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is taking up the left half of the IBM card and shown in Table 1

The right hoidporiion of the I card 1s usec¢ for purchirg holes,

beginning +-ith colww 37 up to colwm &0,

Left hand

(rite-in soace a

bName of machine:

tachine Tvpe: Chucking CGrircer,

o

el e

lackine Si Vi by

Year of ianufoziirin-~:
Custorwr I-entif
Custoner locatior:
Customer loczition:
Type of In7 iry..,

S"].P‘S Of‘.f-‘icec RN

Renorti receivern o,

o880 s W

Shimpent (rorth) ..

Ship ent (venr)...

Years of service,.

Locstion of troubls

v
B

Noture of trouble s Vibre

noon " .
Action by S rvice !
Action iy

Action by D-si

Intrrnod Grinder

l“”&() cens

- e
Li.nto®eeece

ceessas
cion,.
: Findireileose tirtoeeees
TPl eessseasoossesanansan
Reseqare f‘@ptl D

yn Sridineerirs Depliiieieeenee

Table 1_

portion of IM! card

Instructions:vurch
bie ColumizFole Column; Fole Colirn

Z 1 38

-

37

S0 8e0 s sl

2 39 0 40
45
A

50

* 98000 20 G0N

o

LA
L6

S,
Jo~yo LN NN ]

W~

49
51

L BE BN RN RSN BRI N

=

e 80 0B ecCOO

52 53
55

57

IR IO B RS BRI I R R R

IR IR BN USRI N 4

54,
56

60 61

2050 S 08000 s oD

65

67 68

C e 00 a0S P ORRON

74
76
78

*)lote: Ondy iters of interest uit’ regard to this poper have been n-rred, by

hole nunber,




S——

R—

~5=

On Table 1 the colurn numbers are priunted opposite each item,vhile the
nmbers of the holes are -ritten in by the performance recorder. He in-
gerts also additional information as required for reading the card,such
as Minternal grinder" , nchucking grinder " ,"high RPH " ,"Pilot Corp."
anéd others. The card is then forvariad to the punch opcrator vho punches
the holes in the right h-nd portion of the 171 card accordirg to the
{nstructions given hir oy the perforrance recorder at the left hand
portion of the card. The right hend portion with exanple for the punched
holes is given by Table 2
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The codes comnrise numcrous neges and are given here in cbstrzct,On
pages 7....11 the coce sysien for "lachine Type an¢ lachine Size

will be founc, Colwwns 37 ... 40 are rcservaa for then.
thot

fies tocethor :ith the " 0 " hole in column 37 "Horizontal Boring 13ills
and lachines", Corresmondingly a " 1 " hole in colunn 338 refers to verti-
cal boring muchnines , a " 2 " hole in thic column applies to precision
boring machines ., Columns 327 and 40 give information on the size of

the machines. As an examrle, hole 1 in column 39 2nd hole 2 in column

40 refer together Lo Flcor tyme mackines over 5" ,... 8" Fismeter of

the bar, Punching 0012 in colurns 27,38,39 arnd 40 indicates therefore

a horivsontnl borinc mill ,floor type vith over 5" to &" diameter of bar,

The code sycte for gear mechinery ! . outlincc on prge 8,azain

for punching colwmns 27 ..o 70,411 gesr mechines besin with numeral “3%
s o ’

grinding mechines begin with " 4 " Chucking grinders with high RPM ;
have the code number 4120, (poge 9 ) .Page 10 refersto lathes (in ab -
strect) , and page 11 to milling mechines (in abstract). !
Drilling machines start with number 2 (not includeé here) planers with
Nr. 7 , savs vith Nr, 3, sheet metal mechinery with Xr, 9,

The example given on Tables 1 ~nd 2 refers to a chucling grirder (code 41)

with high RPM (coce 20) .Some of the items vritten in by the performance

recorcer (left hand sicde of the IBM card) are selfexplanatory,such as
year of manufrcturine, machine number , and others and shall therefore
not be discussed here,

The customer is identficd by the Tirst two lettcrs of the company name

as indicated by code for columms 46 and 47 (pzge 12).



(4} BORI!G !1JLLS A'D 1ULCHINES
00 Horizonta) Borirgz Mills
Table Typs, under 27 dismoter of baer
Roon 3N to 5" n "
® w ovar 5"to8°% ° "
* n  over 8" s o 0w
Floor Type, vn'ir 3" dlarstcr of bar
[ ] n ’ 3" to 5" n " u
" " oyor 5" to &N noon
« ®  ovor & " L
Planor Type
01 Vorticsl Toring 1idlls,incl, vertical turret
lathes
Swing 2/" to 3("
® over 30" to 54"
L n 5/'" t.0 ;‘2"
] n 72" to 12,3"
r ® 10 ft
02 Precicicn Porirg 1zcuines,horizontal
Sinle erd
Double end
Specinl
o3 Ji~ B-rers
up to 15" table travel
ovor 15" to 2o "
[ ] 3011 to 45" n
] LS" n
09 Borinz Mills and lkchires, not othcrwise
clasaificd( Rifle working machines etc,)
Preparcd by

i
- —

Dr. . Kronenberg,
Consultant,

Punch holes in coluzns

37-3%-30- 40

0c0o0
ocol
0002
0003

COlo
0011
0012
c013

0020

01C0
0101
o1
0103
0104

0200
01
0202

0300
0301
03Q2
0303




30

N

32

3

3

35

39

-8

GEAR  MACHIICRY
In

Gear Yobbers

under "A" rox, éiameter
over AN tol2n M

wijion o /mm
m2mon ann
® on x

Gear S-a-ors (spur,helicol,estternal,inteornal)

Fellovs type 7
n

t7A
n LI
n " 6 A
" all otvier types

Sykes and olhor rales

Bevel Goar lachines
all sizes

Rac:— ~rd Goor Cutters
all sizes

Geor Stavirz lachines
all si-ea

Cear Gindr3 and Lapoers

all sives

Msc, Gorr Yachinory

(incl,spline hobbers,but not spline rillers
gee rdllirc pochines, Fot including genera-
tors for threads, see thread nillers)

coluzns 37-38-30.49
punch holes:

3000
3010
3020
3030
3040

3100
3110
3120
3130
3140
3150

3200

3300

3400

3500

3900

i e o il SR I
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4 GRIMDIIG MACHIIES IICL. LAPPING
AD KONIIG MAGHIIES

In Coluzns 37-38-32-40
punch holes :

