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of Defense.
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1426)

the self-addressed Standardization Document Improvement Proposal (DD Form
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FOREWORO

This standard provides a means of insuring high-quality turbine blades and

vanes.
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o MIL-STD-1869(AT)

1. SCOPE

1.1 -. This standard covers the acceptance criteria for caat and
finish-machined turbine bladea and vanea , and blades asaembled into wheels.

1.2 Purpose. The purpose of this standard ia to insure turbine bladee
and vanee meet prescribed material acceptance criteria.

1.3 Classification. Claasif ication ehall be as followe:

Type I - Air-cooled turbine bladee.
Type 11 - Solid turbine blades.

Type 111 - Turbine vanee.

1
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2. RBFERBNCED DOCUMENTS

2.1 Issues of documents. The following documents of the issue in effect
on date of invitation for bide or request for propoeal, form a part of this
standard to the extent specified herein.

STANDARDS
MILITARY

MIL-STD-453 - Inepect ion, Radiographic.
MIL-STE- 1870 - Grain Size, Cast Turbine Blades, Acceptance

Criteria for.
MIL-STC-6866 - Inspection, Liquid Penetrant.

(Copies of standards required by contractors in connection with specific
acquisition funct ions ehould be obtained from the concract ing activity or as
directed by the contracting officer. )

2.2 Other publications. The following document forms a part of this

standard to the extent specified herein. Unless otherwise specified, the
issue of the document which is DOD adopted shall be that listed in the issue

of the DODISS specified in the solicitation. The issue of the document which
has not been adopted shall be that in effect on the date of the cited DODISS.

SOCIETY OF AUTOMOTIVE ENGINEERS, INC. (sAR)

AS 478 - Identification Marking Methods.

(Application for copies should be addressed to the Society of Automotive
Enginee;a, Inc. , 400 Commonwealth Avenue, Warrendale, PA 15096.)

(Nongovernment atandarda and nther publications are normally available
from the organization which prepare or which distribute the documents.
These documents alao may be available ‘in or through libraries or other
informational services. )

2.3 Order of precedence. In the event of
this standard and the references cited herein,
shall take precedence.

a conflict between the text
the text of this standard

of
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3. DEFINITIONS

3.1 Casting lot. A casting lot is a group of castinge with the same
part number and revision letter, poured from one master heat of metal and
using the same casting process parameters and type of preheat and casting
furnace.

3.2 Coating. A coating is a material bonded to the base metal of the
turbine blade or vane.

3.2.1 ~. A chip ia an area of the coating which has been removed by
a portion of the coating being flaked off. Chipping occurs most often along
coating edges.

3.2.2 ~. A span is an area of the coating which has cume off the

coated area due to lack of bond to the baae metal.

3.2.3 Blister. A blister is an area.of coating raised above the plane
of the coating due to lack of bond to the baae metal.

3.2.4 Burnish. A burnish is an area of the coating which has a luster
or polish.

3.2.5 Crazin@ Crazing is an area of the coating in which the formation

*

of minute cracks occurs, usually attributed to shrinkage or sometimes .to
moisture.

3
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5. DSTAILED KSQUIRSMENTS

5.1 Acceptance criteria.

5.1.1 Type I.

5.1.1.1 Limits for imperfections (visual and fluorescent penetrant).
Limits for imperfections for acceptance of turbine blade castings, determined
visually and with fluorescent penetrant in accordance with MIL-STD-6866,
shall be as follows:

a. No evidence of cracks, dross, cold shuts, bot tears, linear or

crack-like indication, or linear inclusions.
b. Unratable Imperfections, pits, blowholes, bottomed porosity,

indications, etc. shall be within the allowable limits specified
in table 1.

c. There shall be no evidence of positive metal on airfoil surfaces

to be costed.
d. The limits of table I may be exceeded on the aa-caat surfaces

provided the allowable limits of table I can be met after
machining.

e. Mold ridges, fins, and gate witnesses shall not exceed 0.030
inch in height. On the airfoil surfaces, mold ridges, fina, and
gate wltneases shall not be permitted.

