial machine needed on the factory line is the 

chamfer-cutter, used for precision cutting and chamfering nlank 

lengths to the reauired size. 

Once machined, the oarts then nass through the multinle-blade 

saw, which delivers the scruare-sawn lengths - cut-off and chamfered 

to perfection - reauired to make the box. 

- Parts assembly - onen frame 

Bo:x: frames can be circled with "reinforcing wire" by means of 

a seoarate conveyor-belt tyne stitcher; laths and square-sawn lengths 

are T)ositioned on the stitchinr line, and "nre-looned" band wire is 

emnloyed to join them {Figure lOa). 

B:l?ld wire is available from supoliers in pre-l~ooed form, and 

in the reouired sizes, or it can be looped as needed using a cutting 

and loaning machine handling skeins of continuous wire. 

The stitcher comes either ecruipned with hooks or nins designed 

to handle ore-looned wire, or in a second version built to handle 

skeins of continuous wire; in the latter model, the wire is cut to a 

snecific length by ST)ecial rotary shears mounted on the machine at 

the exit of the stitr.hed frame. 

Thus stitched, and with the band wires cut, the frame is 

placed on a bench where two workers eauinned with a sort of hammer

cum-pliers tool, loop the wire ends, and hamner them into the wood 

(Figure lOb). 
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Previously looped band wires 

Continuous looping of band wires on TESTAlt. machine 

Fig. lOa: Sheet manufacturing technique for wire-bound boxes 



- 25 -

Continuous stitching and band wire supply on TESTAR machine 

_\ --
\ 

\ __ ., 
and automatic looping of band wires on looping 

Fig. !Ob: Sheet manufacturing tech1.ique.for wire-hound bmres 
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Box frames can be assembled and loot)ed on an "automatic line" 

emnloying a continuous supnly of skein-fed band-wire. The line 

comT)rises two machines; an "automatic electronic multinle-head. 
• stitcher" for stitching continuous band-wire to the strins and 

souare-sawn sections - but there are no square-sawn sections in 

the central parts - which then move to the second machine, an 

"automatic wire loooer", synchronized with the first machine, which 

cuts off the wires, loops them and flattens the ends against the 

wood, in a fully automated process (Figure 10 b) 

- Parts assembly - end p;:mels 

End nanels can be made out of a single piece of olywood or fibre-

board or any other similarly strong, flexible, bonded material, 

or else they can be made out of wooden boards, joined by stitched 

strins. 

End nanels can be "reinforced" with pre-loooed band-wire, or with 

continuous band-wire cut after stitching and then hand-looped, or 

else they can be reinforced on a "two-machine reinforcing line", 

consistine of an automatic electronic stitcher and a synchronized 

automatic loo~-former (see frame assembly). A senarate M/80 tyne 

semi-automatic looping machine can be used for annlying the looned 

wire to the plywood, fibreboard or woodstrip end panel (Fig. 11 a). 

End nanels consisting of boards and strips are stitched by the 

same stitchers used to make box and tray bottoms. 
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stitching and band wire supply on TESTAR machine 

k 
' I 1utting 

looping 
and automatic looping of band wire on 
machine 

Fig.11 a: End panel manufacturing technique for wire-bound boxes 
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Continuous stitching on TESTAR mac-~1ine 

Semi-automatic looping on separate machine type M80 

I 1 , I I 

' , ' I 

Fig.11 b: End-panel manufacturinr, technique for wire-bound boxes 
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Other types of packaginf. container~ 

After riescribini; the various technolo,o;ies involved in manufacturin.c; 

!'tora.e;<> t ra.vs, boxes and. wi rebound boxes, the picture must he comnleted. 

with a brief outline of the nrocesses and machines used in the nroduction 

of some other common tynes of nacka~ing containers; crates, baskets, etc.; 

these are chiefly used for lettuce and vegetables, but also for fruit. 