40 Ecternal,vlain cylindriecal
up to 6" suint 4000
over (" to 10" swing 4001
® 10" to Zon W 4002
% 20" to LO" n 4003
] AO“ L] 4001.
BEcternal, iv n 1 cylindrical
up to (" siring 4010
over 6" ‘o 10" sving 4011
® 10" to 20" n 4012
20" to 40" M 4012
n 40“ n 1.014
41 lgtcrml,c-.'li'a"ric'*l,plain or chucking
Hea21d 7o 4100
" 7 4101
L 3| 4102
®  others 409
Bryant 16 4110
"o 11
®  others 4119
Chucking Grirders ,hich RPM 4120
Other intermal {;rlnders 4190
42 Centerlesg Grindors
extcrnal,all sices 4200
intermal, * *® 4201
43 Surface Grinicrg,rotary table
horlzontal 8 to 15" chuck dian, 4300
16" and over 4301
yertical , 16" to 26" chuck dlam, 4310
. 27* and over A1

Surface Crinders,reciproceting tahle

borizontal, up to 13" tahle travel 4320
* over 187 to 30" " . 4321
" " 30" to (O™ " ] 4322
] " 60" s . 4323
wvertical , up to 18" * . 4330
® over 13% w0 30" " . 4331
Bt 30" to bo" * . 4332
g 8 §o" . ] 4333

contimed
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5 LATH™S
In Coluamns 37,39,39,40
50 Entine and Tool Pron lathos punch holes: ’
up to 12" suing, ard un to 3o" conter dlgt.,.ncc 5000
rore than " 5001
nere t an L’“ to 10" suirzyun to 0" center distance 5010
n L uwon T yrore tian /é" cmmr distance 5011
® n lu" 820" " yvp to /20 e b dintonce 5020
. LI BN * yore tian ["’ ¢ abr distance 5021
®w®o20m BT 8 o to (o orbop Cinboneo 5030
» LI T » ,rore lion (o" cort r dictence 5031
" oy 8o " un to OOM ertor distorze 500
» LI LA * orore thon ‘u' Cbljv-J. cdistence 5021
. B 40" culng all cent .r distances 5050
3 Bl
51 CGon Lothes
up to 22" suing 5100
over ® ® 5101
52  Ronch o Lathes
all sizes 5200

53 Droreb Lo -u.Ma Type(Vertical Twret lathos=Verd,Boring 1311s)

Round Bor Capacily We&S, Gicholt, J &L, B&O

lodrl £

Under 17 1 1 5301
1 2 2 5302
1”' 3 3 3 3 5303

3//" ond 2% 4 4 £ 4 530/,
28 5 5 5 5 5305
mr ~~_x 7 53%

Turret Lathis,S20 e Type
up to 277 1A 1L 7,78 21 5311
3“ and 300 28 2L 81,83 21 and 22 5312
227 and e n 3L 22 5313
over (7 A 4L,y 5L 81,
54  Avtootic Clmicsing lachines,Single Spindle

Baird 5400
Clcwveland 54,01
Fostor~Cisholt (Fastermatie) 5o
New Oritarn 54,05
Poltcr & Joimsten 5,04
Warner & Sscy 5,05
Others 54,06
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61

63
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YILLING MACUTNES

In Columns37, 33,39, 40

Flain'arizantal Vnes Type Millers

#1 (less tirn 28" table travel
22 (03" taile travel andup
£3 (amowom W
£ L (on " " LI
5 (Fo" n " non

Universd,lerizontal ¥ree Type idllers

'O (Scrmr fe-d Li7es)

? 1 (tallc travel as above
2 (" " LI
# 3 n ] n n
# A 2 n n L "
#5 ( n o " n

Vertical ¥nee Typ2 iillers

# 1 (table travel as a‘cove;
}fl 2 ( ] n " n
i:'! 3 ( n 1Y ] n
# 4 ( ] ] L] ]
# 5 ( " n ] ]

Auto-- Lic Troe Tyrme Mdllers ("Production 1411ers")

Cincirnntli 1 =12 ord 1 - 18 types
Kearn~y & Tracler
Others

Sinples: o7 Tym 141lers (Fydroratics)

Tahle travel less than 6"

u ¥ over 6™ to 12"
| | ] | 12“ tO ZLN
] " "N 4o 400
L L § n ASH to 72“
" . 7

Puplex Bed Twpe !fillers (itydromatics)

table travel less than 3o"
®  over 30" to /8"
| § | L 108" tO 72!!
" " R0

Other Bed Type 1311ers

Cincimmat! Tvpe 2 - 18 and 2 - 24, with and
wvithout Rise ard Fall

Cincimmati Type O - 8

other rakes

punch holes:

6001
6002
6003
6004
6005

6010
6011
6012
6013
601/,
6015

6021
6022
6023
6024
6025

6100
6101
612

6200
6201
6202
6203
6204
6205

6210
6211
6212
6213

6300
6310
6320

continnued




Punch Nr#*)

00
02

04
06

08
10

12
1

16
18

20
22

24,
26

28
30

32
34

36
38

60
62

¥) The first mber ic to e nuncned in colun /€,ithe second in colwm 47
®#) Onit "The" in conpany narkse Colurn 45 is 1.7t cpen for later subdi-
viding

]2

{ Abstract from )

Code Systenm for Customer

Identification
Colurins 46 and 47
Names bezinning vith

Aa - Ai
As - Az

Bi - 3q
Ca - Ch

Cs - Cz
Di - Dr

Ea - Eh
Es - Bz

Fj - Fr
Ga - Gi

Gs - Gz
Hi ~ Hr

Ia - Iz
Ka - Kh

Ks - Kz
Ii-1Lr

Ma - lle
Ms = 1z

Ni - Nr
Oa - Qe

Os - 02
Pi-TFr

Qa -~ Q=
Ri - Rr

Sa -~ Se
Ss - S

Ti -« Tr
Ua - U

Va - Vk
Wa - Uh

Ws =z
Ya - Yz

Punch Nr*)

01
03

05
07

09
11

13
15

17
19

21
23

25
27

29
31

33
35

37
39

4
43

45
47

49
51

53
55

57
59

€1
63

Names beginning vith

Aj
Ba

Br
ci

Da
Ds

Ei
Fa

Fs
Gj

Ha
Hs

Ja
Ki

La
Le
Mf
Na

Ns
of

Pa
Ps

Ra
Rs

Sf
Ta

Ts
121

Vi
Wi

Xa
Za

- Ar
- Bb

-~ Bz
- Cr

- Dh
- Dz

- Er

- Fi

band FZ
- Gr

- Hh
- Hz

- Jz
- Kr

- Lh

”

- i

1

-

- Nh

- Nz

- 0r

- Fh

- Pz

- Rh

-~ Rz

- 3r

- Th

- Tz
- Uz

- Vz
- lr

- 1z

- 77

a:-*)




