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The designation of TP represents a multialternative task, the correct

solution of which requires realization of a number of calculations. In the
beginning of designation kinds of processing of blank surfaces and methods of
achievement of their accuracy appropriate to the requirements of the drawing,
type of manufacturing and equipment, existing in the machine shop, previously
are defined or established.
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At low accuracy of initial blanks TP begins with rough machining of
surfaces having greatest stocks. Stocks are removed in first turn from those
surfaces on which the defects are probable. This is done for the purpose of the
prompt elimination of a spoilage.

The further manufacturing route is designed with a principle of
machining at first rough, and then more accurate surfaces. The most accurate
(precise) surfaces are machined in the last turn.

At drawing up of a TP route it is required previously to define quantity
of machining of each surface. For this purpose it is better to take a surface with
the most accurate (precise) size and to write a sequence of machining. Thus
minimal allowances 2Z, are consecutive “covered" on the final (design) size,
which allows us to receive the intermediate technological dimensions.

In our task, for example, the most accurate outside size of a sleeve is
@30h7 (Fig. 1). It should be machined with 7 grade of tolerance, before — with
9 grade of tolerance, and earlier — with 11 grade of tolerance. Initial workpiece
Is a rod with 14 grade of tolerance in condition of delivering.

P B

. -

Fig. 1. Sketch of a part “sleeve”

We begin to write down the technological sizes from the end (design
size is written first in a right position) and we go from the right hand to the
left. In our example it is necessary to carry out heat treatment (quenching). The
route of sleeve processing is written:

35h14 — 31.13h11 — 30.48h9 — Heat treatment — 30h7.
ZZmin = 1.8 mm ZZmin = 0.4 mm ZZmin = 0.32 mm

Allowance is a layer (thickness of a layer) of a material, removed in
machining. Its minimal thickness Znin depends on many factors, but basics are:

1. Roughness of a machined surface received at the previous
manufacturing (index i-1) — Rz i.s;

46



AKTyabHbIE IPOOJIEMBI HHKEHEPHBIX HAYK

2. Thickness of a defective layer of a machined surface received at
the previous manufacturing — Nger i-1;

3. Warping of a machined surface received at the previous
manufacturing — p i-1;

4. Error of locating and clamping of a workpiece received at
considered manufacturing (index i) — ¢ ;.

If allowance is less minimal, the traces and defects from the previous
machining will be on has machined surface, which is not allowable. Allowance
Is removed per one or several processing step, if the thickness is too large.

Minimal allowance for considered machining (on considered processing
step) is defined from the tables or calculated by the formulas. If for calculation
of minimal stock taking into account the seldom probability of occurrence in
the same direction of warp of a surface received at the previous manufacturing
(pi-1) and error of locating and clamping received at considered manufacturing
(&i) for rotation surfaces an equation is following:

22,4, =2+ (Rz.i—l +0,ig (Pi2_1 + giz)j , (1)

where 2z; min— 1S @ minimal allowance of rotation surfaces for considered
manufacturing.

It is better to calculate minimal allowance taking into account the
probability of occurrence in the same direction of warp of a surface received
at the previous manufacturing (pi-1) and error of locating and clamping received
at considered manufacturing (s;) for rotation surfaces:

2Zimin = 2'(Rzi—fr Mt .i—1+pi—1+‘9i) : (2)

In this case we avoid of an invalid (a penalized) workpieces due to very
small allowance. Calculation of minimal allowances and technological sizes
will be more suitable to do by filling a table. Following equations are used for
calculation of minimal and maximal calculated technological size at the
previous manufacturing (dmin i-1 catlc @Nd Amax i-1 calc)

Armin i-1 calc = Omax i accepted T 2Znmini; (3)
Omax i-1 calc = Amin i-1 calc + Td i-1, (4)

where Tdi; is tolerance of a surface machining at the previous
manufacturing.
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After these calculations it is necessary to round accepted basic
technological size di-1 accept Of “shafts” in the greatest value.
For “holes” following equations are used:

Dmax i-1 calc = Dmin i accepted ~ 22min i

Dmini-1 calc = Dmax -1 calc = TD i1,

manufacturing.