● 5.1.1.2 Indication of irsperfections (radiographic). Indications of
imperfections in turbine blade castinga, determined by radiography in
accordance with MIL-STD-453, shall be acceptable in the specified area (ace

table I and figures 1 and 3) provided identifiable ‘indication dO nOt exceed
the following limits:

a. Casting area A. Identifiable indications in casting area A
shall not be acceptable.

b. Casting areas B and C:

(1) Cracks, abnormal segregation, cold shuts, miaruns, and hot

tears shall not be acceptable.
(2) Porosity, inclusions, positive metal, and shrinkage shall

be acceptable provided the indications do not exceed 0.020
inch dimension or number more than four indication

per blade caating and are not less than 0.25 inch apart.

5.1.1.3 Surface coating. Surface coating areas of turbine bladea shall
meet the acceptance criteria of the applicable turbine blade drawing and the
exceptions specified herein.

5.1.1.3.1 Burnish marks. Burnish marks (see 3.2.4)

on the coating of turbine blades provided the coating is
the allowable drawing thickness specified.

shall be permitted
not removed below

5
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5.1.1 .3.2 Unacceptable defects. There shall.be no evidence of defects
on turbine blade airfoil and platform such aa chips, spans, blisters, and
crazing (see 3.2) of the coating beyond the shaded areas illustrated in

figure 4.

5.1.1 .3.3 Indentation and surface irregularities. Indentation and
surface irregularities on turbine blade castings which meet applicable
drawing dimensional requirements shall be acceptable provided” the coating is
entire throughout the indented and irregular areas.

5.1.1 .3.4 Acceptable defects.

5.1.1.3.4.1 Airfoil tip and platform. Defects shall be allowed on the
blade airfoil for a distance of 0.13 inch below the blade tip and on the
blade platform (excluding the platform airfoil fillet radius) aa noted in
figure 4. The following limits apply:

a. Defects over 0.06 inch dimension shall not be acceptable.
b. Defects 0.03 to 0.06 inch dimension shall be acceptable provided

there are not more than two per blade side.
c. Defects under 0.03 inch dimension shall be acceptable provided

there are not more than a combined total of six defects of any
size nn any one blade per side.

d. The distance of closest approach shall be not less than the
maximum dimension of the smaller acceptable defect.

5.1.1 .3.4.2 Airfoil leading and trailing edge.

a. 0.030 inch maximum dimension.
b. 0.25 inch distance of closest approach to another indication.

c. All indications must originate at, or cross over the leading or
trailing edge radius.

5.1.1 .3.5 Root area masking and coating limits. Coating applied to
turbine blade root areas after machining is completed shall meet the limits
specified on
requirements

a.

the applicable turbine blade drawing and the following
after maeking material is removed:

Rejectable masking, and coating material indications:

(1) Masking or coating material exceeds 0.031 inch dimension.
(2) More than five areas containing masking or coating material

found in any one root area.

(3) The distance of closest approach between areas is less than
0.125 inch.

(4) The remaining material (masking or coating) forms a fillet

over 0.010 inch in the machined grooves.

o
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b. Acceptable masking and coating material areas:

(1) Bottom of blade root: Areas of any size which do not
extend into the radii of the machined and peened areas and
do not exceed the maximum dimension shown on the applicable
turbine blade drawing.

(2) Area between machined ball root and platform edge (exclud-
ing the machined grooves): Areas up to 0.187 inch
dimension.

5.1.1 .3.6 Machined cooling holes and plug core positioning holes.
Machined cooling holes shall be open and functional. Plugged holes and

cooling holes shall meet applicable drawing requirements and the following:

a. Cooling holes along trailing edge of airfoil and plug core

positioning holes shall conform to the applicable drawing
requirements.

b. Cored passages shall not be blocked or restricted by foreign
materials (e.g. , core materials, coating powder, base material,
etc.).

5.1.2 Type II.

5.1.2.1 Limits for imperfections (visual and fluorescent penetrant).

a

Limits for imperfections for acceptance of turbine blade castings, determined

visually and with fluorescent penetrant in accordance with MIL-STD-6866,
shall be as follows:

a.

b.

c.

d.

No evidence of cracks, dross, cold shuts, hot tears, or linear

or crack-like indications.
Unratable imperfections, pits, blowholes, bottomed porosity,
indications, etc. shall be within the allowable limits specified
in table II.
There shall be no evidence of positive metal in excess of that

specified in table II.
The limits of table 11 may be exceeded on the as-cast surfaces
provided the allowable limits of table 11 can be met after
machining.