-] Yem

In addition, the location of a cushoners plant 1a used for ldertifi.
cation, First by atates (or nations) ,punching colwans 47 ant 0 and
then by cities or distriets (colunn 51) 13 outlined Ly a nuiber of
example coces on pages 14 to 16,

The other items to be punched (colunns 52 through 65,sce Tible . on
page 5) arc generally aol of intcrest to the designer aa¢ therefore

not discussed here in detail,

The Tocation of trouble is,of course,of importance and fowr colurns

? are reserved for recording it (columns (Loee 70y, Tadins agoan e orle
the desifn of lathes into consiceration the folloving hole nw v T are
assigned to colwm 66:

: Piech hole in Colwrn (6
Heacstocl and transri sion 0

Avron ,Quiclc Change For 1
Back bor,electr, control 2
Carriage, Tcol Post 3
Tailstock 4
Bed, pan ,legs 5
Motor crive 6
Attac!mants 7
N/C 8
Other parts 9

The further subdivision of part location ir indicated by punching
colums 7,68 and 69 and supplemented by so czlled "exploced®
sketches showing the parts with their code nuber. On page 17

is shown the exploded sketch for the back box and the electrical
control comprising 34 different ports with code number 305 ..339.

Another example (page 18) deals with a taper attachment and code mmbers,




State
Alabera
Arizora
Arkangas

California

Canada
Colorado

Connccticut

Delawva.e

Pistrict
ef Columhia

Norida
Georgia

3
ssi;‘m

City or Distriot

entire state

Berleley
Fresin
Glen'le
lers Pouch
L1oa Ar eles
Oa':lard
Pansd=ora
Saicro v to
San [lc o
8an Friialisco
8n Joze
Santa !cnica
8toc’ ten

entire clate

Bridreport
Briatol

st Iiriford
Fairficld
Bardon
Mertford
Fow Pritain
Rov Thiven
New London
Rorvalk
Stcsford
Stratford
Watertairy
Weat I riford
Veat lnven

entire state (incl, Fev Joroey)

incl, Marylarnd and ircl, Alexandria City Va,
Arlington county,falrfax county Va,

entire state

In Gl ~a 8. " L%t
paneh kalss.

© PEEFEEEEEEEEEEE & ® 8 3333333333933 8 8 & 8

L |




In Zelasee b 70T

M*‘ LR 3

e

Pate City or Dlateiet

Lontalsw arilire gl ta

thine . .

Meryl oo et s e iecl, Bletptst of CoLooTda

&ﬁg@g e 1B % tra 2% s %"‘rﬁ%; L ] g%k&

Bekig P T

e o Pt
%kf - 1R
Porti.c
a"f %ﬁsgg
$:-ivw

| _S%

Maneocia ontire slale
Paluth
M. jolis-8t . Poul
Pocbves bar

v
3 §g5® FEEEEFERFEFEESINES EPFEEEEEIFAESES 3 O %

Mosissimd entire ».ate




a g@

Yo

Ve ont

Vir-inia

Vaztirsten

B0t Wir lola

Viseorain

Vyosdng

-If«ﬂ

City or Dintrict

entire slate
horiltle
.E;g?i!‘;

ﬁ@ h .

Cer Tortoty
e, o

| 4T palett

Fort '

i len
$in L tonio

Wis"1ts ¥Falls

antire stata (ircl, Arisom)

e lire 2latls ‘
Alo+ - ri- (s-a Dlateiat of Calw Ma)

Arl - tes Tourty {eve Uistr,ef Colie la
Fuie’ - . . 0 LI

g-tires 2%ats

L )
Lrorloslon
W ol §*,¥§ L b B #Qﬁﬂ’?}m‘ ,53’*&%}} and
fhilo “eveties lose Bevtenville o,

entire 2lo ke
Pord 1 Lo
fare on By

| AR TR
4wy om
e ioe

sntire stale

In Colusns 47,%0,%1
punch holes:

»
b ol
b o
b
R
m
»
m
b ol
b i
»
»l
»
o
)
n
20
0
20
@
n
a4
7Y

iw
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The nature of machine trouble is 1il-cirise of great interest to the de-
signer, It is cdetermin-d oy a merb-r of the service cdepcrtvent .He 1s
dispatched by the builder to the customer in case of unsatisfactory
machine perforiznce ané is usualily avle to correct such trouble on the
gpot. However, in orcer to learn fron experience, the service man's
report is senc to the perfornance recorder anc colunns 70..ee 72 are
punched vith the pertincnt infornation .
In column 70 (pzge 20) the nature of the nalfunctioning of the mnchine
is recorced,such as (hole 2 in column 70) :tleat— Vibration - lloise.
Mechanical failures have hole " O " punched in column 71 and hole
L in column 72 vhen ports worked loose. Hycraulic failures have hole 1
punched in colurn 71, electric trouble is merked by punching hole 2 in
colum 71 etc. (page 21)
Failures ccused by improper handling of the machine are in“icated by
hole 5 in colurm 71 (page 22) . Insufficient troining of the op-rator
is thus incicated oy 51, overloacing of the machine by 52 (colurns 71,72)

etc.

Evalustion of the snceial morket analvois

Every month or three months = -5 the case nzy be determin=d by lanagement—,
the mori:co analysis depiriment runs the I cards through the sorting
machines. In this way the frecuency of troubles can be det-rmined in

great detail anc frophs can be preparcd civing a survey of the complaints
adapted to the requirenents of the resp. devartnents such as menogenent,
enginesring, sales, production etc,

Ficure 1 ( page 23)cives en example for the performance records of

machine tools of a builder of various types of boring nills,orooching ma=-

chines,lathes,grinders etc.




le ™
Coce for " ature of trounle®
[ 2 R R RRtR R TR AN (R XETE FLY 2 R R G R R IR 1T THE X )

Custoner!s Complaint

volumn 70 Nature of cormmlaint
Punch Nr,
0] Quantity not catisfactory; required output not obtained
1 Quality not satisfuctory;required work dimension or accuracy

rnot obt~ined
2 Vibration - MNoise - Heat
0il leals ont; coolant leaks in
Scoring of slides
Slugzgish travel; stalling; overrun;
Machine brea down,carnot be opsrated
Inconvenient or unsafe to operate;difficult to clean

Poor wvorl:ansiinjpoor design; shinping error; damage in transport

v O ® 90w

Other,incl, insufficient information

Service Devartmnent!s Findings

Colmnns 71,72 Nature of Finding
Punch Irs,
(0) Mechanical failures due to:
00 Porous casting
01 Part brorxen or cracked
02 " pick up ,bent
03 " has incorrect dirensions
04 " worked loose,vas dislocated; chains siretched
05 "  too tight
06 " missing, wrong
07 " rusty, dirty
08 Interference, run out, misalignment ,poor engagenment ‘
09 }iscellaneous others 1

continued




Colurms 71,72
Punch Nrs.