The boar•is, laths <mri strins that are nrocesseri for the '.lrorluction of 

crates are nrenared on the same machines that ~re u~ed for working box 

and tr:i.v ni.rts, i.e. ;:u.:.tom;:;.tic or semi-auton:atic band-saws, venePr slicPrs, 

as well :u; circular ~an.~ saws and an~lc block cutters for formin~ the 

ani;le blockf; !Sern~r;:illy i1resent on ;ill crate tynes; the machine of major 

im'1ortance in the makin~ of baskets is the rotary veneer cutter. 

'I'o make tht> sr:uare b;iskets and round taryered containers illustrated 

in FihlJ.re 2a on page 2, the rotary veneer cutter must be 

fi ttP1. w1 th a back-roll unit, :mi with "rou~hin~ knives" as well as the 

u:-:u;i.1 l;iteral vem'"r 1.11ttin:; knives. 

Just wh.:.t is this back-roll unit? "Back-roll" i~' the name 

P,'i ven to thr? unit com:-iletr ·,-;i th rour;hin,· roller (cylinrl.er 1>mbe1.'1ed with 

\t:nivrs); while thr. rot;i.ry cutter is 0'1eratirn;, the roufihinr roller nressPs 

down on the rot'ltin-<; los, cuttinr, it to tha rerruirerl. wirl.th, sh;ine :md de:-ith, 

'1rior to the actual vpneer cut tint; oner:i.tion, so that thr. result is not a 

continuo·1r: veneer shl'et, hut a series of boards, or narallel or ta.nered 

l~ths, all nerfectly finishe'1 a~d in the desired shane. 

The rotary veneer cutter thus mounted with the above-rl.escribed 

back-roll unit c::in also be installed in nlant!" manufacturing stora~e tra.vs 

anri boxes only (no baskets or crates at all); it will in this case nroduce 

boar-is or laths without necessari l,y havinc; to cut the w~neer to size 

UFin~ a senarate veneer slicer. The veneer slicer is nevertheless essential, 

Fi nee not all lc,p,s m1i t.i.ble for veneerin.r; cn.n also be handler!. h,V the 

back-ro 11 unit to ~onvert them into boarris or 1 aths. We cannot obviou:.ly 

list all th8 cases in which it is either unadvisable or imnractical to 

Pmnlo.v thP hack-roll unit. For inFt;:i.nce, the back-roll cannot be 118eri for 

makinr boards or lathfl over 3-4mm thick out of beech lo~r. mPar;urinr, more 

than 600-700nun and not nreviour.ly heat-treated; while the s.i.me lo~s, 

measuring the s.:unl' lenp,th c;in be peeled usinr, M/82 rotary veneer 

lathe into i::heetr. Pven 6-"3mm thick. 
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As regards the stitching machines reouired for manufacturing c~ates, 

the same models use~ for makil'lF, storage trays and boxes can be utiliz1d; 

however, the manufacture of baskets does recruire at least one special 

stitcher capable of applying flat-topped stanle-tyoe stitches. 

Basket - fig. 2{a) 

These baskets tyPically come in four different sizes, designed to 

hold 10, 5, 3 or 2 kilograms of carrots, onions, fennel roots, celery, 

artichokes, etc. 

It is stitched "onen" by means of an automatic electronic conveyor 

belt tyoe stitcher equipoed with multinle stitchinr: heads; the machine 

is fitted with snecial hook-on receptacles or holders arranged to handle 

the strios and weave them (mainly for the b?ttom of the basket). After 

stitchinp.: the open element, a worker uses a separate stitcher featuring 

stitchin~ arm and striker (no bench is involved) - either an M/70 or 

M/20 -- to securely close and stitch the basket by means of flat-tonoed 

staple-tyne stitches. 