5.1.2.2 Indications of imperfections (radiographic). Indications of
imperfections in turbine blade castings, determined by radiography in

accordance with MIL-STD-453, shall be acceptable in the specified area (see
table 11 and figure 5) provided identifiable indications do not exceed the

following limits:

7
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a. Casting area A. Identifiable indications in casting area A
shall not be acceptable.

b. Casting areas B and C:

(1) Cracks, abnormal segregation, cold shuts, and hot tears
shall not be acceptable.

(2) Porosity, incluaiona, and shrinkage shall be acceptable
provided the following limite are not exceeded:

(a) 0.030 inch dimension or number more than four
indications per blade casting and are not less than
0.25 inch apart.

(b) 0.030 inch or 30 percent of wall thickness, whichever
is emaller.

5.1.2.3 Grain size. ‘Unless otherwiee specified on the applicable
drawing or MIL-sTD-1870, the grain size of turbine blade castings shall be in
accordance with the,applicable material specification.

5.1.3 Type III.

5.1.3.1 Limits for imperfections (visual and flourescent penecrant).
Limits for imperfections for acceptance of turbine vane castings and finish-
machined turbine vanes, determined visually and with fluoreacent penetrant in
accordance with MIL-sTD-6866, shall be as followa:

a. No evidence of cracks, dross, cold shuta, hot tears, or linear
or crack-1 ike indications.

b. Unratable imperfection, pits, blowholes, bottomed porosity,
indications, and positive metal shall be within the allnwable
limits specified in table III.

C. There ahsll be nO fina, gate witneaaea, or mold ridges In excess
of that specified in table 111 for positive metal.

d. Table 111 limits may be exceeded on the as-caet surfaces
provided allowable limits of table 111 can be met after
machining.

5.1.3.2 Indication of imperfectiona (radiographic). Indications of
imperfections in turbine vane castings, determined by radiography in

accordance with MIL-sTD-453, shall be acceptable in specified areas (eee
figure 6) provided identifiable indications do not exceed the following

limits:

a. Casting area A. Identifiable indications in casting area A
shall not be acceptable. Isolated indication less than 0.010
inch shall be considered unratable.

b. Casting areae B and C:

o

(1) Cracks, abnormal segregation , cold shuts, and hot tears
shall not be acceptable.

8
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Porosity, inclusions, positive metal, and shrinkage shall
be acceptable provided indications do not exceed 0.045 inch
dimension or number more than four indications per casting.
Isolated indications less than 0.015 inch shall be

considered unrstable.

5.1.3.3 Grain size. Acceptable grain size of turbine vane castings
shall be in accordance with the applicable turbine vane drawing requirements
and specifications.

5.1 .3.4 Surface coatin~. Surface coating of turbine vanes shall meet
the acceptance criteria of the applicable turbine vane drawing and the
exceptions specified by typical coating acceptance limits (see figure 7).

5.1.3.4.1 Burnish marks. Burnish marks (see 3.2.4) shall be permitted
on the coating of turbine vanes provided the coating is not removed below the
allowable drawing thickness specified.

5.1 .3.4.2 Unacceptable defects. A coating on turbine vanes ia
unacceptable if there is evidence of defects such as chips, spans, blisters

and crazing (see 3.1). Exceptions are indicated on figure 7.

5.1 .3.4.3 Airfoil leading and trailing edge. Coating imperfections
shall be allowed on the same airfoil leading and trailing edge within the

o

following limits:

a. 0.030 inch maximum dimension.
b. 0.25 inch distance of closest approach to another indication.
c.. All indications must originate at, or ‘cross over the leading or

trailing edge radius.

5.2 Identification markin~.

5.2.1 Types I and II. Turbine blade castings shall be identified in
accordance with the applicable drawing and the following:

a,

b.

c.

d.