@)
10
11
12

15
16
17
18
19

(2)
21
22
23

25
26 - 28

29

)
31
32
33
3
35

36 - 33
39

1=

Servige Derartneit's Findines

“(continuec)

Nature of Findings

Hydranulic Failures cue to:

Spring failure in valve

Pump f.ilure

Plunger loose

Pressure incorrect

Fipe clogzingy rusty or dirty fluid
Valve stici:ing

Connccthions loose

Inproper draincge

Sealing, gasket failure

other liycrauiic failures
L4

Eleciric Failure cue to:
Tncorrect  iring

Electr. equipnent undersize
Insulation damage

Fuse burned out

Short circuit

+e.. (oven for later recording)

other electric failures.

Lubrication Tailures due to:

Soring failure in lubrication valve
Lubrication punp railure

Line pressure incorrect

Rusty or dirty oil

Valve sticking

vees. (oven for later recording)
Other lubrication failures

continued



Colurms 71,72
Punch Nrs,

@)
41...9

(5)
51
52
53
54
55
56
57
58
59

(6)
61
62
63
64
65

67

69

Service Denartment Findings

bt e - ——

(continued)

Neture of Findings:

Failures ir the coolant system

seme subdivisions as in code for lubrication failures

cr

Failures due to improper handling of machine
Insufficient training of opsrator
Overloading of machine (brolin gears, clutches etc)

Incorrect setting of adjustiment dogs

Incorre v gid adjustnent

Incorrect feod,spezd ,tool geometry
Poor guite ay protection

Yachine not kept clean

Chirs accwiul-~te on machine

Other itens{czused by impromer handling of machine)

Special Iteins

Shipping error

Poor painting of machine
Bearing trouble

Mechine out of level
Incorrect 11/C tape

Worn belt

Floor vibr:.tion

Attachrent used not of company'! s desi

Nothing wrong
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Fig, 1
Cases lvsis of Colunn 37
Machine Tools )
15 = .
10
5 -|
0 A
0 ‘ 1 3 4 5 7 8 9 Hole lir.
Boring Broaches| Genr Grinders|Lathes |Planers | Savs Presses
Mills i tachines Shapers
1
Cases
Fig. 2
8 1 Analysis of Column 28
of Cards with hole 4
punched in Column 37
(Grinders)
4‘ -
~ x/’—‘———'—4‘
~.
0 — \
0 I 1 2 3 4 5 6 7 Hole Kr.
S [ SUUISU——— TR e et
Extern.| Internal|Center= |Svurface | Tool - | Thread- | Single Lapping
less Grinder | Grinder | Purpose | Honing




2=

From Fig., 1 manacerent 11111 notice the relatively great number of
complaints on grincing mochines,although the number may be only a
small percentare of the total number of machinzs built, However,when
this trend is noticed over a cortair poriod cf time, it will order
a further breal: covm of the inforr-tion namely an analycis of the
cards vith hole 4 punch @ in column 7 ,The result is shown by
Fig.2 indicntirg thet the internal grindors contributed greatly to
the reporind trouble,nnd among then the chucking grinders with high
spincle cpecis o

Management i1l thus hove the cards analysed vith regard to the na-
ture of the trouble (coluwrms 70...72) and concluce that a redesign
of the machine is cconornically istilied ., The [irst step being an
instruction to Ul rocearch departrent to investicote the case and
to propose,in cooper ticr - itn vhe ensincering design depzriment,

changes in the desizn or an entirely nzw cosign,
-~ b
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Desien prosnosis by mocel tesis

Having reccived the order fronm manacgenent to proceed with developing a
new design,the research ané the encineering deportrents becin to dis-
cuss a general lay-out . The actual cesign is vreceded by the testing
of a model in the resecarch departrent .These molels ure usually rade at
a reduced sczle and analyzed wit! regard to the desired specifications,
giving the designer definite dzta for the design and often alternate so-
lutions.

The resson for naking a model is to pracict characteristics of the

full size structure, Certain basic rules rust be observed in order to
obtain a reelistic relation between mocel and machine,as shall be shown
by the folloving examnle.

Assume thit monare. ent vants to find out whether a steel weclfed bed of
a high speed chucking grinder with up to 100 000 RPL would give satis-
factory performance ,namely higher accuracy than other types and frce-
dom fron vibration. The resesrch director decides to build a half scale
nodel of the bed in alwdnunm, He has selected aluminua  in order to
obtain o simple o themntical relationship between the vibr.ation of mo-
del and stecl bed,

The relationship can be determined by dimensional analysis (see ref 1

at end of papor for furthcr details) as follows:

il

Let E an’ Ey = moculus of elasticity of aluninium model ( index "m" )

ans of the steel bed ( incex "b" )

" I, " Iy = monent of incrtia of model and bed respectively

3
-2
2
&
]

mass of nocel and bed respectively namely

M = volune .density/ 386




«26m—
L, end Ly = lergth dinension o ro'el - nd bed respectively
r= Lm/Lb = retio of lergth (dirernsions vide! represernts the reduction
in lineuar size of the mocdel with rezard wo the actual
structure,

The natur.l “r«.urncy of vior tion follovs rom @

[ E .1
"‘t.\\ e - (1
VAT
where the coiciant  refers to the en? conditions ,such as hinged,

clanped, etc,

The ratio of the notural frequercies of mo el and steel bec is therefore:

Um/wb= ““““““““““““““““““ - (2

Using alwime for the re’el ancé steel for the full bed ,with B = 10 .106

and By = 30 . 10° | he retio B/% = 1/3,  Tre ratio of the roment of
inertis is nroperiions] to the fourtl powwr of the length ratio, hence
I = ,4. L ith the density 0,09 (aluminiun ) and 0,288 (steel) the

ratio of the mosses ol ows fron r"&n/,:‘:'b = (Lm/Lb)B .0,0%/0, 288 = r3/3. |

Substituting these Cata into eq, 2 yields :

/My = e =1/r &}

Eq. 3 indicates that the rutio of the naturul frequencies of model and bec
is inversely proportional to the ratio of their length dimension .Hence vhen
the aluminum mo’el is half the size of the bed (that is vhenr= 4 ) the
natural frecuency of the model must be twice th-t of the steel bed for eaqual
perfor .ance . In this vay 1is it possible to investigzte the design before

a machine h-s tbeen built,

The intensity of vibration con be kept lov (according to Figure 3) by

rigid design and by introcuction of damping,i.e. by designing "left" of
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rangse of the achbu ] o a0 (100 000 R = 1070 ens . The amlituces

n 1. N .