()
(6)

where TD;; Is tolerance of a surface machining at the previous

After these calculations it is necessary to round accepted basic
technological size Di.1 accept of “holes” in the least value.
In order to avoid writing of equations and all calculation we suggest to

use a table and carry out all calculations with the special order.

First of all it is necessary to write a sequence of a surface processing (for
our example it is @30h7, Fig. 1), name of machining and grade of tolerance in

a column No. 1 (Table 1).

Then it is necessary to write parameters of a surface machining for each
processing step (fill in columns 2, 3, 4), to write an error of a workpiece
clamping e (fill in a column 5 on the next stroke).

Table 1
Calculation of minimal allowances and limit technological dimensions
Technological Components of|Calculat |Accepte |Tole- |Calculated
transitions allowance, pm ed d rance|limit sizes,
minimal |technol |T, pm|{mm
allowanc |ogical
Rz |Naet |p & e, 2Zmin,|Size Omin  |dmax
pm daccept,
mm
1 2 |3 4 5 |6 7 8 9 10
External surface @30h7(.0021)
Initial workpiece is|160 (250 |500 |--- 35h14 |620 |33.22|33.84
a cold rolling rod
(h14)
Turning:
rough (h11) 40 |40 (30 100 (2-7010 |31.2h11|160 [31.0131.17
semifinish (h9) |10 |10 |10 100 (2-210 30.6h9 |62  |30.46(30.52
2
Quenching 20 (100 (100 |--- |---
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(HRC 42-46)
Round  grinding|6 |6 5 10 |2-230 30h7 21 29.97(30
(h7) 9
Internal surface (hole) @20H7(*°%%)
Dmax Dmin

Center hole|{40 |40 |51 --- |Do not|8H18 |2200 |8.0 |10.2
drilling (H18) require of

definitio

n
Drilling of a hole|60 |60 (1076 [90 [No 16.4H14|430 (16.82|16.39
(H14) prema- 8 8

nufact.

hole
Boring (H11) 40 |40 |51 90 |2-1286 |19.4H11|130 |19.54|19.41
Heat treatment 20 (100(100 |--- |[---
Internal  grinding|6 6 |5 20 |2-230 20H7 |21 20 |20.02
(H7) 1
External surface (length of the sleeve) 50h9(.0.062)

|min |max

Cut off a|/80 |80 500 56h16 [1900 |54.06|55.96
workpiece (quality
of a right face end)
(h16)
Turning of a right|40 |40 |24 500 |1160 52.9h14 [740 [52.16|52.90
face end (h14)
Quality of a left{80 (80 |500 |--- |---
face end (h16)
Turning of a left|40 |40 |24 100 {760 51.4h14 {740 |50.57|51.31
face end (h14) 8 8
Quality of a right|{40 (40 |24
face end (h14)
Flat grinding of a|6 6 |5 74 (178 50.4h11 {190 |50.15|50.34
right face end 4 4
(h11)
Quality of a left|40 (40 |24
face end (h14)
Flat grinding of a|6 6 |5 50 [154 50h9 |62  |49.93|50
left face end (h9) 8
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Calculation of minimal allowance is carried out by sum o component
parameters Rz, hdef and p from the previous manufacturing and error of
clamping ¢ from the considered manufacturing (see Table 2, upper and lower
strokes).

+

Table®2.-Calculation-of-minimal -allowancegf[

Technological- Components of allowance, pm{ Calculated- | Accepted: | [ Calculated limi

transitions® minimal- |technological sizes, mm¢

allowance,’ size® | Sl B

RO hgc p= 2 | 2Zpyy, umT|  dyceepy, MO o g .:I D| 4@5!;

10 2o 3o £ | 6° 7 [ 9 | 100

External-surface-@30h7(0.021)2
Initial workpieceds- | 160§ [250b| |500b | = e o o B o
coldtolling rod<{(h14)

Tumning:o 2zmin °

(s ]
s}
O
o

--------- rough{hl1)2 403| 402 [ 302
~semifinish(h9) | 105 10= | 105

Quenching 205| 1005 1005 | —=| =<
(HRCH2-46)C

L
L#]
{

Calculation of minimal size dyin On the previous manufacturing is carried
out by sum of maximal accepted size on the finish manufacturing dmax acc
(dmax acc = 30.00 mm) and minimal allowance at this manufacturing 2:Zmin
(2:zmin=0.46 mm) (Table 3, lower stroke).