Each casting shall be marked with the part number and revision

letter on the airfoil in accordance with AS478, method 6A or 30.
Each casting shall be marked with the casting source identifying

letter (asaigned by the acquisitioning activity) and casting lot
number (see 3.1) on the root bottom in accordance with AS478,

method 2BI or 2C1.
Each casting shall be marked with a symbol signifying the
materfal as specified in the applicable material specification.
The symbol shall be marked in the area specified on the

applicable drawi~ in accordance with AS478, method 2B1 or 2c1.
The symbol shall be marked in accordance with AS478, method 1A
when so specified on the applicable drawing.
Inspection stamp specified in MIL-STD-6866 and the applicable
material specification shall not be required on subject
castings.

9
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5.2.2 Type ‘III. Turbine vane castings shall be identified on the
airfoil in accordance with applicable drawing requirements. Each casting
shall be marked with the part number and revision n~ber, ~aeter heat or

maater heat code, and coating symbol, where applicable, in accordance with
AS478, method 6A or 30.

5.3 Rework. Coated and uncoated turbine blade/vane castinga or
finish-machined turbine blades/.vanea with imperfections exceeding the limite
specified in tbe acceptance criteria (see 5.1) may be reworked provided the
minimum dimensions and applicable drawing requirements are met. Coating on
cast and finiab-machined turbine blades/vanes shall be removed before rework.

●

10
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6. NOTES

6.1 Intended use. The procedures covered by this etandard are intended

to insure cast turbine bladea and vanes meet prescribed material acceptance
criteria.

6.2 Subiect term (key word) listin~.

Acceptance criteria
Air-cooled
Blades
Cast
Solid
Turbine blades
Turbine vanes

Vanea

6.3 Supersession data. This standard supersedes AVCO Lycoming Division
apecif ication no. P7074D, dated 6 March 1986 (type I); P7077A, dated 26 April
1982 (type 11); and P7073D, dated 6 November 1984 (type 111).
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DIRECTION OF
MAXIMUM STRESS

1

B (ALL RADII)
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FIGURE 1.

~ CASTING AREA A

~ CASTING AREA B

~ CASTING AREA C

(ALL fwDIr)

W
Typical casting areas (type I).

13
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NOTES :

(1) Casting area A down from the blade tip shall be equal to the
blade tip nominal wall thickness specified on the applicable
drawing plus 0,010 inch.

(2) Casting area A along the leading edge on the concave and convex
walla shall ba equal to the nominal wall thickness of the
leading edge at the maximum dlmenaion specified on the

applicable drawing.

(3) Caating area A along the trailing edge on the concave and
convex walls shall be aqual to the average distance specified
on the applicable drawing from rear core wall to the trailing
edge.

(4) Caating area A from the.blade platform onto the concave and
convex airfoil walls shall be equal to 25 percent of the blade
langth from the platform to the blade tip. This distance shall

include the airfoil to platform fillet radii.

FIGURE 1. Typical casting areas (type I) (continued).

14
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I

~ CASTING AREA A

~ CASTING AREA B

~ CASTING AREA C

FIGURE 2. Typical casting areas (type 1).

15
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+H.A

ISI CASTING AREA A

o
CASTING AREA B

& CASTING AREA c

I 4 I I

NOTES :

(1) Casting area A down from the blade tip shall be equal to the
nominal thickness of blade tip wall specified on the applicable
drawing plus 0.010 inch.

(2) Casting area A along the leading edge on the concave and
convex walls shall be equal to cwo times the nominal “all
thickness of the leading edge at the maximum dimension
specified on the applicable drawing.

(3) Casting area A from the blade platform onto the concave and
convex airfoil walla shall be equal to 25 percent of the blade
length from the platform to the blade tip. This distance shall
include the airfoil to platform fillet radii.

FIGURE 3. Typical casting areas (tYpe I).

16
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NOTES :

(1)

(2)

-

EXCLUDING BLADE
FILLET RADII

(CONCAVE & coNvEx )

r 0.13 BOTR SIDES

T

Requirements of 5.1.1.3.4 apply to the illustrated shaded areas.

Leading and trailing edge radii shall be considered shaded areas.

FIGURE 4. Coating defects (type. I).
..

17-.
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ml CASTING AREA A

cl II I B I CASTING AREA

0.1257 I [ C ] CASTING AREA

0.060

B

(,L==,0;5
F,IXX )

* ?ALL BREAK
I c II ‘EDGE RADII )

I -1

FIGURE 5. Typical casting areas (type II).
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i

~ CASTING AREA A

~ CASTING AREA,

prmiij-~,,8
c \

(ALL iADII)
L/4

k ‘–T

B

c

NOTES :

(1) This area shall be considered casting area A when full width

of turbine vane “enters inner shroud.