measuwsd on the nodel vere very small excer® in the neistborlon’ o ont

150 cpse It w03 found by 1abeor tests bhat this disturbanece was cwe o the
frame of the vibr tor suprort = rot irh.re.t in the esicn, Yence {w

could be stated that the desizn of the new strusture vouvl- be vior.tion-

free up to 100 000 RPF.{,

The welding senuence of the design is indicat:d by the nunbers of Fig, 6
Page 27,
A comparison of the old design +nd the new ore is precented by Ti~, 9

(Page 30 ) The surface finish improved fro-. an average ol 16 pr to

an average ol 8,5 Jsthe dimensional accuracy from 67)m to 15,7 pm,

Grinding time was reduced from 12 s to 2% s,well justifying the effort,
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Except in cases of routine desizn cianges or of desizns of minor sigri-

‘é

ficanre the cesi n departrent dejends on the findings of the research de-
partnent i no “ata are available or if conpurison betreen severol possible
solutinm: is desired,
Severzl exarml=c involving machine elenments shall be ciscusced row, The
question was ashad vhen desizning a lmee typ: rmilline machine chelher the
e 101ls of the coluw=n siould be vertica!ly arrangd

{

as shovmn in Ticdl (Pore 22a) or of an angle ag shown in Tig 11 (Fuve 224).

A nodel uns cevalonad (f‘_ij‘_,_i* Pree 32 b)) and subjecird bto toraues of 7iffe-
rent moonituce o The deforntion vas messired at nwrron: ploceg as indiated
in Fig. 15 (Peer 52 b) JThe data refor Lo }J.l. The Lor we a5 "A"™ und "3 re-

presents the forces goverated by the feed In o rilligg op ration, It woes
found thab ribs rmning a5 /250 (11_@_le pace 32a) are morc elf'ectiv than

the customiry v-ritical nnd horizontol : rnnt ,This applies to canes

C.:l

where the mesbine coum is svbstartiqlly un’r voruue,

Another evamnle for cases where nore than one solntion rush e telena inbo
consideration in the ~csizn of gui-eways for the xnee of a milline machine

is given by Figs, 12 and 13 on Page 323, The problen was to deber-ine whelher
the Reaction Forces could become zero =nd thus prevent a satir factory guiie
and freedon from vibration,

1ith the dirensions indicated on Figs,e 12 and 13 the re ction forces are

as follous (Table 3):
Table 3

Design Fig. Reaction A Reaction B Reaction D

12 (e~ L/2).P,/a sin/50 (e+a-1/2) .Py/a sin £50(e=a-L/2) .Py/a

React .=0 vhen: e=1/2 e=LR -2 L/2 +a

13 ( 2e+ H)ARa+ L +1) same as for A Pv
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It will be seen from table 3 that the reactiors can become zero only in
the case of desicn Tirm. 12 when the feed force has a distance "e" indicated
in the second row eof table 3 (Page 31), In the case of desicn "ig. 17 the
renctions o not beceme zero ,refarcless of the cistance of the feed rorce
from the coluwm face, Hence design Fire 13 1s to be civen first cheleca

ion Corces h:ve not been incluced in the formulae of tatle 3.If they

are taken into conzitcration the conclusion will be rnore comvlax

The prelond with wiich an overurn is clanmped to the machine colwn nay
afTect the chance of vibrations Fige. 14 (Pace 32 2 ) illustrates the cross
section of a boxlike ov rarm, Py is the feed force and Q the force vith
which the ovirarm is clamped, If "G" is larger thun top vilue of the vibratory
force, friction danping is abcent and vibration can be recucec by opeuing the
claming screwv (ex=rting Torce Q) . If the clamping force Q equals the mean
value of the vihratory Torce, friction darping is wsually jrdicated and hence

n
L

the clamping force is satisfactory. On the oth-r hand, when the clunping force
is less than the lowest value of the vibration force, the clamping screv is
subjected to periodic extersion and contraction #nd thus not able to prevent
vibratior. lence tightening of the screv is indicat-7. A device for celf-
adjustnnt of the clamping screv is therefore desiraile.

Is it better to design the overarm wiih a large virtical or horizontal

moment of incrtia? To ansver this question two overaras were built with the
sare mass but ¢iferent roments of inertia(Fic 14 Prge 32 bl, The mass "a"
was in one case horizontally in the other vertically arranged. The results
incdicated that for sh-1low culs the richt stetch of Tig,f 1s preferable,
for deep cuts the leTt hant design .

In orler todstariine desizn dats for the twist angle of lathe beds as affected

by the base moel tests and full design tests vere run.Fig 17 (Page 34a)

is an illusiration of the test stand vhich could be ouilt at lov cost,




Flg. 17 Tovt stund for etermiring « sig data
( wist of lathe veds )







Faig. .







oooc o ooz ooot

0 oooe & popz  ooo

d

0 oooc dy o002

000!

anr bk

iy

i
w g
i !
|
1

/

QQ
i
500

op

50

SED

ot

500

s s/




|

R

The deforin tions rore . casured @ 1th Aizl indieziors of hi-h aceuriey .nd
the loads apnlied by plicinc calilested weichts on the tiro erms. The ine
vestigstion vinis corricd out with the bed only und with o50e b1 F Ded and
base . ith the data in'i-abtc’ on Fig,dd (Pae 74 5) the follo ire Toriula
was use’ for corputing thr “efomubion ir terns of angls of trist e

57,5 ( Fy + Ry) = (Fp + By)

0 = o T (4

2,3.L. P , A

The results ireicates th t the ancle of twist is reduced vhen the bed is
desipred vithooocolid moe by SR,

Design data in hand mo:s.

In sone bronches of Encinceriag it is often dirficult to deter: ine vhat the
endconditiog in procice are viich are assun? in honébooks for the ~efl~ction
end siresses cenerated in tranoid cinn sheTho [Tw oth r vords, are Lhe shfte
to be taler s "elatper", Msuntor.ed" or "oulded " oete?

Tests ere th refore run o sun 1 desizn data for the encineering depart-
ment, Fic, 12 ( Pare 3/ ¢ )sho s the lydraulic device Cor lo ding the gpline
shaftS hi h vere inv stig ted for the sirenses by reans of sorain guges.The
same set. up vas then used for measuriog Lhe corresionding “eflections,  The
shafts were supported in ball bearings, in Tirken bearings,in plain bearings
etc, and the data deter-ined, The lo:rd could be a;plied ab different roints of
the shafts by shifiing the supporting frame si-ewrise (Zif, 20 Pwe 34 d) Than
three different load onditions coull be evalusted,uits Jiffereat roction: ot
the bearings.