Basket - fig. 2(b) 

This basket is assembled by means of a snecial automatic stitcher 

(M/83) which annlies flat-tooned sta~le-tyoe stitches to both sides. The 

stitcher features a movinff loading line, to which snecial "receptacles" or 

"forms" are attached; the "forms" receive the following parts in this 

order: the lath that forms the bottom of tne basket and two sides, the 

uha.1dle", and the strip previously shaned into a frame by means of a 

senarate stitcher aoolying flat-topped staole-tyne stitches (M/70 or 

M/20). The first stitcher (M/83) simultaneously fixes the frame to the 

two sides, and attaches the handle via a stitch to the centre of the same 

two sides. 

Basket - fi~. 2(c) 

The first stitchin~ ooeration that annlies flat-topned full-deoth 

P-titches to join the various parts together (minus the handle) is 

nerforme1 by an autow.atic electronic multiple-head stitcher. 1he 

resulting "onen" element is then closed by means of a separate stitchin~ 

machine (an M/70 or M/20), that apoJies flat-topned stanle-t,ype stitches; 

the handle is then riveted on so it can be folded down for stacking durinP, 

transportation, and alr,o to avoid damage. 

I 
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Basket - fie. 2(d) 

The lid and bottom of this basket ar~ stitched by means cf an automatic 

electronic multinle-head stitcher, the same model used for making star~ 

trays; the stitcher fixes lid and botto~ to frame by means of wire looos 

or "ore-loaned" wire, the same used for reinforcing wirebound boxes. 

The frame is stitched by means of an automatic stitcher that applies 

flat-tonryed stanle-tyne stitches; the machine is also fitted with a 

snecial device to which a rotating container of toe same shape as the 

basket is attached. As many tanered box veneers as are needed to form 

the frame are nlacad vertically in the container, and immobilized. The 

stit~her then aonlies flat-tooped staryle-type stitches to the three 

horizontal veneer strios hole.Ung the standing box veneers in nlace. 

This brillP'S us to the conclusion of our descriotton of the 

manufacture of liP,htweight wooden container& for fruit and -.regetable 

nroducts. 

II. INIXJSTRIAL PROIXJCTS PACKAGINJ 

In view of the large number of different shapes and sizes in which 

the three major tyoes of wooden oackaging come, only a general outline 

can be given as to their construction. The three major tyoes, c~ 

cate~ories, of wooden oackaginP, are the following: heavy-duty boxes 

(for sea transnortation), standard boxes and crates - all designed to 

contain a vast variety of goods, and to cover long or short hau~s, either 

overland (by road or rail), by sea or air. 

As re~ards the nrenaration of the various wooden components (nlanks, 

bo~rds, strins, beams, laths, etc.) that P,'O into makin~ the above 

nacka~ing, so much depends on the tyne of timber used, and on the country 

it is worked in, tha~ no detailed information can be provided. 
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For inetance, in many countries lo~s are sawn into olanks by means 

of aut0matic or semi-automatic ba.~d saws in some nlaces, and single or 

multi-blade circular saws in others. 

The followin~ information can be '">rovided in relation to the 

assembly of the various box and crate narts (bottoms, lids and sides). 

If oart sizes are such that nailin~ or stitchin~ machines can be 

used to assemble them (on average uo to 1,200 x 1,400 rrJn), and the 

machinery investme:1t is justified by the d~mand, then us:.rnlly the 

above mentio~ed equipment featuring the necessary depree of automation 

is choi::en. Ho.,ever, if out'1ut is limited and the size r;:in.~P is broad, 

then assembly ooerations are generally nerformed utilizin~ manual 

stitchers (annlyinP, ready-made sta'1les), or manu::>_l >1d.ii1r.i; €CTUi'1ment 

(usually "1neum;itica::.ly driven) fed with suitable nails. 

S'1ecial lightweight goods transoorted overlar.d or by air can also 

be contri.ined in lighter "looried-wire" cr;ites and boxes, as s!'lown in 

FiP,"Ure 10. These contri.iners have successfully solved the nroblem of 

stora~e in confined snaces, since the three ~arts of the '">ackai;i~~ 

container (lid, side and bottom) can be stored senarately, unassembled. 