(2) The trailing edge radius for the entire length of the airfoil
shall be considered as casting area A.

FIGURE 6. Typical casting areas (type III).

21
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r

r I I
0.050

NOTES :

(1) All coated areas of the turbine vane shall conform to the surface
coating requirements with the exception of the shaded area (from
peg end to trailing edge) where chips shall be allowed on both the
convex and concave airfoil surfaces.

(2) Coating located .on casting area.C need not be inspected (reference
FIGURE 6).

(3) Leading and trailing edge radii shall be considered shaded areas.

FIGURE 7. Typical coating acceptance limits (type 111).

22

Downloaded from http://www.everyspec.com



MIL-sTD-1869(AT)

Custodian:

Army - AT
Preparing activity:
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(Project 2835-A022)

23

Downloaded from http://www.everyspec.com



lNSTRUCTl~S In a continuing effort to make our standardization documents bsttsr, tbe ttoD providsa this form for use in

o

submitting commsnt3 and suggsstiona for “hpmvement% AS ULW13of militsry stsmhrdizs.tion documentd ars invitad to provide

mes-tio~ ~ f- * bs de~hsd, folded *W ths IiIM3 indicated, taped alone tbe 100SSedge (DO NOT STAPLE), and
mailed. In block 6, be ~ specific M possible about ps.rticulsr pmblsm srsss such as wording which rsquired interpretation, WM

b rigid, restrictive, loons, smbiguous, or waa incompatible, and give Pmpwsd wordii cbans- wbicl!would~eviabthe
problems. Entsr in block 6 any rsmc.rks @ rslatsd to a s~i.fw psrsgraph of the docums nt. If block 7 is f~ed out, an

acknowledgement till bs msiled to you wi~iD Sg dsys to I% you know that your comments wers rscehed and w bsing

emsidersd.

NOTE: Tbii form may not be used to rsqu~tcopies of documenti, nor to reque8t waivers, deviations, or ckification of

specifkstion requirements on current c&trnti. C&menta submkted cm this form do not constitute or imply rwtborizstion

to waivs my portion of tbe referenced document@, ‘or to amend contractual rsquirsments.. . .

r
.

.

(F.td dolu thb he)

(Fold don, thti 11.,)

DEPARTMENT OF THE ARMY

111111 FI

UF4tTED s7ATES

OFFICIAL BUSINE~
PENALTY FOR PRIVATE USE $300 BUSjlESSNR~PLY MAIL

WASHINGTON 0 C

POSTAGE WILL BE PAID BY THE DEPARTMENT OF THE ARMY

COMMAWDER
US ARMY TAWR-AUTOMOTIVE COM14AW0
ATTW : AMSTA-GDS
WARREW, MI 48397-5500

Downloaded from http://www.everyspec.com



STANDARDIZATION DOCUMENT iMPROVEMENT PROPOSAL
(SeeIn@mctions - Revq Side)

DOCUMENT NUM6EII 2. DOCUMENT TITLE

NAME OF SUBMITTING OROANIZATION 4. TYPE OF 0nGAN12AT10N (M& au)

❑ VENDOR

❑ us,.

AO13RE’&(.91mC C@, &@8, ZIP Code)

❑ MAN”,Ac’r”FIEF#

❑ 07HER ,8j18C@):
-

PROBLEM AREAS

a ,P.rwr@h Nurnlmr .nd Wordl”g

b. Ruom,-nanded Wo,diW ,

. . R.nO”/ROOO”.!. f0, R..s.mtnondotio” ,

?EMARK5

NAME OF SUBMITTER iZOSf,FM. m) - omiond b. WORK TELEPHONE NUM6ER (lncl.& Am.
C&) - Oetlc.rul

4A1L1NG AODRE22 (Street, CXly, State. ZIP Co,i#) - “Ootlen.1 8, DATE OF 5UBMISSION (YYMMDD)

hn . . . . . . .Am
PREV1OI2S EDITION 1SO@SOLETE.

Downloaded from http://www.everyspec.com