The results =re shovn on Fig 21 (Puge 34 e) whro the lowd T is plothed on
the X= axis nd the ceflsLion D on the V= aris, It will b seen thal the
theoretical handbook valucs (Lines A gilg 21) indicate 1oreor el ohions
than the actually measured “ats, (Lines C, Fig,”1) which taie the preloud

as occurring in an asse bled b aring into consideratior, Lines B represent
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a loose bearing zdjustnent, The shaftc are slightly bent upvard by the
preload of the be'rings ,thot ic in opposite direction to the load. Vi

br-tion,due to charge in the naturul freouency of the shafts,is also

affected by the bewring wljust-ont . It is thus advisable to be cau =

d

tizus in the apylication of hindboo!: duta which zre vilid for othcr fields

|1
4

e

of er;ineering where cifTerent beuring conditions exist,

Commnuter = aiced “egign

The latest revzlopr nt in encincering profuct “esign is the use of com-
piters . Ty oo slovly but corsistently ertaring the field of fdesign
afh o Lhelr cre-t ruccess in proTuctior ,cost accounting ete,
e Aeslom osneinear ferraletes inpub @cia,has it prosrammed (or coes
i% him elf if truined in the art) - .d the computer <Jelivers a range
of results. Ac an exanrle,prosrams for int reel sirecses in parts and
equipment can ve set up . the ansvers obtainc® Trom a conputers  Auong
the v b o of the corpat r =in contr-ct o the conventlonal calculating
roociline - is the fact thit the results can e saved and reused at a later
date ithout - riting ‘om ev.ry item , cven those thut couls notbépplied

A
the Tihist time,
Rolling up .nd down z vindow in an autonobile may appear as a simple ac=-
tivity of operating an rcuinm nt. The Cesirn of the meclinisnm ,however,
intolves 2000 limi.ge conbin.tions ( Ref 7). Lige 22 (P.zc 37) sliows the
1i:d:.ge Ter moving the wintow up and dowm, Less than 200 link.ges would
satisfy <11 Jesiyn requirements and of thrie the conputer vould select
the o5t desirable combinition within the space lipit tionr of the  door
size, : nd wwn reus other para ebtirs, Equations for the optinum cesign are
the busis of the comyutation,

The path of the notion of an autciobile vindow is an involute curve followed

bv the [ront (F 1 eoseF A,Fig .3, Poge 27) and by the reur(c?1-0-4));the curves
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are,hovever,not necessarily icentical for best rolling up and down the
windovr,

The cross arm -ezhanisn (Fig 24, Pr.ge 37) provides the required window
support and geonetry of motion It consists ol the driver arm CAP -nd the
equalizer 1link RAB, The driver arn controls tiie vertical notion,the link

the horizont:l uotion. Pivot R is attached to the front holder while pivot P
can nove i1 a slot , The radius of the driver arm depends upon the distance
of the 1line R - P in up position of the window frem fixed point C ,upon the
distance of 1line R - P in Zown position froxz point C ,on the angle of
driver rot.ition :.0d on n angle from up to dom position of line R - P,

An equation for these relationships is used in the comput.ition in conjunction
vith other cquations such as the torque und othrors,

The comput.r delivers lists for the lengths of the 1ink, for the pivot point
location. “or :indow-up wn( for windov-Cown , lists of criver arm torque etc,

within /5 seconis for nost nroblens,

Comput~rs are nlso Loing used lor ceternining verious designs of tractors

and particul rly for find’ng tie physical reaction of the operator to ¢ilfe-
rent jerks,velocities, acceloration etce in an attempt Lo Tessen fatigue and
provice n comfort zone. (R:f 3) . In this cace analog  ccmputers are used for
simiating the conditions, Tie systen is reduced to its mechanical equivalent,
that i: to masses, springs etc.so that differe tinl equations can be written
and a wiring Jinoram be prepered. The voltage c.n be measured 2t any (esired
point ond hen'e the :inaloy quantity deterrined,

In combinition with the corput:-r it ic possible to design a mechanical Cevice
for testing a tractor before it is built, Fig, 25 (Page 39) shows a pl:utform
with cjlinders If they ure in phace the motion is pure bounce,ifl out of phase
it is pitch, The oil flov is regulatec by vilves which can be controlled by

electrical signals which may come from a tape record or an analog conputer,
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Component -“esign uit

1

conput .r ald,

Computers can be uwed to advantage in the design of componcnts such as
sprirgs, gonss, cuws, belto,shultc ond others, Usually a list is first
prepar<d  compiled o the basis of frequency with vhich the various com-
ponents appear in the design wnd vIth reg.rc to the difficulties involwved
in comput:itions,tivn freeing the designer from repetitious :calculati-ns.
It i5 often rot pructizil .o try o take all problems into account that
migint come up, bub inclure orly problens  hich can rcasonably be ex-
pected o Lo of rdd to the design . r,

The basic aquitions ~ust be suppliced by the Jeczignor s - oy bo erplmined

by an eranple Tor the cesign of gearse (Refe 4). It is necessary to specify
the need ol the genr Lo op rate with rn eristirg gear, to design a2 pair of
gears bo operate b o pivon center (istance or a center dictance that is
only appro.:irotely “etezriined, The Jesigner -wst ceterniine the charaicter-
istics of tne gear naterial ,the surfuce quality, the pressure angle,the
velocities cte, II» can limit thc nroblen Lo o cluce say the width of the
teelhh in orcer ot to resurict the paraneter,

Table 4 (Page 41) 1s an etanple for conputorized gear design, The given data
are listed at the top ol Table 4,.d include the quality class,the pressure
angle (20°0) viile the face widti is excluced Dy numeral " O ", The approxi-
mate ceuter istunce is given as 1.,875",the input RPII is 1500, the outyut RPH

iven as

ck

300, The input horsepower is nol specified ,wviiilc the input torque is

-
i ]
0.75 ft=1b, Otiior cata given inclu’e: alloweble pinion stress, gear stress

and the .. "111 of elusuicity for pinion wund geur,

_de

The computed Cesign data for the pinior are listed in the second portion of
Table 4 indicating that the numbor of teeth of the pinion must be 20, the

dianetral pitch 32 ,the nax, circular thicliness 0,04759",tlie outsice gear dia-

meter 0,0835",the tolirance + 0 /- 0.00625. Tie gear data are collected in
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GUMITY CLASS ceccscscsasncscssoscncsess® 400000
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EAPUT REVOLUTION PER MINTFoccecssssccncsens - 1500.00000
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ENPUTY POWER-HP cccessosmonss cossssns . 0.
ENPUT TORDE-FT-LB eceercossencorssocssacccnce 4 0473090
WARs ALLOWABRLE DESIGN STRESS FOR PINION-PS5(ecs @ 3000000000
MANe ALLOWANLE DESION STRESS FIR LEAR-PS] .. . 30000.0C000
MODULUS OF ELASTIZITY-31NION-1000PS1 eueeses + 29000400000 Table 4
MODVLUS OF ELASTICITY-GEAR-I 7P ] Lieeecnee . 29000.€C0000
COMPYUTED DESIGN JATS-SINION