The boxes or c·ates thus need only be assembled (by inf"ertini; wire 

looos into slots) when actually rerruired, and once they have been emntied 

of their contents, unon reaching their destination, can a;;ain be 

dismantled and shinned flat - ready for immediate re-u:.e, nrovidin~ 

valuable savings in transnortation costs, even over lon~ distances. 

Modern Manufacturing of Wooden Pallets 

We shall ieave to others the task of describing the latest and most 

advanced machines and technolo~ies available for the orenaration of 

'1allet boards, cubes (or blocks) and strins. 

The '1Urpose of this paper is to furnish accurate and detailed 

ir.formation on the most advanced technologies existinP, in the field of 

the assembly of normal and double-face two-way entry, and American and 

Pool (EUR) t,yne four-way entry nallets. 

As far as oallet asr.embly machines and matcrinls are concerned, 

there are two different annroaches - or.e emnloys nails, thP other sta'1les. 
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It must be s1wcified that there are two kinds of sta.,les. There 

are staples sunplied ready-made for use with stanle guns - the least 

suitable method of making medium to heavy-duty pallets - and there are 

stapl~s made automatically by the stitchin~ machine that annlies them, 

out of continuous wire drawn from reels. The latter tT-'e are ideal for 

stitchinP," '1allets and can be made to measure un to 90nm in length, with 

a wire diameter of un to 3.2mm. 

Pallets assembled via this latter meth•~ (i.e. with stanles made 

to measure by the stitchin~ machine) have nroven in comriarative tests 

conducted by the snecialized agencies listed here below, to be far 

sunerior to ~allets constructed usiJ1lT normal or helical nails: 

- Delft Packaging Institute, the Netherlands; 

- Politecnico di Milano, Italy; 

- Po!itecnico di Torino, Italy; 

- Centre National de l'Dnballage et du Conditionnement, Paris, 

France (on behalf of the French Railway~). 

The tests concluded that stitched nallets are strongPr and most certainly 

last lon~er than nailed nallets. 

In narticular 1 nallets made of hardwood rerruire "nre-nerforaticn" 

nrior tc nailing operations, even if snecial hardwood nails are used; no 

nre-nerforation i~ renuired nrior to stitchin~. 

Pallets assembled with ready-made stanles apnlied by snecial sta'1le 

P,Uns are fast losinP,' nonularity, since they are known to be far weaker 

than either nailed or machine-stitcheC. nallets. However, these lightwl'i,c;ht, 

"ri.isnosable" nallets arP. still used for nalletizing light, low-cost goods 

that do not rerruirP. tough, durable nallets. 

Nailed PallPts 

For low nallet outnut rates (100-200 daily), featuring a broad 

si ZP.d ranP,e, manufacturers tend to nrefer nailed nallets assembled usin.cr 

either nneumatically nowered nailing g;uns annl,yin.~ ready-made nails 

sunnlied in "sticks" or "rolis", or P,Uns fitted with automatic mairazine

tyne loading uni ti:: nrovidin.~ continuous nail feerl. 
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Various ty->es arP available; howPver, in all versions, the nails 

are fed auto.natically and continuously into the channel or duct that 

takes them under the gun's nercussion-uin which then drives them intc 

the wood. 

Manufacturirw, lines f~aturing hand-onerated mechanical or nneum~tic 

nailinr, guns involve r:·~...:h hard work, and recmire trained nersonnel 

willing to withstand tirin,~ and stressful working hours. 

Larger-scale manufacturers with a daily output rate of over 400/500 

pallets, of similar tyne but different sizes, tyryically choose automatic 

machines or lines. 

Nailed Pallets - Pool t;yne four-way entry (llffi) 

Hourly nroduction rate : 40 - 60 oallets. 

As illustrated in Figurel?., a sin~le 36-nail nailing machine is 

su~ficient to cover an hourly outout of 40 to 60 nallets. This machine 

assembles the brid?,es (or skis) on one side, and attaches the unoer nart 

of the nallet to the bridges on the other. 