Table”3.Calculation-of‘technological sizes®

Technological- Componentsof-allowance,-umj Calculated: | Accepted: Tole- | Calculated-limit-
transitionsc minimal- |technological{ rance T.- sizes, mmY
allowance,- sizeq um< B
R:A| hgo p= & 2Zpig, WM Y| dyceept,mma = devin- denan®
I3 ~3 | 30 | 4 | so| T | s | 89 l “oa | 100
External-surface-30h7(.0,021)=
Initial workpiecedsa- | /609 250=( 300° | ---o = 3S5hi4z 620 | 33.22a] 33.84c
coldrolling rod-{(h14)

Tuming:o R dmin

=prough{hll)a 402 400 309 100a)  2-1010% 31.2h1lc 160=\Yy 31.07a| 3].172

———semifinish(h9) | 105 105 | 10= | 1005 22100 30.6h9= 2c | 30.5220

.Qucynchinof » 20z 1002 100% | ~==0 T ::/J wenld =7y
(HRC42-46)< | |

Round grinding(h7)a| 69| 60 55 | 10°| 2230 um=b— 30h75 N 270 !3.0.979: 30.00-

=.46°m Mg 7mmo

-

Then calculation of dmax 0n the previous manufacturing is carried out by
sum of minimal size dmi, on the previous manufacturing and tolerance for this
manufacturing T (column 8) (Table 3). In our example: dmax = 30.46 + 0.062 =
30.522 mm.
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After this calculation it is necessary to round accepted basic
technological size di.1 accept of “shafts” in the greatest value (30.522 = 30.6). In
accordance to 9 grade of tolerance (from column 1) tolerance zone h9 is written
for a “shaft’ without looking on the letter (fundamental deviation) of the design
size. Accepted technological dimension is 30.6h9 (see column 7, stroke
“semifinish (h9)”).

Then it is necessary to continue by the similar order. Diameter of initial
workpiece is accepted to 35 mm as rods are manufactured only with the even
digits or divisible to 5 digits (33.84 ~ 35 mm) (see column 7, stroke “Initial
workpiece is a cold rolling rod (h14)”).

For calculation of longitudinal dimensions, it is necessary to take into
account quality of surfaces on the right and left sides of a workpiece (face end
A and B). In order to don’t forget this quality it is better to write parameters of
a machined surface in a stroke under a stroke of calculation (Table 4).

Table®4] Calculation-of minimal-allowances-and-limit technological-dimensions ¢
for-surfaces-of manufacturing®

Technological: Components-of-allowance,-umq Calculated: | Accepted: Tole- | Calculated limit:
transitions= Y minimal- | technological)| rance T.- sizes, mmY
mkm ’ - -
allowance,- sized pm$ o
RO | hao po £ 22, um S| dageepr. ' mmo c - dun®
1o 2a Ja Ja So 6o 7a .o} 9a 100
External-surface-(length-of -the sleeve) S0h9(.062)°
- = L] S| i — © W] e
Cutoff-a-workpiece- | (809 | (80 Qo_g = o @ 1900a | 54.065| [55.96%
(qualityof-a-right /’
faceend)(h16)&nd lgift face|on pievious. ' cuttjoff operatio
Tummngotatight || M- | W= B- | sooc| 1 worifg_.g{ 7400 | 32.163| 52.902
faceend(h14)= * == || == =
Quality-of-aJeft face:| (20 @ @ il —o — o =0 s
end{h16)o |
[Tumning-of a el face’| | 402] [[sod| [ 249 | 1002 7600 5I.4hi4a | 740a |150.578d 51318
end{(hl4)c
Quality-of-anight BB B — o = ~0 —a
faceend-(h14)c l - 4 =
34§ 50344