QUALITY CLASS-COME ROIAL -2

MBMBER OF TEETH .oucscncesrasscscsssessscnssseh 20.00000
QIAMETRAY P17 x Weeerrsessrccercesassersoes ® 32.00000
PRESIURE ARG F-IF737F5  (eircususessencocnces # 10.00000
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YOOTN TOMMram 17, F 5 NE@7m Twv( TH
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the third portion of Table 4 (Page 41). The pitch diametor of the gear
must be 3,125" ,its cutsi‘e diameter 3, 1835" ,The clearance is incicated
as 0.,00825" 2nd the wicth of the teetn (viich h d not boen specified by
thc Jesign r ,.ee “op poruvion of Tale L) is given by th: comput r s

0.25", Othor data Cor the design of the gear inclule the tolcrance of the
cent.r cistvance , the number of t-ech in contact,the ratio of trans:ission,
the pitch line v locity ,the nax. permissible torque,the sliding velocitles,
the efficiency und the variou. suresses.

The 'ata obi~in =~ Irou the co.puter ruy sugg-st to zlter the cesign znd to re-
compute the various data,wiich is  one in a vory short time ond thus aidin

the design r ircnendous’y,rec cing the cost and e pedite the corpletion of the
cesign,

Co.puters “or a thr e ipen ion.l pro’l m-see the gear rive tr-nsmission of
Eig 26 (pee 41)=-can lso be programmc:] Tor computr deslfm. Combin tion of
several des. .  obe {: 0 :ivle ; ‘o fa2ilit e t.i: t.e component cesign pro=
gram, «re ..int in < on nrnetis t.pe and r "or’s are 'ept ,enablirg the _e~
slgne? 0 Tin a “esire. Troer.ii,

In cases vi e s great nubr of gears sre engaging 1a v.rious ways the cozpuler
alied ealgr i3 ilkewi @ o v it relp (R 5j,e/en Jor omp.nles thot "o not
h-ove cergut r3 Lo the o o plint, In 34 c17es use ls m.'e of renting corpub-r
tim ‘rom . cetral 5 vl e ory.nd atlon gy eblz or o, e lrg th progril {ne

formtion o “he ser 1'e srganialtion, e comput r s adviie the s3igner
of L. @gizs. repudt ate it o ret st ruime “he she’t lecalion L8 47 e.anple,
17 oddt ata i .3 YBe ga.r Ala olers Py on LAPES BT T@Sa 13la Lbe

givsn teler n ee.T e am A7 > 0pe orilng o . Lig™t ajppears 2 a signal,
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The analysis of load cistribution in bearings is complicated but has now
also becn programed for computers, This makes the cesign considerally
easier because the infor.ution can be used for predicting bearing life
for alternate coniitiuna,

The atove .laT.ns (Fig., 27) have been plotted from computer deterrined
data for rollir vearirgs with 14 cylinirical rollcrs (Refe € ) of 40 om
diamet r and L0 -m lengt.., The beari gs have a pitch dinzetor of 205 w,
ard have ‘o curry a max ¢ 4 of 3C 00C Lb, Tie sisaligrment. Lus' 1ot ex-
coed 7 mir. ard the clearance at operating temperaturs siould be 0,004".
The graphs - ov the results and ma, be us ¢ lor fincirg the max, lo.d per
wnit le gth, i .oa. at the roll r e ges, the montuct length of roller
end race way etc, The ef ‘ect 37 flats on the rcll rs on the unit loud

oah likeviie be read ‘ro. the dlagruas.

}

Unit Lood (ib/in
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In engineering design the "Fortran" couputer language is nostly used in

the United States, The terr: "Fortran" is derivec from "Formula Translation", it
‘ndicat s that this "langnage" 1is parzicularly vell adaptec to solving
formulas by computor, Arithmetic functions are expressed iy 2 Fortran function
consisting of a few lettirsysuch as

square root = SQRTF (the "F" indicutes function),exponential = EXFF; site =
SINF, nat,logaritim = LOGF etc,

Several 1cthods are usecii‘?g'etting data and programs into the computer,nanely
nagnetic tape, punched paper tape, cards, and typewriter, In the first case
magnetic spots are produced on the tiape reprosenting the data,It is a high
speed mothod and usually used in lurge scale comput-rs, In enpineering com =
puters  the puper tape is rwre comronyit rolls fron a supply roller to a
collecting roll r, Cirds arc also uiely ia use .A different curd is needed
for exchi in.traction In the program, The typewrit rs look like customary

cesigns ,encept that Jepressing a oy transiits an electrical signal to the

o

-

compuber T Uype rit.r prints alse out the results from the computer,
In the desiga of a roupon.at such as a steel beam ,the cellection and the
stress are nsually needed by the designer, From the formulas

6 PL/on? (5

2s12/3 Eh 6

(stress) s

(deflection) d

the computer prints the answers in this way:

tress Deflection Lergth Wicth Thickness Force
1500,000 .000416 » 50000 05000 »02000 «10000
3000,000 «000833 «50000 05000 $020CP <0000

4500 ,000 «001250 «50000 +05000 «02CC0 «30000
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A further step in the direction of coxputerizing the desi:zn of en;ineerin-
products is the development of drafting machines that are controlled by
punched tape in a similar manner as numerically controlled zachine tools,

It i3 possible in this way to prepare drawings froa formulas or data :iven

as coordinutee ,particularly in the case of coaplex contours.

Althouzh computer aided desi-n is still in the initial sta-e it is clear

that it is ;oin- to vlay an increasing role in the near {uture. It will re-
quire more analytical trainin: for the desi-ner and zmay displace design en-
gineers enzaged in revetitive work. It will zean an "up-radin " of the
desicner in that he will be able to devote more tiue to creative and inventive
enzineering. The cost of pro -razmin- is still often too high but will decrease
in the years to come and thus benefits arising frouw computerizin- will a.so

becone available to the engineering office.

Optimization

In cases where the computer yields a series of solutiomsof equal technical
quality ,the cost factor will enter as a sirnificant quantity in de~
ciding the final selection of the various desigm possibilities. This process
is %nown as "Optinzization”.

It can be obtained by trial and error methods,by zodifying the successive
desi:cns, by experiaments ,by sa‘hematical means and computer. It can becoae
rather involved when it is necessary to make use of nmatrices, non-linear equa~
tions etc (Ref. 7).