After bein~ stitched, the bridges return to the workers, who turn 

them around and move them to the other side of the ~ross slide. 

The machine can handle different sizes of nails (both normal and 

helical), since the reciorocatin.o; cross slide can be "nrorrrammed" to 

simultaneou~ly nail together all the narts of the four-way entry tY">e 

nallet. 

Other eroinment can be combined and synchronized with the nailing 

machine, to form an entirely automated line nroducing finished n~llets, i.e. 

pallets featuring chamfered corners, milled edge strins to facilitate 

fork-lift truck handlin~ onerations, and ·brn.rided cubes or blocks; lastly, 

thP. nallets are either stacked on ton of o.ne another, or ini:;ide one 

~no~her to save soace, as shown in the layout in Firure 12. 

Hi1·her production rates of uo to 200 nallets ner hour can be acl:~ eved 

by combinin~ and synchronizing several nailin~ machines - needing onl~ 

6 to 8 workers in attendance. Such a high outnut l~vel would obviously 

~emand minimum variationP in the range of tyne3 and sizes produced. 
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Fig. 12 

Pallet nailing plant 

Hourly production rate: 40 - 60 four-way entry pallets 

Position Quantity Description 

1 1 M/133-E Nailing machine 

2 1 Chain conveyor 

3 1 M/136-B Chamfering machine and 
M/155 milling machine 

4 1 M/129 Branding machine 

5 

6 

7 

8 

9 

1 

1 

1 

1 

1 

M/144 Rotary table 

M/104-S Flip-over mechanism 

two-meter link-up roller conveyor 

M/156-S stacker 

four-meter roller conveyor 

I 
I 
i 

i 
I 

I 
L ____ -
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Stitched Pallets - Pool t;yoe four-way entry ('FDR) 

Hourly production rate : 40 - 6o pallets. 

Fig 13 refers to the stitching (i.e. assembly by means of staples) 

of 40 to 60 pallPts ner hour. 

One three-headed stitching machine is sufficient both to stitch the 

bridges, and then attach these to the boards formin~ the unner surface of 

the pallet, once one of the attendants has rotated the ~re-stitched bri~es, 

and olaced them in the container on the conveyor. 

This machine features an automatic reciDrocating traverse-reverse 

slide; the machine's stitchi~ nrogramme is onerator-controlled, and the 

fini~hed nallets are ejected mechanically. 

The slide has two work stations; the first stitches the underside of 

the pallet, and the second stitches the unper side. 

The machine may be fitted with f~om three to five stitching heads, 

deoending on the type of stitch required, and on the diameter of the wire 

out of which the staoles are made. 

Stitched pallets may either be stacked directly, or fed into 

subsenuent machines SJ?lcnronized with the stitcher, to form a comnlete 

line orodccing finiched nallets, with chamfered corners a~d branded cubes 

(or blocks); these pallets may either be stacked on ton of one another, or 

unside down inside one another, to save snace. 

Stitched Pallets - double-face two-way entry, or America tyne four-way entry 

Hourly nroduction rate : 80 - 90 nallets. 

An hourly nroduction rate of 80 to 90 double-face two-way entry or 

America tyne four-way entry nallets can be obtained by using a three to five 

headed stitcher featuring a recinrocatine slide attachment, ao~ro~riate 

stitching nrogramme, two work stations, and an automatic nallet fli,-over 

mechanism that enables pallets to be stitched on both sides. 

This automatic stitcher may be included in a synchronized oroduction 

line arran~ement, ending u~ with stacked, finished pallets. (See fip,. 14) 
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FOUR-WAY F.NTRY PAILET 
~--

TWO-WAY ENTRY PALLET 

Fig. 13 
Pallet stitching line 

Hourly production rate: 40 ~ 60 two-way entry pallets 
and four way entry pallets 

Position 

1 

2 

3 

Machine 

M/97-B stitching machine 

two-meter roller conveyor 

M/156 stacker 

I SECTION 2 
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Stitching line for two-way entry pallets 

Hourly production rate: 80-90 two-way entry pallets 

Position Machine 

l M/97-D Stitching machine 

2 M/129 Branding machine 

3 M/156 Stacker 
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Stitched Pallets - double-face two-way entry and America tyne four-way entry 

Hourly production rate : 250 - 350 nallets. 