Flargrindingof-a»* ol 6] S| 740 1787 =T 50.4h117
right face-end-(h11) v V 24

Quality-of aleft face:| |40 , +| -’JJI — il = = -
end{hl4)c + = 1

Flatgrindingofalefi| 62 | 62 5o > {1542] Sohgs |, 622 | 49.9389 | 504
face-end-(h9)= mkm mm

Conclusion
This format of a table and special order of calculation facilitates process
of technological dimensions definition, do it more obviously.
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MOJYYEHUE I'PAHYJIMPOBAHHBIX KOMIIO3UIIUHA U3
TEXHOI'EHHOI'O CbIPbA
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HanmonanbsHBIN HcciienoBaTeIbCKU TOMCKHI OJIUTEXHUYECKUHN
YHUBEPCUTET

Hcnonb3oBaHnEe NPOMBIIUIEHHBIX OTXOA0B B BUJI€ BTOPUYHOTO ChIPhS —
OJIHO U3 TJIABHBIX HAIPABJICHUIN 5 KOHOMHYECKOTO Pa3BUTHUS U IKOJIOTHYECKOTO
Osarononyuus ctpanbl. COrlIaCHO JaHHBIM T'OCYJAapCTBEHHOro Aokinana «O
COCTOSIHUU M 00 0xXpaHe okpyxatotieit cpensl Poccuiickoit @eneparuu B 2016
rony» # (enepanbHOMYy KJIaCCU(UKALMOHHOMY KATaJOTy OTXOJOB,
YTBEPKIECHHBIM Ipuka3zoMm Pocnpupoananzopa Ne 242 ot 22.05.2017, Obuio
BBISIBJICHO, 4TO exerogHo B Poccum oOpasyercs okono 30 TOHH
3os0uu1akoBbiX 0Tx00B (31110). B cBsi3u ¢ 3TuM npobiema UCHoIb30BaHuUs
TEXHOTE€HHBIX MAaT€PUAJIOB B IIPOM3BOJICTBE SIBJIIECTCS AKTYAJIBHOM.

[Tpubnuzutensno 90% cepbl cerogHss — TMOOOYHBIA MPOAYKT
HedTenepepaOOTKU LBETHON MeTautypruu. C 5KOJIOrMYecKON TOUKH 3pEHUs
COCIMHEHMsI Cepbl 3aHHMAKOT OJHO M3 IEPBBIX MECT B MHUpPE IO
OTpULIATETILHOMY BO3/ICMCTBHUIO Ha OKPY’KaIOILYIO cpey. Takxke, cepa B BUIE
MbUIA, MOXET CIOCOOCTBOBAaTh BO3HMKHOBEHHUIO PA3JIMYHBIX XPOHUYECKHUX
3a00eBaHuM JIeTKUX. TeXHUYecKasl cepa yCTOMYMBA K arpeCCUBHBIM cpefiamM
1 00J1a1aeT BBICOKOM MPOYHOCTHIO, @ TAKUE CBOMCTBA, KaK BOAOCTOMKOCTh U
ruApooOHOCTh, AENAIOT €€ HACATbHBIM MaTEpPUaAIOM ISl UCIOJIb30BAHMS B
CTPOMUTENILHOM MpoMBIIIeHHOCTH [1 — 7].

30JI0IIJIAKOBBIE OTXOJIBI SIBJSIOTCS JOCTATOYHO JEUIEBBIM MPOAYKTOM.
IIpumenenne 3IIIO npu W3roTOBIEHWH PA3IMYHOIO BUIA CTPOUTENIBHBIX
MaTEpUaJOB B CYIIECTBEHHOW CTENEHHU YyIydllaeT UX (PU3HKO-XUMHUYECKHE
cBoiicTBa. Kpome TOro, 30101U1aKOBBIE MAaTEpUAIbl IO MUHEPATIOTHYECKOMY
U XUMHUYECKOMY COCTaBy NPAKTUYECKH MJICHTHUYHBl MUHEPAIbHOMY
npupogHoMy cbipblo. Mcnonbs3oBanue 31110 B kauecTBE OCHOBHOTO ChIPBS IS
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