For the sake of simplicity an example shall shortly be discussed which is
taken from the field of optimization of machining of cetals as osutlined by
the author(Ref. 8) because the basic principles are the saze as in the case
of design. The problem is to decide whether a hrazed or 2 throw away carbide
tool should be used in the zachining of a civen metal . Both tools have *he
same tool life and cutting speed. Also the feedin: tine {or cost ), rspid

travers c0ost and other factors are the same as will be seen froz Table 8.
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Lowor cost will therefore be the criterion for the selection . A computer is

used for rapicly determining the cost and compare the two pocsibilities for

the tool, Tavle 5 (Pige 47) incicates thot the throw away carlice tool

when used at 2 speed of 940 ft/min —even though the tool life i5 only 5 minutes =
is to be preferred . The cost per plece asownts wo 5 0,90 in thls case as

against % 2,15 in the cae of 2 trazed ¢ rul'e tool uced at the came spead

of 940 ft/min , It vill clso be not. . from Table 5 th.t thc Graze® c.rhide tool
run 2t 600 Tt/min ith o teol 1ife of 37 ~in vould still be rore expensive
na-ely % 1.,25. A high Spe ¢ steel tool ai 5 min Yool 1i7e vould rise the

cost to 5 .. . Tte resp. data have been circled on Iacle 5.

Kitchen utergils

The cesign of kit .en utensils viich re typical consumer goocls ‘epends to

a large e.te:l on the munufacturl g methocs that are available or ray be cone
siders uy the <ec’ rep, Tids is facilitated y usirg the equipment of compenies
widei rent out the reap, moeciiinery or ranufacture certain < 2signs on 2 contract
basis,

Several era les of :itchen utensils are illustrat ¢ on Fir, 25 (Page 48),They
can be mrufuctured oy a relatively nev process wnown =8 floturning or hy ro=
spinning, Tt p riits hich proc «ction r-tes (it relatively low cost)of consumer
goods that s ld ot only be weful nd praciical .ut also satisfy the gense
of beauty of the ~orsum r, A3 an exa ;le, the four wixirg howis 1t the lef?t
side of Flg, o, P ge 47) .re ma e of stainless steel of _,077" wall tric. ress.
The ‘esim r,hovever, 1 rot (1rite ‘o " .ve the trni . nees of the sire wall.
of the same ‘ mension a3 ‘he origin | mt risl or the Tlst bettom =7 the howls,
He car thin out the 3l & alls and . ve & Beavl r rim arowd the cpern «rd 'hus
procucirz - seethetiz les ;m, The zane cerilisr. lor sppllss % Lhe ‘esigm
and marafactare of e AP @ ST on A0 0k imelade sessiess
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Fig. 28
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Fig.29
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Upon first consideration it night be thought that flo turning is very simi-
lar to convention:l spinning. There are however consicerable difiererces,
Conventionl spirnirg utiliczes a relatively tiin piece of material cond pro-
duces the shape of the finished part frem the diameter of the starting
blanl:, .viile the {lo turn process ( Ref, 9 ) <oes not change the diameter or
shape of the original blark ,bub procduces o finiched shape by ' orking from
the thickness of the blark procucing a conciderably thinner past, Fic 29,
Page 48, siovs o rough comparison between spininng and flo turing of a
tap:rod part.

The nuthor prticipated partly in the earlicr Cevelopment of the nmethod
which must be un’erstood by the d¢ssign.r as is always necessary in the
design of engineering products regardless wuether they belong into the eate-
gory of in ustrial machinery ,cauiprment or consuner goods. The desipgner
must be fanilirr with the :arnufacturing processes;idis cesigns . ipht rot be
procucivle if he h.s no knoledge of the proc.ction iethod involve:, On the
othor Pand a new or iippoved uanufacturing method opens new fielcs for the
designer,

In the case of the mixing bovls (Fig, 28, Pege 48)the design staris vith the
dimensioning of the drawn oblark (Fig 30 a Page 48) in order to d-ternire the
propeitions of the finished pert (Fig 3Cb Puge 43) JInvolved ore the vilues
for T2,Y,(5,XQ (Fig 30 a) and for Ty,Y, & ,x; . The relationsiip is expressed
by trigonometric  functions whicli may be conputed in a stepuwise fasuion ,that

is in snall inc-e: ents eround the curvature c¢ the blank,
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™ere ere nuasrous sther types of desine which can only shertly b
toushed upon here, As an sxamuple, the husen Yody sige must de taken
inte sensidera ion in the design of equipments sueh as work places,
offiee dos.s, ~ontrale etc.
Lig .3 (Pa e %1} shove some Lllustrations for the eorrelation of the
human dody size and *he desi n of workplaces. [# an equipament is located
above an aisle (Re? 'D) Fi . 31 a the vertical clearance for a ‘sll
aan plus shogs and poseibly e safety heli:: 1s about 7 to 77 inches.
With the hei ht which can de resched by a short san of only 76 te ?3"
the verticel clearince ran_e can be only aboit 1 to 2 inches.
T™he short operetor zust be used as the standard where it s necssssry
fer the operstor to see Hver an equipment reck [Fiy 3! b , Page 51)
Comtrols on vertical recrse should not he placed more than 74 inches
e¢bove the floor and 3C inches should be allowed _ehind *he operator.
Similsr desim rules mapply to foot opersted equipment ,where the foot
separstion should be £ inches ,the foot pedal should be large enough
te support the footl comfortabdly,
In the desi.n of controls the size ,shape locstion,direction of mwtion,
peth of motion,effect of tempersture , operator's position ,clothing
restrictions are saon. the factcrs *to be taken into consideration.
All mov desin Doeridilities can cften rot bte anticipated .In such
e8oee it 1 sdvisedle to create » socelled "wockup® which is sisilar
s & wde! ,us 4iscussed edove for industrial nachinery, except that it
io esnsiets f cerd dboard or siziler sizp’e saterial,because forces do

souslly not enter here.
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inls usuadle predusts,

1) Kremender; K. "Grundsue ;e tor Serepamampslonee®Bd 111 , 1909 Bpeinces
Vorle: Berlin- Now Yori.

2) Qustavson, ML, *Coaputer dasi med sar window limrage® wer. Bngg 2,
1967 p.e5 ot

3) King R..."Cperatin: dymsaies and computer sisuletion® Meed. Bmg, &
1966 p.60 ff

4) Howsrd ¥.A, "Desti;n and enalysls of sschanics]l ccaprmentis vith ssupu-
ters® ASME pudl. # €A - mech - 29

9) Pabdens A.L. * Computer system for the custea éeeigm of & wehine son~

ponent® ASTME ‘techn. psper Nr. W8 66 - 199
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