Figure 15 describes a line initially comnrising two stitching 

machines enabling a limited number of machine attendants loading pallet 

parts to nroduce from 250 to 300 pallets per hour. 

Even just one of these stitchers is canable of stitching 250 - 300 

single-face two-way entry nallets ner hour; no more than three or four 

workers are necessary. 

Auto~tic Stitching Line : for double-face pallets 

- two-way entry : hourly nroduction rate - 250/300 nallets; 

- four-way entry : hourly nroduction rate - 160/200 ~allets. 

An automatic stitchinr line (apnlying stanles) recruiring only five 

peonle to load and/or feed nallet parts, can nroduce 160/200 Pool tyoe 

four-way entry (JilJR) pallets, or 250/300 double-face two-way entry, or 

America tyne four-way entry pallets per hour. -his is the most highly 

automated, least labour-intensive, and fastest line ever achieved 

world-wide (300 pallets per hour}. 

Figure 16shows the.sequence of onerations involved in assembling 

Pool tyne four-way entry pallets (EUR). 

Pos. 1 - Three-headed stitcher; for assembly of upper surface of 

oallet, consisting of three boards, across which five to 

seven laths are stitched. 

Pos. 2 - Stacker; for stacking and nacking scheduled b::i.tches of 

oallet tops. 

Pos. 3 - Destacker; uoon which the batches of nallet tops formed 

nreviously (Pos. 2) are shifted. The destacker is located 

on the roller conveyor at the delivery end of the stacker. 

Pos. 4 - Three-headed stitcher; an onerator feeds the stitching line 

with nallet cubes (blocks}; these are conveyed until they are 

located under the nallet ton that has already been automatically 

removed. from the stack and brought to the line. The nallet 

too is thus lowered on to the cubes and stitched to them. 
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Fig, 15: Automatic stitching line for two-way entry pallets 
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Pos. 5 - Pallet flin-over mechanism; the nallet ton, now stitched to 

the cubes, is grasned by the flip-over mechanism arm, and 

placed {unside down) on the conveyor belt that takes it to 

the next machine. 

Pos. 6 - Three-headed stitc~1er; the operator loads the annronriate 

laths on to the stitcher line receotacles; the laths are 

olaced on the pallet in arrival from the ~revious oneration; 

the entire element is then passed under the stitching heads. 

Pos. 7, 8, 9, 10, 12 and 13 - Subseauent operations - chamfering, 

milling, branding and stackinr; - are all automatic; the 

scheduled number of fully stitched and finished n~llets 

thus emerges on the roller conveyor at the delivery end of 

machine, Pos. 10. 

I 
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Fig. 16 

Pallet st: 

Hourly pr< 

Position 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
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Fig. lG 

Pallet stitching line 

Hourly production rate: 160 - 200 four-way entry pallets 
250 - 300 two-way entry pallets 
(ex~uding positions 1, 2 and 3) 

Position guantity 

1 1 

2 1 

3 1 

4 1 

5 1 

6 1 

7 1 

8 1 

9 1 

10 1 

11 1 

u 1 

Machine 

M.90 stitcher with 3 x 90/SG heads 

H.156 stacker 

M.111 destacker 

M.90 stitcher with 3 x 90/90 heads 

K.104 pallet flip-over mechan:f.sm 

K.90 stitcher with 3 x 90/75 heads 

K.144 rotary table 

K.136-B + M.155 chamfering machine 
and milling machine 

M.129 branding machine 

M.156-S stacker 

K.144 rotary table (machines for 
stacking pallets telescopically) 

K.104-S pallet flip-over mechanism 

---------- -------------- - - ~---- -~ - ...__. 
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